SPECIFICATION LIGHT GUIDE AND LIGHT GUIDE STRUCTURE
TECHNICAL FIELD [0001]The present invention relates to a light guide
(hereinafter, referred to as "optical waveguide") and a light guide structure
(hereinafter, referred to as "opticalcvavequide structure™). BACKGROUND
ART [0002]Recently, optical communications_ in which data is transferred
using optical frequency-carrieming increasingly
important. In such optical communications, an optical waveguide is used
as one means for conducting or guiding the optical frequency carrier
waves from ohePointtl dridtHet pdirtC[BO I3 FoFexatiple IHeFOQC cal
wavecuide includes a pair of cladding layers and a core layer provided
between the cladding layers. The core layer includes core portions and

TERREfePhodiBRERach having a linear shape. In the core laver, the cfmr==
pegipps and t cladding ortions_are provided alternately.Each of the .
[coreij)qortions is grn]i)erdeofe%lgublsr%gr?tlnat[[l)ilotpangggrae%n ?’n:%é for I%h? otbequlde

bsed asdlie @pticabfiequentyccarmieriwanes; and-eachoafitie Claddidga 1ight

(
gu

layers and the cladding portions is formed of a material having a refractive |
mfle%( Fo%éﬁﬁ%ﬁ%hg?%gf%é@ﬁ&ﬁ‘%cﬁ?éf%ﬁ%%&o as "optrcal waveguide
structure”).

BACKGROUND ART

[0002] Recently, optical communications in which data is
transferred 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.

[0003] For example, the optical waveguide includes a pair
of cladding layers and a core layer provided between the
cladding layers. The core layer includes core portions and
cladding portions each having a linear shape. 1In the core layer,
the core portions and the cladding portions are provided
alternately. Each of the core portions 1is formed of a
substantially transparent material for light to be used as the
optical frequency carrier waves, and each of the cladding layers
and the cladding portions is formed of a material having a

refractive index lower than that of each of the core portions.

[0004] Such an optical waveguide has a structure in which



each of the core portions is surrounded by the cladding portions and the
cladding layers each having the refractive index lower than that of
eachofthecore portions. Therefore, light input into an end of each of the
core portions is transferred along an axis thereof while reflecting on
boundaries between the core portions and the cladding portions and

Aadditiy e F0BSTEXAISesSof A Conshilts matdrist Grebptiedtor tions
awaveguide ingluden polymey andthgdikeras well as a,0lass Whighise 1ower

conventionally used widely. Since the polymer is suitable for
%Wo%iﬁ%@ﬂ%@ art afvantsy® foridenisicatibheof afeircuit $dsstratenput
‘into.whi ic veguide. s incar . Therefote lymer i
lp? r%)(r)n igi%aiaa%@atgh\glﬁ‘oé%ngf S fadc[t}u%r(i%nlzjgt(gr?et@c>9 p??é%l \%v%vrteg é?%@%}’or 06 A§ tong
atheamateribkEfor pfambfatturing thecopticalomaveguideries between the core
alymethylmet late.(see, e.g., Japanese Patent Application Laid-open
p%£¥|3]88§2/5%% Sc%o%?ggil%rtge ,Oe}%f %ﬁaﬁé)sd; ééé\?%b%licgﬁ/oenrs’
Laid-open No. 2005-070556), fluorinated polyimide (see, e.g., Japanese
P%tS%LApplication Laid-open No. H04-9807), polybenzoxazole (see, e.g.,
Piiihbse Patent ABBHGRioHLAIdSOIE Nb 260513 78535)! cafiulo’s optical
waceiateibutyrate 1 asrylie rponomer (saey e:8e United States Ratent Noy 1255
5292620) and the like are used. [0007]However, each of the above
"BoiymersSh& ineTolfowing problefRd First @ath of fHep6lymethypolymer is
smethacryaterand the,enoxyresinhag,a heat resistant temperaiie of ;o o
200cr or lower. Therefore, when an optical waveguide formed of these
dsslymets strhoanted on acdircuitl substeate rhere isrd feavithatithe opticat ical
ide i f t treatment.such as a solder treatment or_ .
oA F U cn s et Po e o ot Favig B =
alsigh hreat eesistantfpropedtyighttranisparericy, agavical waveguide.
waterabsorbingpropertybybeing fluorinated. However, since a fluorination
step is included in a synthesis step of the fluorinated polyimide, a cost for
[Sylsgsizing it issinareaseda Therefore rihe fluarinated polyimidedas acptical
problem in its practicality. [0009]In addition, a polymer to be synthesized
“ehFGight & polyeondensa rﬁﬁéé%aewa%ftﬁeﬁaﬁmﬁeq theJépanese Patent

rpRlybenzoxazole oxthelike needsdo-bessubjegtedto . curing freatment o o
having a high temperature (e.g., 250C or higher), in order to generate imie

ARG 6 FenZoXe2ole rifg®in the Pdlycorderdaior step! Therefdté - thefd 56)
£i3@problan inthat it aslow warkability. [091QIEHhermore, SINEE G o+ 5 oy
cellulose acetate butyrate

Laid-open No. H04-39807), polybenzoxazole (see, e.g., Japanese
Patent Application Laid-open No. 2002-173532), cellulose
acetate butyrate / acrylic monomer (see, e.g., United States

Patent No. 5292620) and the like are used.

[0007] However, each of the above polymers has the
following ©problems. First, each of the polymethyl
methacrylate and the epoxy resin has a heat resistant
temperature of 200°C or lower. Therefore, when an optical

waveguide formed of these polymers 1s mounted on a circuit



/ acrylic monomer has a very low neat resistant temperature of 100C or

lower, it is softened by a heat treatment such as a solder treatment or the

like. Further, since the cellulose acetate butyrate has a large number of

hydroxyl groups, it has a high water absorbing property. In the case where

an optical waveguide formed of sacha ol}:mer is left under a hioh , ‘
SHu%id‘i@%ﬁvirBﬁﬁ@ﬁt, adiMensional Eﬁfngetiﬁére%&&&ﬁ% dietewatere +5

sabsorptiantof thercellulose acetate bytyrate: DISCLOSURE OFTHE: or the
INVENTION [0011]lt is therefore an object of the present invention to

lif)f‘(ﬁ/ide an optical waveguide and an optical waveguide structure, each of
which has excellent heat resistance and a low-water absorbing property
and can be manufactured with a low material cost. [0012]In order to

[8eRiBYe the objact deseribad: abdve; the prasent invention dsditected toodrymer

hgggi%(ajd wave Hi%e. Thg_,o tical waveguide comprises a cote layer R
including cor% poret%%s each aa{}l%n g?&?gcttf\//’e ?ﬁﬁ%%(,ata%%ncﬁg&dﬁﬁgcy’ tow
w porioreactbproyided aeiacenttoothercorepariians and havag:aver, since
areffrlactive i lower than that of each of the core portions, e core laver

having o Sutakes ‘aid a Clatiding187&r provided S AR Makd eshta& the

£ with:at deast ope of theitwo, surfaces etthe garerlayerand having ancreased.
refractive index lower than that of each of the core portions, the cladding
TREEr fothied dfenorbaimeheahastdpolymarssa Adorcoriponkatn in its
pihereoef: [0013]This ma_tkes it possible to obtain an opti_cal waveguide which
has excellent heat resistance and a low water absorbing property and can
be manufactured with a low material cost.

[&Qﬂgl-jlntheabol\égoggggly\ﬁaovr?gugdepclig_ste,l;%qr%%th}g\% Sﬁ/nth sized through
thenorbornene-basedpolymerisanaddition-type norbornene- ased

apolymercondensation step such as the polyimide, the
polybenzoxazole or the like needs to be subjected to a curing
treatment having a high temperature (e.g., 250°C or higher),
in order to generate imide rings or benzoxazole rings in the

polycondensation step. Therefore, there is a problem in that

it has low workability.

[0010] Furthermore, since the cellulose acetate butyrate
/ acrylic monomer has a very low heat resistant temperature of
100°C or lower, it is softened by a heat treatment such as a
solder treatment or the like. Further, since the cellulose
acetate butyrate has a large number of hydroxyl groups, it has
a high water absorbing property. In the case where an optical
waveguide formed of such a polymer is left under a high humidity
environment, a dimensional change thereof occurs due to water

absorption of the cellulose acetate butyrate.



inciudinc alkyl norbornene repeating units. [0016]In the above optical
waveguide, it is -Preferred that the norbornene-based polymer is
composed of molecules each including alkyl norbornene repeating units,
each of the alkyl norbornene repeating units having a sub stituent group
|nclud|n olvmerlzable . [0017]In the above optical waveguide, it
B ; ased polymer is composed of molecules
[emin']epresent?@l ) thﬁef@'@@?@ fermuily & @s 8 Mmajar ¢amponent: nvention
thereof: [0018][formula 1] (OH2)a o/ (CNA O wherein R is an alkyl
EGroms AEVING acCharbuit AGmber-Giee Lol e a 5 an Iiteqat of 026 3wHrgguide
saHintegerof 110, ard,, 1520, of less, [QQ19]In the,ahave optical. . oo 4ng 5
waveguide, it is preferred that at least a part of the molecules of the
Lrorborhenessasadbpolyrvercare wrossdinkeaviacThe ipofyamernizablegiolps Low
mt%?e? epoxy QE%L{p.s) . [0020]In the above opticalTdaveguide, it is preferred
a3 ‘

[0012] In order to achieve the object described above, the
present invention is directed to an optical waveguide. The
optical waveguide comprises a core layer including core
portions each having a refractive index, and cladding portions
each provided adjacent to the core portions and having a
refractive index lower than that of each of the core portions,
the core layer having two surfaces, and a cladding layer
provided so as to make contact with at least one of the two
surfaces of the core layer and having a refractive index lower
than that of each of the core portions, the cladding layer formed

of a norbornene-based polymer as a major component thereof.

[0013] This makes it possible to obtain an optical
waveguide which has excellent heat resistance and a low water

absorbin roperty and can be manufactured with a low material
J Y

cost.
[0014] In the above optical waveguide, it is preferred that
the norbornene~based polymer is an addition-type

norbornene-based polymer.

[0015] In the above optical waveguide, it is preferred that

the norbornene-based polymer is composed of molecules each



an average thickness of the cladding layer is 0.1 to 1.5 times an average
thickness of the core layer. [0021]In the above optical wavequide, it is
preferred that the core layer is formed through the steps: forming a layer
containing a polymer having a refractive index, a monomer having

. compatibility with the polymer and El refractive index different from that of

e PolATer: st SUNSTANTRhEt St atddFby Beihg irradiated with
actinic radiation, a second substance that is activated by heating and can
react molecules of the monomer due to activation thereof, wherein

[QRtE¢dtion temperafierbrire secdiiddubatatitelis ehahged iiderachid that
+ 0f theagtivated first substance; jrradiating selectively,theagtinicradiation. , o,
onto the layer, so that the first substance is activated within irradiated
1pgginAs of the tayerontd whichnthe actisic tadiation isSirradiateds; fo therebyky 1
~0R098 the adtvalien femperature of (e second substance ynder (e, .,
action of the activated first substancewithin the irradiated regglong); and K
a spbjegting the tayer ¢a atheat treatment at such a temperature that any
one having a low activation temperature between the second substance
and the second substance whose activation temperature is changed is
[@ctivgted, so thatthe mslecules of the maremern ake, reactedyvithia eitherchat
the irradiated regions or non-irradiated regions onto which the actinic
Ciradiatisr A6 aBRESH t@%Y@W catfse 2 Fetrattive deXdifférenge each
rihgrebetween dye E@léeaﬁ&@ﬁ!&fzﬂ?ﬁ;m@c@%ﬁ%“ﬂ@@%%%ﬁ”@ﬁﬁ%nent
one of the irradiated regions and the non-irradiated regions becomes the
tlerepériions and the other regions become the cladding portions.
[0022]In the above optical waveguide, it is preferred that when the
reaction of the molecules of the monomer progresses within one of the
[@Pddidted regions and the non-irradiated regions, the molecules of the
monomer whichyare contained in the other regions and have not been
reacted'\afe diffused 16 the regions. [0023]In the above optical
iYe, ith t the first substance contains compounds that
y coordinating anions by being irradiated with
the actinic radigtion, and th agt'vation temperature_ of the second
substance is changed undey actidn of the weakly coordinating anions
produced. [0024]In the ab&e optical waveguide, it is preferred that the
activation temperature of the(S&@nd substance is lowered under the
action of the activated first sgbstance, and the second substance is
activated by heating at a te rature higher than that of the heat
treatment without irradiating’the actinic radiation. [0025]In the above
B, L1 Bl o L S B A e of 1
compounds each represente the following for ula (1a) *
tCE(R)I)2RHU(QI2 ar(la)ntegaherginlE(R) 3,is'@oGroup 46 neutrabelecton. to
donor ligand, E i element selected from the group comprising
3 élearﬁéjngép f ls%a25l§f%§ Periodic Table, R is one of a hydrogen atom,

of Grou
an isotope thereof and a hydrocarbyl group-containing moiety,

[0019] In the above optical waveguide, it is preferred that
at least a part of the molecules of the norbornene-based polymer
are cross-linked via the polymerizable groups (the epoxy

groups) .



and Q is an anionic ligand selected from the group comprising
carboxylate, thiocarboxylate and dithiocarboxylate.
[0026]Intheaboveopticalwaveguide,itispreferredthat
thesecondsubstancecontainscompounds eachrepresentedbythe following

f a (Ib): (R)akPd(Q) (1,8)10]p[WCA], (Ib)  wherein E(R)gis a
[éécg):ﬁj 15 neutrat 5%&? PHGNOY tigahd, B SR elefmentsefo e frdm thet hat

agreupeemprising-elements ofGroup 15 .0f the Peyiadic; Table; R is one of i e s

a hydrogen atom, an isotope thereof and a hydrocarbyl group-containing
Ahoiety 1698 antarishie figard seleetéPim-thesgroup comprising

carboxylate, thiocarboxylate and dithicoarboxvlate, LB is a Lewis base,

WCA isa weakly coordinating anion, "a" is an integer of 1 to 3, "b" is an
[#R&der of 0 to 2nattotak hamber bl @nt H)is AtbB: and "p* amd frared that

+ integers for, maintaining-balance between an electronic ghafr eofa
pallad?um cr:lgt‘i}(])%ratnldS a%fcé er%étar%nllt'(): cﬁﬁoaurag of I?hee \?vggﬁ@ coo%cfllﬂaﬁﬁg a layer
canioai 0027 Hncthé above apticalwaveduide tit isptefesed thaveaeh ofiaving

d "r" is independently selected from an integer of 1 or 2. [0028]In the
B é%tll.@a avé&woteﬁlﬁ préféitedthiat the 'coré fayer is sbitainea by ot

fsubjecting the layer to heattreatmentat asecandhtemperatureshigher va+eq
than that of the hea.", treatment after the heat treatment is carried out.

P0G tHed\ebphcakivavedLidd it Rurefetrdetivat the E6/€RSer iPstance
tebtained by subjectind the ket to,g heal) treatment.ata fhifdiemperatie.

higher than the second temperature after the heat treatment is carried out
mgpﬁﬁﬁgécdﬁ@qenﬁ@nﬂgﬁ;ivation thereof, wherein activation

temperature of the second substance is changed under action of
the activated first substance; irradiating selectively the
actinic radiation onto the layer, so that the first substance
is activated within irradiated regions of the layer onto which
the actinic radiation is irradiated, to thereby change the
activation temperature of the second substance under the action
of the activated first substance within the irradiated regions;
and subjecting the layer to a heat treatment at such a
temperature that any one having a low activation temperature
between the second substance and the second substance whose
activation temperature is changed is activated, so that the
molecules of the monomer are reacted within either the
irradiated regions or non-irradiated regions onto which the
actinic radiation 1s not irradiated, to thereby cause a
refractive index difference therebetween due to reaction of the
molecules of the monomer, whereby one of the irradiated regions
and the non-irradidted regions becomes the core portions and

the other regions become the cladding portions.



[0030]intheaboveopticalwaveguide, itispreferredthat a difference between
the second temperature and the third temperature is 20C or higher.
[0031]Intheaboveopticaiwavegnide, it is preferredthat the monomer
contains a cross-linkable monomer. [0032]intheaboveopticalwaveguide,
itispr ferredthat the monomer contains a norbornene-based monomer as a
major component thereof. [0033]Intheaboveopticalwaveguide,

[ Suspreferredthay, thgdnonomer centains, a-RArbernenehased NOROMEL 88 14 ¢
a maThr component thereof-, and further contains dimethyl

WhiR{ndrbBricecihetiodd sibfeuslthe ctoss-inkdlle monemer: [0034]iesses
wITAROVS,OPISR| WRYegUIRE, s DEeTeted (Al 18 BOMETS COMPOZEs. ea
of molecules each including amain chain ‘and cleavable groups eac
rranehing feom the Imainlchain andiraving archemibakstructareciorwhichatt in
east a part of the chemical structure can be cleaved and removed fro .
t%hee (r)nts::'}l?ﬁ3 Chairr under %neda!éﬁgﬁ gf?%e% activated fi rts?%fiuébrs agée%,/%lns \éﬁéﬁ the
othe aetinieradiation is selectively irradiated onto the irradiated regions of
the layer, the cleavable groups of the molecules of the polymer are
cleaved therewithin. [0035]In the above optical xgavegaide, it is preferred

[ 4wz e first substaneescontaing compoundsdhat poduce;cationsand o g that
weakly coordinating anions by being irradiated with the actinic radiation,
ChRd the tleavalsIe 6 Gpsarb = FeaRbIs S lps tharesibe desved:s and

w@@%@ya%@t%r}temaet%m%ilggé%'y the;akoye optical wavesuide. it 3. 5 n i
prererre a

radiation, and the activation temperature of the second
substance 1is changed under action of the weakly coordinating

anions produced.

[0024] In the above optical waveguide, it is preferred that
the activation temperature of the second substance is lowered
under the action of the activated first substance, and the
second substance is activated by heating at a temperature higher
than that of the heat treatment without irradiating the actinic

radiation.

[0025] Inthe above optical waveguide, it is preferred that
the second substance contains compounds each represented by the
following formula (Ia):

(E(R)3)2Pd(Q)2 +++ (Ia)

wherein E(R)3 1s a Group 15 neutral electron donor ligand,
E is an element selected from the group comprising elements of
Group 15 of the Periodic Table, R is one of a hydrogen atom,

an isotope thereof and a hydrocarbyl group-containing moiety,



the core layer is formed through the following steps : forming a layer
containing a substance that is activated by being irradiated with actinic
radiation, a polymer composed of molecules each including a main chain
and cleavable groups eahh branching from the main chain and having a
chemical structure in which at least a part of the chemical structure can be

2BféavetiSand rémoved from IRE thaif thaltindérattictPoFtha eate 1 s ing
csubsiange;and iradialing-sgleatively theactinigradialionane the layer,

so that the substance is activated within irradiated regions of the layer
onto which the actinic radiation is irradiated and the cleavable groups of

[B@plecules of the oglymbr are gleayed. {he action ot he activated y, ,

substance thererwithin, to thereby cause a refractive index difference
thetweentidesinadiated regiomsantnonsiradiatedaegionspmoesghich they the
fgﬁqf?)i%{%diatrior}rlns not irrﬁ(le'ajted due to cleavage of the cleavable groups

of the mofecules &]tﬁe ioo Jrﬁer, whereby one of the irradiated regions and

the nori-inadiated regionsirecomesdhe core portinns and the other

regions become the :laddinc portions, r:[f0037 In the above optical

wavegliider tiScrefBrred that the 'Bre tayeH s btamtsd by St ekfing thaand.
clayerste a heat freatmentafter the-actinie radiat pndsifsadiatedithereentor s o

the substance contains compounds that produce cations and weakly
GEGoRlinatiryfanidis DYy DeiAg frddiated with #fe a8tie FadialisH v thertom,

aaleiaé@@ts%p%rwsfagﬁ&'gam'@'&%g%%ﬁh?&%n&%8&@@3@%yﬂe%oiet v,

action of the cations. [0039]In the above optical wa ex-Faide, it is
Opreferrad that-eadivoflthe aici ceavatiie grotpsiindiidesstdeast opemf Bsing

chemical structure of -0+, 3 chemical structure of 13i-aryl and a ghemical
cstructure of -0-Si-. [b%4%jtln(% g a%ove opéca wavlégild%,?ﬁg p?ceztf%frea%l =@
Lthat sheaefradtive indexwafdheé palymed isslowergdaduieto, cleaageaof theteger

O%Iefvggl graups (%fqthe molecules thejrie%f. [00421]In thteoacbol\(e optical .-

wavequidge, it is pref“er?éld #Hareach ot the cléavablé groupas incl e%ratOf 2

ateastionei ef a ehemmjcalstrugiure. o8- Si-dipheayl and gchemicalsirugttiening
of -0-Si-diphenyl. [0042]In the above optical waveguide, itis 12 e f err ed
ST . ATt Tadiatio Ras 5956k Wavendth in the rafge Rz tbon and

aA50 Nk {00431in thexabeveeptical w;eguide, itds preferredthatinion.

[0027] In the above optical waveguide, 1t is preferred that
each of “p” and “r” is independently selected from an integer

of 1 or 2.

[0028] In the above optical waveguide, it is preferred that
the core layer is obtained by subjecting the layer to a heat
treatment at a second temperature higher than that of the heat

treatment after the heat treatment is carried out.

[0029] In the above optical waveguide, it is preferred that

the core layer 1is obtained by subjecting the layer to a heat



an exposure dose of the actinic radiation is in the range of 0.1 to 9 licm2.
[0044]Tr the above op7-1 waieguide, ib is preferred that the actinic
radiation is irradiated onto the layer through a mask. [0045]In the above
optical wavecuide, it is preferred that the layer further contains an
anti-oxidizing agent. [0046]In the above optical wavegoaide, it is preferred

“that the RAvertartter &dhtains & EBngitizing ageRt: f0047]1h thé'above  Second

reptical waveguider it is preferredthat thespalymer cantains@ed out at the
norborriene-based polymer as a major component thereof. [0048]In the

SEHSE optiEE Wavegtidde, it is preferred that
thenorbornene-basedpolymerisanaddition-tvpe norbornene-based

polymer. [0049]In the above optical waveguicie, it is prefet.red that
[0030] In the above cptical waveguide, it ispreferred that

a difference between the second temperature and the third

temperature is 20°C or higher.

[0031] In the above optical waveguide, it is preferred that

the monomer contains a cross-—-linkable monomer.

[0032] In the above optical waveguide, it is preferred that
the monomer contains a norbornene-based monomer as a major

component thereof.

[0033] In the above optical waveguide, it is preferred that
the monomer contains a norbornene-based monomer as a major
component thereof, and further contains dimethyl

bis(norbornene methoxy) silane as the cross-linkable monomer.

[0034] In the above optical waveguide, it ispreferred that
the polymer is composed of molecules each including amain chain
and cleavable groups each 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 the action of the activated first substance, and
when the actinic radiation is selectively irradiated onto the
irradiated regions of the layer, the cleavable groups of the

molecules of the polymer are cleaved therewithin.



each of the core portions is formed of a first norbornene-based material

having a refractive index as a major component thereof, and each of the

cladding portions is formed of a second norbornene-based material having

a refractive index lower than that of the first norbornene-based material as

a major component thereof. [0050]In the above optical waveguide, it is
[8Rdeted tha tHE iFstand SR SHIMGTBArHene Based mutetialg edhAtaian that

¢ ienlceangrbornene-based polymer having asefractive ipdexand.a ; o« 4ng

reaction product of molecules of a norbornene-based monomer having a
v Fefraktivecindie  Hiffdre at roke irabof tivel morboraeipbased ipolyhes, andinic

the;refractive indexes of the fir L nd second norbornene-based erials

rareldifferen't from eac% otﬁh%? d%e to & difference %e?vc\:/été% %fneguvn% of tife ©1F°

 feaction products of thelmolecute ssoftthernasborreneshased-monomer
contained the/tin. [0051]In the above optioalfveguide, it is preferred that

the reaction product contains at least one kind selected from the group
[ complising polymetie mpleetles each polymesizing:the meolecules ofthe +nat
norbornene-based monomer, cross-linking chemical structures each

* BrogsAriking HidletGles drtRe Hotboinehetbaséd poRhet JaRd Branchingming
achemical stictures each branghing.from the molecules ofithe .y 1y peing

_horbornene-based polymer. [0052]Intheaboveoptioalwaveguide,
L itispreferredthatithe nafbokhere-Basedasolymer i8 composed ofmnolecales of

m@@%&ﬂﬂ%%g@3§¥@%£fE&9%@%pﬁ£§R?QW¥iH@EE.c%Favable groups each

[0053]Intheaboveopticalwaveguide, itispreferredthat the
b perbdraere basedtpolynivet s composeddfimolecules eaeminchiding ructure

: DSfeyLAothorens repeating. ynity, [00RAllnthe 2pove. oRiea eME0 98 a vea
It IS preferred that the nor ornene-base polymer Is composed 0]

ambleenles each:dncluding phenylethylmarbomene repeating whits.activated

%OSS(])In the abo&/e, @ticgl wa\,/e%uide it is preferred that o .

substance; and irradiating selectively the actinic radiation
onto the layer, so that the substance is activated within
lrradiated regions of the layer ontowhich the actinic radiation
is irradiated and the cleavable groups of the molecules of the
polymer are cleaved under the action of the activated substance
thererwithin, to thereby cause a refractive index difference
between the irradiated regions and non-irradiated regions onto
which the actinic radiation is not irradiated due to cleavage
of the cleavable groups of the molecules of the polymer, whereby
one of the irradiated regions and the non-irradiated regions
becomes the core portions and the other regions become the

cladding portions.

[0037] In the above optical waveguide, it ispreferred that
the core layer 1s obtained by subjecting the layer to a heat

treatment after the actinic radiation is irradiated thereonto.

10



the norbornene-based polymer is composed of molecules each including
amain chain and cleavable groups each branching from the main chain
and having a chemical structure in which at least a dart of the chemical
structure can be cleaved and removed from the main chain, and the
refractive indexes of the first and second norbornene-based materials are
different from each other due to a difference between the numbers of the

[ cleagable groups tthathavenebbeen cleavedin the meleailesofdhecd that
ncrbornene-based polymers contained therein and a difference between

Cife atHOFHRGIThe eakfion ProtiibRes the méleduléssftnee cations and
wBabonene-pased menamers confainedtherein, J00361ln e above - crinic

optical waveguide, it is preferred that the core layer is formed of a
r AeborRene-Tasedpelymiet s hfajor componeat fardof; apeithble groups
cAaibormeng based polymer,is compased,of folegules each including a
main chain andgcleavagle groups each branching from the main chain and
having a chemical structure in which at, least a part of the chemical

ture can be cleaved and removed from the main chain, and the
e icles@s S HHAt AT Second MOTGH EAe-baost FAtaTdid 87e-h "

edifferent from eachiother dueto a difergnceibetween dhe numbess ofthe of a
Icleavable groups, that have not been cleaved, in the molecules of the

Ch&rborAens Baked gty iers containBath&rRin SfoD57iH five Sbove- optcat and

awaveguide;is preferred thatthe norhornene-hased polymer is composed
of molecules each including diphenyl methyl norbornene repeating units.

[005E3]In the above optical _vva.veguide, it is preferred thatth.e _
[BeuReynene-based polymer is 58’91&05% of malacyles eagh ipeluding alkyl y, .

norbornene repeating units. [0059]in the above optical wave.guide, it is
t prefeeredathat the horboxnedetiasect polyemer is composed of enoleculesavage

ogagh Includine hexy! notomene.tepeatind ynits, [0060lin the above
optical waveguicie, it Is preferred tha

[0041] In the above optical waveguide, it is preferred that
each of the cleavable groups includes at least one of a chemical
structure of -Si-diphenyl and &a chemical structure of

-0-Si-~diphenyl.

[0042] In the above optical waveguide, it is preferred that
the actinic radiation has a peak wavelength in the range of 200

to 450 nm.

[0043] In the above optical waveguide, it is preferred that
an exposure dose of the actinic radiation is in the range of

0.1 to 9 J/cm®.

[0044] In the above optical waveguide, it is preferred that
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thenorbornene-basedpolymerisanaddition-type norbornene-based

polymer. [0061]Further, in order to achieve the object described above,

the present invention is directed to an optical waveguide structure. The

ob:tical waveguide structure comprises the above optical waveguide

aving two surfaces, and a conductor |layer provided on a side of at least

one %g the'two Sffaces 8f the“optical WaVeglids! 100651 hid Hizkek!irough 2

mp@ssible to obtain an optical wavegaide structure which has excellent heat
resistance and a low water absorbing property and can be manufactured
with a low material cost. [0063]in the above optical wavegaide structure, if

[saysierred that aratio.of an.ayerage, thickpess ofthe condugtor @Ff%tt%hat

respect to an average thickness of the optical' waveguide is in the range o
L6 td 9096, [0064]hethecabovel opticah waveduids structure, itisspreferred

that the conductor layer is formed using at least one method selected from

the groin comprising a dry plating method, a wet plating method and a
[ ffetiedd of bonding lzecehduetive sheef. member taltheiat leastemeefthe that
Fp)/%o §grfaces BRCIEF DESCRIPTION OF THI% DRAWINGS t(OO657FIG. 1
“Isa peF/seprecﬁ\lféE VieW siiGWing ‘dhie Exatmpie’ t+71ng agent.

[0047] In the above optical waveguide, it ispreferred that
the polymer contains a norbornene-based polymer as a major

component thereof.

[0048] In the above optical waveguide, it ispreferred that
the norbornene-pased polymer is an addition~type

norbornene-based polymer.

[0049] In the above optical waveguide, it ispreferred that
each of the core portions is formed of a first norbornene-based
material having a refractive index as a major component thereof,
and each of the cladding portions is formed of a second
norbornene-based material having a refractive index lower than
that of the first norbornene-basedmaterial as amajor component

thereof.

[0050] In the above optical waveguide, it ispreferred that
the first and second norbornene-based materials contain an
identical norbornene-based polymer having a refractive index
and a reaction product of molecules of a norbornene-based

monomer having a refractive index different from that of the
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of an optical waveguide structure of the present invention (a part thereof is
lacked) . FIG. 2 is a sectional view schematically showing one
process example of a first manufacturing method of the optical waveguide
structure of the :present invention. FIG. 3 is a sectional view
schematically showing one process example of the first manufacturing

HetRed 6F theabtical Wavedtitie stridird of e present mveRfisies of the

tEiGr4ds a sectional view sehematisallyshawing,one pracess exampleof £ on
the first manufacturing method of the optical waveguide structure of the

epreseht iventioh. L0 2 PG e e SchicHal s 3ehematically Showing ct 1on
p9Be pracess example,of e fisst manufacring method of the gptical 1, ore

waveguide structure of the present invention. FIG. 6 is a sectional
coieiraschrinatically showing one process example of the first
manufacturing method of the optical waveguide structure of the present
invention. FIG. 7 is a sectional view schematically showing one
[ pAdEkess examdle ofthe firstananufaciuring-method<of the optical ferred that
yave uide structure of the present invention. FIG. 8 is a sectional
View sEfematicAlly SHowing BHe proteds exXaniite Yt a fothth setected from
tmanufacturingnmethodef the optical waueguide structure ghthenresent g the
invention. FIG. 9 is a sectional view schematically showing one
MBrocess exarile éfitfe foRFthhARTfRCRATYMEtOPBEthe opfiea s~ 1inking

cwayeguide strycture gfdhe present nggQﬁ-inkifg;G-r&@lié&ﬁeecéionél% the

view schematically showing one process example of the fourth
NRATEPRIFACHIGTE Aigtito i of tHiecaptical wabeguide Shucturerot thd prelsenttures

elENHON, 1o F1G. 11i5a sectional view schematically showing one, . - <.
process example of the fourth manufacturing method of the optlcaﬂ
pwayveguide structure of the present invention. FIG. 12 is a sectional
view schematically showing one process example of the fourth
manufacturing method of the optical waveguide structure of the present
[ veation. G HS i asectionat diew sebemadicallytshewing ppered that
rocess exam%)le of the fourth manufacturing method of the optical

= WavBgiite shechire of ftfe preseRthventiono™posed of molecules each

including aralkyl norbornene repeating units.

[0053] In the above optical waveguide, it is preferred that
the norbornene-based polymer is composed of molecules each

including benzyl norbornene repeating units.

[0054] In the above optical waveguide, it is preferred that
the norbornene-based polymer is composed of molecules each

including phenyl ethyl norbornene repeating units.

[0055] In the above optical waveguide, it is preferred that
the norbornene-based polymer is composed of molecules each

including a main chain and cleavable groups each branching from

13



FIG. 14 is a chart showing a change of total light loss according to a
change of a length of a core portion. BEST MODE FOR CARRYING OUT
THE INVENTION [0066]Hereinafter, an optical waveguide and optical
weveguime structure according to preferred embodiments of the present
invention will be described with reference to the accompanying drawings.

TOBETIRS S E FatSpeRtive diw EHoifg brie EXGmplecof the bpficaf T Least

anayeguidge sleuciuee, of the present invention a partthereof isdacked), e 4 from
ttg068]ln the following description, an upper side in FIG, 1 will be referred

Eadtyppefher upside! dnldca W@WQWFQQW%@@@@@ foast and
sdoweers o, 'daywnside” same in the following FIGS). fég@e%{zé%é%?%%%%ther

FIGs. are drawnwithexaggeratich in a thickness direction (a vertica
dgire¢tion. pthere ot (0069FAN epticahwaveguidesstrictire ©lshewrbihdFiGolips,

includes an optical waveguide 90 having an upper surface and a lower
tﬁlﬁgceﬁivceondqu%or aeflng 901??‘)(%%33&i to the' up%ére sur?lgileegf%ﬁg%pti%gl the

nwavegtide 90> and & conduciardayen302 headed de dielower surfacerefrence
he optical waveguide 90.
ggtw en the amounts of the reaction products of the molecules

of the norbornene-based monomers contained therein.

[0056] In the above optical waveguide, it is preferred that
the core layer is formed of a norbornene-based polymer as amajor
component thereof, and the norbornene-based polymer is composed
of molecules each including a main chain and cleavable groups
each 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, and the
refractive indexes of the first and second norbornene-based
materials are different from each other due to a difference
between the numbers of the cleavable groups, that have not been
cleaved, in the molecules of the norbornene-based polymers

contained therein.

[0057] In the above optical waveguide, it is preferred that
the norbornene-based polymer is composed of molecules each

including diphenyl methyl norbornene repeating units.

[0058] In the above optical wavegulde, it is preferred
thatthe norbornene-based polymer is composed of molecules each

including alkyl norbornene repeating units.
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[0070]Examples of a constitute material of each of the conductor layers

901 and 902 include various kinds of metal materials such as copper,

copper-based alloy, aluminum and aluminum-based alloy, various kinds of

ceramics materials such as indium tin oxide (ITO) and indium tin oxide

containing fluorine (FTC), and the like. [0071]A ratio of an average

thickness of each of the conductor layers 901 and 902 with respect to an
[ayepe thickness of the oplica) waveguide, 99.is pref ef@bbélzef@%ém%oe‘hat

about 10 to 90%, and more preferably in the range of about 20 to 80%.
tBpetificaiit tha averagethiekaessof eachwithe senducforiayers gods each
: i ti rly limited to ific value, pbut, in general, is
lgrgegfggjzb?é irr]lr?t %%%%é%ol?’%ggé%g to %ég%%rﬁn%dj rrr%?es preferably in the

range of about 5 to 70 um. This makes it possible to improve conductivity
; B% h of the font%ctoglavers 901 aﬁr;d 902 while greventing flexibility of

e ogtical waveguidfe SHGEREFS Hom BENG Biveted. 10073 & Sthtfite "2t

ctBtF:G.rl; gachroftbe sapductor layersR01 and 902 has,a plateshapefat ype

sheet shape). In this case, after each of the conductor layers 901 and 902
NEBrOEBESET 86 2o akE i redetermined pattern, optical elements

such as a light emitting element, a light receiving element and the like are

mounted at predetermined portions of the optical waveguide structure 9 to

[HRAeBy manufaéilire @rhybBrid dediee ineluing ai optical elcuitcandancribed
aglegicalirguit JON73]in this regard.. iaij?ggcb@e@%%dgﬁ%ﬁggg%g{ B€vequide

conductor layers 901 and 902 may have been patterned | vance to
sforpra widng. Furtherifesded veve ofithésconductor layers@fdparid 962 the

a%oa eb% Oﬁnll'ggq L(J)Q?g' Fulr'@er O\rfe‘!’nbet een"tggggcr:]ggao&r{rllager gcool %:g:to
the optical waveguide and/or between the Tondactor layer 02 and'the” ~°*

1 epticalwavegisde 80, ane lajerOr two 0emotre davers withran athitrantyfaces
Quré\}lose ﬁ% a purpose for improving adhesion therebetween) may be
“provided 16 ?@]#h‘éaovp?i%ﬁll\ﬁg\mguide 90 includes a cladding layer (a
lower cladding layer) 91, a core layer 93 and a cladding layer (an upper
claddinlayer) 92 which are laminated together in this order from the lower

[ORR2dr FIG. 1. Tithe cBrRMaver 83, dofe poRiohs 68 edthTfiinga optical
wBiedetermined pattern and clagdding.portions 95-gach provided adjacent to, 4

the core portions (waveguide channels) 94 are formed.
low water absorbing property and can be manufactured with a low

material cost.

[0063] In the above optical waveguide structure, it is
preferred that a ratio of an average thickness of the conductor
layer with respect to an average thickness of the optical

waveguide is in the range of 10 to 90%.

[C064] In the above optical waveguide structure, it is
preferred that the conductor layer is formed using at least one
method selected from the group comprising a dry plating method,

a wet plating method and a method of bonding a conductive sheet
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[0076]A difference (a refractive index difference) between a refractive
index of each of the ccre portions 94 and a refractive index of each of the
cladding portions 95 in not particularly limited to a specific value, but is
preferably in the range of about 0.3 to 5.5%, and especially preferably in
the range of about 0.8 to 2.2%. If the refractive index difference is smaller
P the 1BWEP finfit valGe Thefd iR #ladd that 4R opticartrarster efficiency
of each of the core portions 94 is lowered. On the other hand, even if the
refractive index difference exceeds the upper limit value, it cannot be

XD LA o Y
nfeiether impr . [Q0Z7]In this d,ifjs.t oted that in the c .
[ ord the reftaciv indox of cach o (8 Gore o fons o4 1€ Hefined ag FAFE e
o andrtherefraefive indexuofdachtofthewctaddinggortipns 961is definedason (2
Brt th% reféa ivleSinQexC Sl{liff%}ence can be presented by the following
p?ormuﬁa:elief?actlve index ditference (%) = 1A/B -l x 100. [0078]Further, in
the stractare shaven in Fé&: 44 eaeh ofthe.cose portions24 isforned sa@sone
to have a linear shape in a planar view thereof. However, each of the core

P hoitibhe 64 Ay Rabe ah ibitiary SHHpe ShER Aréhaepiovited with P =1 cal

weBedipertions-in-a middlesthereof or ashapeiprovided with forked
portions in amiddle thereof. In this regard, it is to be noted that by using a

manufadtaring methdd SFthEIgptical Warsyuidd siactifed livissioasible one
pie.easily form cote portions-94 §@9ha%\f’QQ&%%@'%%%&W@%S@@%%ca1

with high dimensional accuracy. [0079]Further, across-sectional shape o
weHeR of fife ecreysortions 94 i heluadearsguiarishapetsush.a square

Shape§%@fegapgmgr%@%%%onal view schematically showing one

process example of the first manufacturing method of the optical
waveguide structure of the present invention.

FIG. 5 1s a sectional view schematically showing one
process example of the first manufacturing method of the optical
waveguide structure of the present invention.

FIG. 6 1s a sectional view schematically showing one
process example of the first manufacturing method of the optical
wavegulde structure of the present invention.

FIG. 7 1is a sectional view schematically showing cne
process example of the first manufacturingmethod of the optical
wavegulide structure of the present invention.

FIG. 8 is a sectional view schematically showing one
process example of a fourth manufacturing method of the optical
waveguide structure of the present invention.

FIG. 9 1is a sectional view schematically showing one
process example of the fourth manufacturing method of the

optical waveguide structure of the present invention.
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[0080]Each of a width and a height of each of the core portions 94 is not
Particularly limited to a specific value, but is preferably in the range of
about | to 200 um, more preferably in the range of about 5 to 100 pm, and
even more preferably in the range of about 10 to 60 pm. [0081]Each of the
core portions 94 is formed of a material having a refractive index higher

than tHat of aldbnsfitunt fittefiaror satR'of e eRddinyddrtions 98179 one

pFurbigs eagh.of the core portiops, 94is farmedrof-a matedal having o the
refractive index higher than that of a constituent material of each of the

ORfdditfinly IAyBRITE dAd 928 (008 Fhe Eldddinglayee ot congtitiiteisca: -
cladding portion located on a lowersidg of each, of the;core porians A4, e
and the cladding layer 92 constitutes a cladding portion located on an

puppesside ofipvadk ofthe dore fortiohs 9danstehtaistructures eackl ofthe the

core portions 94 serves as a light guidi ath which is surrounded by the
oty BSOSt Buarhge thicknest S Ao e THadiny

layers ©1@andL 92 isspreferabtyiiarthe rangasofabeutd:l ta 1i5times@anng one
average thickness of the core layer 93, and more preferably in the range

PbPaboGt CCE 18R 55 tinfesthe alerdde thibRAESS of the'cite Biyer @3, ©F the
ospesiically the average-thickngss of eagh of the-cladding|ayers 93-and

92 is not particularly limited to a specific value, but, in general, is

preferaby in the rafige of @bbuP 116 200 ®ifh, SHbfE preferablyyinthe range one
oohabaut 5.10.100 pm,,and even-more preferablyin the range.of.ahout 10 ¢y

to 60 um.Each of the cladding layers 91 and 92 can appropriately exhibit a
ofurictioh asd ekaddity layenwhile preventing acgize €a thickvessy obthe

optical.waveguide 90 from becaming.unnecessarily large (thick). [0084]In

s Tebat O () B oL hat T £ oL A of H g Lo°°
atayer 9ln theccladdinggportions: 95 ahdrthe leladding tayees 92anayilkenthe

same (the same kind) or different from each other. However, it is preferred

that these materials have the same or similar refractive index. The
BESUSHiuBE! matercaseithecc|adding day ersr@trarcb®? and the core layer

93 will be described in detail below. [00.85]The optical waveguide _
[QBb8tlre 0 of e fegént-er an optical waveguide and optical

wavegulde structure according to preferred embodiments of the

present invention will be described with reference to the

accompanying drawings.

[0067] FIG. 1 1s & perspective view showing one example
of the optical waveguide structure of the present invention (a

part therecf 1is lacked).

[0068] In the following description, an upper side in FIG.
1 will be referred to as “upper” or “upside” and a lower side
in FIG. 1 will be referred to as “lower” or “downside” (it is
same 1in the following FIGs).

Further, the respective FIGs. are drawn with exaggeration
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invention is preferably used in a data communication utilizing light having
a wavelength within a predetermined region. The wavelength to be utilized
in the data communication is not particularly limited to a specific value, but
is preferably in the range of 600 to 1,550 nn, although being slightly
_different depending on an optical propert%/‘of the constituent material of
TRath b 62 pOrtiBRS 9AUd (the ik CfoDBE] et S6ive 8Ramplerdte © -
manufacturing method of the optical waveguide structure 9 will be
described. <First Manufacturing Method> First, a first manufacturing
[ARAAd of the Dpticaltwardguidd Stuétdife 954l Beldeschibelown in FIG. 1

iLQOWJA%%G&%IB91%%915%%@%&‘58%’5&&W@%@?@"&ﬁh%’{!@?%‘%fface and

process example of the first manufacturing method of the optica

awaveguidestriictyre of theoprésentinventian, réspectively=f0088][TAle upper

First, a layer 910 is formed on a supparting. substrate 951 (see FIG 2,
R S e1b e B Tormed by St L coft yer TG Tkl o 202
byaish)900:-artolthesuppatting.subsirate, 95 brand-themeuwsiguide 90.
(hardening) the same. [0089]Specifically, the layer 910 can be formed by

applying the core layer forming material 900 onto the supporting substrate

[86%dq form a liguid,coating thereennand then-plasing:the SUPPOHME, of the
substrate 951 on which the liquid coating has been formed on a level table

CBREEC YENHRAYGTY Stdte to HHereBy Lvap6rate tdesohatpa sbivént of metal
mgeRtanedin he liquid CQ@B%%yler%fég'ﬂi‘e"i‘hi)l%@é(@”%ﬁ%%%e”afiq{m%m and

existing on a surface thereof.
aluminum-based alloy, various kinds of ceramics materials such
as indium tin oxide (ITO) and indium tin oxide containing

fluorine (FTO), and the like.

[0071] A ratio of an average thickness of each of the
conductor layers 901 and 902 with respect to an average
thickness of the optical waveguide 90 is preferably in the range
of about 10 to 90%, and more preferably in the range of about
20 to 80%. Specifically, the average thickness of each of the
conductor layers 901 and 902 is not particularly limited to a
specific value, but, in general, is preferably in the range of
about 3 to 100 pm, and more preferably in the range of about
5 to 70 um. This makes it possible to improve conductivity of
each of the conductor layers 901 and 902 while preventing

flexibility of the optical waveguide structure 9 from being

lowered.
[C0T72] In a structure of FIG. 1, each of the conductor
layers 901 and 902 has a plate shape (a sheet shape). In this
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[0090]In the case where the layer 910 is formed using an application
method, examples of the application method include a doctor blade
method, 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. However, the application method is not

© Climfted theréts ABOSHADLME SUAPGTHRG sabStiate 5128 $idon 'substpses sed

58 silicondioxide substrate-a glasssybstrate, 8,QUapz substratee fent s such
Polyethylene terephthalate (PET) film and the like can be used.

2[0B92JTHe  corellayenforming pidterial 900%s armatskial centaisimget and the
to-indu ally, develo rial (hereinafter, referred to as .
EETON o seeacion) Tormi o s PONECY B1L e Scdive agp Lrieal
wéineludindeatieasta monomen ateoatalystramd agprocatalyst Hpithisd device
iegllbgéiilrpleng. When.thelmaterial istirradi ted by ?ctinic radi?tion and .
ﬂeatlng, reactiory Bf mofecufes 6 the rdNorBr Gecr ik %hceapolf/rlnre?@l%:
[0093]In the obtained layer 910, molecules of the polymer (a matrix) 915
are substantially uniformly distributed in a random order, and in the

[88i{ier 015, mblecutss fSiEompodndd)Sof thePgdditive 928 sk each of the

csubsiantially ypifernndispersed in.akandom erder. AsaesHlldnithe dvance
layer 910, the molecules of the additive 920 are substantially uniformly
CaisperdedRina- ianeom ofdert [0094]Sihice aprdbrage thickhess of sapklactor

1 layer 919ds agggopggi@lﬁel%as?t_ depending on a thickness of the core laver

93 to be formed, it is not particularly limited to a specific value, but is
preferably in the range of about 5 to 200 pm, more preferably in the range

85 Q ut 10 to 1.00.um, and even more preferably in the range,of abo

L ool e B DA B H9T and

t high transparenrcye(@eint:tahspatentand cotosless) and campatibility: with 902
tk(lje mlonomer, Wh'ﬁ:h will be described below. In addition, it is also

Bieferabldto Usd a POt 1% i Whithhe K5k ctfes 8Fthe mBREMEr3 Ye S

wean be reagted (pelymerizeds crossdinked) as desepbed belew, theproving

polymer 915 that can maintain the sufficiently high transparency even
adhésion therebetween) may be provided.

[0075] The optical waveguide 90 includes a cladding layer
(a lower cladding layer) 91, a core layer 93 and a cladding layer
(an upper cladding layer) 92 which are laminated together in
this order from the lower side of FIG. 1. In the core layer
93, core portions 94 each having a predetermined pattern and
cladding portions 95 each provided adjacent to the core portions

(waveguide channels) 94 are formed.

[0076] A difference (a refractive index difference)
between a refractive index of each of the core portions 94 and
a refractive index of each of the cladding portions 95 in not

particularly limited to a specific value, but is preferably in
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after the molecules of the mono= are reacted. [0096]Here, the expression

"havind compatibility” means that the monomer can be at least blended

with the polymer 915 so as to cause no phase separation between the

monomer and the polymer 915 in the core layer forming material 900 and

the layer 910. [0097]Examples of such a polymer 915 include cyclic .
CoRfinebasedrestv Siich @s diﬁo%e?loétbzfélgé FeSiFana berizgreferably in

- g¥clohutene-pasedyesin, acryl-based resin, methacryl-based resin ;o i ngex
polycarbonate, polystyrene, epoxy resin, polyamide, polyimide,
dpélybenzcxkazote andthe fikehamnd bhe ordiere ofiwhichyaaybe usedre is a

indep ntly or in.combination (e.d., lymer alloy, a polymer blended
Doty Roxire) B Loy Lot o S e OO0 Atoss e e, e core
pespecially préferred that thes golymen9lsneontains thehmonbornenestbased the

resin;a norbornene-bas olymer; as a major component thereof. B ‘
BB ahS FOHAF 519 coneAR O B e Eosel boarad ahet=: it

c Mrajorccomponent thereof: it ispossible te dbtaina eere daver 93daving A ach
excellent optical transmission property and superior heat resistance.
©fodguirarttiér, SMEs tRE horornénéhasea holythaifias!a high
hydrophobic property, it is possible to obtain a core layer 93 whose

dimensional change hardly occurs due to water absorption thereof.
LRPIO0IThe norBorndheshassd pelyniér mayise lefthep stbrabpslyimei-ne case

wharAaposed ofpalecules inclyding Sipgle, rgpeating Inits,0r.a COPOYMEr o4 ;

composed of molecules including two or more kinds of repeating units.
dfFl013Examplas ofrstichha norbormenevsasedipelymieeach of the cladding

portions 95 is defined as “B”, the refractive index difference
can be presented by the following formula:

Refractive index difference (%) = |A/B - 1| x 100.

[0078] Further, in the structure shown in FIG. 1, each of
the core portions 94 is formed so as to have a linear shape in
a planar view thereof. However, each of the core portions 94
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 manufacturing method of the optical waveguide
structure 9, it is possible to easily form core portions 94 each
having a complex and arbitrary shape with high dimensional

accuracy.

[0079] Further, a cross-sectional shape of each of the core
portions 94 is a quadrangular shape such a square shape or a

rectangular shape.
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include addition-type polymers such as (1) an addition-type (co)polymer
composed of molecules each obtained by addition (co) polymeri
zationreactionbetweenmoleculesof norbornene-based monomer, (2) an
addition-type copolymer composedofmoleculeseachobtainedbyaddition
copolymerization reaction between the molecules of the
norbornene-based monomer and molecules of ethylene or a-olefin, and

[ (Dem additionztype copolymeraampesedobmolaculesreach-abtainadiby core
addition copolymerization reaction between the molecules of the

PRéFboPRene-based REnBrTEF, RBIeEEles Sfifb-eshjigafedsdiené fand Mgl ue,

poeeded, malecyles pf another mopomer; and ring aRening:type poIYMers . ..
such as (4) a ring opening-type norbornene-based (co)polymer or a (co)

ppelymerobrained bychyckogenatingz ¥ meededtthelriiy openingdyperen more
nortborn e-based (co) palymer,5) a.ring.opening-type norbornene-based

pégpgl§ﬁ1%ér%}éo%nnpo%sé8 o’%ﬁ1 80&%5 ae%%ﬁ%b gi]ne% bé)@irfémdpening
copolymerization reaction between the molecules of the

[ggrbornene-based monomer and the molecules of the ethylene or a-olefin

& topolymef abtained by HyarSgBRatng ifnéeded, theTng ©F & material

hepeningdype npharneae-based cepglymer: and (6)-a fing PpeNGtyperuent
norbornene-based copolymer composed of molecules each obtained by

MGG DhRRIMY oS mefizaficn FeadidhseteEh tRE dleculeEWithe r each
oRorbgiengshasgd mangruersand.the molecylesof the pon-conjygated. s g 4

diene or another monomer or a copolymer obtained by hydrogenating, if
rRésded, e rimgfepehingrypetiorborherteDased eopolyiietin thigerial of

-tegard examplesofihesecopolymersipcludea random copolymer, a block

copolymer, an alternating copolymer and the like. [0102]These
norbornene-based polymers can be obtained using various kinds of well

polymerjzations sych as ring opening metathesi lymerizatian | .,
[@%\%ﬂP), a com i%atﬁ)ﬁnao O P*%n%gﬁyd%geﬁﬁrb%f hsg%/%rngesrizgtioﬁ%?addmg
pradidals or catiors) polymerizaton Hsing @ catenria paladiwn core portions

Polymerization _ initiator and polymerization using another_polymerization

O AT (-85 & HCKErSSlyMRHZAtion InfALF oF AnGthet tahefion Hetsf =& ton

1pelymefizationrinitiatar). [0183]Aymong themit is,preferable to-usens 94. 1n
ncrborhene-based polymer composed of molecules each including at least

S hpeatifiG TS 'eaeh représented Bythé YonewmProtnilla® Etkitafap 11ght
glormula 13), that s, the additon-typenerhomenesbased (¢a)palymer JHis s .

is because the norbornene-based (co)polymer abounds in transparency,
heat resistance and plasticity.

[0083] An average thickness of each of the cladding layers
91 and 92 is preferably in the range of about 0.1 to 1.5 times
an average thickness of the core layer 93, and more preferably
in the range of about 0.3 to 1.25 times the average thickness
of the core layer 93. Specifically, the average thickness of
each of the cladding layers 91 and 92 is not particularly limited
to a specific value, but, in general, is preferably in the range
of about 1 to 200 um, more preferably in the range of about 5

to 100 um, and even more preferably in the range of about 10



[0104][for21 [0105]Suchanorbornene-basedpolymercanbe represented
by the below described formula 4 or a cross-linkable norbornene-based
monomer) . [0106]In this regard, in order to obtain a polymer 915 having a
relatively high refractive index, the polymer 913 can be, in general,
synthesized using a monomer composed of molecules each havin

(i fon(&or <=

t Sromaticfing(s) (arGmatiigrédiis)s Hitshetrator(ss tromihe &
agbledipe atem(s). Orrthe other hand. inerderto synthesize a polymer91s, i 1

having a relatively low refractive index, the polymer 915 can be, in

Pyareral SyhthesiZ& (BiRg bR Merdonipossitéianslecries ehdh 90 from

»hayiIngalkyl group(s), E{Ilu_gﬁig)e (S) (ocrkgltla%qhemical structure(s) (ether
group(s)). [0107]As the polymer 915 having the relatively high refractive

index, a norbornene-based polymer composed of molecules each

%:g{' ?djing aralkyi norhornene repeating units, is preferably used. Such a
[nor ornene-based é%l%/rsnerrﬁgsgér% ’esp%lccialfyshig%ore??gcti\?eo|tne ex.(;C }Lat the
c{0108]ExamplessafaniaradK dfgraup (@n=atyhalkyligroup) picjudedinceadding

of the aralk%I nor%ornene repeating units include a benz%/l group, a phenyl
PRyt GrSup -aBhenyl Brop 2 Gtolp, adpteny! bulieratip: anaphthyl eltfysame
k greup,ca-naphthyl-propyk graup A fluerenyl-ethyl greups & filuerenvl, rc fe rreq
tgrop Igroup and the like. Among them, it is especially preferred that the

FRIKY Group fsithe iehzyt gFGup et thersheryFetytgrouis: tiepeatig index.
THRits1asa exirernely highrefracyye index [0 L0IFUMNEr.a5 91 ang 92 ang

norbornene-based polymer composed of
the core layer 93 will be described in detail below.

[0085] The optical waveguide structure 9 of the present
invention is preferably used in a data communication utilizing
light having a wavelength within a predetermined region. The
wavelength to be utilized in the data communication is not
particularly limited to a specific value, but is preferably in
the range of 600 to 1,550 nm, although being slightly different
depending on an optical property of the constituent material

of each of the core portions 94 and the like.

[o0s86] Next, one example of a manufacturing method of the
optical waveguide structure 9 will be described.

<First Manufacturing Method>

First, a first manufacturing method of the optical

wavegulde structure 9 will be described.

[0087] FIGs. 2 to 7 are sectional views schematically

showing one process example of the first manufacturing method
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molecules each including alkyl norbornene repeating units is preferably

used. Since the norbornene-based polymer composed of the molecules

each including the alkyl norbornene repeating units has high plasticity, use

of such a norbornene-based polymer makes it possible to impart high

flexibility to the optical waveguide 90. [0111]Examples of an alkyl group
SindibiGePRresent ot the“alkyl %B%%Wéﬁeﬁﬁnﬁ%%itg TRAGAE a'prBptLon

rg%@iglgyg,group, a pentyl group, a hexyl group, a. heptyl group, an
octyl group, a nonyl group, a decyl group and the like. Among them, it is
especially preferred that the alkyl group is the hexyl group. In this regard,

gdgighenotedthattheseglkylgraups, gither a lingar,type or a '
[branc ed typel.? [Oﬂlzﬁ‘lirlt e'case w?gr}le?%e nér ornene-based polg%%?%tmg
sebmiposed of e wieculiéseach including the hexyl norbornene

repeating units, it can maintain the high plasticity thereof, die preventin
the reflrf;{%?iv%?ﬁcfe& t%épeo??r%mbﬁei@ngﬂﬁﬁéfre ; Inaéjégli 6r§1,gsina§ecs%%ﬁ a “Yer

f aorhiorpenethasedipalymer-has excellentpermeabiligufos adight havinga rate
wavelength within the above mentioned long wavelength region

7 tespetidlly “REar 850 Hf, it I8 preFerabR/ usee: (GRS The
norbornene-based polymer is not limited to a specific kind, but preferred
examples of the norbornene-based polymer include a hexyl norbornene

LABRDbolymer, SPpkériyi @iyl YnorbérpeneiGriopolfmetaa bézylformed by
apRiRpraene-homopolymer, a-hexyl norhomnene./,phepyl Sﬁym@%g@e@% ing

copolymer, a hexyl norbornene / benzyl norbornene copolymer and
slike. {0214 Piye coreflayer daohimynvaterialta0Q of tkis @mbodiment eontains ing
tﬁé“gﬂggg%éi%%*§§B§E§%§E“§§?S%QC%%ich the liguid coating has
been formed on a level table under a ventilatory state to thereby
evaporate (desolvate) a solvent contained in the ligquid coating
therefromwhile leveling uneven portions existing on a surface

thereof.

[C080] In the case where the layer 910 is formed using an
application method, examples of the application method include
a doctor blade method, a spin coating method, a dipping method,
a table coatingmethod, a spraying method, an applicator method,
a curtain coating method, a die coating method and the like.

However, the application method is not limited thereto.

[0091] As the supporting substrate 851, a silicon
substrate, a silicon dioxide substrate, a glass substrate, a
quartz substrate, a polyethylene terephthalate (PET) film and

the like can be used.
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and a procatalvst (a second substance) as the additive 920. [0115]As
described below, when actinic radiation is irradiated onto the layer 910,
molecules of the monomer are reacted to produce a reaction product
within irradiated regions of the layer 910 onto which the actinic radiation is
érg diated. As a resglt, a refractive index difference between the irradiated
Lvegibns of the fAyerttand Hion-ifratited régions thereof dnto whibh e -2
castnig nragiatian ismatdradiatedis causeddue jo existence hthe material
reaction product. [0116]Here, the reaction product contains at least one
(Rinersetédiba frorhthe gF6Gp eBniprisiRg BlpblyRiercemisosedloff ormed of a
pBolmericmolegules eagh obtained by palymerizing the-malecules of the e |
monomer in the polymer (the matrix) 915, cross-linking chemical
a shrrehires vatheardss dinkingtmoleetles of thd potyrmeddi&;mnd.  When the
ching chemical structures each branching from.the molecules of the .
m%c&) }r/}mfeérqwh}c% are o Ct{ali?}eg%)y%%ndﬁ%% t nelr(f?ollé?:glleas%ojf?ﬁle rﬁgﬁo?nheeraecmg’
r ¢heretooExamptesofithe brafching chemicat structuresrincludecbranchr 915.
polymers and side chains (pendant groups). [0117]In the case where it is
required that the refractive index of each of the irradiated regions of the
[ teves P10 becarnesn bigh,-a palymers, L5 haying s kekatively lowdaastivemer
index is used in combination with a monomer each havin% a refractive

Ui d&XTHigHer than tRaEofthE Doly-6 £5. 10 the bt handl mthetased in a

réﬂk@é@hiU§c§@99ir§g&h§ﬁttﬂ%éeg@§ Ive-ipdexof gagh etltf§§rr?g£at§9mpounds)
regions of the layer 910 becomes low, a polymer 915 each having a

o Feléﬁ@el?fﬁﬁgiﬁ #é’f?a&% iﬁééx asedimtéembinatioh Witita ynshorperrsed in
= eagh haying g sefractive index loyer than that of the polymer 915. [01181In,

this regard, it is to be noted that the term, "high" or "low" for the refractive
o fndéxedeesinttimeap’dh absolatéovdlae of i€ refractiverindex, bt Mearsd in
! rela ié)/e rglgggg between refractive indexes of two certain materials.
[011 A the case where the refractive index of each of the irradiated
regions of the layer 910 is lowered due to reaction of the molecules of the
onomer (production of the reaction product), each of the irradiated

L¥egidns becones the aaddifig peftidr'95. On ifie btheridnd, inte tage” o
2 pihers thesrefnactiveindex efeachef the isradiatedregionsof the layer 810- ye -
is raised due to the reaction of the molecules of the monomer, each of the

9 fradiaksy Fég?@ﬁéi b(_aé*t_’mf'e% fHetcatdpotfion 941 [01201SGe atRofofRpc I fic
v &l&,pot padiquarlyJimited 0.2 1 the range of about 5 to 200 um, more

preferably in the range of about 10 to 100 um, and even more

preferably in the range of about 15 to 65 um.

[0095] It is preferable to use a polymer 915 having
sufficiently high transparency (being transparent and
colorless) and compatibility with the monomer which will be
described below. 1In addition, it is also preferable to use a
polymer 915 in which the molecules of the monomer can be reacted
(polymerized or cross-linked) as described below, the polymer

915 that can maintain the sufficiently high transparency even
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specific kind, as long as it contains compounds each having polymerizable
chemical structure(s). Examples of the monomer include a
norbornene-based monomer, an acrylic acid (methacrylic acid)-based
monomer, an epoxy-based monomer and a styrene-based monomer, and
aone or more of which may be used independently or in combination.

2 12 ) AR ngtHei i ftisprefe frebifatthe 1St Bonene-Bad fibnomer is

used as the monomer. Use of the norboarnene-based monomer makes it
possible to obtain a core layer 93 (an optical waveauide 90) having an

[BR&Hilent opticAPiransimissi6 pFSpeThyPand stperier heapresistance andmeans
« flexibiliy. [Q1ZelHere. the parbarepe-based.monamer gives a 9epelic. » 915

name of a monomer composed of molecules each including at least one
s pofsorhe eachiemicalstarcturesepresented bytie followiagformukar3and the

pptrctural fermula, A b'é’é%”lp'e%gf%%‘% norbornene-haseq, Menomer, . 1, yer
incfude a monomer composeé‘% molecf}les%compounds) each

9tgpresented by the following formula 4 (structural formula C) and the like.
[0123]formula [0124][formula 4]  wherein 'a" is a single bond or a
double bond, each of to R4 is independently a hydrogen atom, a

(eastifuted  Examples of such a polymer 915 include cyclic
olefin-based resin such as norbornene-based resin and benzo
cyclobutene-based resin, acryl-based resin, methacryl-based
resin, polycarbonate, polystyrene, epoxy resin, polyamide,
polyimide, polybenzoxazole and the like, and one or more of
which may be used independently or in combination (e,g., a
polymer alloy, a polymer blended body (a mixture), a copolymer

ox the like).

[0098] Among them, it is especially preferred that the
polymer 915 contains the norbornene-based resin (a
norbornene-based polymer) as a major component thereof. By
using the polymer 915 containing the norbornene-based polymer
as the major component thereof, it is possible to obtain a core
layer 93 having an excellent optical transmission property and

superior heat resistance.

[0099] Further, since the norbornene-based polymer has a
high hydrophobic property, it is possible to obtain a core layer
93 whose dimensional change hardly occurs due to water

absorption thereof.



in the case where a is the double bond, one of R- and R2 and one of R3
and P.4 are not present. [0125]Examples of the unsubstituted hydrocarbyl
group include a linear or branched alkyl group having a carbon number of
1 to 10 (Ci-Clo), a linear or branched alkenyl group having a carbon
number of 2 to 10 (C2-C10), a linear or branched alkynyl group havin

[RABoh numbel oF 2 (°I0 (0226710), %2 Eyctoalky 478t h&viRg Q%arﬁ?)%%er a

hBREBST ohdtocka(CA:042), @ gyalealkeay graup having a carben PUMDEr i ng
of 4 to 12 (C4-C12), a aryl group having a carbon number of 6 to 12

UT05-812Y, ARdaA-araIRY §ROIP ERraty BIRYFGToUBF havig ' taghbno or more
Aymber of zetgggft(gg-goz;ﬂilggrj[her, each of 121 and R2 or each of R3

and P.4 may be an alkyliden-y group having a carbon number of 1 to 10
(C1-C17) [0126]Concrete examples of the alkyl group include a methyl

(504 an ethyl group, 8 propyl araup, anisopropyl group, 2 butylgroup, 2y,
Isobutyl group, a se -Jbu yl group, a tert-butyl group, a panet group, a

i nedpenrtybgroup;i ahexylbgropp, aheptyl group, an octyl graupda honygh -t vpe
rou énd a decg&\g)rour% but the alkyl gl_{oup is not limited thereto. .
(DPAESREro( SRRMBIES G thE SHRETGT GrouBE Tioiide A VAR groupce tom
( allyl gsoumea butenybgrouprand acyglohexenylgraup, butithe alkenyl ¢ 3

group is not limited thereto. [0128]Concrete examples of the alkynyt group

DRIt &R BTRAS EGrodiy RO pFopy i lgratp, oSy BidLp, gopolymer
cdruiynyd group: and g 2-buitynyd group, but the,alkvayl groupis not limited ;

thereto. (0129]Concrete examples of the cycloalkyl group include a
CeyclopERyigrotpla cyEekygroupeantta tyclobetyl grows; bt theof  the

nSYEIBAHNLAIOR I3 DY JlIeC RelR R, KA A0 Gangtels EXATRIeR OLING o 1,
thyl croup andan anthrac.enyl

aryl group include a phenyl group, a naphthy
agroup, butrthedatykgrouptiypet timitet stheretoomposed of molecules each

obtained by addition copolymerization reaction between the
molecules of the norbornene-based monomer, molecules of
non—conjugated diene, and, 1f needed, molecules of anocther
monomer; and ring opening-type polymers such as (4) a ring
opening-type norbornene-based. (co)polymer or a (co)polymer
obtained by hydrogenating, if needed, the ring opening-type
norbornene-based (co)polymer, (5) a ring opening-type
norpornene-based copolymer composed of molecules each obtained
by ring opening copolymerization reaction between themolecules
of the norbornene-based monomer and the molecules of the
ethylene or x-olefin or a copolymer obtained by hydrogenating,
if needed, the ring opening-type norbornene-based copolymer,
and (6) a ring opening-type norbornene-based copolymer composed
of molecules each obtained by ring opening copolymerization
reaction between the molecules of the norbornene-based monomer

and the molecules of the non-conjugated diene or another monomer
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[0131]Concrete examples of the aralkyl group include a benzyl group and
a phenyl ethyl group (a phenethyl group), but the aralkyl group is not
limited thereto. [0132]Further, concrete examples of the al.cylidenyl group
include a methylidenyl group and an ethylidenyi group, but the alkylidenyl
5 group is not limited thereto.éOlBS Examples of the substituted hydrocarbyl

rBup TRAadE Cro it WRIEh A B §61HE Hyafogesr atbig firdided ihther ing
o8bave hydracarbyhgioupar §§1@§gg@ed<%@9&%'} atoms, Cop AG€te eqard,

examples of the substituted hydrocarbyl group include halogenated

SRyBRocafby FgroG5S stieR aksva halhydrobaibyl groupra copolymer, a block
c8sthalphydrocarbyl group.and.a P@&%ﬁg%@% 9588"’1:&933@ plhese

halogenated hydrocarbvl groups, as ogen atom.s to be substituted
with the hydrogen atoms, at least one kind selected from chlorine atoms,

[Byggl?e atomsla}pd téromin at%rg%is__%refergble, nd the fluorine atong)s ed
are riore preferable. [0135]Concrete examples of PerhalogeRated °°taine

uhydrocarbykgreupsr(eg.othesparhalehydiocaraybgrotprancththeuch as ring
erhalocarbyl group) include a p,erfluo,rophengl %roup, a perfluoromethyl
og?wgaqﬁﬁ&ﬁaﬁ%ﬁﬁa}é{%{lzatlon (ROMP), a combination of ROMP

aerflupneethygraup;aperfiyoransonyicroup.a Rerfluarghutyl goup.anda s on s,
perfluorohexyl group. [0136]In this regard, halogenated alkyl groups each

polymerization using a cationic palladium polymerization

initiator and polymerization using another polymerization

initiator (e.g., a nickel polymerization initiator or another

transition metal polymerization initiator).

[0103] Among  them, it is preferable to use a
norbornene-based polymer composed of molecules each including
at least repeating units each represented by the following
formula 2 (structural formula B), that is, the addition-type
norbornene-based (co)polymer. This is because the
norbornene-based (co)polymer abounds in transparency, heat

resistance and plasticity.

[0104] [formula 2]
B
[01058] Such a norbornene-based polymer can be

appropriately synthesized using a norbornene-based monomer

which will be described (e.g. a norbornene-based monomer
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having a carbon number of 11 to 20 are preferably used in addition to the
halogenated alkyl groups each having the carbon number of 1 to 10.
Specifically, halogenated alkyl groups each partially or fully halogenated,
being linear or branched and represented by the following general
formula: -0,X"23:" wherein ea%l of Xi's is independentlél a halogen atom or

TR HyET OGS Aot ANt 235 4 TEGEr T 0120, Larrbe Seléctdd oo -nkaple

nfQ3vihurther xamples ehthe)substituted hydrocarbyl group include a
oycloalkyl group, an aryl group and an aralkyl group each further

substituted with linear or branched alkyl group (s) having a carbon number

(8299 (01-05) 7 linear: or branched haloalkyl group, (S)hhaying g calione - 915
number 1 to 5 (01-05) , aryl group(s) or cycloalkyl group: (s) , in addition to
h#tvel halgges aton (S)L[0 188]Rurthémacrelexarpiésofthefiunctionzher 915 can

5 ubsjt.iguent upi cIude-SCﬁ‘ %%-.CH%FB 2-O-Si(Me)‘23 CH2¥) fl-CM (C £
0-CH GO (O NOR Cr2 A C ) O CERg 5 (e ©
mECEB)ZOH, e(OH, )01} 0eREMEACAL2Y) MEHLD) R rfHZ)3-Q(up (s) ),
ni]ﬁerozéélgCal_ltzrﬁe(g)H- rnc;r(r)l_icr:l O)a:ccgﬁ 5) or chlorine atom(s). On the
other hand, in order to synthesize a polymer 915 having a

relatively low refractive index, the polymer 915 can be, in

general, synthesized using a monomer composed of molecules each

having alkyl group(s), fluorine atom(s) or ether chemical
structure(s) (ether group(s)).
[0107] As the polymer 915 having the relatively high

refractive 1index, a norbornene-based polymer composed of
molecules each including aralkyl norbornene repeating units is
preferably used. Such a norbornene-based polymer has an

especially high refractive index.

[0108] Examples of an aralkyl group {(an aryl alkyl group)
included in each of the aralkyl norbornene repeating units
include a benzyl group, a phenyl ethyl group, a phenyl propyl
group, a phenyl butyl group, a naphthyl ethyl group, a naphthyl
propyl group, a fluorenyl ethyl group, a fluorenyl propyl group
and the like. Among them, it is especially preferred that the

aralkyl group is the benzyl group or the phenyl ethyl group.

[0109] This 1s because the norbornene-based polymer

including composed of the molecules each including such
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(CE2)(0) -ClI, -(OH2)3-0-0(C)-R5, - (CH?)ris1 (P.5) -(CH2)n-Si(OR5)3,
-(CH2)n-O-Si(R5)D, and -(C112)n-C(0)-0R6. [0139]In this regard, in the
above respective formulas, n is an integer of 0 to 10, and each of Rs is
independently a hydrogen atom, a linear or branched alkyl group having a
carbon number of 1 to 20 (C1-C20), a linear or branched halogenated or
L PRTAAI0gEn e ikyl Hodp RViRGHEdarbbhhunbier a0 (erle0),
a linear or branched alkeny.L group having a carbon number of 2 to 10
C2-C10), a linear or branched alkynyl group having a carbon number of
fé%ollo (02-010Y * &lt§EloatkylgroRp ey axasbrradiberof®rreged of

md93:012) sap.aryl group having a.carhon number of 6 to 14 (05 Jg?%g%ts is

halogenated or perhalogenated aryl"'group having a carbon num to
p14{€6:014) ot amh-ardikyl geotp davingpa cashen hamberof 74 conposed

7-024) .[0140]The h rocarl% | group represented by R5 is e same one. |
© a%Pe%r%ééﬁt%u ]t%? e%%% of RT 2)(1 é : AE%%O?;% %?eaé}r% of ﬁmf}onlgi',rﬁ%eatmg
uhydrocatbyl grotip representedlpy Rbsnaylse Balogenatetband rnene-based

erhalogenated. [0141]For example, in the case where P.'isa
PRAYSGehated 6F perhaigehated aik§l Gritpiaving'a catson-Rambey of £ the

ot@ 20{€1:020)gRbLanhe represented by the general formula: -C,X"2,+1,
wherein " z" and X" are defined as above, and at least one of X"s is a

halogen atom (e.g., a bromine atom, a chlorine atom or a fluorine atom) .
[ 62%44]In this regard,, itds tg bepotedythat the perhalagenatgd;alkyLgroupds, ;o
a group in which all X"s are
alkyl norbornene repeating units include a propyl group, a butyl
group, a pentyl group, a hexyl group, a heptyl group, an octyl
group, a nonyl group, a decyl group and the like. Among them,
it is especially preferred that the alkyl group is the hexyl
group. Inthis regard, it is tobe noted that these alkyl groups

may be either a linear type or a branched type.

[C1l12] In the case where the norbornene-based polymer is
composed of the molecules each including the hexyl norbornene
repeating units, it can maintain the high plasticity thereof
while preventing the refractive index thereof from being
lowered. 1In addition, since such a norbornene-based polymer
has excellent permeability for a light having a wavelength
within the above mentioned long wavelength region (especially,

near 850 nm), it 1is preferably used.

[0113] The norbornene-based polymer is not limited to a
specific kind, but preferred examples of the norbornene-based

polymer include a hexyl norbornene homopolymer, a phenyl ethyl
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halogen atoms in the above general formula. Concrete examples of the
perhalogenated alkyl group include a trifluoromethyl group, a
trichloromethyl group, -C7F15 and -C11F23, but the perhalogenated alkyl
group is not limited thereto. [0143]Concrete examples of the
perhalogenated aryl group include a pentachlorophenyl group and a

P BERRHIUGRSpHEYPGrOLET Bt the pRffidden e 8 gGup s Hopfiriag s @

nihereto,dO%441Rurther, examplesofRE include rCCEHI3pFifEES) 3, nexyl
-CH (R7) -0-CH,,CH3, -CH (R7) DC (CH3) 3, cyclic groups each shown in

NEHSRONBRAITY forRftie 5 andthefike S 45 H6rnila 5] Jerie]inehisiregard,
R7 is a hydroren atom or a linear or branched alkyl group having a carbon
number of 1 to 5 (C1-05) [0147]Examples of the alkyl group include a

[@detiiyll group, Bhethybgreup! aysropyf group) @n Rpropyligrou @butyf  this

L0 ALEDU OLOUD, 3 COUMLArOUR & BTV OIOHD. 3 TS GO0, rce)
and a neopentyTgroup. TOIM n éa%ove cyclicgroups each shownin

athe formutec 5, dhe single:berd extendingsframceachzof the eyelic-groups i$20.
bonded to the acid substituent group to form'the ester bond.
[0149]ConcreteexamplesofR6includea

[0115] As described below, when actinic radiation 1is
irradiated onto the layer 910, molecules of the monomer are
reacted to produce a reaction product within irradiated regions
of the layer 910 onto which the actinic radiation is irradiated.
As a result, a refractive index difference between the
irradiated regions of the layer 910 and non-irradiated regions
thereof onto which the actinic radiation is not irradiated is

caused due to exlistence of the reaction product.

[01l16] Here, the reaction product contains at least one
kind selected from the group comprising a polymer composed of
polymericmolecules each obtainedby polymerizing themolecules
of the monomer in the polymer (the matrix) 915, cross-linking
chemical structures each cross-linkingmolecules of the polymer
915, and branching chemical structures each branching from the
molecules of the polymer which are obtained by bonding the
molecules of the monomer thereto. Examples of the branching

chemical structures include branch polymers and side chains

(pendant groups).

[0117] In the case where 1t is required that the refractive

index of each of the irradiated regions of the layer 910 becomes

30



I-methyl-I-cyclohexyl group, an isobornyl group, a 2-methyl-2-isobornyl
group, a 2-methyl-2-adamantyl group, a tetrahydrofuranyl group, a
tetrahydropyranoyi group, a 3-oxocyclohexanonyl group, a mevalonic
iactonyl group, a 1-ethoxy ethyl group, a 1-t-butoxy ethyl group and the
h%%[OlSO]Further, examples of another R6 Hnclude a dicyclopropyl

y! ,

hy PO Group and S dintéthgl Eyciagrop§imettyl (Fhids) grodp ndex
i eachdepresenigdibythedellowing forpular 6 and the hike. 1[04 S ]farmulas i ve
61  -C(CH3)2 (Dmcp) the monomer, a cross-linkable monomer (a
index higher than that of the polymer 915. On the other hand,
in the case where it is required that the refractive index of
each of the irradiated regions of the layer 910 becomes low,
a polymer 915 each having a relatively high refractive index

is used in combination with a monomer each having a refractive

index lower than that of the polymer 915.

[0118] In this regard, it 1is to be noted that the term
“high” or “low” for the refractive index does not mean an
absolute value of the refractive index, but means a relative

relation between refractive indexes of two certain materials.

[0119] In the case where the refractive index of each of
the irradiated regions of the layer 910 is lowered due to
reaction of the molecules of the monomer (production of the
reaction product), each of the irradiated regions becomes the
cladding portion 95. On the other hand, in the case where the
refractive index of each of the irradiated regions of the layer
810 is raised due to the reaction of themolecules of the monomer,

each of the irradiated regions becomes the core portion 94.

[0120] Such a monomer are not particularly limited to a
specific kind, as long as it contains compounds each having
polymerizable chemical structure(s). Examples of the monomer
include a norbornene-based monomer, an acrylic acid
(methacrylic acid)-based monomer, an epoxy-based monomer and
a styrene-based monomer, and one or more of which may be used

independently or in combination.
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[0152] (Dcpm) cross-linking agent) can be used instead of the above
mentioned monomer or in combination with the above mentioned
monomer. The cross-linkable monomer is composed of molecules
(compounds) which can be cross-linked in the presence of the procatalyst
described below. [0153]Dvusingthe cross-linkable monomer, the following
advantages can be obtained. Namely, since the molecules of the
[6rossqlinkable monamer qanbe polymerizedmore rapidly,a fequired fime
for forming (processing) the core layer 93 (the optical waveguide 90) can
np&zhbrened PRarernsineadie thoss fnkatie Fiohomerisdiard todre of the

nSYRROALA e Lt InDgales, ke i avapor pressipdnerool e e o core
suppressed. In addition, since the cross-lin le monomer has excellent
1 heatrresistancesy itis possible toiinprdve) theaheat gesistanee of theccoret ical
tIrag/er 93. 0154]Tdmongthecross-lﬁi?kablemonomers,a cross-linkable
horbornene-pasel menonér is"a compaunt (foledié) having tig2nce  and
£ hetbosnene-fype chemical structure represented by the above formula 3
(the above structural-formula A), that is, a norbornene-type double bond.
[0155]As the cross-linkable norbornene-based monomer, there are a
[ useghmallicyclicring sysiems sompoyndiand-a; linked multicyclicring e ne v s ¢
systems compound. [0156]Examples of the fused muiticyclic ring systems
N@BmPouRdTaTEsEd raitieydieding syslamns trossinkablecluding at least
oRaramsnesRased manomen) dnglyde compaunds each IeReSented by o1 ng

the following formula 7.
formula 3 (structural formula A). Examples of the

norbornene-based monomer include a monomer composed of
molecules {(compounds) each represented by the following formula

4 (structural formula C) and the like.

[0123] [formula 3]
@ A

[0124] [formula 4]
R'
R2

a C
R
m R

ANY r

wherein “a” 1is a single bond or a double bond, each of
R' to R® is independently a hydrogen atom, a substituted
hydrocarbyl group, an unsubstituted hydrocarbyl group or a

functional substituent group, “m” is an integer of 0 to 5, and



[0157][formula 7] wherein Y is a methylene (-CH2-) group and "m" is
an integer of 0 to 5, and when "m" is O, 1 is a single bond. [0158]For
brevity, it decides to consider that norbornadiene is classified as the fused
multic=-clic ring systems compound and contains a polymerizable
norbornene-type double bond. [0159]Concrete examples of the fused

I ifiGyF RS ngSystéms compotindinclude domisbundseach réprésshtdd and

ok the felowing farmula 8,but thefused multicyclic ring systems
compound is not limited thereto. [0160][formula 8] [0161]On the other
hand, examples of the linked multicyclic ring systems compound (a linked

[ aulegyclic ””%%ﬁgﬁ‘és”%%s"&%‘éa%%QB@QEQ@&Q%S%‘%‘PQSE“%M group
include a compound represented by the following formula 9.
17@162)foemula®}r or branched alkyl group having a carbon number
of 1 to 10 (Cy1-Cyp), a linear or branched alkenyl group having
a carbon number of 2 to 10 (C3;~Cip), a linear or branched alkynyl
group having a carbon number of 2 to 10 (Cy;-Cyo), a cycloalkyl
group having a carbon number of 4 to 12 (C4~Cyy), a cycloalkenyl
group having a carbon number of 4 to 12 (C4~Cip), a aryl group
having a carbon number of 6 to 12 (Cg—Ci2), and an aralkyl group
{(an aryl alkyl group) having a carbon numger'of'7to 24 (Cq~Cay) .

Further, each of Ry and Ry or each of Ryand Rymay be analkylidenyl

group having a carbon number of 1 to 10 (C;-Cig) .

[0126] Concrete examples of the alkyl group include a
methyl group, an ethyl group, a propyl group, an isopropyl group,
a butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, a pentyl group, a neopentyl group, a hexyl
group, a heptyl group, an octyl group, a nonyl group and a decyl
group, but the alkyl group is not limited thereto.

[0127] Concrete examples of the alkenyl groups include a
vinyl group, an allyl group, a butenyl group and a cyclohexenyl

group, but the alkenyl group is not limited thereto.

[0128] Concrete examples of the alkynyl group include an
ethynyl group, a l-propynyl group, a Z2-propynyl group, a
l-butynyl group and a 2-butynyl group, but the alkynyl group

is not limited thereto.
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wherein each of "a"s is independently a single bond or a double bond,
each of "faits is independently an integer of O to 5, R9s is a divalent
hydrocarbyl group, a divalent ether group or a divalent silvl group, and "n"
is 0 or 1. [0163]Here, the divalent snbstituent group is a group having two
bonding hands at both ends thereof, each of the bonding hands that can
be bonded to the norkornene chemical structure. [0164]Concrete

[exzples of thedivalepthydragarbyd greupriacluderan.alkylene.group: nciude
represented by the general formula: -((liH2d)- (wherein.. "d" is preferably

aa?Mﬁ%é@%%‘f31%0?{@)1&4daa%wdl@ﬁ}teawmwgm@@awlcgf@&9}9ctyl group,
p(0165)the. divajent alkylene group s preferablya L"a(leacrh%&%f anched

alkylene group having a carbon number of 1 to 10 (CI-Cio). Examples of
the divalent alkylene group include a methylene group, an ethylene group,

1B PigRYIene gr{E%R’c%QEQ"gQExg up, abentylene,group, ai‘%é%'&é]% a phenyl
group, a heptylene group, anoctylene group a ncYny negroup and a

gdecylene groppt [0166]rothis segard, ikistta bexoted thabthe branchede aryl
alkylene group is a group in which hydrogen atom(s) included in a Train

IERSR théred? Is(ars) substitutéd Wit finear or branched alkyl group (s)

On the other hand, as the divalent aromatic group, a divalent phenyl group
or a divalent naphthyl group is preferable. [0167]Further, the divalent ether
[8&ﬁ$hsa@ﬁoﬁ§ﬂﬁﬁ§§9ﬂ@§amples of the aralkyl group include a

benzyl group and a phenyl ethyl group (a phenethyl group), but

the aralkyl group is not limited thereto.

[0132] Further, concrete examples of the alkylidenyl
group include a methylidenyl group and an ethylidenyl group,

but the alkylidenyl group is not limited thereto.

[0133] Examples of the substituted hydrocarbyl group
include groups in which all or some hydrogen atoms included in
the above hydrocarbyl group are substituted by halogen atoms.
Concrete examples of the substituted hydrocarbyl group include
halogenated hydrocarbyl groups such as a halohydrocarbyl group,
a perhalohydrocarbyl group and a perhalocarbyl group.

[0134] In these halogenated hydrocarbyl groups, as the
halogen atoms to be substituted with the hydrogen atoms, at
least one kind selected from chlorine atoms, fluorine atoms and
bromine atoms is preferable, and the fluorine atoms are more

preferable.
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In this regard, each of R's is independently the same as R9.
[0168]Concrete examples of the linked multicyclic ring systems compound
include compounds each represented by the following formula 10, formula
11, formula 12, formula 13 and formula 14, fluorine containing compounds
ine containing cross-linkable norbornene-based monomers) each

fluor
[igép%%éented bl ¥R fHbRirTg RIRMURE1S And totnduta 480 Blitthe lirikeg carby L
gPulticyclicaing, systems compaund.is not limited thereto. [01690formyla 1o
10] [0170][formula 11]
perhalocarbyl group) include a perfluorophenyl group, a
perfluoromethyl group (a trifluoromethyl group), a
perfluorocethyl group, a perfluoropropyl group, a

perfluorobutyl group and a perfluorchexyl group.

[0136] In this regard, halogenated alkyl groups each
having a carbon number of 11 to 20 are preferably used in addition
to the halogenated alkyl groups each having the carbon number
of 1 to 10. Specifically, halogenated alkyl groups each
partially or fully halogenated, being linear or branched and
represented by the following general formula: -C,X”,,4+, wherein
each of X”s is independently a halogen atom or a hydrogen atom

and z 1s an integer of 1 to 20, can be selected.

[0137] Further, examples of the substituted hydrocarbyl
group include a cycloalkyl group, an aryl group and an aralkyl
group each further substituted with linear or branched alkyl
group (s) having a carbon number 1 to 5 (C;-Cs), linear or branched
haloalkyl group(s) having a carbon number 1 to 5 (C;-Cs), aryl

group (s) or cycloalkyl group(s), in addition to the halogen

atom(s).

[0138] Furthermore, examples of the functional
substituent group include - (CHz) n—CH (CF3) ,-0-51 (Me) 3,

— (CHy) n—CH{(CF3) 2~0-CH,-0-CH;3, = {(CH;),~-CH(CF3),;-0-C(Q)~-0-C(CH3)3,
= (CHz) n~=C(CF3) ,-0H, = (CHz) x=C (O) -NH,, = (CHz)n-C(0) -CL,

= (CHz) n=C (0) ~O-R®, =~ (CHz) »=0O-R®, = (CHz) 2=0-C(0) -R?,

= (CHz) n=C (0) ~R®, = (CHz) n~0-C(0) ~OR®, = (CHz) =81 (R%) 5,
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[0171]The compound represented by the formula 11 is dimethyl
bis[bicyclo[2.2.1]hept-2-ene-5-methoxy] silane, and is also referred to as
dimethyl bis(norbornenemethoxy) silane (abbreviated as "SiX").
[0172][formula 12] wherein 'n" is an integer of 0 to 4. [0173][formu]a 13]

[0174][formula }4 ]

0—Si( ~ (CH) n~0-81i (R°)3, and - (CH,),~C(0)-0OR®.

i

[0139] In this regard, in the above respective formulas,
n is an integer of 0 to 10, and each of R’s is independently
a hydrogen atom, a linear or branched alkyl group having a carbon
number of 1 to 20 (C;~Cap), é linear or branched halogenated or
perhalogenated alkyl group having a carbon number of 1 to 20
(C1-Cz), a linear or branched alkenyl group having a carbon
number of 2 to 10 (C,-Cyp), a linear or branched alkynyl group
having a carbon number of 2 to 10 (Cy;-Cio), a cycloalkyl group
having a carbon number of 5 to 12 (Cs-Ci), an aryl group having
a carbon number of 6 to 14 (Ce-Cis), a halogenated or
perhalogenated aryl group having a carbon number of 6 to 14

(Cs—-Crg)or an aralkyl group having a carbon number of 7 to 24

(Cy7=Co4) .

[0140] The hydrocarbyl group represented by R® is the same
one as represented by each of R' to R*. As shown in each of R!
to R, the hydrocarbyl group represented by R° may be halogenated

and perhalogenated.

[0141] For example, in the case where R° is a halogenated
or perhalogenated alkyl group having a carbon number of 1 to
20 (Ci=Cyg), R> can be represented by the general formula:
~CzX" 2241, wherein “z” and X” are defined as above, and at least
one of X”s is a halogen atom (e.g., a bromine atom, a chlorine

atom or a fluorine atom).

[0142] In this regard, 1t 1s to be noted that the

perhalogenated alkyl group is a group in which all X”s are
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wherein each of "'m" and 'n" is an integer of 1 to 4. [0175][formula 15]
[0176][formula 16] [0177]Among various kinds of the cross-linkable
norbornene-based monomers, the dimethyl bis(norbornene methoxy)
silane (the Six) is especially preferable. The SiX has a sufficient low

N %ifractive index with respect to the norbornene-based polymer composed

RSIBchled Bach indiGdiy the ARYFAGrhorReHe fébeatiny Ghitdanar e les

o the aralky morhernene repeating units: Jherefare, whenthe achinic, rome thy1
radiation described below is irradiated onto the layer 910, the refractive
IF 8k of bath of thetifraarited tediciis thereof cars b reliabfyn IGweredys the

pdhateachofthem becomes the cladding portion 95 Further, the refractive

index difference between the core portions 94 and the cladding portions

95 can be enhanced. This makes it possible to improve properties such as

tical transmission property.of the core layer 93.(the optjca

[(\S/t/iglv%%uide 90 ?Bffﬁﬂe?ﬁl}spar@galf ) it |fsC:[(8(;h I%e%eo}fg& %}?a%?ﬁél J%l%(c%vaeryl group
1imadneaerpmaybenlsecbindependently orindebitkany eambinatigneny 1 group,
. [0179]The €Cprgcatal st (6the second substance) is a substance that can
Pliitiate o%/ﬁﬂ RiS&tich reactibi Btods liRking redctiotor the iksy -

of the molecules of the monomer, wherein the activation temperature of

the substance is changed under action of an activated cocatalyst (first

[QBdance) by Beig fiadiated with drelaltinie Faddidfon destrbed beloHs) 3/

-CH(R’) -O-CH,CHs, -CH(R7)0OC(CH3)3, cyclic groups each shown in

the following formula 5 and the like.

[0145] [formula 5]

£ 0.
JOhah e

[0146] In this regard, R’ is a hydrogen atom or a linear

R7

or branched alkyl group having a carbon number of 1 to 5 (C;~-Cs) .

[0147] Examples of the alkyl group include a methyl group,
an ethyl group, a propyl group, an i-propyl group, a butyl group,
an i-butyl group, a t-butyl group, a pentyl group, a t-pentyl

group and a neopentyl group.
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[0180]Any substance whose activation temperature is changed (raised or
lowered) according to irradiation of the actinic radiation can be used as

the procatalyst, but a substance whose activation temperature is lowered
according to the irradiation of the actinic radiation is especially preferably
used..in the case where such a supstance is used as the proqataigft, it is

[B8&ible to form thé B6tBIZel B3 tthe BpfdEl WaFEGURIPYE) b EafyingrmeLa
50Ut acheatireatment ata. relatively; law temperatuse. This makes# groups is

possible to prevent layers other than the core layer 93 from being heated
b ohAscedsari: AS & rdsalt 16 Wwe g of tie propettied sieh B8 thée dpticaloond.
transmission property of the optical waveguide 90 can be prevented.
[0181]lt is preferable to use a brocatalyst containing (mainly composed
[ 8B4 Jeast oné kindsfcomporriseachTepresehted b the follawihgde
formula (ia) and compounds each represented by .the following formula
] oSSl AT () 5) 2Rer0) 3 o) (£ ) Syapel (0] 1B
2 binp fWHCA]A(HI)s obolirithe formulas (k) andd )y ER)3sisanenoup 15 roup,
neutral electron donor ligand, E is an element selected from the grou

€ 1€ p
C Eompriding elemEnts of IO 15 of the BriGdiE Tabi, GHI K 1s offé OFR
3 hydrogenalasx andsotope;thereqf and abydrosarbyl gregpsoptainingup, a

moiety, Q is an anionic ligand selected from the group comprisin _
1 (’:SFHE)‘?(S?I%t@,tt}H%Ea%&%Wateaaﬁd ditrocaboxyiate! FUFiHerPi natﬁg forfuth ke -

(Ib), LB is a Lewis base, WCA is a weakly coordinating anion, 'a" is an

integer of 1 to 3, "b" is an integer of O to 2, a total number of "a" and "b" is
[9%5G] and "p"Rndtredre integars for Taiprtaining bakeee etweén ahude  a
aelegropic.charge of apalladinm catign and an glectonic. chiarge of the ., oy

weakly coordinating anion. [0183]Examples of an exemplary compoungln
matoordaneeapiththeformuafia)inelodeRe(@Ac)2(P(cPH3j2, 1 lowing formula
6Pd%OAc Z%P((E(QES)Z’ Pd(0200Me3)2(P(CY)3)2, Ed(CAC)2(E(CP)3)2,

Ed 6%0 2 y)3)2 and Pd(02C06B.5)3(E(C7)3)9, wherein Cp is a

cyclopentyl group and Cy is a oyclonexyl group, but the exemplary

compound in accordance with the formula (Ia) is not limited thereto.

JFurther,d bré@ataisPéontaining compounds each represented by

the formula flbz, in which each of" and "q"

jol]

js¥

o

W

—CH
—C(CHa),
{Dcpm) (Dmcep)
[0152] As the monomer, a cross-linkable monomer (a

cross—linking agent) can be used instead of the above mentioned
monomer or in combinationwith the above mentioned monomer. The
cross—linkable monomer is composed of molecules (compounds)
which can be cross-linked in the presence of the procatalyst

described below.
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is selected from an integer of 1 or 2, is preferably used. a cyclohexyh
group and Ac is an acetyl group. [0186]Use of these procatalysts makes it
possible the molecules of the monomer to be effectively reacted. In the
case where the monomer are the norbornene-based monomer, the use of
them makes it possible the molecules of the monomer to be effectivel

[BORMerized oF #rossiivkEd %ig s aaditiBi polyirariz gt reé&%ﬁ.oz/lowmg
a{0A87iRyther R 8 statecthal the activation feraperature, of the procatalyst «ye

is lowered (an active but latent state of the procatalyst), a difference
Cpefiveeh thelbhveretPactiVatiorr tepetatiarel ane anoriginapacstivatied dly, a

- rlemperature thereat ispreferably ip the range of abput 10 1o 80C, and
rmore preferably in the range o al(:)%ut 10 t% 50%:5. T %4 rr%e%<%% i?%gseéﬁb%zgto(the
opdliablylcatsectiveirefrative inaex diffestrce: between thercdre portidns=@4 the

and the cladding portions 95. [0188]lt js preferable to use the procatalyst, |
i Gy GBS od o1y & iGaStorE B (R R ae bach 12
heepresegntesbyitheaPeh (A PEF)3) 2 apddhe compounds@aeBssed. In

represented by the Pd(0A0)2(P(Cy)3)2. [0189]Hereinafter, on occasion,
aﬂ?@iéa&mﬁ(ﬁﬁ@pﬁ%iz%%aabb 2bd BSTPESAs AN PiHee L Lent heat

rE(QAsYURICYIP 2 willhe abhreviated:ag, d/85 0101 the cocalalyst e o«

(the first substance) is a substance that is activated by being irradiated
tiMithdRe actificsadidtion and can change the activation temperature of the
procatalyst

[01l54] Among the cross-linkable monomers, a
cross-linkable norbornene-based monomer is a compound
(molecule) having the norbornene-type chemical structure
represented by the above formula 3 (the above structural formula

A), that 1s, a norbornene-type double bond.

[0155] As the cross-linkable norbornene-based monomer,
there are a fusedmulticyclic ring systems compound and a linked

multicyclic ring systems compound.

[0156] Examples of the fused multicyclic ring systems
compound (a fused multicyclic ring systems cross-linkable
norbornene-based monomer) include compounds each represented

by the following formula 7.

[0157] [formula 7]
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(that is, a polymerization initiation temperature of the molecules of the

monomer). [0191]As such a ccoatalyst, any substance can be used as

long as it is activated due to change (reaction or cleavage) of a chemical
vl

structure thereof by being irradiated with the actinic radiation. A cocatalyst
wWith actimic radiationgs determipeg
ce @; S(Etd?:"h . 9 g
d anio ereinaf \ 5

(a photoinitiator) containing (mainly composed of) compounds that are
b ' '
a

cleaved by-fyeing ir
wavelen o@)’ tha
ions and weakly co

d‘
A
s
Ord

"FASA-"), g hexafluorc antimepic acid ign-(herginafter, referred to
"SbF6-") fang the \iRe T pleg offtie &dran a Nogf
generatorQ 5-ba rator)dn e letraki I Dhe !
gallate, aluminates antimonates, other boranesyother gatlates, other -
carbora.nes and other halocarboranE.,s in addition to tetrakis
(pentafluerephenyl) baratesand hexafilora.ant imonate.each repregsented 5,

by the following formula 18. [0194][formula 18] o H2 + OH 3
integer of 0 to 5, and when “m” is 0, Y is a single bond.

[0158] For |Dbrevity, it decides to consider that
norbornadiene 1s classified as the fused multicyclic ring
systems compound and contains a polymerizable norbornene-type

double bond.

[0159] Concrete examples of the fused multicyclic ring
systems compound include compounds each represented by the
following formula 8, but the fused multicyclic ring systems

compound is not limited thereto.

[0160] [formula 8]
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C C SFAHA+\CH3 H2+ 0U OH C-CAS \FAB CH3

m@mﬁ}j
e 00 0000

[0161] On the other hand, examples of the linked
multicyclic ring systems compound (a linked multicyclic ring
systems cross-linkable norbornene-based monomer) include a

compound represented by the following formula 9.

[01l62] [formula 9]
RS

3 a
HR =

m m

wherein each of “a”s 1s independently a single bond or
a double bond, each of “m”s is independently an integer of 0
toS,Eﬁsjﬁsadivalenthydrocarbylgroup,acﬁvalentethergroup

or a divalent silyl group, and “n” is 0 or 1.

[0163] Here, the divalent substituent group is a group
having two bonding hands at both ends therecf, each of the
bonding hands that can be bonded to the norbornene chemical

structure.
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[0195]Examples of a marketed production of such cooatalyst include
RHODORSIL (which is a registered trademark and is same below)
PHOTO:NIT:ATOP. 2074 (CAS 178233-72-2, available from Rhodia USA
Inc., Cranbury, NJ), TAG-322R (dimethyl (2-(2-naphthyl)-2-oxo ethyl)
sulfonium tetrakis (pentafluorophenyl) borate, CAS 193957-54-9, available
from Toy InkMfq. Co., Ltd., Tokyo, Japan), MPI-103 (CA587709-41-9,
[evailple from ddider Kagaliy Gap 1dd., Takyorlapan), TAGB7h(GAS carby1
193957-53-8, available fromToyo Ink Mfg. Co., Ltd., Tokyo, Japan),
ITTEPSLTPFEES(tds (LRtERB Gy PPy DS ulsHoRf iR téteaki®y the general
séheniatluorophenyl) borate . available;romI ayp GaselGo,, Hd., Toky, » ¢ 3
Japan), NAI-105 (CAS 85342-62-7, availablé from Midori Kagaku Co.,
totdi CTokyo! Japdn), akerthedikernd@Lg6]imthisoregard; in theocase where
the RHODORSIL PHOTOMITIATOR 2074 is used as the cocatalyst (the
first substance), an ultraviolet ray (an CV light) is preferably used as the
[atBBig radiation(anddctinie radiatiar) antkagmetgurydamp € bighlpressute car
mercury lamp) is preferably used as a means for irradiating the ultraviolet
Ofa(; rﬁ‘ﬁ/g Pnea{e%i'gﬁ&?ﬁﬁle%cfﬁgdi%?evért?%lt?a\%llﬁ?%ﬁ/ BHR&miet 1 to 10
(tadiation) haviaggwavelengthof dgssthan 8091 aodsulficient enerdyide a
onto the layer 910. As a result, it is possible to cleave the RHODORSIL
NPHOTFOINITRTEOR 20748 toHrdduee theabvve cafiond ik the\wCAgoup,  a
b&%%l;%‘éf@%u@? _8055% Il% é‘?&@%&ﬁ‘&eﬁa}!&@ gy @[lﬂ?,aa heptylene
sensitizing agent, if needed. [0198]The sensitizing agent has a function of
JFedUvingra dinte aAd e IETgY Pequirath ok S activationr(the reaction ot theoup -
cleavage) of the cocatalyst by enhancing sensitivity thereof for the actinic
radiation and/or a function of changing the wa-velength of the actinic
[@ddi&flon to a Wwavelehgth suitable for the activatiorokthe tecatalystoranched
A O<19i94§1téch 9O%ensi'[inng a gntnOE Pavsrkilc.u%rl%lirélited toas eci(fic tyIEIe luded
eladse it7s apBropDria?el% selécted depéﬁ ingyonr%%esner?sit%\tysdft ge-uaea
icoeatalyst, apeakwaveler-gth whichihke sensitizing agent can-absprband or
the like. Examples of the sensitizing agent include anthracenes such as
branched alkyl group(s).
On the other hand, as the divalent aromatic group, a
divalent phenyl group or a divalent naphthyl group 1is

preferable.

[C167] Further, the divalent ether group 1s a group
represented by -R'¥-0-R*°-.
In this regard, each of RYs is independently the same

as RY.

[0168] Concrete examples of the linked multicyclic ring
systems compound include compounds each represented by the
following formula 10, formula 11, formula 12, formula 13 and

formula 14, fluorine containing compounds (fluorine containing
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butoxy anthracene(CAS 76275-14-4) ,xanthones, anthraquinones,
phenanthrenes, chrysenes, benzpyrenes, fluoranthenes, rubrenes,
pyrenes, indanthrenes, mixtures thereof may be used.

cross-linkable norbornene-based monomers) each represented by

the following formula 15 and formula 16, but the linked

multicyclic ring systems compound is not limited thereto.

[0169] [formula 10]
(CHa)
vhvlonadle “ 9y
[0170] [formula 11]

N/
@/\0/3'\0/@

[0171] The compound represented by the formula 11 is

dimethyl bis[bicyclo[2.2.1]hept-2-ene~5-methoxy] silane, and

is also referred to as dimethyl bis (norbornene methoxy) silane

(abbreviated as “SiX”).

[0172] [formula 12]
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[0200]Concrete examples of the sensitizing agent include
2-isopropyl-9H-thioxanthen-9-one,
4-isopropyl-9H-thioxanthen-9-one, 1-chloro-4-propoxy thioxanthone,
phenothiazine, and mixtures thereof. [0201]In this regard, it is to be noted
that the 9,10-dibutoxy anthracene (hereinafter, referred to as "DBA") is
available frm Kawé&ak(kasel Co., Ltd Kanagawa, Japan. [0202]An

preferabl % or
amount M@ sensi tlzm ¢
material QQ01S preferably 5 vvt

possible to prevent |o of undeswable free radlcals and/or natural

oxidation u on ult, it is possible to improve
propert| e ot med co e layer 93 (optical waveguide 90). [0204]As
the anti- c g agent Ciba (W a registered trademark and is

same below) IRGANOX (which is a registered trademark and is same

below) 1076 and Ciba IRGAFOS (which is a registered trademark and is

same below) 168 ech ,kfel g\ayallable from Ciba Specialty Chemicals
y used.

wherein “n” is an integer of 0 to 4.

[0173] [formula 13]
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[0205]As another anti-oxidizing agent, Ciba I_lox (which is a registered
trademark and is same below) 129, Ciba irganox 1330, Ciba Irganox
1010, Ciba Cyanox (which is a registeredtrademarkand is same below)
1790, Ciba Irganox 3114, Ciba Irganox 3125 and the like can also be
used. [0206]In this regard, for example, in the case where the layer 910 is
not placed.ynder.an W@ or is plaged under the oxidation
ambianc ery(¥hort petriod me, the @ dizing agent may be
omitted. [BD 7}

layer forming material 900 include various kinds of organic solvents such
as an ether-based solvent (e.g., diethyl ether, diisopropyl ether,

A ONE), 1,4-digxane, tetys
% N?)moga ‘QE

hydrocarbon-based sof
cyclohexane), an aro latic bydrocarbon-based solvent (e.g., toluene,

pyragy ,'ﬁ:u tniophene or methyl
-based solven -dimethyl formamide (ONE)
or N,N-dimethyl acetamide (DMA)), a halogefi compound-based solve=
(e.g., dichloromethane, chloroform or 1,2-dichloroethane), an ester-based
solvent (e.g., ethyl acg meth tate or ethyl formate), an sulfur
compound-based sol | dimet pxide (DM30) or suifolane),

mixture solvents g 1ike#10208]In the meanwhile, examples of

actions of the polymer 915 and the monomer each dispersed (distributed)
uniformly in the layer 910.

@/\o

[0174] [formula 14]
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[0211][2A] Next, a mask (masking) 935 provided with openings (windows)
9351 is prepared, and then the actinic radiation (an activated energy
beam) 930 is irradiated onto the layer 910 through the mask 935 (see FIG.
3). 915 and a procatalyst whose activation temperature is lowered by
being irradiated with the actinic radiation 930 are used. [0213]Namely, in

this case, the irradiated rnglonc?,g n o wh|c§1 the actinic radié 930
has begn wrad@ed/g\aco Iaadﬁ‘lg porrtYons 95. [0214]The u re, in
A as%' S 9 aWwr
: POz e

ssed.
ade in

: 9 a g i o
ich i ampld, avapb?p ase h
deposmon method or an appllcatlon method [0 6]Preferred exampl

the mask 935 i Iude photo mask made of quartz glass MeT or the like,
a stencil mask, thin film formed usmg s v oo (g ~
" i gthady a sputt et dMatf?e lik i

particularly preferably used. This iS’because claddlng Portions 95 (or core

portlons 94) each havmg a fine pattern can be formed withfhigh accuracy

wherein each of “m” and “n” is an integer of 1 to 4.

[QL75] [formula 15]
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each having the pattern corresponding to that of each of the cladding
portions 95 to be formed are formed by partially removing a base
substrate so as to allow portions corresponding to the non-irradiated
regions 940 onto which the actinic radiation 930 is not irradiated to
remain. /Alternatively, in the case where the base substrate is made of
quartz glass; FPET OF the like, the mask can be obtgined byforming

be used has only to he able to cause optlcal reaction (change) of the
cocatalyst. For example, an electron ray, an X ray or the like can be used
{' a,chtlon toa éSIb|e Iigdht al UV light, an infrared light and a laser beam.
F&JZ Such an accflnlc radlaitlo 930 is not particularly limited to a specific
type, because it is

on kinds of the
whe E it is contain

e

of the actlnlcFradlatﬁ)n 930 is preferably in the rang&of abBut 0.1 t0'9
VVcm2, more preferably In the range of about 0.2 to 6 J/cm2, and even
more preferably in the range of about 0.2 to 3 J/cm2. This makes it
[Bd3sible to reliéblyfw:tiva’cenheleecatélysﬂS{OZZﬁWhéh@he @ctim@ linkable
nE%dS%tL%g graéilaten the Iayetr 910 tlarougle th mas §5 tﬁ‘;o nene
compounds the cocata yst€§) first su stancegnemsf‘fng W|tﬁ|n eaclﬁ of
mﬂ@iqmayziiatedlreglenﬂsmes énty whieh d¢be actirit radiatiet O30d1as.beBhe SiX

|rrad|ate reacted (bonded) or cleaved un r the actjon of the actlnlc
mdﬁﬂon%?o ?hgret% extrlgaf(t) &prodice) tH e@%\tlgﬁyfp@f:o?% otfiér the

npesitive ions) saddhepregidy coosdipatiag anons (the WEAa[0222)Al uding
this time, theions or theweaklycoordinating anions change (cleave)

tBRenfidalistrudtiFe 5T 1R CorhBGds Bethe!ProcataRRi(iRs sedond aralkyl
n@%@%@@h@xﬁtw&&@lﬂ@a@h@t@e irragiated egigns 925 As@nesulb 1 nic

the procatalyst is brought into the active but latent state (a latent active
rgfé;féi)tlon described below is irradiated onto the layer 910, the

a%oproprlately selected dependm
cocatalyst kin

refractive index of each of the irradiated regions thereof can
be reliably lowered so that each of them becomes the cladding
portion 95. Further, the refractive index difference between
the core portions 94 and the cladding portions 95 can be enhanced.
Thismakes it possible to improve properties such as the optical
transmission property of the core layer 93 (the optical

waveguide 90).

[0178] In this regard, it is to be noted that the above

monomers may be used independently or in arbitrary combination.
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[0223]Here, in the active but latent state (the latent active state), although
the procataivst has the activation temperature lower than the original
activation temperature, it cannot allowthemolecules of the monomer 70 be
reacted without temperature rise, that is, at room temperature.
0224]Therefore, even after the actinic radiation 930 is irradiated onto the

[G4yerlo1c, in thecasewherethédayer 61Gis Soréddt atehipetatrd of, 15 @
suekexample ahout4Q0; it can maintain astate thatthe molecygs.ofihe 1 on,

monomer are not reacted in the layer 910. For this reason, the core layers

C IR ééﬁ_%@@@q%@%@ﬁm@%yﬁmurhﬁﬂyedf the |dyes™HL0%HS Whicht the
ndhg.Actinic radiation 930.hags been.irradiated, and then subjecting e, < ¢ arce

layers 910 to a heat treatment. This process is of high utility value.
140225} ncthis regdre; itéstoibe noted dat irrthievedsedwiveread ight fiavingirst

Surg%q:dire%tgvit% su%h §%thej]g§%rdb% mé; use asﬁgg actcir%icr@giationdg% ' on
use of the mask 935 mz%/ be omitts ‘T 2%1[% 1 ext,aflhe Jrayer o16'fs
destibjecied taoa heat treatment (a first heat treatment). At this time, the

procatalyst in the active but latent state is activated (brought into an active
state) within each of the irradiated regions 925, as a result of which the

[ auslegules of the ynonemer ate seagteds@olymerized oy crossHipked)ydue: s
to activation of the procatalyst. [0227]When reaction of the molecules of

CHRAS FRGhotker Sgresses WitHif Sach of tHeifadidied téginAs ap50a of the
= congentration of the mongmer thergin.is gradualiylowered. In thisway.,a, ¢ 4

difference between the concentration of the monomer in each of the
s Wyadiatetbregions $25-and: hicondermation of tive wohonrer s eschaofdheg to

ron-iradiated,regions 340 {%%a“%%dci'ﬁ P&qe%ﬁ?ﬁ'ﬁ‘a'ﬁ%e the difference, ., 5.,
the monomer contained in each of the non-irradiated regions 940 is
p diffesedahdassembled to éaeh otthe ivadiated regions 925sThisce is used
agqgggm§¥gggﬁgﬁggﬁ¥jE%aignggggfggghggn%brm the core layer 93
(the optical waveguide 90) by carrvying out a heat treatment at
arelatively low temperature. Thismakes it possible toprevent
layers other than the core layer 93 from being heated
unnecessarily. As a result, lowering of the properties such

as the optical transmission property of the optical waveguide

90 can be prevented.

[0181] It is preferable to use a procatalyst containing
(mainly composed of) at least one kind of compounds each
represented by the following formula (Ia) and compounds each

represented by the following formula (Ib).

[0182] [formula 17]
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[0228]As a result, the molecules of the monomer and/or a reaction
product -thereof (polymeric molecules, cross-linking chemical structures or
branching chemical structures) are increased within each of the irradiated
regions 925. Chemical structures each derived from the molecules of the
monomer remarkably have an effect on the refractive index of each of the
irradiatedgedqigns 925 @dhqtjt)iszlowered up to a second refracti\(e_ﬂradjax
lower thap ghe Hret e rastlyecpge .Llrbtyls j:asetv@%d&g)n-typg .. 8 T b?
(co)polymeric moleculds are mainly prodiced as the polymeric molecules.
[0229]0n the other hand, since the monomer is diffused from each of the

non-irragiated tegions 940 g%a%maf ihg jradiated ffgi%”i%éﬁaﬁs neutral
amount of the molecules of the monomer contained in each of the
e hentiradiated vegibhs=140 i8 .fowere. Thevaolecdés of g polymert@l5 roup

remarkably have an effect on the refractive index of each of the,
R S LEAIaIG 4D TGl R e erSadditub b SORRE refbdive =nd B
i index higher than-thefirst refractive indexe fR2301n this way) a refractivea rbyl
index difference between the irradiated regions 925 and the non-irradiated

ITEYBAS 910 e SEESY FefthctivelindaR Sthethird reffiithide fideg e from
tigauseg: AsA resuitpthescore po%%ﬁc@f@Spoﬂ@liﬂgégi%xylate and

non-irradiated regions 940) and the cladding portions 95 (corresponding to

A irrachdatea regiohs 925) aretormed(serFIGra) {8281 A healings & Lewis
pie/upejature in the heat reatment isnot particulady liwyted 1o 8 SpECHIC o - ¢

value, but is preferably in the range of about 30 to 9000, and more
1 preferablydn the rangénstakoutd0 fo 60C: [023RFurtherialheating titad and

“HLHE%h%?HH?@QPeQ%g “p” and “r” are integers for maintaining
balance between an electronic charge of a palladium cation and

an electronic charge of the weakly coordinating anion.

[0183] Examples of an exemplary compound in accordance
with the formula (Ia) include Pd (OAcC) 2 (P (i~Pr)s) s,
PA(OAC) 2 (P(Cy)3)2, PA(0,CCMes);(P(Cyls)z, PA(OAc),(P(Cp)s)a,
Pd (0,CCFEF3) 2 (P (Cy)3)2 and Pd(0,CCgHs)5(P(Cy)3)2, wherein Cp is a
cyclopentyl group and Cy 1is a cyclohexyl group, but the
exemplary compound in accordance with the formula (Ia) is not

limited thereto.

[0184] Further, a procatalyst containing compounds each
represented by the formula (Ib), in which each of “p” and “g”

1s selected from an integer of 1 or 2, is preferably used.

[0185] Examples of an exemplary compound in accordance

with the formula (Ib) include Pd(OAc),(P(Cy)3)2, wherein Cy is
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preferably set so as to substantially complete the reaction of the
molecules of the monomer existing in each of the irradiated regions 925.
Specifically, the heating time is preferably- in the range of about 0.1 to 2
hours, and more preferably in the range of about 0.1 to 1 hour. [0233][4A]
Next, the layer 910 is subjected to a second heat treatment. By doing
2 s6theProtEtalist Pemafiiing fifeach 6fthaGfadiatéts fégions 925 and
each of the non-irradiated regions 940 is activated .(brought into the active
state) directly or via activation of the cocatalyst. As a result, the molecules
[BRBfelmonomé&rrentdining s @atts of tetitrasiatedialid nohtiradiated le the

mg%%gﬂﬁ g §5o§n9h%4rgo%grﬁg§crteod_b@%% @cﬁ%&‘%’a}{/’ P ¥ éd%%%tg g thYen the case

molecules of the monomer remaining in each o fhe irradiated and
whendrradatetregions: 925t@ne 840 biv isnpossitile $e Stabilizenthe, obtainede of

ore pr)rg)arﬂgns 94 and claq%dirgzg %%rtlons 5. 0§35]A Qeaélgg temperature in

b eemsecond%elatf tréatment is not 5arf?c?u gﬁy ifited to & Spedific VAIGE a5© ©°

elohg-as itds a tepaperatire a¢ ahish therprosatalvstand the-coeatalystan: 1 on
be activated, but is preferably in the range of about 70 to 100C, and more

P Brefefbh? f the rahGe of 5BBut 80 to 90C. [0236]Further, a heating Limo
in the second heat treatment is preferably in the range of about 0.5 to 2
hours, and more preferably in the range of about 0.5 to 1 hour. [0237][5A]

[REST khe layer 090 Resubjeetedstoltiird heat trésmmentt vat IPhis riakes ture

oRossibleto reduge jnternal strags which would peeur i, the pbfaiped corg o ¢
layer 93 and to further stabilize the core portions 94 and ‘cladding portions
tbg.procatalyst), a difference between the lowered activation
temperature and an original activation temperature thereof is
preferably in the range of about 10 to 80°C, and more preferably
in the range of about 10 to 50°C. This makes it possible to

reliably cause the refractive index difference between the core

portions 94 and the cladding portions 95.

[0188] It is preferable to use the procatalyst containing
(mainly composed of) at least one kind of the compounds each
represented by the Pd(OAc),(P(i-Pr)3); and the compounds each

represented by the PA(OAC)(P(Cy)3)2.

[0189] Hereinafter, on occasion, the PA{(OAc),(P(1-Pr)i),
will be abbreviated as “Pdb45” and the Pd(ORc),(P(Cy)3), will
be abbreviated as “Pd785”.

[0190] The cocatalyst (the first substance) is a substance
that is activatedby being irradiated with the actinic radiation

and can change the activation temperature of the procatalyst
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[0238]It is preferred that the heating temperature in the third heat
treatment is higher than the heating temperature in the second heat
treatment and a difference therebetween is 20C or more. Specifically, the
difference therebetween is preferably in the range of about 90 to 180C,

ndmore preferably in the range of about 120 to 16000. [0239]Further, a
(Heting fine fn (& (T ReAEHeAtentys phafetably NTRET3RG BF atidut £

n®12 2 Houss, andemere preferably in the range of about 0.5 to 1 hour.
Through the above steps, the core layer 93 is obtained, [0240]In this
regard, it is to be noted that in the case where the refractive index

[ Glifierence between the %or@o%ogtegmg,gé,a% 1e.cladding POrions s ysed as
sufficiently caused before the layer 910 Is subjected to the second heat
1 ereatment andliforahé ihied heatiteatnverst) eis step5a Hiamd/for tiid eavage)

bove,step. [4A] may be omitted. [0241][6A] Next, the cladding layer 91 .
O)‘(?Qé% igshfém%[afon% %%58 %g%sgﬂ ]étergfe gz?geleﬁlglé .rfﬁﬁféigm% e”shott he
a@formmg methodof the Kladdingdayert 9k (92 includetviaxious )methads ning
such as a method in which a, vanish containing a clad material (a cladding,
(Tgyler}%rm?r?én Restshialis applidd 8%<$ﬁe gaﬁgort%esuﬁ T 7 T R
i the sameds cured{hardened)and aimethachin mdchha manomeldetermined
composition having a curing property is applied onto the supporting

Y SUBSFAR G52 %R Hie SafieHs COrEd(Rardeed) S[o2a 3 RS a8e Whers her

pﬂ@%@@@gm9d§¥e%gkﬂgz%gﬂ?ﬁ“@@é@HEh%@§Ham%@9@ﬁyﬂhggmeinafter,
examples of the application method include a spin coating method, a

T e5pinG théthed aWable Toatg Rfethodl§ & spraying TRethodl art Bpplicator rd,
= Methad, & gurigin.gaating method. a.dig coating, method and the kg ¢ -

cleavable group included in the compounds of the procatalyst.

[0192] Examples of the weakly coordinating anion include
a tetrakis (pentafluocrophenyl) boric acid ion (hereinafter,
referred to as “FABA™), a hexafluoro antimonic acid ion

(hereinafter, referred to as “SbFs“) and the like.

[0193] Examples of the cocatalyst (a photo acid generator
Oor a photobase generator) include tetrakis (pentafluocrophenyl)
gallate, aluminates, antimonates, other ©Dborates, other
gallates, other carboranes and other halocarboranes in addition
to tetrakis (pentafluorophenyl) borates and hexafluoro

antimonate each represented by the following formula 18.

[0194] [formula 18]
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As the supporting substrate 952, the same one as the supporting
substrate 951 can be used. [0244]As a constituent material of the cladding
layer 91 (92), a material containing a noxbornene-based polymer as a

conductor layers 901 and 902 are formed thereon, when the conductor
layers 901 and 902=are prcofcessgd teyform wirings, when optical elements

ide 90,¢F the like, it is possible to

are mounted g hea
prevent def of the optical Meguide 90 due to softening of the
cladding layee21/(92). [0245]Further, since the norbornene-based

aterial
nent thereof

<108
&
becomes the same kind as-#e

material to be preferably used as the
constituent materig e core 93. ]: herefore, adhesion between the

cladding layer|91 (®2) #hd the Og dyer(93 is farther improved so that
delamination therebetween can be prevented. For this reason, it is
possible to obtain an optical waveguide 90 having excellent durability.
[0248]Examples of s éne-hased polymer include
addition-typ&‘polymers sug ddition>t{pe (co)polymer
composed of moleculeseach by addition (co)polymerization
reaction between molecules of a norbornene-based monomer, (2) an

tion-type copolymer composed of molecules each obtained by
tgjgg#bgn copol%g%rr%/paqn%% réActich batwesh the nidleClies oPthe &  Such 2
caoshoernese-hasedunenenmsEsimoleculesof ethyleng s @-elefing aRd emark
(3) an addition-type copolymer composed of molecules each obtained b¥2 )

2dditicn Sstflynietization redction betwéerthe Adfeclied of thé233-
ahorharpeneePased monamer, moleckles of net:conjugated gdigne, aRggif 5708
needed, molecules of another monomer; and ring opening-type polymers
(diLERERY4) alring dpedingitppe hofborhieneshased) (cpol/mierof atetrakis
(SENpRbIR,ANIAI0RY by Tslgeenatige f1eeged. Ihe N ARENNGHIRE o
norbornene-based (fo) polymer, (5) a ring opening-type norbornene-base
Teppaolyrméticomposed.ofdnol@cies eabirelitained by ting opeRiAg709-41-9,
copolymerization reaction between the molecules of the B
a%%r?(%%éﬁe%gs% lfngo%%%n%% ra\‘é( kt‘h%??ﬁdIgé:ljf&Je’s’othCF'u}(f:tyeCiI‘1y"l’éa ec‘8r> a-(ﬁéﬁ%n 371
(©OR8 Topolymes pbginediy hydrogenating, tbneeded: ghexing .td., Tokyo,
opening-t%égre norbornene-based copolymer, and (6) a ring opening-t

I Btmend BASE EoptlyrheF compdsat of Motkciles s hobtatediyont um

t &ing-opening Lepalymerization feaction between-Themglecules,ofthes cosei
norbornene-based monomer and the molecules of the non-conjugated

Celiené-6Fanother Hfonom&Esy)a cBpélymier obtdifed by4ydregenating: ifL able
£ Pegded the ring.opening:type ﬂ%@?fn%}zd%se%%%%wegﬂa t@'ﬂ%ebr% ike.

regard, examples ofthese-copolymersincludea random copolymer, a
copolymer, an alternating copolymer and the like.
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[0249]These norbornene-based polymers can be obtained using various
kinds of well known polymerizations such as ring
openingmetatnesispolymeri on (ROMP) , a combination of ROMP and
hydrogenation, polymerization via radicals or cations, polymerization using
a cationic palladium polymerization initiator and polymerization using
[Qhdfer polymétizatior initfer @.g.1 & nidkel Bal§fmerization fittat6rGIPORSIL
padother transition mefalpolymeyizationipitiatar). [0250]Among them,it ise ; g«
preferable to use the addition-type norbornene-based (co)polymer. This is
s peehase thencrborhenebased {cejoolymefdbdartsintransparaiey zhdat used
= fesistange,and plastiity 1028111 s preferredal the norbomeng based. .,
polymer is composed of molecules eac mé]udlng ncrbornene repeating
1 auniits| ®achyof the Rerbornenecepeatimgrunits avirieg asubsgtitwent groapneans
including a.polymerizable group. This makes it possible to cross:link the
oIy RIS SFSURE 51 SIAS A bf e molGCARS St fig ¢ PoSsible
taarbemenetkased polymeriditectly-of wia £onpands-of-a giessilivkinthaving
agent within the cladding layer 91 (92). Further, the molecules of the

2 Horboriehetbasdd Folymet andthe Mblaetles drthe polymer 915 iseer the

1 dormingithe core layer 9316an be grossdinked dependingonekinds efitieorsr
polymerizable group, kinds of the cross-linking agent, kinds of the polymer

PHI5QSET 6RO MiAG tHe fcorernagercas b thelike elrrothep worgs dtlisie WCAs.
preferred that at least a part of the molecules of the norhornene-based
polymer are cross-linked via the polymerizable groups. [0252]As a result,

[ @8 Ppbssible td immprove stiengtie of thelcladdingdayendl () dtseH angd @6 may

- irrqggo.ve the adhe§ié){12beritweenetlhl% clagginrg%laé{g[j% (92) and the core
?ayerjg%. foz%%?l‘:sxampllésgoﬁﬁe polymeriza e groups include an epoxy
group, a (meth)acryl group, an alkoxysilyl group and a combination of two

re kinds of them, but the epoxy group is particularly preferable. This

[ cls)s{ é%%au se theTgﬁoﬁfﬁt%hbﬁﬁg%ig% g@&&i\}?t?/sarﬁoﬁ&%ﬁﬁbﬁg kihdsot the 1 nd

a polyrafizable-groups. [0454litis preterred thatithe norbernenesbased t i on or
polymer is comrS)osed of molecules each including alkyl norbornene

tirEpeatifig iARS. In fhis refards i3S (B¢ hbted hat the AkyPGrOBvEE Lt 1vity

thEIEly P& g.linear type.or:a braagheditype, Sincgs-thengrbomenesbasedy 4 ng
polymer composed of the molecules each
the wavelength of the actinic radiation to a wavelength suitable

for the activation of the cocatalyst.

[0199] Such a sensitizing agent 1s not particularly
limited to a specific type because it is appropriately selected
depending on the sensitivity of the cocatalyst, a peak
wavelength which the sensitizing agent can absorb and the like.
Examples of the sensitizing agent include anthracenes such as
9,10-dibutoxy anthracene {CAS T6275~14-4), xanthones,
anthraquinones, phenanthrenes, chrysenes, benzpyrenes,
fluoranthenes, rubrenes, pyrenes, indanthrenes,

thioxanthen-9-ones, and one of them may be singly used and
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- including the alkyl norbornene repeating units has high plasticity, use of
such a norbornene-based polymer makes it possible to impart high
flexibility to the optical wavegulde 90. [0255]since the norbornene-based
polymer composed of the molecules each includihg th alkyl horbornene
\rﬁ)eatin units - has excellent permeability for a light having a wavelength
withih the aBSVe Mentibred fongiWavelength region (especially, near 850
nm), it is preferably used. [0256]For these reasons, a norbornene-based

E?rl mer composed of molecules each represented by the following

[ a 19 is :Préferably e as the Rorbomerfdipased palymeriohenclude

2 used Jorfarming the, cladding layery91,(92) [0257]rformula 19]
herein R is an alkyl group having a carbon number of 1 to 70, "a" is an

4 megarciyto- S H'btlis- andmtehenofPt €28, and "p" / "pliscRG-orfesé-propoxy
0258]S h a norbornene:based polymer, has a.relatively, low refractive

t 2. h oL
o o B e B es i e B Jayer 01
(92) using a material containing the norbornene-based polymer as a major

nent thereof, it is possible to further improve the optical

[égé]griission ptSpeft) of the BEticar wavegu'de 96° [0259)IRHi§ Fegabd ™ the

9 ampngi-teinetbpragne-hased Polymercempesed oftbemelecules,eaghppa”)

. represented by the above formula 19, a norbornene-based polymer

1 Bomposed ot thé MbleEaise Tath Téprasentet by tié abolé férafiia 19 fPan-
which R is an alkyl group having a carbon number of 4 to 10 (C4-C10) ano
each of "a" and "b" is 1, is preferable. Examples of such a

[H8ﬂ)’%)}nene-ba%‘edi@@lyﬂe@m&@@esaf&@t%ﬁéﬁ%@n@ﬁéTﬁiﬁn@ﬂm@l&ﬁ@ﬁ:@'iin the
<gthernarhoraene eopolymer, a hexyh forhomene. L methyl glycidylether . 4 +

norbornene copolymeér, a decyl norbornene / methyl glycidyi ether ‘
anetbemene copdlymer,and the likgeferably 0.01 wt% or more, more

preferably 0.5 wt% or more, and even more preferably 1 wt% or

m

more. On the other hand, an upper limit value of the amount
of the sensitizing agent contained in the core layer forming

material 900 is preferably 5 wt% or less.

[0203] Furthermore, the core layer forming material 900
may contailn an anti-oxidizing agent. This makes it possible
to prevent generation of undesirable free radicals and/or
natural oxidation of the polymer 915. As a result, 1t is
possible to improve properties of the obtained core layer 93

{optical waveguide 90).

[0204] As the anti-oxidizing agent, Ciba (which is a
registered trademark and is same below) IRGANOX (which is a
registered trademark and is same below) 1076 and Ciba IRGAFOS

(which is a registered trademark and is same below) 168, each
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[0260]Further, "p"'p" has only to be 20 or less,. hut is preferably 15 or
less, and more preferably in the range of about 0.1 to 10. This makes it
possible to sufficiently exhibit the effect to be obtained t:y including two
kinds of the ncrbornene repeating units. [0261]In the norbornene-based
polymers is composed of the molecules each including norbornene

P repeatingUnits® edch 6P The-foPBorABRE fepeating bfits Favingtheporation,
TSUBSIRIENt gheup ncluding fhe.epoxy group iathe case where the epoxy

groups aredirectlycross-linked, by mixing a substance like the above
cocatalyst (that is, the photo acid generator or the photo base generator)

Wi e cladding layer forming material, t e)%ma be cleaved and
[cré@sséﬁ-]linked ug\] er%%ﬁo%%? thgré%ﬁst%%%g.l (}fé%]lfaﬁﬁ%%r in tﬁé%aasehganox
(wheré the epoxygretips are toressitinked yiadthiescrosadinkingagen 8, Ciba

substancelg%@poseqjof molecules each havirq:?Jr at least one epoxy- group
=l

T3S Erosadinking zRnthas Bemixdd With (e BladdiAg fayer Bhifing 15 2

ranateral: {0263 s-sucha-substarcencrossdinking agent), far example, 3114,
3-glycidoxy propyl tximethoxy share (y-G2S), silicone epoxy resin‘or the
Clike ist preterably u<ed. 02641 Ris cr68s-fifking té&ction oFtRE epoxy
groups may be carried out at a final stage of this step [6A] or after the
optical waveuide 90 is obtained in the following step [7A], [0265]Various
[RGB lof additive: may Berzdtietidto (Frameixample, in the case where the

layer 910 is not placed under an oxidation ambiance or is placed
under the oxidation ambiance for a very short period of time,

the anti-oxidizing agent may be omitted.

[0207] Examples of a solvent to be used for preparing the
core layer forming material 900 include various kinds of organic
solvents such as an ether-based solvent (e.g., diethyl ether,
diiscpropyl ether, 1,2-dimethoxyethane (DME), 1,4-dioxane,
tetrahydrofuran (THF) , tetrahydropyran (THP), anisole,
diethylene glycol dimethyl ether (diglyme) or diethylene glycol
ethyl ether (carbitol)), a cellosolve-based solvent (e.qg.,
methyl cellosolve, ethyl cellosolve or phenyl cellosolve), an
aliphatic hydrocarbon-based solvent (e.g., hexane, pentane,
heptane or cyclohexane), an aromatic hydrocarbon-based solvent
le.qg., toluene, xylene, benzene or mesitylene), a
hetercaromatic ring compound-based solvent (e.g., pyridine,

pyrazine, furan, pyrrole, thiophene or methyl pyrrolidone), an

amide-based solvent (e.g., N,N-dimethyl formamide (DMF) or
N,N-dimethyl acetamide (DMA)), &a halogen compound-based
solvent (e.qg., dichloromethane, chloroform or
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with) the cladding aver forming material. [0266]For example, as the
additive, the monomer, the procatalyst and the cocata.lyst each described
in the core layer forming material may be mixed with the cladding layer
forming material . This makes it possible to all ow the molecules of the
monomer to be reacted in the same manner as described above within the

lelaadingNagerst {92) ¢ thefdby Rafde AFefdctive iHaak théreg -, ethyl
al926218 this,case, since ids not required.that a refractiye.dndex difference ¢,

between portions of the cladding layer 91 (92) is caused, a procatalyst
SRIRAUIS @akily activatesdl by heatingdhag bey bsedswitfout iding tH@M4pove or

cacatalyst, )[02@@%@ les haprocatalysti clgd .
“[Pd U2Cy3)2(020CHS, %Nsé)cﬁ%%ﬁgtr%&ﬁé?g@#:aﬁﬁgfo%ﬂ%n%l} Brate,
L2-methallyl Pd(P0Oy3);] tetrakis. (penzaflucrophenyl) borate,

Cy.3)21i(NOCH3)] tetrakis ...(pentafluorophenyl) borate, ,
r%%]v( .(iPr)3)2(%0%%%@6%]?&%&%%&5&&8 répREM) bfatesmeving
(amd theslike. (9269 =xamples-ef anethemadditive includethe @yemed on the
mentioned anti-oxidizing agent. By mixing the anti-oxidizing agent with the

SHRAGMG aFestoRRinmatetrat, it RPoKEMIé bBrevént deteridratiBr ehod, a

thedad materal dihernor arnene-based polymer) duede oxidationy . 14 quiqg
thereof. In this way, the cladding layer 91 (92) is formed on the
CQ@ﬁiﬂﬁn@%GEﬁnﬁe@%Q?ing or reduced pressure condition or a

method of blowing inert gas to the liquid coating, and the like.

[0209] In this way, the layer 910 formed from a film-like
solidified product (or a film-like cured product) of the core
layer forming material 900 is formed on the supporting substrate

951.

[0210] At this time, the layer (a dried film of the PITDM)
910 has a first refractive index (RI). This first refractive
index is obtained under actions of the polymer 915 and the

monomer each dispersed (distributed) uniformly in the layer

910.

[0211] [2A] Next, a mask (masking) 935 provided with
openings (windows) 9351 is prepared, and then the actinic
radiation (an activated energy beam) 930 is irradiated onto the

layer 910 through the mask 935 (see FIG. 3).

[0212] Hereinafter, descriptionwill bemade on a case that

monomer having a refractive index lower than that of the polymer
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[0270][7A1 Next, the core layer 93 is peeled off from the supporting
substrate 951, and then it is put between the cladding layer 91 formed on
the supporting substrate: 952 and the cladding layer 92 formed on the
supporting substrate 952 (see FIG. 6). [0271]Thereafter, as shown using
an arrow in FIG. 6, the supporting substrate 952 is compressed from an
? UppRPLuffdee” sitfetthérdof e hat e EiadinglaverReeT aRhd 92 &fd theered

pgorelayer 93.are honded fogether. o R this way, the claddinglayers 91
and 92 and the core layer 93 are unified. [0272]Further, it is preferred that

this compressing operation is carried out under heating. A heating
[B¥Rgrature isappropriately %‘?!%%tega%eeoe’@é%g o0 the constl “tree%ons 925
materials of the cladding layers 91 and 92 and the core layer 93 or the
ofike, Botlishirt generali pieferably dn thenranderof abeut80 to- 200ELandoecome
ore preferably in the range of about 120 to 180C. [0273]Next, the
t%pﬁg? |%§%rﬁ%s§§t%s]§§?gar<§fj)éeled_ off and removed- from the cladding
lavers 91 and 92, respectively. 1n this way, the optical waveguide 90 of
the present invention is obtained. [0274](8A; Next, the conductor layers

L8681 4hd 902 afé forfictl 6 uppersintl fowest sirfcds sfthe’optieal openings
(Wwaveguide 90,gespgetively {3er,FiG- 1) + [0273]As afopming:method of 2+ of

each of the conductor layers
each of the cladding portions 95 to be formed. Each of these
openings 9351 defines a transmission portion through which the

actinic radiation 930 to be irradiated is passed.

[C215] The mask 935 may be either a mask which has been
made in advance (independently) such as a mask having a plate
shape or a mask which is formed on the layer 910 using, for
example, a vapor phase deposition method or an application

method.

[0216] Preferred examples of the mask 935 include a photo
mask made of guartz glass, PET or the like, a stencil mask, a
metal thin film formed using the vapor phase deposition method
(e.g., an evaporation method, a sputtering method or the like),
and the like. Among them, the photo mask or the stencil mask
is particularly preferably used. This is because cladding
portions 895 (or core portions 94) each having a fine pattern
can be formed with high accuracy. Further, since handling of
such a mask is easy, it is of advantage to improve productivity

of the optical waveguide 90.
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901 and 902, it is possible to use at least one method selected from the
group comprising a dry type plat:.nc method such as chemical vapor
phase deposition method (a CID method) (e.g., a plasma CVD method, a
thermal CVO method or a laser CVE) method) , a vacuum evaporation
method, a sputtering method or an ion plating method; a wet type plating
[Aftfidd such gé%ﬁ%?e%trdl?si%lﬂaﬁngtrﬂ@th&ﬁ%Wﬁﬁné@@n”b}é‘f%' s) 9351
eMethad o1 an elgctrgless depositionmethed; and agnethed inpvlicha (¢ v

conductive sheet member is bonded to the optical wave-guide 90 using a

Claflihatifg ArethodIsedof theseomethods srakesdt possibie tdhigipartially
adhesi e n tqr layers 9 nd 902 and the optical .

e G R oo de S re o aFpgna 09

tpreseat inventionris ¢oaipteted.0236)n préferred examiple-of such apctinic

optical waveguide ,structure 9, in the core layer 93,- each_ of the core ,
rap%lrﬁ%ﬁso&%%%ﬁﬁe& %% afirst ﬁpc]irh%?ﬁfe)ﬁé)-b%%%ﬁ]rﬁater%%\granﬁtafo\f?ly oo n
tisemponentiibereaflandeachofthecladdiag portians 95rsderned. glass, prT

second norbornene-based material havin% a refractive index lower than

Othalt bt the st nbfborfieibadat Riaterial ad MsjorPeonipaiferitdherede L ding
pahdeach efthe claddinglayers 9dand 92 isiformeddf & ed of metal such

norbornene-based polymer having a refractive index lower than that of the
afirsthoPBorienerbdded] maketiat (eakh df the cbre pofions I efthersors ions
okaweg@aasseam%%rggg@@%ﬁ%ﬁ%%d%%ﬂ_@%i%%i%gﬁ%%@t and ot
second norbornene-based materials contain an identica
fporlioinene-based polymersaving a réfraetiverindex and@rreactios) 9351.
product of molecules of a norbornene-based monomer having a refractive
index different from that of the norbornene-based polymer. However, the
[ eeft&dtive indexes "eftherfitst andiseconsknarbornene-based materkalsare to
bdiff%rfnt from each other due to a difference between amounts of the
Tedttich prodiiits of the molecdigs of tHe ndrbothéie-baset HoRoer2 L yst
reontaines therein, [92Z8JThemnarbornanesbased pelymer hasdighan be used
. transparency. Therefore in the optical waveguide structure 9 having such
13 SUcthrethe Vticat e guide 86 caﬁrhé%/e BIHigH optical frakRsmRSion 9ht
aR¥oRertys 1Q279]Eurther, according to such a structure, it is possible to
obtain not only high adhesion between the core portions 91 and the
cladding portions 95 but also high adhesion between the core layer 93
824lghe claddiag layers 3.and 92, Thetefeie, evead! defamalon ofhberar1y
optical wavegUide structure 9 such as bending thereof occur, it is hard to
1 zadse peslingtyetweén theypere pertions91 and thecladding peitions 95 cted
.and delamination between the core layer 93 and the cladding layers 91 .
a%ﬁarbcgl.,na?ng it %lﬁlogs%igl%ent%% revent g%c{ﬁfr%etrfce% of r%?c%%?a%is%ﬁﬁﬁiﬁ%ﬁé g
agere: pottionsn84 @anddhercladding pertions 95: Asa result,the optigal. 1+ is
transmission property of the optical waveguide 90 can be maintained.

=

Pi6280] i addition, siicethe HorbofRehetbased polymas @ peak wavelength

in the range of 200 to 450 nm. This makes it possible to activate

the cocatalyst relatively easily.

[0220] Further, an exposure dose of the actinic radiation
930 is preferably in the range of about 0.1 to 9 J/cm?, more

preferably in the range of about 0.2 to 6 J/cm?, and even more
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has high heat resistance and hydrophobicity, the optical waveguide 90
(the optical waveguide structure 9) having such a structure can have
excellent durability. [0281]Further, since the optical wave uice 90 can
have The high heat resistance and hydrophobicity, it is possible to reliably

form the conductor layers 901 and 902 thereon usingh_re varjous kinds of
Phfetfidds déscribet ahave™{ifilé prévetifing the pFopetties SF the optical makes
i wayeguids 190 fram.heing lowered (deuetoraied) -Especially, €ven in the

case where the conductor layers 901 and 902 are formed on the optical

waveguide 90 so as to overlap the core portions 94 which are important
rgogiens for rapsmitiog it aleratin of deterioraton.of eah 8lE . onco

core portions 94 can be prevented. [0282]Furthermore, according to the
taboveamanufacturing methbd, tihis possikle 6 bbtairhan optigalwaveguide the

structure 9 provided with core portion's 94 each having a predetermined
°s géea gﬁé ﬁigﬁﬁ%éﬁsﬁ%ﬁaﬁé}c‘%&%@fﬁ& cafying ot avﬁlggyntrgﬁt eftin e
i ashottpesiod of times . {0283l<Sesnnd Manufacturing Methedzt i on NeXt,has

a second manufacturing method of the optical waveguide structure 9 will

PBETHedcribet? [ AT ferSiRaTtE the XRdBHd MartUfaeilARg HtodR IRt Lon

obeydescribed-hy-plaging.emphasiscon peints, differingfram the fikst (1 roquce)
manufacturing method, with the same matters cmittd from description.
the cations (protons or other positive ions) and the weakly

coordinating anions (the WCASs).

[0222] At this time, the cations or the weakly coordinating
anions change (cleave) chemical structures of the compounds of
the procatalyst (the second substrate) existing within each of
the irradiated regions 925. As a result, the procatalyst is

brought into the active but latent state (a latent active

state) .
[0223] Here, in the active but latent state (the latent
active state), although the procatalyst has the activation

temperature lower than the original activation temperature, it
cannot allow the molecules of the monomer to be reacted without

temperature rise, that 1s, at room temperature.

[0224] Therefore, even after the actinic radiation 930 is
lrradiated onto the layer 910, in the case where the layer 910
is stored at a temperature of, for example, about -40°C, it can
maintain a state that the molecules of the monomer are not

reacted in the layer 910. For this reason, the core layers 930
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[0285]The second manufacturing method is the same as the - first
manufacturing method, except that a core layer, forming material 900
having a different composition is used. - [0286]Namely, the core layer
forming material 900 to be used in the second manufacturing method
contains a cleaving agent (a substance) that is activated by being

Rradiated vt &ctiric Padiaisncy polyrRer 915 coripased éfmatécties lavers
s&achincluding-amain chain,and cleavable grpups 6Cl’?§¥a}9§epleaq;q'rgdiated,

groups) each branching from the main chain and having a chemica
asiueiuee in whictratileaist apareofthe chieinical struetute tandderelsaved This

pggg Jemoyed g@r%gh%mﬂnl Ehi%in ung%rl gction of the activated cleaving
agent. As the cPeavmg ager?{, the samie substance as the cocatalyst
described in the first manufacturing method can be used. [0287]Examples

polymer 915 to be used on the second manufacturing method
[%Ec#d]e a polyrar oMbt molecutés edchobigined E%I“Q‘Gbéﬁ"tu’ﬁﬁﬁ case

wihersubstituent-grosps of the moleculhstafthe polymer Q45-described inpeam
. the first manufacturing method with the cleavable groups, a polymer

1 BoMiptetiTofmblettited each ®BiairieBy ntfodutify e Eleavaprs 935 may

pareyupsdptosthe molecules of the polymer 91Sdoser bed in the first
manufacturing method, and the like. [028.8]A refractive index of such a
pplymer 915 is changed (increased or lowered) due to cleavage

[éggglfage) - t[BBJ]mﬁe(:gﬁqfa,vap!'leegrfgeé'r[()g%g]Eiaghsq;gg%glﬁeggaglg a heat
groups may be any one of an
treatment (a first heat treatment).
At this time, the procatalyst in the active but latent
state i1s activated (brought into an active state) within each
of the irradiated regions 925, as a result of which the molecules

of the monomer are reacted (polymerized or cross-linked) due

to activation of the procatalyst.

[0227] When reaction of the molecules of the monomer
progresses within each of the irradiated regions 925, a
concentration of the monomer therein is gradually lowered. In
this way, a difference between the concentration of the monomer
in each of the irradiated regions 925 and a concentration of
the monomer in each of the non-irradiated regions 940 is caused.
In order to eliminate the difference, the monomer contained in
each of thenon-irradiated regions 940 is diffused and assembled
to each of the irradiated regions 925. This phenomenon is

referred to as “monomer diffusion”.

[0228] As a result, the molecules of the monomer and/or
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acid :(cation) cleavable group which is cleaved under action of cations, a
base (anion) cleavable.group- which is Cleaved under action of anions
and a free radical cleavable group which is cleaved under action of frees
radical, but is preferably the aclo cleavable group which is cleaved under
the action of cations (protons) . [0290]It is preferred that the acid cleavable

Sar6ap InciideE At feast-orie 64 chisplicarstitetifeé o 10-C8 cifeifiar Linking
csleuotuee of s Si-aryl and.a chemical stryctire of 03k 4n itssmplecular. oy 4

_structure. [0291]Among them, as the acid cleavable group whose
Leleavage rowerd tHe refedetive index oftthe ipolymer 9d50a substituenfhenical

[ dj tl 0 f a_chemical structure of -5i7diphenyi and a
e E i e B T P
rexampleslof thevfreeradical elgavable groupwhientis cieavedaundel each of

ction of the free radicals inc a substituent group having an
tggeﬁo%ﬂ%%%eec%é:rﬁ%ﬁpﬁs Lriks t151‘3Fid1t}:lejr§ml,.Ogr?or like o @ second

ructure at a

rl203{Farthe same reason asdeseribed in thedirstmanuyiactuing . 1n this
method,it is preferable to use the norbornene7based polymer as the

“BSlymer 1% GhaifisH6re Prefdrableferise thd orb6inene-based mainly

pRelMes $oxPased %m%mgw%?@gbi@@l}ding alkyl norbbrnene
repeating units (especially, hexyl nrbornene repeating units) as the

polymer 91. [0294]In the light of the aboye matters, a diphenyl met_hyl
oegwmene methoxy silaas amekalvmelrara pexyloibarens diphen) .o

methyl norbornene methoxy silane copolymer can be preferably used as
f#hepcipweer 915 Witosevefractivedhdéx is lonered dué {6 cleavage:bf the the

i?@Q&%@@éHO% %ions 925, an amount of the molecules of the
monomer contained in each of the non-irradiated regions 940 is
lowered. The molecules of the polymer 915 remarkably have an
effect on the refractive index of each of the non-irradiated
regions 940 so that it is increased up to a third refractive

index higher than the first refractive index.

[0230] In this way, a refractive index difference between
the irradiated regions 925 and the non-irradiated regions 940
(the second refractive index < the third refractive index) is
caused. As a result, the core portions 94 (corresponding to
the non-irradiated regions 940) and the cladding portions 95
(corresponding to the irradiated regions 925) are formed (see

FIG. 4).

[0231] A heating temperature in the heat treatment is not
particularly limited to a specific value, but is preferably in

the range of about 30 to 80°C, and more preferably in the range
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[0295]Hereinafter, description will be made on a case that the polymer
913 whose refractive index is lowered due to the cleavage of the
cleavable groups (especially, the acid cleavable groups) is used.
[0296]Namely, in this case, the irradiated regions 925 onto which the
actinic radiation 930 has been irradiated become the cladding portions 95.
Or%z?a%ﬂfzf%é%aﬁ?e gtep as the step [1A] is carried out. At this
time, the layer (the dried film of the PITDM) 910 has the first refractive
index (RI). This first refractive index, is obtained minder action of the
[B8RAler 915 dispeisei (distriba el umifolmiy ihthé ey dr ©10. [0298][@8pt is
pIQ@@@Q@Q?%@SQB%%G&[%J&ggm?gaq-l coWheg’Egeta}Cng action of
radiation 930 is irradiated onto the layer 910 Pﬁrougﬁfhe mas 95»%,
t bemmpourdsiefthelcldaving agest- existing within eackhob the lircadiatedii ated
(s iorrlls ont .V\érg:iciHhCe ri\(itinic rﬁgia}giothiSO haslggepgrraQiated are in
reacted (bonded) o cleaved underthe attion of thé AbfinicSrddiats §3d,Y
t teethereby extricate dproduce)the cations, (the protons of theethesly in the
. iE)}ﬁsitive ions) and the weakly coordinating anions (the WCAs). [0299]At

Fonfet thE RHfforts rentéve- tHetBavable groups themselves from the

main chains .of the molecules of the polymer 915, or cleave a middle
Portion of the chemical structure of each of the cleavable groups. This

[ BREAdmenon i t8fertistiio ad Pshotditsteahingt S[0B00]IA @A ¢fthe second
niradiated regions 925, the number

By doing so, the procatalyst remaining in each of the
irradiated regions 925 and each of the non-irradiated regions
940 is activated (brought into the active state) directly or
via activation of the cocatalyst. As a result, the molecules
of the monomer remaining in each of the irradiated and

non-irradiated regions 925 and 940 are reacted.

[0234] In this way, by reacting the molecules of the
monomer remaining in each of the irradiated and non-irradiated
regions 925 and 940, it is possible to stabilize the obtained

core portions 94 and cladding portions 95.

[0235] A heating temperature in the second heat treatment
is not particularly limited to a specific value as long as it
is a temperature at which the procatalyst and the cocatalyst
can be activated, but is preferably in the range of about 70

to 100°C, and more preferably in the range of about 80 to 90°C.

[0236] Further, a heating time in the second heat treatment
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of the cleavable groups, that have not been cleaved, is reduced as
compared with that in each of the non-irradiated regions 925. As a result,
the refractive index of each of the irradiated regions 925 is lowered up to a
second refractive index lower than the first refractive index. At this time,
each of the non-irradiated regions 940 maintains the first refractive index.

Lo301§inthiswaly & réfracthaliRes diffdrande Betivéeh the raefate@ N more

pkegiens: 829 and the nopsiHadiated regions 940 (thg secqpd refractive
index <the first refractive index) is caused. As a result, the core portions
94 (corresponding to the non-irradiated regions 940) and the cladding

[B9HIPNS 95 (coregspopding ta the ifradiated;regions §§L %@fgfm%g- 2 third

[0302]In this case, an exposure dose of the actinic radiation 930 is
hppefetabheitntherange of about 0.1 to 9 J/cm2, more preferably in the

range {%about 0.3 to 6 J/cm2, and even morepreferablyin the range of ,

Zbout 055 é“i/é?nsz.%igﬁﬁ%ﬂ?pggsi6|%cfbp?%né&yga%ﬁ\? tethe®SS Which
woletning agent. {0308H{38bNext, kel layerr@101is subjectedda@ heat rfurther

treatment. At this time, for examgle, the cleavable groups cleaved

S Yok and PEmGVEF frBRFtheIain chaiofthe HrolesuiRe dF thes 25 -

polymer 915 are eliminated from each of the irradiated regions 925, or

rearranged or cross-linked in the polymer 915. [0304]In addition, itne
[88R&ived that'd platt oF Bie sleaddbieyrotbsremamingwithitiaichtcire in the

t thecladdingportions, 95, (therradiated f@ﬂ&?%ﬁ%%&%@%%g@@&ure in
(broken) at this time. [0305]Therefore, by subjecting the layer 910 to such
tlhe second heat treatment and a difference therebetween is 20°C

or more. Specifically, the difference therebetween is
preferably in the range of about 90 to 180°C, andmore preferably

in the range of about 120 to 160°C.

[0239] Further, a heating time in the third heat treatment
is preferably in the range of about 0.5 to 2 hours, and more
preferably in the range of about 0.5 to 1 hour.

Through the above steps, the core layer 93 is obtained.

[0240] In this regard, it is to be noted that in the case
where the refractive index difference between the core portions
94 and the cladding portions 95 is sufficiently caused before
the layer 910 is subjected to the second heat treatment and/or
the third heat treatment, this step [5A] and/or the above step

[4A] may be omitted.

[C241] [6A] Next, the cladding layer 91 (92) is formed on

a supporting substrate 952 (see FIG. 5).

63



heat treatment, it is possible to further increase the refractive index
difference between the core portions 94 and the cladding portions 95.
[0306]A heating temperature in the heat treatment is not particularly
limited to a specific value, but is preferably in the range of about 70 to
195C, and more preferably in the range of about 85 to 150C.
[0307]Further, a heating time in the heat treatment is set so as to

[sefficiently eliminatethecleavable groups cleaved; (Broken) and removed .o

from the main chains of the molecules of the polymer 915 from each of the
Yitradiated TEgIONE 925 Lavs iseibt paricuamAmitee thadpeacificvaiue vanish

14 ing time is:prefer in;the r f about Q.5 to 3 :

e S tnorc protoraby 1 ke range of Abodt DS 16 Z haurs baosji -+

1thig peglard Sit is:tocbé heted: that it theccasgowherecthergfragtive indexsame is

ifference between.the core portions 94 and. the cladding portions 95is , |

C?&fﬁéﬁer@ﬂ? rcgﬁgeeél i)e?cglré) tﬁer?%t}enroéjlol i dibfsdted t@?ﬁé? Fisat frélieht =~ on

hthis step [B5Fmayrbe omitied {0309]Eurther, lif seededrenedhgat supporting
treatment or multiple heat treatments may be additionally carried out. In

SHTS Fegard, é% ofe Relt fre &ttt 1$°c4iEa Dut tmBERFA¥dndition of, for
example, about 150 to 200C x 1 to 8 hours. Through the above steps, the

core layer 93 is obtained. [0310][43] The same step as the step [6/35.] is
[024H out. [53T THeSame Stepas thelsStep FAAINS taficeromr [63} ThB2) is

f%@’iﬂ@&@@i%t%% %ﬁg i%@k'@l%rfﬁg%dlp @é%@e @SPE%C@Iapp lication
waveguide structure 9 of the present invention is completed.

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.

As the supporting substrate 952, the same one as the

supporting substrate 951 can be used.

[0244] As a constituent material of the cladding layer 91
(92), a material containing a norbornene-based polymer as a
major component thereof is used. The norbornene-based polymer
has excellent heat resistance. Therefore, by manufacturing
the optical waveguide 90 using the norbornene-based polymer as
a constituent material thereof, even if the optical waveguide
90 is heated when the conductor layers 901 and 902 are formed
thereon, when the conductor layers 901 and 902 are processed
to form wirings, when optical elements are mounted on the
optical wavegulde 90, or the like, it is possible to prevent
deformation of the optical waveguide 90 due to softening of the

cladding layer 91 (92).
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[0311]in preferred example of such an optical waveguide structure 9, the
core layer 93 is formed of a norbornehe-based material as a major
component thereof, and each of the cladding layers 91 and 92 is formed
of a norbornene-based material having a refractive index lower than that
; £2gih of the o]rfecgortions,94 of the core Iager 93 as a major component

eraof. (0312]Hére 8heh D HTE cors porions 94 Ad e Sladeling "S- as @
h pgrions 25 @re farmed ©f a:nophornene-hasedipolymes composed of 1 adding
molecules each including a main chain and cleavable groups each
Lbrartching from the MainChain 2Rd TRty a CheRficalStructtrelin ifnith &t
+ least a part of the chemical structure can be cleaved and removed from
the main chain, as a major component thereof. The refractive indexes of
the core portions 94 and the cladding portions 95 are different ft on each
1 i plue to a diference between ihe.numbers of e dleayable Araups,, e
that have not been cleaved, in the nor ofnene-base polymers containe
athereind0B2 3 hentrgoatenesbased - pelymer has diatetramspareney. of the
nTrhgcr)q_joge eiq %ges ogtical Véave uide structure 9 haviﬁa such a structure, 4
fhe optrilcar} Waveg%l det' 80 ¢an have'a hig%eoﬁﬁcla‘fef smiSSiow %Pdc’ple\fﬁ/. an
a {03LHEurtker, ageording toosuchea stucture,dtis possible to obtain not
only high adhesion between the core portions 94 and the cladding
portions 95 but also high adhesion between the core layer 93 and the
[ olegiding layersi 9d-ande92. Theretore, svemif deformationof the opticak i ning
waveguide structure 9 such as bending thereof occur, it is hard to cause
CheahRg HetneeR the E6f PBRIGAS D4 arfd hé elheding porions 03 Argect is
udelamination between the, cope, layer 93 andiihe cladaing layers.lapd (o5
92, and it is possible to prevent occurrence of micro-cracks within the core
1 pareoIsnes drivttsesladdingperionscoBaas airesultptiesoptiealerably used
issi r ty of the optical uide 90 can be maintained.
010 Sacon e the PamEo mce R aset bt T igh et =7
agasistancelanovhydraphe bicityl thengpliealavageguite) 9@ {thecopticalre layer
9¥v51lveg#jld§ tructure 9) ha\gng such a structure can have ,excgll(\??nt
durdbility” 0316 FUHAS SihceIhs Bpticar walelide Jo Car have tHeERigh=2"
bheatresistarce anddydiophobicitys His pessible todekally foravthentain an
conductor layers 901 and 902 thereon using the various kinds of methods
ORksCibed'aB6 R While previhtihghE P fi8$ of thePptical Waveguide
90 from being lowered (deteriorated). Especially, even in the case where
the conductor layers 901 and 902 are formed on the optical. waveguide 90
[Q8 48170 overlapA® 6k périions 98 whith aeliRfporanEpsrivRs fopolymer
: angitting Jobt, alterafion o1 eferioration of eagh pf {he.core ROrians, 4 yoe

can be prevented.
(co)polymer composed of molecules each obtained by addition

(co)polymerization reaction between molecules of a
norbornene-based monomer, (2) an addition-type copolymer
composed of molecules each obtained by addition

copolymerization reaction Dbetween the molecules of the
norbornene-based monomer andmolecules of ethylene or a-clefin,
and (3) an addition-type copolymer composed of molecules each

obtained by addition copolymerization reaction between the
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[0317]Furthermore, according to the above manufacturing method, it is
possible to obtain an optical waveguide structure 9 provided with core
portions 94 each having a predetermined shape and high dimensional
accuracy by carrying out an easy treatment in a short period of time.
[0318]Especially, according to the second manufacturing method, the core
MRARF 985N b forfied by APleBRERAIRRFRthe"@EHIIE Fadiatieh 938 6tto ©f

nEJ?%l?é!ﬁ}ﬁ 939, that 1s; it,can beoptained ysing.a very 6asy fIeament. ., oy y
[0319]<Third Manufacturing Method> Next, a third manufacturing

npvethed bf thedoptical waweguide strzieture Qlwitlbesdeseribedis (4) a ring
0320]Hetreinafter, the third manufactyring method will be described b
“DIRcig omphast on DO TG Hom e i 4ne sdbort (= o Lymes
omaniutactuting myethods rwith the, samermattiers ,omitted fromy deseription-t ype
H%O{ 21]The third manufacturing method is the same as the first and second

R&HiAng HiétHods, ExcBBCtHET As a coré layr fofmit maRsal 980 YPe

n e eeredayertosming spatetiak900diseddn dherfirst Teanufactwingmethed ned
and the core layer forming material 900 used in the second manufacturing

P et Sresed rreshbinatidn 10322 Kantel: IRESTETETer fsrifgecules
o ateyial 900 #0,bg disedyin thethird manufaciuing methed coptainsthe e the
polymer 915 composed of the molecules each having the above
epientionedrr x-olefin or a copolymer obtained by hydrogenating,
1f needed, the ring opening-type norbornene-based copolymer,
and (6) a ring opening-type norbornene-based copolymer composed
of molecules each obtained by ring opening copolymerization
reaction between the molecules of the norbornene-based monomer
and the molecules of the non-conjugated diene or another monomer
or a copolymer obtained by hydrogenating, if needed, the ring
opening-type norbornene-based copolymer. In this regard,

examples of these copolymers include a random copolymer, a block

copolymer, an alternating copolymer and the like.

[0249] These norbornene-based polymers can be obtained
using various kinds of well known polymerizations such as ring
openingmetathesis polymerization (ROMP), a combination of ROMP
and hydrogenation, polymerization via radicals or cations,
polymerization using a cationic palladium polymerization
initiator and polymerization using another polymerization
initiator (e.g., a nickel polymerization initiator or another

transition metal polymerization initiator).

[0250] Among them, it 1s preferable to use the
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cleavable groups, the monomer, the cocatalyst (the first substance) and
the procatalyst (the second substance). Further, the cocatalyst is the
same substance as the cleaving agent described in the second
manufacturing method and has a function of cleaving the cleavable
roups. [0323]According to such a core layer forming material 900, b
agg%n %r(ﬁrrglé%ﬁ Cledva Fgr §rotipsand the @8?18%%?‘3 Eh apptofriately Scause
t selectedoit is:pessibleda adjiysha refractive ndex diffierepge Hetween-the heat
core portions 94 and the cladding portions 95 of the obtained core layer
T 93%A SeMG st mahfer [6354]As described above, in the case where
the monomer each having the refractive index lower than that of the
olymer 915, the procatalyst whose activation temperature is lowered by
L9t irradiatetitwith the sktinicoddidtion 936, and e polymeraisivhosemer
. re ive index is re e 1o leaviage. of th avable groups are.
e Feceatel the radiaied 1eqions So8 San besoms s Sadding  Ln
upbttions 95cEurthér, inthis casedtisgossiblede obtaip a cote layera®3 ng a

including cladding portions 95.each having a refractive index vastly
> ifernt o that O eAchiF Aofé oHiond B 10525 Féteindier, 1o makes

1 desesiption witl be-masle-an alcase=thas syek aipolymer §A5.P0RAMEF Least
and grocatalzst are used in combination. [0326]Namely, in this case, the

2 Fidiated regifits 625 bhfo Which the A8tiHie Fadalion 93P Ray Beef 1 rectly

ofradiated besomedhecladdingsportions 984 (932 {10l The same-step-asiing
the step [1A¥s carried out. At this time, the layer (the dried film of the
L PIFOM)910Nas tHe frst refrabtive Tl (RIS THIE firserefractivenifdex ased

p@H@si_@@éK@e&?&ﬂHB@é@%QQ'%@eE%5 d %zmgrﬂ%m?£éj&spt%§egorming
(distributed) -uniformly in the layer 910. [0328][20] The same step as the

Citep P2A] isa@ticdogen be Wiepsthe actinid reliatiohi9304ds iradiated £ the
> layer 910 through, gk ask-93p, the compqunds. of thae cocatal St
p@f%%g? §Xglg 8%%5?,.%?3&%i§% %?@ rOsSsS %%g%%g&ong%&gknﬁé ds

(the first substance) existing within each of the irradia
o Wwhitk thhe dgtivic radiatios ©30thas feemirragiated arereattedear cléaved the

under the action of the actinic radiation 930, to therehy extricate (produce
1ike. 1 , D & ; T

the catlgﬁs?%%eﬁro¥8ﬁ§ of the otfreF positive i s}%ﬁgtﬁg weakly = P Lo
tlcoordinating @niodstMCASYoornene-based polymer are cross-linked

via the polymerizable groups.

[0252] As a result, it is possible to improve strength of
the cladding layer 91 (92) itself and to improve the adhesion

between the cladding layer 91 (92) and the core layer 93.

[0253] Examples of the polymerizable groups include an
epoxy group, a (meth)acryl group, an alkoxysilyl group and a
combination of two or more kinds of them, but the epoxy group
is particularly preferable. This is because the epoxy group
has high reactivity among various kinds of the polymerizable

groups.
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[0329]at this time, the cations or the weakly coordinating anions change
(cleave) the chemical structures of the compounds of the procatalyst (the
second substrate) existing within each of the irradiated regions 925. As a
result, the procatalyst is brought into the active but latent state (the latent
active state). [0330]Further, at this time, the cations remove the cleavable
groups themselves from the main chains of the molecules of the polymer
[82844r cleave & middie pattion of the chemical strycture of eachof fhe ) e
_cleavable groups. [0331]In each of the irradiated regions 925, the number
1 6f therelssi/able Yroups! &tat Have Astheehtidaid ik radiiceld asorbornene
repmparedwifh that in each of the nop-irradiated regions 929 Asg resull, ¢
the refractive index of each of the irradiated regions 923'is lowered up to
athevsecond refractive indexltewer tharsthefiestorefractivelindexe At thisnce the
,lime, each of the ngn-irradiated regions 940 JnaingaiQ%the first refractive b
Mindex [0337] MR case an exposureidoses of the actinic radiation 930 is<=°
i peefferablyyin thesrange of about Bck-to=9 d/cm2pmore preferablydn thes high
range, of about 0.2 to 5 J/cm2, and even more preferably in the range of .
PaBout6.216 4 Jem2 This'akes K Possibie trreliabi adtivaté e makes it .
peacatalyst.{9333)[3¢t The pame stepas the step LAA] isearded Qe g ide
At this time, the procatalyst in the active but latent state is activated
9?orought into the active sta within each of the irradiated regions 925, as a
result of which the molecules of the monomer are reacted (polymerized or
cross-linked) due to the activation of the procatalyst. [0334]When the
[ f&4dtibn of thesoleeulés of thiée mononterpregressesywithirreashrektier £ the
irradiated regions 925, the.concentratiop of the monomer therein is. _ ,
oy To Lo T T8 G e BAROAe ot 4o 87 o=
- hire monemes:in eaelrot thelitradiateth regionsi925and thieneoncentiatidrength
Qgth,e monomer in each of the non-irradiated rggio? s 940 js caused. In, ,
" Brder to-eliminats The difference, the' horomer Contained i Bath P te 2 1 1V
naan-igadiated regiens 940 is-diffused and assembled to each of the |
irradiated regions 923..

[0256] For these reasons, a norpbornene-based polymer
composed of molecules each represented by the following formula

19 is preferably used as the norbornene-based polymer to be used

for forming the. cladding layer 91 (92).

[0257] [formula 19]
[ Vo \
\ 7o \ /q
R (CHZ)a
/
O\
(CH2)b
0
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[0335]Further, by this heat treatment, for example, the cleavable groups
cleaved (broken) and removed from the main chains of the molecules of
the polymer 915 are eliminated from each of the irradiated regions 925, or
rearranged or cross-linked in the polymer 915. [0336]As a result, the

molecules of the monomer and/or the reaction product thereof (the
ponméWc?ﬁ?o’r@cLﬁeé,Sth%“c%%ﬂi%kﬁf@o@f?ellﬁ?c‘élr§f?ué‘ttﬁé§%?ihélumber of 1
t branching chemical strctures) ate increased within eagh of the. iiradiated; +
regions 925. The chemical structures each derived from the molecules of
3 thexrdnoRier renarkalsly Have theé efféct on the refractive index of each of
the irradiated regions 925. Further, the cleavable groups cleaved (broken)
and removed from the main chains of the molecules of the polymer 915
[ 826 Bdduced withinreachot-therrradiatéch regiops 92beFohthese reaseng,vely
lthe refractive index ogeach of the ir{&diated regions 825 is Ioweredtu,p to Do
Te §8CORY reffactiveRdex WRIEH s 1bWer than the HrStTRRACHVE ndex® - Y
£ {033AQncthe ethesnhand, singertheimonomek isrdiffusedfeam eachefithening
non-irradiated regions 940 to each of the irradiated reaions 925, an .
E R SUHEOF THE TOIEAES. f te ffoh diie R CORidRTed BASE B tHe e reof, it
i Borsirragiated regiong 940ys lowered. Jhe maleculesof the polymerRlssion
remarkably have the effect on the refractive index of each of the
P reRSF&diatdd fetfiot940 s tarsimeieisedup to the third refractive
index which is higher than the first refractive index. [0338]. In this way,
the refractive index difference between the irradiated regions 925 and the
[ Adh9rradiated Iredions 94dftve! second geffactiverihdex «rthe thirkd polymer
refractive in is_ caused. As a result, the core portions 94 )
L a6 o oS A e ins Sa) ard e Ladireg = Formite
1 portions 85 {eorespondingite the/irradiatedregonscd2Sharedormedles each
0339][40] The same step as the step [4A] is carried out. [SO0] The same
r%%?)e S ]%eg [SAfiEartied 86@%(% %’%e SAnTE'StED As 3’%@651%’&] o
neafried eut: {2Q]ckhe.same;step as the step (FAlds parried e {80LEhea” and
.same step as the step [SAJ is carried out. In this way, the optical
Waveguide sfuetifé 9-6Fthe preSSAFIRVERIGH IS Eompleted” U32DRRS ~Lased
pRrefered example of;such.am optical wayeguide siruetre 9 the-corejayery o
93 contains the norbornene-based nolymer composed of the molecules
neFeR efuding tHeomaiechain ahd e cleavablergrbaps edch-brahchingcidy 1
< from the main ehain.and having the chemical stryctire in which at leasta. ;.. |
part of the chemical structure can be cleaved and removed from the main
g ¢haindThe ¢éinactivedntexes:ofthegore andcladding poeionske4 and 95
are different from each other due to a difference between the numbers of
the cleavable groups, that have not been cleaved, in the molecules of the
[ npgmynene-based polymerscontainegd therebhand adifferencechetiveen, but
. the amounts of the reaction products of the molecules of the
* RorBorhéné-baded polymers SontHified teteiit. FEurther, dach of tHe 72nge ©F
asladding favers 91 and, 92 isfouned-of thesnerhornenerhased palymeE xhibit

the effect to be obtained by including two kinds of the

norbornene repeating units.

[0261] In the norbornene-based polymers is composed of the

molecules each including norbornene repeating units, each of

69



having the refractive index lower than that of each of the core portions 94

of the core layer 93 as the major component thereof. [0341]The

norbernene-based polymer has high transparency. Therefore, in the

optical waveguide structure 9 having such a structure, the optical

waveguide 90 can have a high optical transmission property.

E B3 42TRGH Y BEcdraitto Stien  dtrdctlifs’ 118 pbesibRifobitaitridt group
i gply.figh gdhesian bet ,COrg pQytio laddi

portions 9@5 but a%%hi%%%%gor?bﬁet&v%gene%%%%gﬁfgga%l%g)tﬁg gronps
agladtling fyers91oand 92 Fhereforelnévemit deformation of theoptidad above
- ide.st e 9_su ending thereof occur, it is hard to cause
et Beanaen the oafe poions 54 Snd i Sadehus borons 66 Ly ? 225
gdelamination betweeh ¢he torellayer B3yand thercladdingelayers=91, andey may
b%Z,h 3@% geiesdpgss'blr@ rtg rgxentkoc(gzurre ce of mticro-cra ks within hetcore

portions 94 and the ¢Iadding portions 95.As a%es(IE the opti€al®Pstance:

transmission property of the optical waveguide 90 can be maintained.

&)0343£n addition, since the norbornene-based polymer has high heat
[R&f&hnce and HydrBptiobidiy, ThE opficst whvebtide S0 (R bptieaours are
- cwayequidestruciyiee 9) baving such aistusture-can have.excellgpt composed

durability. [0344]Further, since the optical wave guide 90 can have the
CRhigRheat Fesistaiceand Rydrophabicity Sit it possibletorelialshy form the  the
ceanduianipyets 204,and 202 Ihereanyising e yarolisdnds of paetiads, g

described above while preventing the properties of the optical waveguide
mg(@ ¢roka being lowered (deteriorated). Especially, even in the case where

the conductor layers 901 and 902 are formed on the optical waveguide 90

so as to overlap the core portions 94 which are important portions for
[G2aAshitting light alterdtion osdeterioration @f each-af the: care partons 94 for
eg{gpﬂ b$ éprevgqteg. L03d45 Fyrthermor , according to the abave .

eh uadwﬁﬁgg yCcildoxy propy trimethoxy silane (y—GPS),
silicone epoxy resin or the like is preferably used.

[0264] This cross-linking reaction of the epoxy groups may
be carried out at a final stage of this step [6A] or after the

optical waveguide 90 is obtained in the following step [7A].

[0265] Various kinds of additive may be added to (mixed

with) the cladding layer forming material.

[0266] For example, as the additive, the monomer, the
procatalyst and the cocatalyst each described in the core layer
forming material may be mixed with the cladding layer forming
material. This makes it possible to allow the molecules of the
monomer to be reacted in the same manner as described above

within the cladding layer 91 (92) to thereby change a refractive
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method, it is possible to obtain an optical waveguide structure 9 provided
with core portions 94 each having a predetermined shape and high
dimensional accuracy by carrying out an easy treatment in a short period
of time. [0346]Especially, according to the third manufacturing method, it
is possible to set the refractive index difference between the core portions
indandthe edadding portions 93 in a multistep manner. [0347]<Fourth
Manufacturing Method> Next, a fourth manufacturing method of the
optical waveguide structure 9 will be described. [0348]FIGs. 8 to 13 are
[8@dtibhal views schematicak skowing nne ptacess examplesafaifoath that a
manufacturing method of the optical waveguide structure of the present =
r%@%ﬁﬁ%ﬁ."[&%@ﬁ%mﬁ"f ar’ %%%uﬁﬁ%&ﬁﬁ‘fa%ﬁﬁ%@%d%u%%e cladding
~ ldesaribed (y placingaemphasisonpeintsidiffering feom the fisst 1o third i vated
manufacturing methods, with the same matters omitted from description.
DO IBOFFHE fo Y mam U Griftg sthidd 13theSaie agtne first Seahrd yst -
manufacturing methods, except that forming steps of the optical
waveguide 90 are different from those of the first to third manufact
[Rfet8dds. [035ENaEReRS as thé coreslagler formingimiatefiak0G and theclude

eladding, kaﬁ forming material, t@eetsragg% grg@se%%g%ﬁy .rgbregpiﬂe% firstio 1 ve,

third manufacturing methods can be us pective

[2-methallyl Pd(PCys)s] tetrakis (pentafluorophenyl) borate,
[PA{PCy3) H(NCCH3}) ] tetrakis (pentafluorophenyl) borate,
[PA{(P(1Pr)3), (OCOCH;) (NCCH3) ] tetrakis (pentafluorophenyl)

borate, and the like.

[0269] Examples of another additive include the -above
mentioned anti-oxidizing agent. By mixing the anti-oxidizing.
agent with the cladding layer forming material, it is possible
to prevent deterioration of the c¢lad material (the
norbornene-based polymer) due to oxidation thereof.

In this way, the cladding layer 91 (92) is formed on the
supporting substrate 952.

[C270] [7A] Next, the core layer 93 is peeled off from the
supporting substrate 951, and then it 1is put between the
cladding layer 91 formed on the supporting substrate 952 and
the cladding layer 92 formed on the supporting substrate 952

(see FIG. 6).

[0271] Thereafter, as shown using an arrow in FIG. 6, the

supporting substrate 952 is compressed from an upper surface
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[0352]Hereinafter, description will be made on a case that the core layer
forming material 900 described in the first manufacturing method is 'used.
[0353][10] First, the cladding layer forming material (a first varnish)is
applied onto a supporting substrate 1000 using the same method as

described above, to thereby forma first layer 1110 on the suggortmg
s $HiBstrafer 106098ee 6. 8)> C1aALHRE sippdfting subsfiate 1000, the core

183me one g@éh%gHggQ{tlggégpgggte 951 can be used. [0354]An average
thickness of the first layer 1110 is not particularly limited to a specific

value, bt i preferably i the”FargéigiaBouts® 200 phif! rigrex préferablyore

1 g%g@ range.of ahout-10 to 100 pm, and even more preferably in the range
out 15 to 65 pm. [0355]2D Next, the core layer forming material 900 (a

second varnish) is applied onto the first layer 1110 using the same
d as described above, to thereby form a second layer, 1120 on the
[ ggyer 111 ehf_eljé 9} 1s pré%erreds t%aqc 7\{%15 compressing
operatlor is carried out under heating. A heating temperature
is appropriately selected depending on the constitute materials
of the cladding layers 81 and 92 and the core layer 93 or the

like, but is, in general, preferably in the range of about 80

to 200°C, and more preferably in the range of about 120 to 180°C.

[0273] . Next, the supporting substrates 952 .are peeled off
and removed from the cladding layers 91 and 92, respectively.
In this way, the optical waveguide 90 of the present invention

is obtained.

[0274] ' [BA]'Next, the conductor layvers 901 and 902 are
formed on upper and lower surfaces of the optical waveguide 90,

respectively (see FIG. 7).

[0275] As a forming method of each of the conductor layers
901 and 902, it is possible to use at least one method selected
from the group comprising a dry type plating method such as a
chemical vapor phase deposition method (a CVD method) (e.g.,
a plasma CVD method, a thermal CVDmethod or a laser CVD method),
a vacuum evaporation method, a sputtering method or an ion
plating method; a wet type plating method such as an
electrolysis plating method, an immersion plating method or an

electroless deposition method; and a method in which a



[0356]The core layer forming material 900 may be applied onto the first
layer 1110 after the first layer 1110 is substantially completely dried or
before it is dried. [0357]In the latter case, the first layer 1110 and the
second layer 1120 are mixed together in a boundary face therebetween.
This makes it possible to improve adhesion between the cladding layer 91

CENdthe toreTays o F AR obtaiREd BFficd wavEy s 962 fo35BIRGHRAGKE 90
udn this gaSFa@i\ﬂ%%q%i;% (alnormal temperatyre):of each githefirst varpish 1+

and the second varnish is preferably set to a range of about 103 to 10,000

PePs iinbfe prefdrably g farmge of BBBaN150 $0B00D e Candasvensmdpd and

9@§ef§£%pl¥ﬁ%_ aJange of 3\98%(?1%9&8 3,500 cP. This makes it possible to
prevent the first'layer 1110 and the second layer 1120 from being

needlgsslytimixedtogethsrdn the boandary facaitherebetweenand t® of the

Pég\éenr]ct trj]_%éirsrg Ia%enr 1.’le0 aré%ﬁrhe sedcond layer 1120 from having
Plihevennesy tHicknessas [8§ 7 TS regard, it is preferred that the

viscosity of the second varnish is higher than that of the first varnish. This

makes it is possible to reliably prevent the first layer 1110 and the second

[ R4/t 1120 fromibBing Toetiessly #iReE t8gethier th tHe BBURGArY taggeguide

stherebetween. (0360140 average thickness ot thersecondayerll2Qis + : on s
not particularly limited to a specific value, but is preferably in the range of

9 abbut 53600 Grh, indrépreferablytin e farkfeSsichbbiit 458 1 255prm, major -
candevenmore preferably in the rail-me of about 25 10,100 pm. (036411301 oo

Next, the cladding layer forming mater lal (a third varnish) is applied onto
o the second!laperti20eusing tve damé methddresvdescibed @ibove, toe index

lcgbr]eerg bf\_/ é%rnm tahtg rd J)ye{él'el 39 91 hensﬁercgg Qn'%%eé —]I}az s(,) e@er%azl;:l(eaf % g T as a
The third layer 1130 can be formed in the same manner as the secon

mdgyer tt2Ghonent thereof, and each of the cladding layers 91 and
92 is formed of a norbornene-based polymer having a refractive
index lower than that of the first norbornene-based material

(each of the core portions 94 of the core layer 93) as & major

~component thereof.

[0277] Here, each of the first and second norbornene-based
materials contain an identical norbornene-based polymer having
a refractive index and a reaction product of molecules of a
norbornene-based monomer having a refractive index different
from that of the norbornene-based polymer. However, the
refractive indexes of the first and second norbornene-based
materials are different from each other due to a difference
between amounts of the reaction products of the molecules of

the norbornene-based monomer contained therein.

[C278] The norbornene-based polymer has high transparency.
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[0362]An average thickness of the third layer 1130 is not particularly

limited to a specific value, but is preferably in the range of about 5 to 200

pm, more preferably in the range _ of about 10 to 100 um, and even more

preferably in thege of about 15 to 65 pm. In this way, a laminated body

2000 is obtained. [0363][4D1 Next, a solvent cant,) n the laminated body
T5666 i< retnoved taEsOvatets therefrori i de Exdmplestsr 4 méetheadfsuch a

sdesolyating th@r%ol\é%"gmlyd@@v@smgeofmaﬂgg the laminafed odys . ; ~41
p

2000, a method of ing the laminated body 2000 underanatmosphere
Crpredticed pressureondition or a method of blowing inert gas to the

laminated body 2000, and the like, but it is preferred that the method of

heating the laminated body 2000 is used. By using such a method, it is
[pa3dihle to desolvate ¢he selventftomdheclaminated body:20060cretativelyt is

easily ip a %hort %Qrio,d of time. [Q364]In this case, a heating temperature
o] LS G

Plgpreferablyin e rahge bt abdut 25 to-800G Ghd maPe Breréiably ifte <OT¢
prangecefabaut 30 tordbC1 [086b]urther; acheatingimeds preferably-inibe i on
range of about 15 to 60 minutes, and more preferably in the range of

PERYGETS 10'80 MiRGtes2 [5366]75D7 Nekt $h& higkkaKink) ¥35rdvidead 92 -
Twithdhe ppeningss(the;windows), 9351 prepared andthen the acfjnice 511 e

radiation (the activated energy beam) 930 is irradiated onto the laminated
S hEHY 200G tArGugH RS askia3s) (SéeFRp A Pecur, it is hard to cause

peeling between the core portions 94 and the cladding portions
95 and delamination between the core layer 93 and the cladding
layers 91 and 92, and it is possible to prevent occurrence of
micro-cracks .within the core portions 94 and the cladding
portions 95. As a result, the optical transmission property

of the optical waveguide 90 can be maintained.

[028B0] In addition, since the norbornene-based polymer
has high heat resistance and hydrophobicity, the optical
waveguide 90 (the optical waveguide structure 9) having 'such

a structure can have excellent durability.

[0281] Further, since the optical waveguide 90 can have
the high heat resistance and hydrophobicity, it is possible to
reliably form the conductor layers 901 and 902 thereon using
the various kinds of methods described above while preventing
the properties of the optical waveguide 90 from being lowered
{(deteriorated) . Especially, even 1in the case where the
conductor layers 901 and 902 are formed on the optical waveguide

90 so as to overlap the core portions 94 which are important



[0367]When the actinic radiation 930 is irradiated onto the laminated body

2000 through the mask 935, the compounds of the cocatalVst (the first

substance) existing within each of the irradiated regions 925 of the second

layer 1120 onto which the actinic radiation 930 has been irradiated are

reacted or cleaved under the action of the actinic radiation 930 to thereby
Pextricateprodutépihethtibhs thelsrotonsdicthesdtherpositide fons) @net ion
O e (e AR S0 s i dhe cations

or the weakly coordinating anions change aeave

thechemicalstructuresof-the compounds of the procatalyst (the second

te) existing within each of the irradiated regions 925. As a result,

[R%e%?rﬁgcatalysttig%%ﬁ ghtinto’the active but lafe %t%seta?eb GRE SRRt acve T 1109
mstatte)d [0369}r6 RN ext; the taminated bedy 20004s subjected taidhetheatr ure

treatment (the first heat treatment). At this time, the procatalyst in the

? aRhve batiateht 'stateis Actvated{Brought FERhBHENTE staty fitRire rined
- sBaghohthe iragiated fegions 925, as-aresult,obwhich,the molecules of .5y

the monomer are reacted (polymerized or cross-linked) due to the

- T 4EfVation of the procitalysk fO3ToIWhENthegeaction of the molecules of

. the monomer progresses within each of the irradiated regions 925, the
concentration of the monomer therein is gradually lowered. In this way,

[ fBdilference bémrsarrthiéagontentratiomof thetihordomer in each of the
Irradia gions 925 and the congentratian of the monomer in each of
the hoﬁ%gfdiatgd %—%f(?r?sg% alrsl%aagé%ﬁﬁ%?denrl%%ﬁrﬁing e trrfeehe optical

w diffepericd; tse monomer contaihéd e edels of theemon-irradiated regions
940is diffused and assembled to each of the irradiated regions 925.

[0371]As a result, the molecules of the monomer and/or the reaction

- [ pamiict thereofiétheipolyraeric moelecylesothe srosstlinking-ehemical noq will

structures or the branching chemical structures) are increased within each

DO Fradiaed e giorsdds TP BRsmitAStRIcitteS ¢hbhiderived figiam the

£ thesmeleelles of the monenelemankably havethe effectondhe ;i «teq from
refractive index of each of the irradiated regions 925 so thatit is lowered

dEPIS HhE s6¢ond refractive index lower than the first refractive index.
[0372]On the other hand, since the monomer is diffused from each of the

non-irradiated regions 940 to each of the
[0285] The second manufacturing method is the same as the

- first manufacturing method, except that a core layer forming

material 900 having a different composition is used.

[0286] Namely, the core layer forming material 800 to be
used in the second manufacturing method contains a cleaving
agent (a substance) that is activated by being irradiated with
actinic radiation, a polymer 915 composed of molecules each
including a main chain and cleavable groups (cleavable pendant
- groups) each 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
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irradiated regions 925, the amount of the molecules of the mono=

contained in each of the non-irradiated regions 940 is lowered. The

molecules of the polymers 915 remarkably have the effect on the

refractive index of each of-the non-irradiated. regions 940 so that it is

increased up to the.third refractive index higher than the first refractive
tfﬂ‘?de?)@’f(} FPthis ®ay the refrattive index difference between the

iradiafed regions-325.and, the nop-irradiatgd regions 940 (the second, ., .

refractive index < the third refractive index) is caused. As a result, the core
Cpotionsy94 (dersespanting Yo the nbhrisradiated fegibns 940)medithe can be

ding portions 95 (corresponding to the irradiated regions 925) are

formed (see G. 12). [0374][701 Next the laminated body 2000 is subjected

to the second heat treatment. By doing so, the procatalyst remaining
h of the irradiated regions 925 and each of the non-irradiated

[‘ér%ggiﬁs 940 is AGtNRtEH (SroudHt iMto & Active Statd)iteaR OF vid thescond

mactivation.ef the eacatalyst; Asia:result, the melecules oh thesmonomerecules
remaining in each of the irradiated and non-irradiated regions 923 and 940

S8 réatted 378NN T RAY, IOV rerting the Riviediies B tenmbRentef the
méemaining in gach of the iF@@' ed and non-igadiated regions, 925.a0d £;

940, it is possible to stabilize the obtained core portions 94 and cladding
MpyoricHs 98 [0376]SDadext ithe ldmimatedesotiP2600ds subjected totheymer
dhird beat. treatment. . . . This makes it possible to reduce internal,
- str%ss which would oec(éﬁr i%sthe (Zi%ta\ineoéj (%rlenlgf‘/‘(aar 3 anltﬁ%r uﬁﬁ%%ng the
c btabilizel the core porticns G4eand lctadding pdrtions@51 ymer 915 described

in the first manufacturing method, and the like.

[0288] A refractive index of such a polymer 915 is changed
(increased or lowered) due to «cleavage (breakage) of the

cleavable groups.

[0289] Bach of the cleavable groups may be any one of an
acld (cation) cleavable group which is cleaved under action of
cations, a base (anion) cleavable group which is cleaved under
action of anions and a free radical cleavable group which is
cleaved under action of frees radical, but is preferably the
acid cleavable group which is cleaved under the action of the

cations (protons).

[0290] It is preferred that the acid cleavable group
includes at least one of a chemical structure of -0-, a chemical
structure of -Si-aryl and a chemical structure of ~0-Si~ in its

molecular structure.
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Through the above steps, the optical waveguide 90 is obtained. [0377][90]
Next, the conductor layers 901 and 902 are formed on the upper and
lower surfaces of the optical waveguide 90, respectively (see FIG. 13).
[0378]This step is carried out in the same manner as in the step [BA].
In this way, the optical wavegu'de structure 9 of the present invention is
completed. [0379]According to such a method, after the first heat
[ugatment is catrigd out; the.corg DOKODS 94 £an be ddentified through a5
visual observation within the laminated body 2000. [0380]Further, as the
Cirst Vafrfish ar@ five tHirdvamists varnishiidvihgthe Sameccompesitién 5, a
d ish, IS, avarnish containing the pglymer 915, the .
o e LA A I procatas My b6 Seai T e Gieicture
othe BioteGules of the: mbriomeeate rgacted irchoundary faces betweerthel is
first Iary r 1110 and the second laver 1120 and between the third layer
P1730 &nd the second layer 1120 and/or within the first and third layers
1110 and 1130 beyond the boundary faces. As a result, it is possible to
revent occurrence of peeling between the first layer 1110 (the cladding
[Ba%/%‘? b1) and the sédoridl 1420 (hEXBre Byer's3) BRE oddififenéadical

- cpeekng hetween thethird jayer 113Q fthe gladdinglayer92),anddhe e £ree
second layer 1120 (the core layer 93). [0381]Further, in this case, it is

I Brefefted that L tHéepalyfiep 915t PetustdcfoPtHeafist yer 1216 apelthgone
cHuirh layer 1130, bas arefractive index (Rl relatively lgwey, than that of the

polymer 915 to be used for the second layer 1120, or II: even if the
‘monomer to be used for the first layer 1110 and the third layer 1130 is the

[ 93@e;as the menomes 10 e ised [of Ing second ayer 1720, e amaunts -«
of the procatalyst and the monomer contained in the first layer 1110 an
nherthirdtdayemtl 30rexe hawier than those of theproeatalyst andthe use = the -
~manomer contained in tt‘&e second IaXEr 1120. o
norpornene-pased polymer as e polymer 915, and it ds more
preferable to use the norbornene-based polymer composed of the -
molecules each including alkyl norbornene repeating units

(especially, hexyl norbornene repeating units) as the polymer

915.

[0294] In the light of the abovematters, a diphenyl methyl
norbornene methoxy silane homopolymer or a hexyl norbornene /
diphenyl methyl norbornene methoxy silane copolymer can be
preferably used as the polymer 915 whose refractive index is

lowered due to cleavage of the cleavable groups.

[0295] Hereinafter, descriptionwill bemade on a case that
the polymer 915 whose refractive index is lowered due to the
cleavage of the cleavable groups (especially, the acid

cleavable groups) 1s used.
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[0382]By doing so, it is passible to prevent generation of regions each
having a refractive index higher-than that of each of the core portions 94
of the core layer 93 within the cladding layers 91 and 92 even if the actinic
radiation 930 is irradiated on the second layer 1120 through the first and
third layers 1110 and 1130. [0383]In the case where the ccxe layer
forming material (the second varnish) containing the polymer 915
sed of t lecul ch_having the _cleavable groups.is used,
[g%h@fr?a claddirggﬂ%%oﬁr%%n%gte%% the ?rJSE.}t varnis oar%ﬁgtﬁ:i%glons 925
ovamish) contaisirgra polymes 915 tcomadsed iof mblesules eaeh havingBe ome
leayable group or a cladding layer forming material containing the
t%%lyﬁ?ear% ‘c,gorﬁﬁc%e*@ of thgébmoleculeseach having the cleavable
groups, but containing no cleaving agent may be used. [0384]This makes
[iéé)ossible to prevent the cleavable groups from being cleaved (broken)

d fémoved fror the Maif BRafiSer fhie rittetles dfifhe polyprergis] out .
[0385]Rurther.Jncthedourile_anufacturingmathod, iis preferred thatthg, ;g

first and third varnishes each containing a norbornene-based polymer
hgsmposed oF fiole@ies eatr hatingaxsuistituentigroap fricteding @fract ive
; y chemjgal tur n thereof and the cocatalyst are used. In
ltgrﬁggéagleg, when ?rgeggourue%p%r%(jﬁes@gﬁga%ndot eECI: zfdo?ﬁgﬁrgr %né%% él%‘rleSpersed
( forArfedl thve epoxy:ohémival structurésarecleaved and reacted

(polymerized) withthemoleculesof the polymer 915. This raakes it possible

to improve adhesion between the core layer 93 and the cladding layer 91
[ epd&dhesion heteen thecosedayer 93 anckthe-eladding layer92.r: ed out .

[0386] amplehs of such a norbornene-basedﬁolyme.r include a hexyl

norbor%‘a‘éﬁre1 (FXRIBIMethyi iycidit Bthethcrbotnéfie tAGENB) GohoRer the
1apd:thellike; {038 ¢ wtherdn thisxase; apeatalyst that isnet actiyated . o«
_ V\ghefn‘the core layer 93 is formed may be used. As Such a cocataiyst,a -

SZothtiEtihat dde s AGtabdolt the! actiid Pechaticie Siivalsie 38 activate which
‘ tkﬁ@e_ cecatalyst @Q&@B%@%thgﬁﬁcgﬁ% varpish ofﬁr%%ag%lgét tl?i%tecapebaected
activated under action of neat instead of the acti radiation has only to be
- (leglstgey. or cleaved under the action of the actinic radiation
930, to thereby extricate (produce) the cations (the protons
or the other positive ions) and the weakly coordinating anions

(the WCAs).

- [0289] At this time, the cations remove the cleavable
groups themselves from the main chains of the molecules of the
polymer 915, or cleave a middle portion of the chemical
structure of each of the cleavable groups. This phenomenon is

referred to as “photo breaching”.

[Q300] In each of the irradiated regions 825, the number
of the cleavable groups, that have not been cleaved, is reduced

ascomparedwiththatjjxeachofijwanon—irradiatedregions925,
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[0388]xamples OE such a cocatalyst include a 99 non-absorbing photo
base generator (referred to as "960"), a thermal 'base generator (referred
to as vT3G") and the like [0389]In the optical waveguide structure 9
described above, the core portions 94 have been patterned using the
A%imap!e method, the irradiation of the actinic radiation. Therefore, it is

possibie 18 Widen Hesigh frésdont of e F&ttéth stapR ot eathof tie gorea ted

rpartions 9 @nieptical siredit) and to gbtain core partions O4-havingshighy o -
dimensional accuracy. [0390]Further, since the conductor layers 901 and
£862 halé beehSin advante forfed R i< posdible-tolcasilywire toach of the

n6§m¥¥ﬁ%@95%5@y§€GE®Q§E§H@3H%EMEEf%%m%%g”%§§8§m§%9%ﬁgtive
appropriately wire various elements regardless of kinds thereof (e.g.,
ip@sitions where terminals are to be provided). In other words, .3 possible

to freely vary a constitution of the electrical circuit (e.g., the positions

where terminals are to be provided). Suchanoptical wayeguide structure 9
- [A89 &lmultiplicity: of use s §339 k] Insafidition; sincenthe:opticad svavegeide tween
tructure %,can tg%ave both wir%r%%s %e electrical circuit ) and core portions

p €

83 (the Spticht TitchitJ edRA f A & Ry G&nRsity =R S poSSibieeLons 940

(effectively make-@ cieuit designef.an opticakand electical hybrd cirgyits) ;s
and to achieve a high integration thereof. [0392]In the present invention, it

CRSELIEND WideRTEsign fre8d6mST the optieaiscifthit (87 pateraroi the to
t Bpticalwaveguide)and theglectticaleircult, andiio cladding portions 95

(corresponding to the irradiated regions 925) are formed.

[0302] In this case, an exposure dose of the actinic
radiation 930 is preferably in the range of about 0.1 to 9 J/cm?,
more preferably in the range of about 0.3 to 6 J/cm®, and even
- more preferably in the range of about 0.6 to 6 J/cm®. This makes

it possible to reliably activate the cleaving agent.

[0303] [3B] Next, the layer 910 is subjected to a heat
treatment.

At this time, for example, the cleavable groups cleaved
(broken) and removed from the main chains of the molecules of
the polymer 915 are eliminated from each of the irradiated

regions 925, or rearranged or cross-linked in the polymer 915.

[0304] In addition, it may be conceived that a part of the
cleavable groups remaining within each of the cladding portions
95 (the irradiated regions 925) are further cleaved (broken)

at this time.
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manufacture the optical waveguide structure 9 in a high yield rate. Such

an optical waveduide structure 9 can maintain the high optical

transmission property, have excellent reliability and durability, and have a

multiplicity of uses. Therefore, the optical waveguide structure 9 can be

employed to various kinds of electronic components, electronic

equipments and the like. [0393]in this regard, the supporting substrates
[8585952 and 10QQ-ake.remoyad fromsthe.optical- waveguide 99;ip allthe, -, 4

first to fourth manufacturing methods, but in the case where the
NegbpoftiifStisdtiates 951,932 BAE 200bareformed-ofiegnductivecase  the

rmaterials, they are notremoye from the optical %@Vge&%ggﬁgta”d %4 ang

be directly used as the conductor layers 901 an u?‘tﬁer i

theedeédotigof orbsthahe cfidding layers 91 and 92 may be omitted.
[0395]Furthermore, it goes without saying that the forming method of the
core layer 93 is not limited to the above mentioned method.:.

[ {0B86] Further Ahtesstriictdre: efrtherepticabwaveguide 99tismet dimitedHo s not
one des nb;d in the FIGs. For example, the omticalwaveguide 90 may

Rave A% re ifehidifly Rﬁoéla%%ﬂfgll%l‘éré’ ﬁﬁ&%pf&ﬁ‘&llt&%?é&é%ﬁé?éy in

ave a

urammr@a togetbenandprayided betwegn the.caddinglayers, a;strucure,, o
including cladding layers and core layers alternately Iamlnated together, a

° §urBefié ifdudifig koPlufality oflaminatedbodies, in which a single core
layer is provided between two cladding layers, laminated together, or the
like. [0397]Further, an inclined plane (a reflective surface) which inclines
[@88Bdut 45 with respett torah opticalpaththat is, alengiturdinaldirectiont is
the car i rmed. in.. a ddle portlon hereof. This
° nﬂ{aggs % gé%%%%tjfﬁﬁf ectltag?dlge%éﬁ 'of lig Ltleftransmlsslc;n Iight) o= cleaved
{rapksmitted rafong theveot efpantion 84 hy abouh 94 wsietd mﬁlecﬁl@n@&ﬂuees of

li hton the inclined Plane. [0398]In this case, b ropriately settin
tl'é“ge e %?g tF;fom e% 1%813? the alrrayj?gg O(E) reg¥or?s 25, and
i1s not partlcularly limited to a specific value. However, the
heating time is preferably in the range of about 0.5 to 3 hours,

and more preferably in the range of about 0.5 to 2 hours.

[0308] In this regard, it is to be noted that in the case
where the refractive index difference between the core portions
94 and the cladding portions 95 is sufficiently caused before
the layer 910 is subjected to the heat treatment, this step [3B]

may be omitted.

[0309] Further, if needed, one heat treatment or multiple
heat treatmentsmay be additionally carried out. Inthis regard,
a single heat treatment is carried out under a condition of,
for example, about 150 to 200°C x 1 to 8 hours.

Through the above steps, the core layer 93 is obtained.
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which the inclined plane faces, the optical path of the transmission light
can be changed not only within the core layer 90 (to two-dimensional
directions) but also to three-dimensional directions including a thickness
direction of the optical waveguide 90. [0399]This inclined plane can be
formed by cutting or removing (deleting) apart of the core portion 94. In
addition, a reflective film such as a multilayer optical film, a metal thin film

[ @810,]an aluminm Veper depositicnfiig) onthe tike arénneflectiverried out.
enhanced film may be forrrled on the inclined plane. }0400]Although the
optical \%g\]/ea&ae HHBGhE Spticarwdveguidé Birudtire aBcdramgtoheU it -
presentdavention kave-been deseribegdahovebasedion the-embeodiments .
illustrated in the drawings, the present invention is not limited thereto.

individtral E6rhpoligrits dorstiftiting e opic Wahdguideraind tRe optied] the
pMaveguide strugture may be replaced by other arbitrary components that

can exhibit similar functions. Further, arbitrary components may be added
to the optical waveguide and the optical waveguide structure. EXAMPLES

d9493INext, description will be made on a -Lumber of concrete examples .
{ of th(Ja] present?nlv r‘?tleonérregﬁ}éafrgﬁ?)f\;ﬁn% dgélccﬁbt?o% \%ﬁfgc%&:%%signaaﬁ/gu‘de
s abbreviate Rexylhrorborrene (€A 22094£83-8) asd'HxNA3'; giphenyk -based

metpyl orborn,eneme.thoxysilane (C 8376634-34-3éas "diPhN3", ‘

map%%hyﬁgthay? ﬁo%ﬁﬁén%?@g@f@ﬂf .D9%6) s “PENS butyl horbérmare: 9

14GAS220%48101) as H3ulNG!' deeyhnorbormene:(CAS 22884-85-b-ashaving
DeNB", benzyl norbcrnene (CAS 265969-73-9) as "BzNE", methyl glycidyl

2 &theF AGIboffienB{EAS 3188-75-8) ds"AGENS? MorBorméifyIéthf Portions

o drimethoxy silane (CAR-68245-19-2) a8 TMSENRL dHethexy sileor .
norbprnene (CAS 18401-43-9) as "TESNB", trimethoxysilylnorbornene

(CAS 7538-46-7) as "TMSNB", dimethyl bis(norbornene mehoxy) silane

[d§¥§%376609ﬁ%%§2Q§;§p%fagge core portions 94 and the cladding
1,1,3,3-tetramethy1-1,3-bis[2-(5-norbornene-2-yl) ethyl] disiloxane (CAS

PA8E70BIT) s SIDX e pectivelp. 0402Hn Synthesis pbpotymercamdosed
egreparednching 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, as a major
component thereof. The refractive indexes of the core portions
94 and the cladding portions 95 are different from each other
due to a difference between the numbers of the cleavable groups,

that have not been cleaved, in the norbornene-based polymers

conitained therein.

[0313] The norbornene-based polymer has high transparency.
Therefore, in the optical waveguide structure 9 having such a
structure, the optical waveguide 90 can have a high optical

transmission property.
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<<Nolymer 31: Synthesis of Butyl Norbornene (BuNE) / Methyl Glycidyl

Ether Norbornene (ACENB) copolymer and Preparation of Polymer Pi
Solution>> [0403]BuNB (10.52g, 0.07 mol) AGENB (5.41 g, 0.03 caol)

and toluene (58.0 g) were mixed together in a serum bottle, and then the
same was heated at 80C in an oil bath to obtain a mixture solution.
[0404]Next, a toluene solution (5 g) containing (S6-toluene)Ni (C6F5) 2
[(B62 P, 0.0014 mod)angs added:ia the mibduresolution. §04Q8]JAftee, it is
addition of the toluenge solution, the resulting mixture solution was

PhiEintangd at réomehpratufd fo¥ 4hotis t506GITA réXhivh Solution. core

pdheraafierpa toluena SAutiomBT0m was.added to thereaction solution s i on
When methanol was dropped into the reaction solution vigorously stirred,

b&'copBlyntervas Precipitatedin thé feddtion-dolaibmJ04ge]re 91 and 92.
TREecipitated capolymer Wag collected by filtration and dcgk?gi'%%?e?%%@g%uide

60C under a vacuum atraosphere. A weight of the copolymer a eing
S Hed Wase1 2. 741g {yietd o e80%) o[ 0407fA mfolecalar weight ef therd to cause

tajne olymer was determined.using a,GP thod (a gel e
DB atmiRion rom et a0y lhoc) N & THE CONERT (pOS e ke Po7ions
9 Standard teberMwi 320:000=and Mre=130;008y [0408]Accampasitionaefd i ng

[ - to be a BUNB/AGENB (78/22
1%§%§%P%y”§§gN%§9e§§3"9%df¥'ggﬁ!?gfg %o prevent occ&rregke of

copolymer.
micro-cracks within the core portions 94 and the cladding
portions 95. As a result, the optical transmission property

of the optical waveguide 90 can be maintained.

[0315] In addition, since the norbornene-based polymer
has high heat resistance and hydrophobicity, the optical
waveguide 90 (the optical waveguide structure 9) having such

a structure can have excellent durability.

[0316] Further, since the optical waveguide 90 can have
the high heat resistance and hydrophobicity, it is possible to
reliably form the conductor layers 901 and 902 thereon using
the various kinds of methods described above while preventing
the properties of the optical waveguide 90 from being lowered
(deteriorated). Especially, even 1in the case where the
conductor layers 901 and 902 are formed on the optical waveguide
90 so as to overlap the core portions 94 which are important
portions for transmitting light, alteration or deterioration

of each of the core portions 94 can be prevented.

82



[0409]A refractive index of this copolymer was measured by a prism
coupling method and determined to be 1.3162 in Ti mode and 1.5157 in
TM mode at a wavelength of 633 nm. [0410]The dried copolymer was
dissolved in toluene to result in a 30 wt% polymer P1 solution.

syfPolymer P2: Synthesis of Hexyl Norbornene (Hx1\16) / Methyl
[%ﬁjyl Ether o?go%r%ﬁﬁgﬁiGﬁﬁ%?Egég@rE& Sgﬁ ﬁgﬁgﬁaﬂgﬁq}ﬁf adturing

mPolymer P2 Selgtiansinh[04 12]HNB {1248 ¢ 0i07melh- AGENB(34dgct ure
0..03 mol) and toluene (58.0 g) were mixed together in a serum bottle

2 obovided it a Hhybox: Al then the Same wa Stirfed At B0 P 4R O Tt L ned
staptaima mixie sohiion: [0 3]Next, ateliene selution (3 g) contaiping, <
(r16-toluene)Ni(0665)2 (0.69 g, 0.0014 mol) was added to the mixture
L SoREBRD41R) AfteTefeticrEsTitRE tolfiehédlution, the resulting mixture
solution was maintained at room temperature for 4 hours to obtain a
reaction solution. Thereafter, a toluene solution (47.0 g) was added to the
[RHSibn solutibsPwhén Methanot wagidroppedtint Hrereattiommufacturing

mé@]’ﬁjggnv- Oﬁgoé?,lﬁesqrge%ra%%oglgrm résN %%prr%gigi@tegintgegeg t(:: tiiopradiating
solution. %41 |The pre%lpltated copolymer was ooliedte %y ‘
the actinic radiation 930 onto the layer 910, that is, it can

be obtained using a very easy treatment.

[0319] <Third Manufacturing Method>
Next, a third manufacturing method of the optical

waveguide structure 9 will be described.

[0320] Hereinafter, the third manufacturing method will
be described by placing emphasis on points differing from the
first and second manufacturing methods, with the same matters

omitted from description.

[0321] The third manufacturing method is the same as the
first and second manufacturing methods, except that as a core
layer forming material 900, the core layer forming material 900
used in the first manufacturing method and the core layer
forming material 900 used in the second manufacturing method

are used in combination.

[0322] Namely, the core layer forming material 900 to be
used in the third manufacturing method contains the polymer 915

composed of the molecules each having the above mentioned
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filtration and dried in an oven at 60C under a vacuum atmosphere. weight
of the copolymer after being dried was 13.78 g (yield : 77%) [0416]A
molecular weight of the obtained copolymer was determined using a GPC
method in a THE solvent (polystyrene standard) to be My, = :50,000 and
n - 76,000. [0417]A composition of the copolymer was determined by _.
Cliﬁl‘\fl fo be a x?\lB/A%D EN@O(%?%% bop%?;%ne??[ﬁﬁai‘é .WFefrgE%\?e First
sindexsofdhis cepovymaewasueasweddy a ptism ceuplingamethoskanchce) .
determined to be 1.5159 in TE mode and .1.5153 in TM mode at a _
FVV%@%%?{gtﬁkbef ERTh 20476 Fhe e PEBPoITHRE WAk dfisssivedsncleaving

atpliene 4@ resulidn a 30 i pelyser R2 solbtion. [0420]ssRolymes 3 has 4
Synthesis of Decyl Norbornene (DeNB) / Methyl Glycidyi Ether

ITRErhaftrRne(ASENB) . E6hdifieF ana PrEparaisR @ Polymer 93
Solution>>
[0323] According to such a core layer formingmaterial 900,

by combining the cleavable groups and the monomer each
appropriately selected, it is possible to adjust a refractive
index difference between the core portions 94 and the cladding

portions 95 of the obtained core layer 93 in a multistep manner.

[0324)] As described above, in the case where the monomer
each having the refractive index lower than that of the polymer
915, the procatalyst whose activation temperature is lowered
by being irradiated with the actinic radiation 930, and the
polymer 915 whose refractive index is lowered due to the
cleavage of the cleavable groups are used, respectively, the
irradiated regions 925 can become the cladding portions 95.
Further, in this case, it is possible to obtain a core layer
93 including cladding portions 95 each having a refractive index

vastly different from that of each of core portions 94.

[0325] Hereinafter, descriptionwill be made on a case that
such a polymer 915, monomer and procatalyst are used in

combination.

[0326] Namely, in this case, the irradiated regions 925
onto which the actinic radiation 930 has been irradiated become

the cladding portions 95.
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[0421]DeNB (16.4 g, 0.07 mol), AGEN3 (5.41 g, 0.03 mol) and toluene
(58.0 g) were mixed together in a serum bottle provided in a drybox, and
then the same was strred at 80C in an oil bath to obtain a mixture solution.
[0422]Next, a toluene solution (5 g)containing (r6-toluene)Ni(C5Fs)2
(0.69 g, 0.0014 =1) was added to the mixture solution. [0423]After addition
of the toluene solution, The resulting mixture solution was maintained at

[03@™ temperafure fordcheurstasakigin a reastionsolutian. Thereafterea ou: .
toluene solution (87.0 g) was added to the reaction solution. Thereatfter,

when Methand! WaBroppediimtethe! fdaetioh sotufidn Wigdrdussy gﬁ_’rTr_@HI,)a 910
h&opelymer wasprecipitated inthefgactiopsolution,[04241T he.precipifated; .,

. c000lymer was collected by filtration and dried in an oven at 6000 under a
L Nagtiukt atifosphereuivéightefthercopolintep altembeing Bristiwas=1700ome

o St Ml 8700 . (D418 MolecHiAE diaiahy of In pptajned gopglymer was
determined using a GPO method ina TH solvent polystyrene standard)
to be Mw - 45,000 and Mn = 26,000. [0426]A composition of the

[ - ENB (77/2

G SHEE B 4L N e DENBACENE TE0 . o

When the actinic radiation 930 is irradiated onto the
layer 910 through the mask 935, the compounds of the cocatalyst
(the first substance) existing within each of the irradiated
regions 925 onto which the actinic radiation 930 has been
irradiated are reacted or cleaved under the action of the
actinic radiation 930, to thereby extricate (produce) the
cations (the protons or the other positive ions) and the weakly

coordinating anions (WCAs).

[0329] At this time, the cations or theweakly coordinating
anions change (cleave) the chemical structures of the compounds
of the procatalyst (the second substrate) existing within each
of the irradiated regions 925. BAs a result, the procatalyst
is brought into the active but latent state (the latent active

state) .

[0330] Further, at this time, the cations remove the
cleavable groups themselves from the main chains of the
molecules of the polymer 915, or cleave a middle portion of the

chemical structure of each of the cleavable groups.

[0331] In each of the irradiated regions 925, the number

85



by a prism coupling method and determined to be 1.5153 in TE mode and
1.5151 in TM mode at a wavelength of 633 nm. [0428]The dried
copolymer was dissolved in toluene to result in a 30 wt% polymer P3
solution. [0429]<<Polymer 34: Synthesis of Eexyi Norbornene (HXNE) /

iphenyl. methyl Norbornene Methoxy Silane (diPhNB) copolymer and
Ogrgggragt%oenag glﬁ/l%é?ﬁﬁssolﬁ%fiﬁ 216a30|HXNB 894 56 O50hToheuced

adiPbi@3 (611,9:0.050 toh)n l-hexene (2:35:0::0-035 54) ard toFhene {142, s |

g) were weighed, mixed together in a 250 mr, serum bottle, and then

ARestelit &7 of bk fo-dHtain & Afi%tré seRfnCf48INExEPdiated

r REY3)2 §Q%Q@'@&(}¥§&h‘| ltetra: B (Rentafliuorophenyl) P\%aﬁ%dex, lower
(hereinafter, simplified to as "Pd1446") (5.8 x 10-3 g, 4.0 x 10-6 mol) and

CRER-dimethyl BRflinim tetralkis tpertaffuorophenvl) bordté (herefrafterof the

né&{“@d@?g&%ée'@ Ig%%AQ (?Qg)é 19{9%4545;0%(1%91;6}1@0')5\3{@2 adrdee’gj tgct ive
the mixture solution. 43ZI]In this regar(]:i, at this time, a ratio of .the above

inwsromers/Pd1446/DANFABA was 25,000/1/1. [0433]Next, the mixture
solution was maintained at 80C for 7h to obtain a reaction solution, and

then 20 mL of acetonitrile was added to the reaction solution to quench
[astidty of the Rd catalyst. ¥¥bes) methasabyas ekoppeddnts thecreaction inic

solution, a cogoolymer was precipitated in the reaction solution. ,
radiation 930 1s preferably in the range of about 0.1 to 9 J/cm?,
more preferably in the range of about 0.2 to 5 J/cm?, and even
more preferably in the range of about 0.2 to 4 J/cm®. This makes

it possible to reliably activate the cocatalyst.

[0333] [3C] The same step as the step [3A] is carried out.

At this time, the procatalyst in the active but latent
state is activated (brought into the active state) within each
of the irradiated regions 925, as a result of which the molecules.
of the monomer are reacted (polymerized or cross-linked) due

to the activation of the procatalyst.

[0334] When the reaction of the molecules of the monomer
progresses within each of the irradiated regions 925, the
concentration of the monomer therein is gradually lowered. In
this way, the difference between the concentration of the
monomer 1in each of the irradiated regions 925 and the
concentration of the monomer in each of the non-irradiated
regions 940 is caused. In order to eliminate the difference,
the monomer contained in each of the non-irradiated regions 940

is diffused and assembled to each of the irradiated regions 925.
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[0434]The precipitated copolymer was collected by filtration and dried in

an oven at 60C under a vacuum atmosphere. A weight of the copolymer

after being dried was 19.8 g (yield : 79,96) . [0435]A molecular weight of

the obtained c000lyw was determined using a GPC method in a THL8

solvent (polystyrene standard) to be Mw = 88,000 and Mn = 21,00.

[0436]A composition of the copolymer was determined by 1H-NMR to be a
[EXBIEIdIPhNB (46/54% eopolymeri {043 4A refractive indexfithiscample, the
Cgopolymer was measured by a prism coupling method and determined to

E1VEBBT I TR HIGdE afd 1955568 h A Mode dt & WavBRhgtr oF 633 main

cha {0438] The drisdcopolymerwasdissalyed in dalgenedodeslt ina 39 £ron
wt% polymer P4 solution. [0439]<<Polymer P5: Synthesis of Butyl
eRiorborfene BUNIDT kg ethyl Neotbornene {PENS)Copolynsranged or

< Preparation of PPM%%P?%M&P% [0440]SuNB (4.78g, 0.032 mol),
PENS (25.22g, 0.127 mol),

[0336] As a result, the molecules of the monomer and/or
the reaction product thereof (the polymeric molecules, the
cross-linking chemical structures or the branching chemical
structures) are increased within each of the irradiated regions
925. The chemical structures each derived from the molecules
of the monomer remarkably have the effect on the refractive.
index of each of the irradiated regions 925. Further, the
cleavable groups cleaved (broken) and removed from the main
chains of the molecules of the polymer 915 are reduced within
each of the irradiated regions 925. TFor these reasons, the
refractive index of each of the irradiated regions 925 is
lowered up to the second refractive index which is lower than

the first refractive index.

[0337] On the other hand, since the monomer is diffused
from each of the non-irradiated regions 940 to each of the
irradiated regions 925, an amount of the molecules of the
monomer contained in each of the non-irradiated regions 940 is
lowered. The molecules of the polymer 915 remarkably have the
effect on the refractive index of each of the non-irradiated
regions 940 so that it is increased up to the third refractive

index which is higher than the first refractive index.
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1-hexene (13.6 g, 0.1.6 moll and toluene (170.0 g) were mixed together in
a 500 rEL serum bottle, and then heated at 80C in an oil bath to obtain a -
mixture solution. [0441]Next, Pd1446 (0.0092 g, 6.36 x 10-6 mol) and
DANEABA (0.020 g, 2.54x 10-5 mol) each being in the form of a
[8%@% ntrated solution in dichloromethane were added to the mixture

|

solution. [0442iAtter AdditidfSf the ESncéfitrated soliftions 4R redultihgrence

batxtdes saludoniwas maintainedat 8 C for SQminutestophtaina-a 41 ated
reaction solution. Thereafter, when methanol was dropped into the

LRGN SAltitibhRAgBRsuly stifred & 'cbpdlymerwas précipitatst e fieact ive
1¥eaction sojutien.; %ﬂTh@%Qre%ipit?'t@gd:f)@,oly@ﬁéwaéockcgle%%%px ons 94

filtration and dried in an oven at 60C under a vacuum atmosphere. A
( ettt OP ol Eapolyrnertdfter belnyldricdivas 23.60ay fyield : 799%) . and the

I eight abtained.copolymer was deter inecﬁij .

e A g patons

923)008rand Mrm=28,000. [0445]A composition of the cO00lyther was
determined by H-NNJR to be a. BUNB/PENB (15/85) copolymer. [0446]A

refractive index of this copolymer was measured by a prism cqupling
[a82bQd and degteanineckie bad 5684 insTErBodeand 15654 in IM mogde, .

ataVW?g%?n%gLnggggﬁgtep as the step [LA] is carried out.
[6C] The same step as the step [6A] is carried out.

[7C] The same step as the step [7A] is carried out.

" [B8C] The same step as the step [8A] is carried out.

In this way, the optical waveguide structure 9 of the

present invention is completed.

[0340] In preferred example of such an optical waveguide
structure 9, the core layer 93 contains the norbornene-based
polymer composed of the molecules each including the main chain
and the cleavable groups each branching from the main chain and
having the chemical structure in which at least a part of the
chemical structure can be cleaved and removed from the main
chain. The refractive indexes of the core and cladding portions
94 and 95 are different from each other due to a difference
between the numbers of the cleavable groups, that have not been
cleaved, in the molecules of the norbornene-based polymers
contained therein and a difference between the amounts of the
reactlion products of the molecules of the norbornene-based
polymers contained therein. Further, each of the cladding

layers 91 and 92 is formed of the norbornene-based polymer
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[04473The dried copolymer was dissolved in toluene to result in a 30 wt%
polymer P5 solution. The respective copolymers synthesized in this
way are summarized in the following Table 1. [0448][Table 11 Table 1
P1Ymer Composition ratio Weight average molecular weight 21
hBUN/AC%IENB(?%/ZZ}_MW = 328,@00(? 22 HXNB/AGENB(79/21)

aving e refractive 1ndex lower than that of each of the core

portions 94 of the core layer 93 as the major component thereof.

[0341] The norbornene-based polymer has high transparency.
Therefore, in the optical waveguide structure 9 having such a
structure, the optical waveguide 90 can have a high optical

transmission property.

[0342] Further, according to such a structure, it is
possible to obtain not only high adhesion between the core
portions 94 and the cladding portions 95 but also high adhesion
between the core layer 93 and the cladding layers 91 and 92.
Therefore, even if deformation of the optical waveguide
structure 9 such as bending thereof occur, it is hard to cause
peeling between the core portions 94 and the cladding portions
95 and delamination between the core layer 93 and the cladding
layers 91 and 92, and it is possible to prevent occurrence of
micro-cracks within the core portions 94 and the cladding
portions 95. As a result, the optical transmission property

of the optical waveguide 90 can be maintained.

[0343] In addition, since the norbornene-based polymer
has high heat resistance and hydrophobicity, the optical
waveguide 90 (the optical waveguide structure 9) having such

a structure can have excellent durability.

[0344] Further, since the optical waveguide 90 can have
the high heat resistance and hydrophobicity, it is possible to
reliably form the conductor layers 901 and 902 thereon using

the various kinds of methods described above while preventing
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Mw - 150,000 P3 DeNB/AGENB(77/23) Mw = 45,000 B4
HxNB/diPhNB(46/54) Mw = 86,000 F.5 BUNB/PENB(15/85) Mw = 73,000
-HxXNB: Hexyl norbornene .diPhNB : Diphenyl methyl norbornene methoxy
silane .PENB : Phenyl ethyl norbornene -BuNa : Butyl norbornene -DeNB
n
the ec¥|ort]>%rbto{%%n% E gptl\él_%tz?}_/l Cld L%’[gleeré%rbggg% %eing lowered
(deteriorated). Especially, even 1in the case where the
conductor layers 901 and 902 are formed on the optical waveguide
90 so as to overlap the core portions 94 which are important

portions for transmitting light, alteration or deterioration

of each of the core portions 94 can be prevented.

[0345] Furthermore, according to the above manufacturing
method, it is possible to obtain an optical waveguide structure
9 provided with core portions 94 each having a predetermined
shape and high dimensional accuracy by carrying out an easy

treatment in a short period of time.

[0346] Especially, according to the third manufacturing
method, it is possible to set the refractive index difference
between the core portions 94 and the cladding portions 95 in

a multistep manner.

[0347] <Fourth Manufacturing Method>
Next, a fourth manufacturing method of the optical

wavegulde structure 9 will be described.

[0348] FIGs. 8 to 13 are sectional views schematically
showing one process example of a fourth manufacturing method

of the optical waveguide structure of the present invention.

[0349] Hereinafter, the fourth manufacturing method will
be described by placing emphasis on points differing from the
first to third manufacturing methods, with the same matters

onitted from description.
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[0449]2. Synthesis of Norbornene Monomer <<Bis(norbornene methyl)
acetal (NM2X)>> [0450]Norbornenemethanol(100g,0.81mol),
formaldehyde (-37%)(32.6 g, 0.40 mol) and p-toluenesulfonic acid (0.2 g)
in a catalyst amount were supplied into a flask directly connected to a
Dean Stark trap to obtain a mixture solution. [0451]Thereafter, this mixture
solution was heated at 100C. When reaction progressed, an amount of
[ asterreceivedrindhiotiap was inereasedr Withinahout 3 Bours: tBeme as the
reaction was completed, and then a pure product was collected using
£ VaGtun? distifat G §ield < 707072 896) foub213% Prepatation 6F Vathishs teps
o Each-of yarnishes:VidgM4ianghVodoto Y65 was prepared s fQllgws.he £irst
[0453]<<Preparation of Varnish VI>> HxNH (42.03g, 0.24 mbl) and

L Q%1797 G026 fiohrweee Wefghedsand put into a glass vial to obtain a
monomer solution.

[0351] Namely, as the core layer forming material 900 and
the cladding layer forming material, the same ones as described
in the first to third manufacturing methods can be used,

respectively.

[0352] Hereinafter, descriptionwill be made on a case that
the core layer forming material 900 described in the first

manufacturing method is used.

{0353] [1D] First, the cladding layer forming material (a
first varnish) is appliedonto a supporting substrate 1000 using
the same method as described above, to thereby forma first layer
1110 on the supporting substrate 1000 (see FIG. 8).

As the supporting substrate 1000, the same one as the

supporting substrate 951 can be used.

[0354] An average thickness of the first layer 1110 is not
particularly limited to a specific value, but is preferably in
the range of about 5 to 200 um, more preferably in the range
of about 10 to 100 um, and even more preferably in the range

of about 15 to 65 um.

[0355] [2D] Next, the core layer forming material 900 (a

second varnish) is applied onto the first layer 1110 using the
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[0454]Ciba IRGANOX 1076 produced by Ciba Specialty Chemicals
Corporation (0.5 g) as a phenol-based anti-oxidizing. . agent and Ciba
IRGAFOS 168 produced by Ciba Specialty Chemicals__
Corporation(0.125g)asan organic phosphorus-based anti-oxidizing agent
were added to the monomer solution to obtain a monomer-anti-oxidizin
el ofitan [D4SSIThE TRONBET Bht-Oiciving agent SHIRIGIFCRG), 1 27="
1 Pxi{0A0)2{REYSB)2 §4.982¢/10-410, 6028 % dO-Fmpl i 0.1 ml of methylene
chloride) as a procatalyst, RHODORSILPHOTOINITIATSR 2074
produced by Rhodia Inc. (2.55x 10-3 g, 2.51 x 10-6 mol in 0.1 rriLL of

- [eaeihylene chleride).as a @Q@@@@gﬂ%@%&@g@@@@mtm%%dggglied
l.

to the above copolymer P4 solution (30.0 g) to obtain a varnish ‘
orTHe varfishVIGée dsettaftek bethgdiftered ushwy dfiltsrthavingsrpoté 10 is
- $128:91,0.2 pm. [0456lbereinafier, the following descrintion.will ;o
- occasignally ag[brevi%%_ek "Ci g\BITRGJANOX %LO?% prggu(}ed 63? Ciba ©

Specialty Chemicals Corporation” as "IRCANCX 1076", "Ciba IRGAFOS

| roduced iba Specialty Chemicals Corporation” as "II? AFCS
[al:ggﬂmd "RH£%§I53§IL§E’%| Gﬁ\ﬁ??ATagir?zégﬁsp“ro G by Rhodigd the
sdamhds "RHODORSIL 2074, respectivelyolo4sdi<<Preparaten®fiary face

Varnish V2>> EXNB (16.64 g, 0.093 mo.) and SiX (33.36 g, 0-10 mol)
i Vere Weiiied and Ut mtd™E gRids vial BUbtaME mbRormBPEsiltiorrdnesion

bdQ4REIRGANOXIOTE(0.§9)aspphenol-basetdine core layer 93 in the

obtained optical waveguide 90.

[0358] Further, in this case, a viscosity (at normal
temperature) of each of the first varnish and the second varnish
is preferably set to a range of about 100 to 10,000 cP, more
preferably to a range of about 150 to 5,000 cP, and even more
preferably to a range of about 200 to 3,500 cP. This makes it
possible to prevent the first layer 1110 and the second layer
1120 from being needlessly mixed together in the boundary face
therebetween and to prevent the first layer 1110 and the second

layer 1120 from having unevenness thicknesses.

[0359] In this regard, it is preferred that the viscosity
of the second varnish is higher than that of the first varnish.
This makes it is possible to reliably prevent the first layer
1110 and the second layer 1120 from being needlessly mixed

together in the boundary face therebetween.

[0360] An average thickness of the second layer 1120 is
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anti-oxidizing agent and | R(11AFOS 168 ( 0.125 g) as an organic
phosphorus-based anti-oxidizing agent were added to the monomer
solution to obtain a monomer-anti-oxidizing agent solution. [0459]The
monomer-anti-oxidizing agent solution (2.16 g) , Pd ( OAC )2 (PCY3)2
47 x10-39,1.88x 1076 111.0i in 0.1 mL_of methylene chloride) as a
e ERAL NAODORSIL H074 (76776 8 3 54 31656 Hafin 6 Liat 5F =017
imethylenenchioside) as.a phote aoid genprator ¢ cosatalyst) were added-ange
to the above copolymer P5 solution (30.0 g) to obtain a varnish v2.
OFha @arhistrva %;;Zéséﬂ“afté%iﬁﬁ?ﬂtewﬁsiﬁﬁ%fﬁlfe?kl’ﬂaioirig“a*‘ﬁé)?e range
osizerd @2 pm. {846Q]s:Rrgparation of Varnish V3>> Mesitylene (20
g) , IRGANOX 1076 (0.05 g) as a phenol-based anti-oxidizing agent,
IP.GAPOS 168 (0.0125 g) as an organic phosphorus-based anti-oxidizing
tyand RH R 07 .0 - in0.1 mL of methylene. .
[g?il%%(}:le) as a (gk%%o gé%%g'en%eééto?{(é%éa% né 3 gﬁt)%/)é:r%lan Hodto et (@
tabove copolymier P4 (3og)ltoobtaimta vaneishexj®nd 1aThe varaishi¥3ng the

was used after being filtered ysing a filter haying a pore_size of 0.2 pm,
T o 1 Ve VS =8 # e LA Laver
1idiaraimo biphenyl(6:4i d10:02rmol) 2 @, 2-bis=(374-dicarboxy phenyl)

hexaflugropropane 2-anhydrate (9.44 g, 0.01 not) and pyrcmellitic acid

2-anhydrate (2-18' g, DIGT oty Weré diSSolvediid diméthsl édtantiaener as

t (86.6 &) 40, @btaif aldiquid solution. Thereafter, the liquid solution was
stirred at room temperature for 2 days, . under a nitrogen atmosphere so
that the above .materials were reacted with each other to obtain a varnish

[ Y4geontaining Enozg%@%@%iﬂ PEECHSAr, £ + h_-le_h?n\ﬁav_rﬁisi@@é was gé'efls not

after being filtered using a filter having a pore size of 0.2 um:
P fodeRj<edprebaration bEVaraish Y5 ic vIIMSENB (045 gyeferably in
+IRGANQX 1076_(0 Ql9cg%a§g Bta)%nol-based anti-oxigizin ent

IRGAFOS 168 (%.0023 g) as an Ol’gaHIIE'pr]nOOS%FF]OEr)l}:Se- gg{?%)%%ti-lf§<idtl%ﬁgrange
o dgehard TAG-372R0produced dyeTeyo tnk-Mfg: Edc kbt (9.05rg)@asarange
- ho%)OaQid 1ggne(r_)atgqswere added to the above copolymer P2 solution

?3@ gkjk,' and tﬁen dissolved and mixed together by stirring the same for 2

hours usingrai magaetic stirertorehtain avarnisto¥bli s opkhe varaish

V51 was used after being filtered using a filter having a bore size of 0.2

pm. ,
[0363] {4D]Next,asolventcontainedinthelaminatedbody

2000 is removed (desolvated) therefrom.

Examples of a method of desolvating the solvent include
a method of heating the laminated body 2000, a method of placing
the laminated body 2000 under an atmosphere or reduced pressure
condition or a method of blowing inert gas to the laminated body
ZOOO,andthelike,butjj:ispreferredthatthen@thodofk@ating
the laminated body 2000 is used. By using such a method, it
is possible to desolvate the solvent from the laminated body

2000 relatively easily in a short period of time.
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[0463]Hereinafter, the following description will occasionally abbreviate
"TAG-372R produced by Toyo Ink Mfg. Co., Ltd." as "TAG-372R".
[0464]<<Preparation of Varnish V52>> TESNE (0.9 g), IRGANCX
1076 (0.09 g) as a phenol-based anti-oxidizing auent, IRGAFOS 168
. g) as an organic phosphorus-based anti-oxidizing agent and
DGR DB7 A0 D ar B ol adl GEMBIAF hare aidet 6 ThE D1
iaboue copabmertP2iselutiony30:0 g) and then dissolved-andyaixed in the
together by stirring the same for 2 hours usingamagneticstirrerto obtain a
L 9RHfisK¥/52P24 T 3 FhEYatnish V52 was used after being filtered using a
filter having a pore size of 0.2 pm. [0465]<<PreparaPion of Varnish V53>>
TMSNE (0.3 g), IRGANOX 1076 (0.09 g) as a phenol-based anti-oxidizing
[936Rl IRGAFDIS 168:(0.023 gRas Bf Granic phospticrusibased: the range

nti-0xidiz] -372R (0.3 s a phota acid.generator
Oa%%%ﬂgdgggc?ﬁl?ggggg%%gfyégé Pf%oso u%)gr? 380%80%%,%5% tﬁ?e]r? range of
aldissolved and Aixed togethyer by stirring the same for 2 hours using a
magnetic stirrer to obtain a varnish V33. The varnish V53 was used
after being filtered using a filter having a bore size of 0.2 pm.
[ {3436 <<Preparatipniefégrnisk késd>% the ma s oy )propylamethexy with
silane %SHP‘THS) 02), IRGANOX 107630.09 g) as a phenol-based
ARt ORiiZiNG hgent IRCAEBY T8 (0023 Padar BRjdific 2nd then the

a phosphorusrbased anticexidizing agent and-TAG342R) (393 gkasa-phetor o g

acid generator were added to the above copolymer P2 solution (30.0 g),
Ok theh HissbREEEhE PriXetB g ethe Py BtifiRy Tae kabd foreehblrs 11) -

using a magnetic stirrer to obtain a varnish V54. The varnish V54 was
used after being filtered using a filter having a pore size of 0.2 pm.
[ ¥346/ | <<PrepHkstiontdfevamishi\ys5sadiation 930 is irradiated onto

the laminated body 2000 through the mask 935, the compounds of
the cocatalyst (the first substance) existing within each of
the irradiated regions 925 of the second layer 1120 onto which
the actinic radiation 930 has been irradiated are reacted or
cleaved under the action of the actinic radiation 930 to thereby
extricate (produce) the cations (the protons or the other

positive ions) and the weakly coordinating anions (the WCAs) .

[0368] At this time, the cations or the weakly coordinating
anions change (cleave) the chemical structures of the compounds
of the procatalyst (the second substrate) existing within each
of the irradiated regions 925. As a result, the procatalyst
is brought into the active but latent state (the latent active

state) .

[0369] [6D] Next, the laminated body 2000 is subjected to
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Epoxy silicone ("X-22-169A3", produced by Shin-Etsu Chemical Inc., a
number averagemolecularweight of 1,000) (0.45 g), IRGANOX1076
(0.099g) as aphenol-basedanti-oxidizing agent, IRGAFOS 168 (0.023 g) as
an organic phosphorus-based anti-oxidizing agent and TAG-372R (0.18 g)
. as a phato acid generator_were_added to the above copolymer P2 solution
'“?fo. 6393?[ar% ?haegﬁmgggolfltéaean%lrﬁ?%d Sgethef Sﬁgﬁgfh%)the same for 2
hours asingra maghetic stirrer e obtatn: awarnish V55 act The varrisha tent
V55 was used after being filtered using a filter having a pore size of 0.2
S bitt: Jo4BeTEEPrEparation bf Vanish 1361 2 T IRGANGX% 2076 (6265 gjach

oasaphenal-based anti-oxidizingagent IRGAROS 16841125, %1022d) 8815
an organic phosphorus-based' anti-oxidizing agent and RHODORCIL

| 0507BIOTPEPES A PHGtoERIE GERerateriwERradded ®rtheratsgvel inked) due
+Gopglymer B3 salytian (16.7,0), and then dissolved and mixed together by

stir-ring the same for 2 hours using a magnetic stirrer to obtain a varnish
V56. The varnish 1156 was used after being filtered using a filter

baving a pore size of 0.2 pm. [0469]<<Preparatich of Varnish 1157>>

[ IF?(Z%Q\ICX 10%(?01?059@65 as a %ﬁéﬁo - gs%%nﬁp&?&%iasagoe%tF%E% mer

p 168122506 1@ g} asanarganicplfospherus-basead anti<pxidizing-agentand the
MG-372R %g) as a photo acid generator were added to the above

©RBE6N et P9 Softtion L& 7 g Ghd thER Tissoied BidRiked togétisiby 10

tstigingdhe same foriZ heues using amagnetic stirrer4oahtaina vamishs  the
757. The varnish 757 was used after being filtered using a filter
"RAVINGT pbie STAS6f 02 pnt 104 701<Pépartion 6iarnfsh 788>>and  the

CJJ?\@@YNQ%@-WQ (B05.9)2 phenglbased.anti:oxidizing: e non-irradiated
regions 940 is caused. In order to eliminate the difference,

the monomer contained in each of the non-irradiated regions 940

‘is diffused and assembled to each of the irradiated regions 925.

[0371] As a result, the molecules of the monomer and/or
the reaction product thereof (the polymeric molecules, the
cross—linking chemical structures or the branching chemical
structures) are increased within each of the irradiated regions
925. The chemical structures each derived from the molecules
of the monomer remarkably have the effect on the refractive
index of each of the irradiated regions 925 so that it is lowered
up to the second refractive index lower than the first

refractive index.

[0372] On the other hand, since the monomer is diffused
from each of the non-irradiated regions 940 to each of the

irradiated regions 925, the amount of the molecules of the
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agent and IRGAFOS 168 (1.25 x 10-2 g) as an organic phosphorus-based
anti-oxidizing agent were added to the above copolymer P3 solution (16.7
g), and then dissolved and mixed together by stirring the same for 2 hours

using a magnetic stirrer to obtain a varnish 758. The varnish 758 was
sed after being filtered using a filter having a pore size of 0.2 pm. ,
m 61fﬁig<%?86aa%%gﬁr&r\/gran%hQf59t>k§e no%—lna latedorepglons 940 is

1 @y2bis{trifltoremethy) 4, 4 sdiamine:biphenyt (5 P @t emarkably have the
jgn,:}z-bis(3,4-dic:arbox phenyl.) hexafluoroprooahe (10 % were dissolved

©r1t5 dimBthyt Ateldmice(85"Y) th'bbtain A vAmTEh 959- "¢ FRAB Vhkmientated

r48593vas vsedsaftenbeaingiltered-using filter having a pore size pfQ 2P 1 ve

. [0472]cc:Preparation of Varnish 760>> TMSENB (0.32 g, 1.50 mmol)

LRGSR DB § 528 Membl Wdre Wdighed aRE ptitdits a glass vial to
obtain a monomer solution. [0473]IRCANOX1076(0.5asaphenol-based
anti-oxidizing agent and IRGAFOS 168 (0.125 g) as an organic

[ @Bd3phorus-based dntisoxieizingagért weed added te thermienomer fference

ion t tain_a monamer-anti-oxidizin ent solution. [0474]The .

bécr%&r%o%ﬁe%ﬁn%-o&%%%qgaégegnt solation’ fa t%é? a?nno%n%)%aend!'f “me ﬁgﬁ’yﬁla bed

r&(BCy 921 tetrakis (pentafluerfophenyiy bdrate: (Pd 1404 (9 43X 04 gt i ve

. 6.69 x 10-7 mol in 0.1 m1J of methylene chloride) as a procatalyst were

1144834 to'te abbVRCOpolymér P3 salioht (6.7 )6 obtaina vERishH986. 24

(dbhenaspishoeQywas useckafierbeingfiltered dising=a filkerhaving)a pere the
size of 0.2 pm. [0475]The varnish-V60 was applied onto a glass substrate
cladding portions 95 (corresponding to the irradiated regions

925) are formed (see FIG. 12).

[0374] [7D] Next, the laminated body 2000 is subjected to
the second heat treatment.

By doing so, the procatalyst remaining in each of the
irradiated regions 925 and each of the non-irradiated regions
940 is activated (brought into the active state) directly or
via the activation of the cocatalyst. As a result, the
molecules of the monomer remaining in each of the irradiated

and non-irradiated regions 925 and 940 are reacted.

[0375] In this way, by reacting the molecules of the
monomer remaining in each of the irradiated and non-irradiated
regions 925 and 940, it is possible to stabilize the obtained

core portions 94 and cladding portions 95.

[0376] [8D] Next, the laminated body 2000 is subjected to

the third heat treatment.
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using a doctor blade so as to become a thickness of 70 um, and then the
glass substrate on which the varnish V60 had been applied_ was placed
on a hot plate and heated at 50C for 175 - minutes to form a film. [0476]A
glass transition temperature and a storage elastic modulus of this film
were mre?asured A resl%It of me s]uErement of the glass transition

ra )

temperature Lo Pabie Trth@r, the Storage it mdbhRashich

w200Q baseg on aresultof DMAimeasurenentwWas ¥3 MPas [04771n this-ther -
regard, the measurement of the glass transition temperature (Tg) of the

SHIRY was Tariod otP GSing TMA ¢CTMAS 1200t Lerddiesd By Seikens 95-
instrumerts kag,) inmRull-mede (heating spegd : SG/iminute) Herginafteroy 5 o
the measurements of the glass transition temperature were carried out

O§§iﬁ§&ﬁ§same method. [0478]Further, the measurement of the storage
elastic modulusofthefiimwascarriedoutusinga dynamic-viscoelasticity
measuring equipment ("EXSTARG6000", . produced by Seiko Instruments

[iE7)7 Hereinafte? DtheNmeasureimentsofthe siorage edasticanadults WeIe are
8arrie out ggi@g the same method. g)47§l<<Preparation of VVarnjsh V61"

: g, 1.

FEXNE (0165 0.8972T) Ahd S 1032, 165 Tftiolf Werg® Weigheti s de

9 put intsagltassydalto (@btainker monoR)er solution. .

[0378] This step is carried out in the same manner as in
the step [BA].
In this way, the optical waveguide structure 9 of the

present invention i1s completed.

[0379] According to such a method, after the first heat
treatment is carried out, the core portions 94 can be identified

through a visual observation within the laminated body 2000.

[0380] Further, as the first varnish and the third varnish,
a varnish having the same composition as the second varnish,
that is, a varnish containing the polymer 915, the monomer, the
cocatalyst and the procatalyst may be used. In this case, the
molecules of the monomer are reacted in boundary faces between
the first layer 1110 and the second layer 1120 and between the
third layer 1130 and the second layer 1120 and/or within the
first and third layers 1110 and 1130 beyond the boundary faces.
As a result, it is possible to prevent occurrence of peeling
between the first layer 1110 (the cladding layef 91) and the

second layer 1120 (the core layer 93) and occurrence of peeling
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[0480]IRGANOX1076(0.5g)asa phenol-based anti-oxidizing agent- and
IRGAFOS 168 (0.125 g) as an organic phosphorus-based anti-oxidizing
agent were added to the monomer solution to obta n a
monomer-anti-oxidizing agent solution. [0481]The monomer-anti-oxidizing

_ olution,(a.total amount P? 446 (6.0 x 104.15 x 10-7 mol in 0,1
b%ﬁ%%éﬁhﬁl&n@cﬂ orl%ae)f Gs 2;11 %%g)ca gygt \?ng?edg detl ts'the"a g\?e _and the
seonolyniere2 solufion (67<g)toobtainavarmish.V61. The varnish

V61 was used after being filtered using a filter having a pore size of 0.2

um. [0482]The varnish V61 was applied onto a glass substrate using a

[oetor blade so.as tocbecame:a thickaess, of 80:pmy apddhenthe glassr . +yc
substrate on which the varnish V61 had been applied was placed on a hot

P platesnc? heatet! AEBOCT6r 50 ifbfes and at 18U€ToF 1 Houmd the third
1dgspeatively g form aditm, JO4831P. glass transition {erpper fg}felgfa,%g than

storage elastic modulus of this film were measured. A result o
Cigasiremenpofltiaglassitransition temperatre igishownind able8r 1120,

ther st elastic modulus .at 200C based o ar sult of DMA 1
Oi%asu?e%%n%%gg%eo %3??858 ]O<<b|§re%sa?gti§r?> Sftaeramg%v Sgver 1110
ar8iXt [e81g) 0:0158 teol) Waziwveighedeand pat intothglassndalde aktabraused
ion. 76 (5g) as a phenol-based
fc@oggrgesresgclalflltlc?riig/A'eSE]&F%%@!\lcg elgmogrg‘gs ofpthe procatalyst and
anti-oxidizing
the monomer contained in the first layer 1110 and the third layer
1130 are lower than those of the procatalyst and the monomer

contained in the second layer 1120.

[0382] By doing so, it is possible to prevent generation
of regions each having a refractive index higher than that of
each of the core portions 94 of the core layer 93 within the
cladding layers 91 and 92 even if the actinic radiation 930 is
irradiated on the second layer 1120 through the first and third
layers 1110 and 1130.

[0383] In the case where the core layer forming material
(the second varnish) containing the polymer 915 composed of the
molecules each having the cleavable groups is used, either a
cladding layer forming material (the first varnish or the third
varnish) containing a polymer 915 composed of molecules each
having no cleavable group or a cladding layer forming material
containing the polymer 915 composed of the molecules each having
the cleavable groups, but containing no cleaving agent may be

used.
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agent and IRGAFOS 168 (1.25 g) as an organic phosphorus-based
anti-oxidizing agent were added to the monomer solution to obtain a
monomer-anti-oxidizing agent solution. [0486]The monomer-anti-oxidizing
agent solutiontotal amount) and iRd(PCy3)2H(NOCH3)] tetrakis
(pentafluorophenyl) borate (Pd1147) (3.62 x 10-3 g, 3.15 x 10-6 tool in 0.1
mi of methylene chloride) as a procatalyst were added to the above

[ cealymer P1saluitiond 6.9 g)dombtainiavaraishpteZent thevamishvaple
V62 was used after being filtered using a filter having a pore size of 0.2

9 BT §E48F1TRear sty Vi3 25Was Bppifed onf 4 gFsa SliStraté Tisiniyta main

cHeetos blade-se ag4a begome  thickness of ZQdumgand then the glass
substrate on which the varnish V62 had been applied was placed on a hot

plate and heated at 80C for 20 mdnutes and at 150C for 1 hour.,

gagpertively, 70 form.a film,, [0488}A glass H%Rﬂ@%%&%?%@)ﬁ#é%%@? it is

storage elastic modulus’of this film were measured- A resu
P medgsurement: of thenglass trainsition temipetatireis shewnda Jable8taining
N Frtljcr)@gé,rtggnstggge e asticlmodulus at ZOO%baged ona re\%ﬂt of Dl}{lﬁf1 ,
Measurement was a.wfég]clgre%%?aetlonoof Varmisit v63>57¢ aving
a TESNB {1.0:9,10.939umol) wasueighedansbputinthaglassiviakto.ebtaine at
a monomer solution. [0490]IRGANCX 1076 (59g) as a phenol-based
S BREOXITYIRG HyMAnd REXEOGS 6B (255 §)%san orfanic-s case, when

 pRospherysshasechant-oxidizing-agentavereradded-toithemonomer formed,
solution to obtain a monomer-anti-oxidizing agent solution. [0491]The

t BfonGrRerantiOxiiZifg ageht SBRiEBA@. tétaP  cleaved and reacted

(polymerized) with themolecules of the polymer 915. Thismakes
it possible to improve adhesion between the core layer 93 and
the cladding layer 91 and adhesion between the core layer 93

and the cladding layer 92.

[0386] Examples of such a norbornene-based polymer
include a hexyl norbornene (HxNB) / methyl glycidyl ether

norbornene (AGENB) copolymer and the like.

[0387] Further, in this case, a cocatalyst that is not
activated when the core layer 93 is formed may be used. As such
a cocatalyst, a cocatalyst that does not absorb the actinic
radiation suitable to activate the cocatalyst contained in the
second varnish or a cocatalyst that can be activated under
action of heat instead of the actinic radiation has only to be

selected.

[0388] Examples of such a cocatalyst include a

99



amount) and (Pd(P(iPr)3)2(000CH3) (NOCH3)I tetrakis

(pentafluorophenyl) borate (Pd1206) (4.07 x 10.3 g, 3.90 )< 10-7 mol in
0.1 mL of methylene chloride) as a brocatalyst were added to the above
copolymer P2 solution (30.0 g) to obtain a varnish V63. The varnish

1163 was used after being filtered using, a filter having a pare size f 0.2,

G TOAGHTHE R VS S e it b GlASe Sebutate g 30 - =

tldeetos bladesgso asrie become a #ekness of yO0pm, and thersthe glass 1ike.
substrate on which the varnish V63 had been appl was placed on a hot

plate and heated at 80C for 20 minutes and at 150C for 1 hour,

[ osspectively, ta forana filsy « [0498]A.glass transitign femperature and &-ribed
storage elastic modulus of this film were measured. A result of

alessureRfeRPSFtRE Glasetrafditiohte rRperatore feshsehys Tapléise simple
m&UiThgT, thestorageelastic madulus at 200G based on.a tesult of DMA ¢

measurement was 70 M2a. [0494]<<Preparation of Varnish V64>>
1Si2X 06 §pA 8- mmobavasineighed and pointd & grassavialdoobtamee of

onomer,solution. [0495]IRGANDX1076(Q.5g)asaphenol-based s
© a%%-gggltz}}relgca?g%%tgé)ﬁdt Eﬁéﬁ%% 'fe8 %é%égag?a%arr? uojfg nig '@ to obtain
cphespharuschasedantzoxidizing agent were addedtotheznemersolution
to obtain a monomer-anti-oxidizing agent solution. [0496]The
monomer-anti-oxidizingagent solution (a total amount) and Pd1446 (3.22 x

[d92 g, 2.23 x 20:6 mot jn0. 4 #al-efmethylene shlorde)aseopracatalyst have
were added to the above copolymer P3 solution (30.0 g) to obtain a

PS&ERhish V6237 2N e VAR 7640 waS USSP SR Being fikered Usinglae to
efg%%h%@ngﬁ%p85%§@9‘gé%gﬂgﬁ-electrical circuit). Further, it

is also possible to appropriately wire various elements
regardless of kinds thereof (e.g., positions where terminals
are to be provided). In other words, it is possible tc freely
vary a constitution of the electrical circuit (e.g., the
positions where terminals are to be provided). Such an optical

waveguide structure 9 has a multiplicity of uses.

[0391] In addition, since the optical waveguide structure
9 can have both wirings (the electrical circuit) and core
portions 94 (the optical circuit) each formed in a high density,
it is possible toeffectivelymake a circuit design of an optical
and electrical hybrid circuit and to achieve a high integration

thereof.

[0392] In the present invention, it is possible to widen
design freedom of the optical circuit (the pattern of the

optical waveguide) and the electrical circuit, and to
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[0497]The varnish 1764 was applied onto a glass substrate using a doctor
blade so as to become a thickness of 70 pm, and then the glass substrate
on which the varnish 1764 had been applied was placed on a hot plate
and heated at 80C for 20 minutes and at 150C for 1 hour, respectively, to
form.a film. [0498]A glass transition temperature ang a storage elastic |
" hodulds of tﬁidgﬁflrn(%e%rzécrﬁgagﬁr‘é%gﬁlr Sult 'of InedSarement of ﬁfe?&la%éeld
rHrassitiof iemperadureiis showiiaglable 3s Fuither thesterageglastic in the
modulus at 200C based on a result of DiviA measurement was 82 MPa.
" {GH9GR <Praparatiot B Varfish /6535 TV Dis(RoTHsIMens Metifyly-abd 11ty
aaeetdh MM2X){3.00.9,0.104mal) wasweighed.and jput jntoa glags.viale ., |

to obtain a monomer solution.
tTOBGHTFF?GANO%Y@%{@?S@)Q§&W@a§eG%htb@(iémi?@a@ht@qfariouS
« RGAROS168.(0.123 g) as.an,grganic p@?é%%%f%ﬁzbéseegu%fgﬁ%' 2N the

agent were added to the monomer - solution to obtain a
1 iiehomer-anti-oxidizing agent solution. [0501]The monomer-anti-oxidizing
agent solution (a total amount) and 3d1446 (3.33 x 10-3 g, 2.30 x 10-6
mol in 0.1 m1, of methylene chloride) as a orocatalyst were added to the
[eBesq copolynier 28 solytien: (30.0rg)dosoltaira vamishddbrates TdE1L, 952
varnish V65 was used after being filtered using a filter having aé)ore size
a%?o. g t

Bh. §6502 TR WEish V65 WaL Bppiictiofd 4 giass Subktrhte a1 1 the

first to fourth manufacturing methods, but in the case where
the supporting substrates 951, 952 and 1000 are formed of
conductive materials, they are not removed from the optical
waveguide 90 and may be directly used as the conductor layers

901 and 902.

[0394] Further, if needed, one of or both the cladding

layers 91 and 92 may be omitted.

[0395] Furthermore, it goes without saying that the
forming method of the core layer 93 is not limited to the above

mentioned method.

[039%6] Further, the structure of the optical waveguide 90
is not limited to one described in the FIGs. For example, the
optical waveguide 90 may have a structure including two cladding
layers and a plurality of core layers laminated together and
provided between the cladding layers, a structure including
cladding layers and core layers alternately laminated together,

a structure including a plurality of laminated bodies, in which
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using a doctor blade so as to become a thickness of 70 pm, and then the
glass substrate on which the varnish V65 had been applied was placed on
a hot plate and heated at 80C for 20 minutes and at 150C for 1 hour,
respectively, to form: a film. [0503]A Glass transition emperature and a
storage elastic modulus of this film were measured. A result of

* meastremens of the Glass raSitidn EEmperataeris Siovit i rhibte éayer’s .

1 Enither: dhe stojage elastig madidus ai.200C based on a result of DMA
measurement was 120 MPa. A composition of each of the varnishes

prepared in this way is summarized in the following Tables 2 and 3.

[WﬂTable Z%Iéfeh?e%yaé%'slEBM%%(\%%Q&O?%' reflective surface)

which inclines at about 45° with respect to an optical.path,
that is, a longitudinal direction of the core portion 94 may
be formed in a middle portion thereof. This makes it possible
to inflect a direction of light (transmission light)
transmitted along the core portion 94 by about 90° due. to

reflection of the light on the inclined plane.

[0398] In this case, by appropriately setting a direction
which the inclined plane faces, the optical path of the
transmission light can be changed not only within the core layer
90 (to two-dimensional directions) but also to
three-dimensional directions including a thickness direction

of the optical waveguide 90.

[03399] This inclined plane can be formed by cutting or
removing (deleting) a part of the core portion 94. 1In addition,
a reflective film such as a multilayer optical film, a metal
thin film (e.g., an aluminum vapor deposition film) or the like
or a reflective enhanced film may be formed on the inclined

plane.

[0400] Although the optical waveguide and the optical
waveguide structure according to the present invention have
been described above based on the embodiments illustrated in
the drawings, the present invention is not limited thereto. '

individual components constituting the optical waveguide and
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linker (Wt.) photo acid - generator (RorTt) (Wt.) class transition
temperature (C) VS1 P1 (9g) IMSENB

the optical waveguide structure may be replaced by other
arbitrary components that can exhibit similar functions.
Further, arbitrary components may be added to the optical

waveguide and the optical wavegulde structure.

EXAMPLES

[0401] Next, description will be made on a hnumber of
concrete examples of the present invention.

The following description will occasionally abbreviate
hexyl norbornene (CAS 22094-83-3) as “HxNB”, diphenyl methyl -
norbornenemethoxysilane(CASB76634—34—3)as“diPhNB”,phenyl
ethyl norbornene  (CAS 29415-09-6) as “PENB”, butyl norbornene
(CAS 22094-81~-1) as “BuNB”, decyl norbornene (CAS 22094-85-5)
as "DeNB”, benzyl norbornene (CAS 265989-73-9) as “BzNB”,
methyl glycidyl ether norbornene (CAS 3188-75-8) as “AGENB”,
norbornenyl ethyl trimethoxy silane (CAS 68245-19-2) as
“TMSENB”, triethoxy silyl norbornene (CAS 18401-43-9)' as
“TESNB”, trimethoxy silyl norbornene (CAS 7538-46~7) as “TMSNB”,
dimethyl bis(norbornene methoxy) silane (CAS 376609~87-9) as
“SiX”,and141,3,3—tetramethyl—l,3—bis[2~(5—norbornene*2—yl)

ethyl] disiloxane (CAS 198570-39-7) as “SiX”, respectively.

[0402] 1. Synthesis of polymer and Preparation of polymer
solution
Polymers Pl to P5 were synthesized, and polymer solutions
each containing one of the polymers Pl to P5 was prepared.
<<Polymer Pl: Synthesis of Butyl Norbornene (BuNB) /
Methyl Glycidyl Ether Norbornene (AGENB) copolymer and

Preparation of Polymer Pl Solution>>
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(0.45a) TESNB (0.9g) P (0.05giL R (0.09g) Incapable measurement
Incapable measurement V52 P2 9)

[0403] BuNB (10.52 g, 0.07 mol), AGENB (5.41 g, 0.03 mol)
and toluene (58.0 g) were mixed together in a serum bottle, and
then the same was heated at 80°C in anoil bath to obtain amixture

solution.

[0404] Next, a toluene solution (5 g) containing
Uf—toluene)Ni(CgFﬂg (0.69 g, 0.0014 mol) was added to the

mixture solution.

[0405] After addition of the toluene solution, the
resulting mixture solution was maintained at room temperature
for 4 hours to obtain a reaction solution. Thereafter, a
toluene solution (87.0 g) was added to the reaction solution.
When methanol was dropped into the reaction solution vigorously

stirred, a copolymer was precipitated in the reaction solution.

[0406] The precipitated copolymer was collected by
filtrationanddried in an oven at 60°C under a vacuum atmosphere.
A welght of the copolymer after being dried was 12.74 g (yield :

80%) .

[G407] A molecular weight of the obtained copolymer was
determined using a GPC method (a gel permeation chromatography
method) in a THF solvent (polystyrene standard) to be Mw =
320,000 and Mn = 130,000.

[0408] A composition of the copolymer was determined by

'H-NMR to be a BuNB/AGENB (78/22) copolymer.
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V53 P2 (9a) TMSNE (0.3a) Pincapable (0.36 g)measurement V54 Pz
(99) y-GPS

[0409] A refractive index of this copolymer was measured
by a prism coupling method and determined to be 1.5162 in TE

mode and 1.5157 in TM mode at a wavelength of 633 nm.

[0410] The dried copolymer was dissolved in toluene to

result in a 30 wt% polymer Pl solution.

[0411] <<Polymer P2: Synthesis of Hexyl Norbornene (HxNB)
/ Methyl Glycidyl Ether Norbornene (AGENB) copolymer and

Preparation of Polymer P2 Solution>>

[0412] HxNB (12.48 g, 0.07 mol), AGENB (5.41 g, 0.03 mol)
and toluene (58.0 g) were mixed together in a serum bottle
provided in a drybox, and then the same was stirred at 80°C in

an oil bath to obtain a mixture solution.

[0413] Next, a toluene solution (5 g) containing
(n°~toluene)Ni(CeFs), (0.69 g, 0.0014 mol) was added to the

mixture solution.

[0414] After addition of the toluene solution, the
resulting mixture solution was maintained at room temperature
for 4 hours to obtain a reaction solution. Thereafter, a
toluene solution (87.0 g) was added to the reaction solution.
When methanol was dropped into the reaction scolution vigorously

stirred, a copolymer was precipitated in the reaction solution.

[0415] The precipitated copolymer was collected by
filtrationanddried in an oven at 60°C under a vacuum atmosphere.

A weight of the copolymer after being driedwas 13.78 g (yield :
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(0.2Cl) TIncapable (0.02 g)measurement V55 P2 (9g) Silicone epoxy
resin (0.45g) T (0.189g) Incapable measurement

A molecular weight of the obtained copolymer was

[0416]
(polystyrene

determined using a GPC method in a THF solvent

standard) to be Mw = 150,000 and Mn = 76,000.

[0417] A composition of the copolymer was determined by

'"H-NMR to be a HxNB/AGENB (79/21) copolymer.

[0418] A refractive index of this copolymer was measured

by a prism coupling method and determined to be 1.5159 in TE

mode and 1.5153 in TM mode at a wavelength of 633 nm.

[0419] The dried copolymer was dissolved in toluene to

result in a 30 wt% polymer P2 solution.

<<Polymer P3: Synthesis of Decyl Norbornene (DeNB)

[0420]
(AGENB) copolymer and

/ Methyl Glycidyl Ether Norbornene

Preparation of Polymer P3 Solution>>

[0421] DeNB (16.4 g, 0.07 mol), AGENB (5.41 g, 0.03 mol)
and toluene (58.0 g) were mixed together in a serum bottle

provided in a drybox, and then the same was stirred at 80°C in

an o0il bath to obtain a mixture solution.

containing

[0422] Next, a toluene solution (5 a)
was added to the

(n°-toluene)Ni(CgFs), (0.69 g, 0.0014 mol)

mixture solution.

[0423] After addition of the toluene solution, the
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V56 P35g) No addition R (0.1q) Incapable measurement V57 p3 59)
No addition T (0.19)

resulting mixture solution was maintained at room temperature
for 4 hours to obtain a reaction solution. Thereafter, a
toluene solution (87.0 g) was added to the reaction solution.
Thereafter, when methanol was dropped into the reaction
solution vigorously stirred, a copolymer was precipitated in

the reaction solution.

[0424] The precipitated copolymer was collected by
filtration anddried in an oven at 60°C under a vacuum atmosphere.
A weight of the copolymer after being driedwas 17.00 g (yield :
87%) .

[0425] A molecular weight of the obtained copolymer was
determined using a GPC method in a THF solvent (polystyrene

standard; to be Mw = 45,000 and Mn = 26,000.

[0426] A composition of the copolymer was determined by

'"H-NMR to be a DeNB/AGENB (77/23) copolymer.

[0427] A refractive index of this copolymer was measured
by a prism coupling method and determined to be 1.5153 in TE

mode and 1.5151 in TM mode at a wavelength of 633 nm.

[0428] The dried copolymer was dissolved 1n toluene to

result in a 30 wt% polymer P3 solution.
[0429] <<Polymer P4: Synthesis of Hexyl Norbornene (HxNB)

/ Diphenyl methyl Norbornene Methoxy Silane (diPhNB) copolymer

and Preparation of Polymer P4 Solution>>
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Incapable measurement V58 P3(5g) No addHtion No addition 97 t:
R indicates that Rhpdorsii 2074 was used, and T indicates that TAG-372R
was used. .TMSENBNorbornenyl ethyl trimbthoxy silane 'TESNE :

Triethoxy silyl norbornene -TMSNB : Trimethoxy silyi norbornene .y-GPS :

- idoxy propyl trimethoxy silan
rgagqdoxy RroRyl imethoxy SiIaNe, 1), diphus (16.1 49, 0.050 mol),
l-hexene (2.95 g, 0.035 mol) and toluene (142 g) were welghed,
mixed together in a 250 mL serum bottle, and then heated at 80°C

in an oil bath to obtain a mixture solution.

[0431] Next, [P ({PCy3) 2 (0CCH3) (NCCH3) ] ~tetrakis
(pentafluorophenyl) borate (hereinafter, simplified to as
“Pd1446”) (5.8 x 1077 g, 4.0 x 10™° mol) and N,N-dimethyl
anilinium tetrakis (pentafluorophenyl) borate (hereinafter,
simplified to as “DANFABA”) (3.2x 107° g, 4.0x 107° mol) were

added to the mixture solution.

[0432] In this regard, at this time, a ratio of the above
monomers/Pd1446/DANFABA was 25,000/1/1.

[0433] Next, the mixture solution was maintained at 80°C
for 7h to obtain a reaction solution, and then 20 mL of
acetonitrile was added to the reaction solution to quench
activity of the Pd catalyst. When methanol was dropped into
the reaction solution, a copolymer was precipitated in the

reaction solution.

[0434] The precipitated copolymer was collected by
filtrationanddriedin an oven at 60°C under a vacuum atmosphere.
A weight of the copolymer after being dried was 19.8 g (yield :

79%) .

[0435] A molecular weight of the obtained copolymer was
determined using a GPC method in a THF solvent (polystyrene

standard) to be Mw = 86,000 and Mn = 21,000.
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[0505][Table 31 Table 3 Varnl, Polymer ;Wt.) )J40noner Procatal s Wt.
(m01) Glass ransition LemperaLare ;DM

[0436] A composition of the copolymer was determined by

'H-NMR to be a HxNB/diPhNB (46/54) copolymer.

[0437] A refractive index of this copolymer was measured
by a prism coupling method and determined to be 1.556% in TE

mode and 1.5556 in TM mode at a wavelength of 633 nm.

[0438] The dried copolymer was dissolved in toluene to

result in a 30 wt% polymer P4 solution.

[0439] <<Polymer P5: Synthesis of Butyl Norbornene (BulNB)
/ Phenyl ethyl Norbornene (PENB) copolymer and Preparation of

Polymer P5 Solution>>

[0440] BuNB (4.78 g, 0.032mol), PENB (25.224g, 0.127 mol),
l-hexene (13.36 g, 0.16 mol) and toluene (170.0 g) were mixed
together in a 500 mlL serum bottle, and then heated at 80°C in

an oil bath to obtain a mixture solution.

[0441] Next, Pd1446 (0.0092 g, 6.36 x 107°mol) and DANFABA
(0.020qg, 2.54%x 107° mol) eachbeing in the form of a concentrated

solution indichloromethane were added to the mixture solution.

[0442] After addition of the concentrated solutions, the
resultingmixture solution was maintained at 80°C for 50 minutes
to obtain a reaction solution. Thereafter, when methanol was
dropped into the reaction solution vigorously stirred, a

copolymer was precipitated in the reaction solution.
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alas 1L modulus (mPa) Men 1 (mall) Mon 2 (747414)

[0443] The ©precipitated copolymer was collected by

filtration and dried in an oven at 60°C under a vacuum atmosphere.

A weight of the copolymer after being dried was 23.60 g (yield :

79%) .
[0444] A molecular weight of the obtained copolymer was
determined using a GPC method in a THF solvent (polystyrene

= 73,000 and Mn = 28,000.

standard) to be Mw =

[0445] A composition of the copolymer was determined by

!H-NMR to be a BuNB/PENB (15/85) copolymer.

[0446] A refractive index of this copolymer was measured
by a prism coupling method and determined to be 1.5684 in TE

mode and 1.5657 in TM mode at a wavelength of 633nm.

[0447] The dried copolymer was dissclved in toluene to

result in a 30 wt% polymer P5 solution.

The respective copolymers synthesized in this way are

4
AN

summarized in the following Table
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P3 (2g) V6C TMSEEPSIX (74)(26) 0.48p Pd1401 9.37x10-4g
(6.59x10vno!) 180 Vel. P2 (2g;

[C448] [Table 1]
Table 1
Polymer Composition ratio o
Welght average molecular weight
b1 BuNB/AGENB (78/22)
Mw = 320,000
po HxNB/AGENB (79/21)
Mw = 150,000
b3 DeNB/AGENB (77/23)
Mw = 45,000
o4 HxNB/diPhNB(46/54)
Mw = 86,000
95' BuNB/PENB (15/85)
Mw = 73,000

-HxNB: Hexyl norbornene

+diPhNB : Diphenyl methyl norbornene methoxy silane
*PENB : Phenyl ethyl norbornene

-BuNB : Butyl norbornene

-DeNB : Decyl norbornene

*AGENB : Methyl glycidyl ether norbornene

[0449] 2. Synthesis of Norbornene Monomer

<<Bis(norbornene methyl) acetal (NMX)>>

[0450] Norbornene methanol (100 g, 0.81 mol),
formaldehyde (~37%) (32.6 g, 0.40 mol) and p-toluenesulfonic
acid (0.2 g) in a catalyst amount were supplied into a flask
directly connected to a Dean Stark trap to cobtain a mixture

solution.

[C451] Thereafter, this mixture solution was heated at
100°C. When reaction progressed, an amount of water received
in the trap was increased. Within about 3 hours, the reaction

was completed, and then a pure product was collected using
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Ext4B (46) SiX (541 0.48g Pd1446 6.0.10-4q (4.15x10-7mal 210 BC
)162 P1 (9g) SiX

vacuum distillation (yield : 70 to 72.8%).

[0452] 3. Preparation of Varnish
Fach of varnishes V1 to V4 and V51 to V65 was prepared

as follows.

[0453] <<Preparation of Varnish V1>>
HxNB (42.03 g, 0.24 mol) and SiX (7.97 g, 0.026 mol) were

weighed and put into a glass vial to obtain a monomer solution.

[0454] Ciba IRGANOX 1076 produced by Ciba Specialty
Chemicals Corporation (0.5 g) as a phenol-based anti-oxidizing.
agent and Ciba TRGAFOS 168 produced by Ciba Specialty Chemicals
Corporation (0.125g) as an organic phosphorus-based
anti-oxidizing agent were added to the monomer scolution to

obtain a monomer-anti-oxidizing agent solution.

[0455] The monomer—anti-oxidizing agent solution (3.0 qg),
PA(OAC), (PCy3), (4.93 x 107" g, 6.28 x 1077 mol in 0.1 mL of
methylene chloride) as a procatalyst, RHODORSIL PHOTOINITIATOR
2074 produced by Rhodia Inc. (2.55x 107 g, 2.51 x 107° mol in
0.1 mL of methylene chloride) as a photo acid generator (a
cocatalyst) were added to the above copolymer P4 solution (30.0
g) to obtain a varnish V1.

The varnish V1l was used afterbeing filteredusinga filter

having a pore size of 0.2 pm.

[0456] Hereinafter, the following description will
occasionally abbreviate “Ciba IRGANOX 1076 produced by Ciba

Specialty Chemicals Corporation” as “IRGANOX 1076”7, “Ciba
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(100) No addiv.ion 4.8y Pd1147 3.62x10-3p (3.15x10-6 mel) 2440 57
VC) P2 (9g) TESN3 (100)

IRGAFOS 168 produced by Ciba Specialty Chemicals Corporation”
as “IRGAFOS 168” and “RHODORSIL PHOTOINITIATOR 2074 produced
by Rhodia Inc.” as “RHODORSIL 2074”, respectively.

[0457] <<Preparation of Varnish V2>>
HxNB (16.64 g, 0.093 mol) and SiX (33.36 g, 0.110 mol)
were weighed and put into a glass vial to obtain a monomer

solution.

[0458] IRGANOX 107¢ (0.5 g) as a phenol-based
anti-oxidizing agent and IRGAFOS 168 (0.125 g) as an organic
phosphorus-based anti-oxidizing agent were added to the monomer

solution to obtain a monomer-anti-oxidizing agent solution.

[0459] The monomer-anti-oxidizing agent solution (2.16 g),
Pd (OAC), (PCy3), (1.47 x 1077 g, 1.88 x 107° mol in 0.1 mL of
methylene chloride) as a procatalyst, RHODORSIL 2074 (7.67 x
1072 g, 7.54 x 107 mol in 0.1 mL of methylene chloride) as a
photo acid generator (a cocatalyst) were added to the above
copolymer P5 sclution (30.0 g) to obtain a varnish V2.

The varnish V2 was used after being filteredusinga filter

having a pore size of 0.2 um.

[0460] <<Preparation of Varnish V3>>

Mesitylene (20 g), IRGANOX 1076 (0.05 g) as a phenol-based
anti-oxidizing agent, IRGAFOS 168 (0.0125 g) as an organic
phosphorus-based anti-oxidizing agent and RHODORSIL 2074 (4.0
xloﬂqginO.lrﬂgofn@thylenechloride)aseaphotoacidgenerator
(a cleaving agent) were added to the above copolymer P4 (5 g)

to obtain a varnish V3.
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S1244 (100) No addiLic4

The varnish V3 was used after being filteredusinga filter

having a pore size of 0.2 um.

[0461] <<Preparation of Varnish Vi4>>

2,2’ -bis(trifluocromethyl)-4,4’ ~diamino biphenyl (6.4 g,
0.02 mol), 2,2-bis(3,4-dicarboxy phenyl) hexafluoropropane
2-anhydrate (4.44 g, 0.01 mol) and pyromellitic acid
2-anhydrate (2.18 g, 0.01 mol) were dissolved into dimethyl
acetamide (86.6 g) to obtain a liquid solution. Thereafter,
the liquid solution was stirred at room temperature for 2 days
under a nitrogen atmosphere so that the above materials were
reacted with each other to obtain a varnish V4 containing a
polyimid resin precursor.

The varnish V4 was used after being filteredusinga filter

having a pore size of 0.2 um.

[0462] <<Preparation of Varnish V51>>

TMSENB (0.45 g), IRGANOX 1076 (0.09 g) as a phenol-based
anti-oxidizing agent, IRGAFOS 168 (0.023 g) as an organic
phosphorus-based anti-oxidizing agent and TAG-372R produced by
Toyo Ink Mfg. Co., Ltd. (0.05 g) as a photo acid generator were
added to the above copolymer P2 solution (30.0 g), and then
dissolved and mixed together by stirring the same for 2 hours
using a magnetic stirrer to obtain a varnish V51.

The varnish V51 was used after being filtered using a

filter having a pore size of 0.2 um.

[0463] Hereinafter, the following description will
occasionally abbreviate “"TAG-372R produced by Toyo Ink Mfg. Co.,
Ltd.” as “TAG-372R".
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2.16g: 2d1446 3.22x103cr. .23x10-60l 230 82 V65 P3 (9g) NM2X (100)
No adciiti.,en 3.00 g

[0464] <<Preparation-of Varnish V52>>

TESNB (0.9 g), IRGANOX 1076 (0.09 g) as a phenol-based
anti-oxidizing agent, IRGAFOS 168 (0.023 g) as an organic
phosphorus-based anti-oxidizing agent and RHODORSIL 2074 (0.09
g) as a photo acid generator were added to the above copolymer
P2 solution (30.0 g), and then dissolved and mixed together by
stirring the same for 2 hours using a magnetic stirrer to obtain
a varnish V52,

The varnish V52 wés used after being filtered using a

filter having a pore size of 0.2 um.

[0465] <<Preparation of Varnish V53>>

TMSNB (0.3 g), IRGANOX 1076 (0.09 g) as a phenol-based
anti-oxidizing agent, IRGAFOS 168 (0.023 g) as an organic
phosphorus-based anti-oxidizing agent and TAG-372R (0.36 g) as
a photo acid generator were added to the above copolymer P2
solution (30.0 g), and then dissoclved and mixed together by
stirring the same for 2 hours using a magnetic stirrer to obtain
a varnish v53.

The varnish V53 was used after being filtered using a

filter having a pore size of 0.2 um.

[0466] <<Preparation of Varnish V54>>

3-glycidoxy propyl trimethoxy silane (GPTMS) (0.2 g),
IRGANOX 1076 (0.09 g) as a phenol-based anti-oxidizing agent,
IRGAFOS 168 (0.023 g) as an organic phosphorus-based
anti-oxidizing agent and TAG-372R (0.02 g) as a photo acid
generator were added to the above copolymer P2 solution (30.0

g), and then dissolved and mixed together by stirring the same
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Pd1446 3.33x10-1c 20 250120 'HXNE.Hexyl norbornene 'TMSENB :
Norbornenyl ethyl trimethoxy silane *TESND : Triethoxy silyi norbornene :
Dimethyl bis(norbornene methoxy) silane Si2X :
1,1,3,3-tecramethyl-1,3-bis[2-(5-norborne ethyll disiloxane .14712X. :
His(norbornene methyl) acetal [0506]4. Manufacture of Optical .
el e N acie AN EUBaoR bf ThE Sane 04T, fadRade >
of Dptnoad Wavequide Structure [06Q4]Inseachrofiibe folloming Exazlessti ng a

tol4 and ,
filter having a pore size of 0.2 um.

[0467] <<Preparation of Varnish V55>>

Epoxy silicone (“X-22-169AS”, produced by Shin-Etsu
Chemical Inc., a number average molecular weight of 1,000) (0.45
g), IRGANOX 1076 {(0.09 g) as a phencl-based anti-oxidizing agent,
IRGAFOS 168 (0.023 g) as an organic phosphorus-based
anti-oxidizing agent and TAG-372R (0.18 g) as a photo acid
generator were added to the above copolymer P2 solution (30.0
g), and then dissolved and mixed together by stirring the same
for 2 hours using a magnetic stirrer to obtain a varnish V55.

The varnish V55 was used after being filtered using a

filter having a pore size of 0.2 um.

[0468] <<Preparation of Varnish V536>>

IRGENOX 1076 (0.05 g) as a phenol-based anti-oxidizing
agent, IRGAFOS 168 (1.25 XIO‘2g)aszﬂ}organicphosphorus—based
anti-oxidizing agent and RHODORSIL 2074 (0.1 g) as a photo acid
generator were added to the above copolymer P3 solution (16.7
g}, and then dissoclved and mixed together by stirring the same
for 2 hours using a magnetic stirrer to obtain a varnish V56.

The varnish V56 was used after being filtered using a

filter having a pore size of 0.2 um.

[0469] <<Preparation of Varnish V57>>
IRGANOX 1076 (0.05 g) as a phenol-based anti-oxidizing
agent,IRGAFOSl68(1.25><104§ﬁ as an organic phosphorus-based

anti-oxidizing agent and TAG-372R (0.1 g) as a photo acid
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Comparative Example, 10 optical waveguide structures were
manufactured. Each of the optical wavecuide structures was
manufactured as follows. [0508](Example 1) First, the varnish 751 as
a cladding layer forming material was applied onto a glass substrate
having[[a thickness of 4 inches, and then spread_so as togecome an

I HlmoSE GriiféiT thickRess ling'a doctor blade (b5B8jNext, tie glass™ (*°-
g substrateramwhichsthenarnistu7s1 had beenapplied was plaged gnta Bot ame

plate and heated at 5000 for 15 minutes to form a film, and then an
£ Qiftrdviohet ray Wds Frad A esH 6ritd Thé Filrh TRind anExtralRigh pregsure” Vo /-

mercufy, lamp withoyt aphofo-mask(exposure dose, 3,000 TYEMZ, using a
wavelength : 365 nm). [0510]Thereatfter,. the film was cured at 100C for

f1Bminutes and at 160Cfos 14vour freSpéctively, using a clean oven to
form a lower cladding layer. [0511]Next, the varnish 71 as a core layer
forming material was applied onto a.surface of the cured lower cladding

[ ddysr] and thern spreacdch sa asdo be€omeanialmost gmiform thickness using

doctor blade. [0512]Next, th bstrat hich the varnish 71 .
Rt eh Appied Wak MGG of o Ry ot A1 hEGHBATAL B0 for Tor 29

adBinytes:se thatrasselyent caygained.in the varnish?VI was vapOred todeganic
a solid film substantially dried.

phosphorus-based anti-oxidizing agent were added to the above

copolymer P3 solution (16.7 g), and then dissolved and mixed

together by stirring the same for 2 hours using a magnetic

stirrer to obtain a varnish V58.

The varnish V58 was used after being filtered using a

filter having a pore size of 0.2 um.

[0471] <<Preparation of Varnish V59>>

2,2 -bis(trifluoromethyl) 4,4’ -diamino biphenyl (5 g)
and 2,2-bis(3,4-dicarboxy phenyl) hexafluoropropane (10 g)
were dissolved into dimethyl acetamide (85 g) to obtain a
varnish V59.

The varnish V59 was used after being filtered using a

filter having a pore size of 0.2 um.

[0472] <<Preparation of Varnish V60>>
TMSENB (0.32 g, 1.50 mmol) and SiX (0.16 g, 0.525 mmol)
were weighed and put into a glass vial to obtain a monomer

solution.

[0473] TRGANOX 1076 (0.5 a) as a phenol-based
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[0513]Thereatfter, an ultrOvioiet ray was irradiated onto the solid film
through a photo-mask (exposure dose : 3,300 mJ/cm2, wavelength : 365
nm) , and then the solid film was heated at 45C for 30 minutes using a hot
plate. At this time, linear patterns which would become core portions

peared within the solid film. [0 , solid film_was further _
aﬁeéte%%ﬁ%qglégﬁ o%%enna%t ga¢ fo?r%%l\l}n%n)gutgée Gnd‘at !12%)@ or60 Mingted "+«
prespeictively -sa that i nas-cised o theyehy-ebtain accuredlayer efithecnomer
varnish V1 (a core layer) including linear core portions. [0515]Next, an
S Gpper-diddingIayérwas fored6 e doredayérising tHedvarhishodst 1 on -
as a cladding layer forming material it the same manner as in the lower
cladding laver. In this way, an optical waveguide having a linear shape
[9Ad 4lwidth of U5 &RpIdeS et o0 eAvwas cistaiied o the glads total

astbsirate. [0516)1n this regard, itis noted that in the Lgez? optical, .,y ;¢
wavegnide, an average thickness of the core layer was pm (a width of
(easlt of theocorehpartions wasaBE phi)land Bn averagethickiess of eaeh: 107

29 th r cladding layer and the lowe ((:_:gadding layer was 50 pm.

TR The opheaT W LACIG W péclet oft RoRiREcsldes. ne e added

t subbktratey @nel thegnodopper lagerso(tandactor dayerg) eashdravdngan varnish
erage thickness of 45 pm were bonded to both surfaces of the optical

waveguide using a roll laminating method to thereby obtain an optical
waveguige steucturen [OFI8]xampled aftkirstothenarnishAb28S 8sing a
cladding layer forming material was applied onto a silicon wafer substrate,

T 2hE%Fe &5l So RS 16 baddie &h Almbstfiniform thickness using a
doctor blade.

[0475] The varnish V60 was applied onto a glass substrate
using a doctor blade so as to become a thickness of 70 um, and
then the glass substrate on which the wvarnish V60 had been
applied was placed on a hot plate and heated at 50°C for 15

minutes to form a film.

[0476] A glass transition temperature and a storage
elastic modulus of this film were measured. A result of
measurement of the glass transition temperature is shown in
Table 3. Further, the storage elastic modulus at 200°C based

on a result of DMA measurement was 73 MPa.

[0477] In this regard, the measurement of the glass
transition temperature (Tg) of the film was carried out using
TMA (“"TMA/SS120C”, produced by Seiko Instruments Inc.) in pull
mode (heating speed : 5°C / minute). Hereinafter, the

measurements of the glass transition temperature were carried
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[0519]Next, the silicon wafer substrate on which the varnish V52 had been
applied was placed on a hot plate and heated at 50C for 15 minutes to
form a film, and then an ultraviolet ray was irradiated onto the film using
an extra-high pressure mercury lamp without a photo-mask (exposure
08'83?3:1 SOQCRaVoimZéwanl%lgth : 365 nm) . [0520]Thereatfter, the film
was ei'ﬁgd at 150C for 1 hour using a clean oven to form a lower
cladding layer. [0521]Next, the varnish V4 containing the polyiraid resin
[§recursor as a core layer forming material was applied onto the lower

alfliing layer Uiy & bar E6&ter Hhid theh Helatéth at B50C FG P RGP 125t 1e

m&SiNgAN ovel undera nitrogenatmasphere to.ebtainsa corglaver.ysing  a
[0522]Next, an aluminum layer having a thickness of 0.3 pm and serving

d ¥8 A aEsK 1&fet stasfotmetbnthe Tore e rdepssiting @QIERMTAR 60007,

pingreaano. Then, & psitive type photparesisidiazonaphtheguinone-payerak. 1,
resign based photo-resist, "OFPR-800 (product name) ", produced by

nFpkys Srkatkogyo Cue, lstdoy was applied iontoddel aluminamelayer usimg out

L &;SPin coating rrrpaeth%dtgooigrm a photo-resist layer, and then the
pﬁo?o-rbssﬂa?e? was prebaked at about 95C. [0523]Next, a photo-mask
(made of Ti) for forming linear core portions was placed on the

[ ggggo-resist laver, and then an ultraviglet ray was irradiated onto the
Y

Diresist Iaf/érp thr&agiT the phdto-mas sing Ah'exira-high pressure
mercunklampoTheregfter, dhe pheto-resist layer wasxevelopedusinga were
developing solution for the positive type resist (tetramethyl ammonium

Ry AFoXidé Y retus Sdlat PEMAH)L 2NNID -3 product Asmeyrs pré@dedion -
by Tokyo Ohka Kogyo Co., Ltd. ) to obtain a patterned photo-resist layer. -

[0480] IRGANOX 1076 (0.5 g) as a phenol-based
anti-oxidizing agent and IRGAFOS 168 (0.125 g) as an organic
phosphorus-pased anti-oxidizing agent were added to the monomer

solution to obtain a monomer-anti-oxidizing agent solution.

[0481] The monomer-anti-oxidizing agent solution (a total
amount) and Pd1446 (6.0 x 10™% g, 4.15 x 107" mol in 0.1 mL of
methylene chloride) as a procatalyst were added to the above
copolymer P2 solution (6.7 g) to obtain a varnish Vél.

The varnish V6l was used after being filtered using a

filter having a pore size of 0.2 um.

[0482] The varnish V6l was applied onto a glass substrate
using a doctor blade so as to become a thickness of 70 um, and
then the glass substrate on which the wvarnish V61 had been
applied was placed on a hot plate and heated at 80°C for 20

minutes and at 150°C for 1 hour, respectively, to form a film.



[0524]The patterned photo-resist layer was postbaked at 135C. Next, the
aluminum layer was processed by a wet etching method so as to have a
pattern corresponding to that of the patterned photo-resist layer.
[0525]Next, the core layer was patterned by a dry etching method using
the patterned aluminum layer as a mask. [0526]Next, the patterned
aluminum layer was removed from the patterned core layer to thereby

[ Ob&din linear chrequostians & ran sHin this regard dtris 4o be nated that eachrage

f the core portions had a width of 50 pm and a height (an average
© ﬁi%&ﬁecssﬁ‘%pf? gﬁm?{éSfﬂN@xﬂfH@\/a‘Fﬁ%ﬁ 78538 W addding Larsiu Lt of

méersningrmateriskwas applied Fom-an ypperside of the-gbtained o1& own in
portions and an upper cladding layer was formed in the same manner as

Tar e fowef Efatame layBE 1R tRBAVEY S Ehticalnrsiegurie haviig & pased
ofingar-shape and apwidth,of 0.5.cmand g lengghof 10 cm was obtained on

the silicon wafer substrate. [0528]In this regard, it is to be noted that in
the obtained optical waveguide, an average thickness of each of the

1L.9Per cladding layer and.the lower, cladding | was 50 pm.
{%615%219 Next, th@egogp];[iggﬁwg\gégﬁlldg Waﬁgaﬁ:é}eﬁé? o%\éf?%rﬁ the silicon wafer
substrétes arfd then cOppeariayers. (conductarilayers) @achchavingan a glass
, 8verage t i%kn.ess of 45 um were bonded to both surfaces of the optical
Waveguide using aroft arRiNating Methbdto thereby obtain an optical

waveguide structure.

[0485] TRGANOX 1076 (5 g) as a phenol-based anti-oxidizing
agent and IRGAFOS 168 (1.25 g) as an organic phosphorus-based
anti-oxidizing agent were added to the monomer solution to

obtain a monomer-anti-oxidizing agent solution.

[0488] The monomer—-anti-oxidizing agent solution (atotal
amount) and [Pd(PCysz)2H(NCCH;) ] tetrakis (pentafluorophenyl)
borate (Pd1147) (3.62 x 107 g, 3.15 x 107® mol in 0.1 mL of
methylene chloride) as a procatalyst were added to the above
copolymer Pl solution (30.0 g) to obtain a varnish Vé2.

The varnish V62 was used after being filtered using a

filter having a pore size of 0.2 um.

[0487] The varnish V62 was applied onto a glass substrate
using a doctor blade so as to become a thickness of 70 um, and
then the glass substrate on which the varnish V62 had been
applied was placed on a hot plate and heated at 80°C for 20

minutes and at 150°C for 1 hour, respectively, to form a film.
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[0530](Example 3) First, the varnish V53 as a cladding layer forming
material was applied onto a glass substrate subjected to a release
treatment, and then spread so as to become an almost uniform thickness
using a doctor blade. [0531]Next, the glass substrate on which the varnish

d been agpplied was placed on a hot plate and heated at SO'n for
[i{g grni utes to fgrn? Siny atfifdafh%htafnoffltrawgl'%lra@t\}ﬁ? irrafidted ortborage

ethesfilin-usingan extra-high-pressure meveury lamap witheyt a phote-magk: ot
(exposure dose : 2,500 Ir,J/cm2, wavelength : 365 nm). [0532]Thereafter,
e HrTWES hedted BE150€ F6r IFGUNISINGPa cledirsventtoTorm & Isivern in

Teladdi.ng layer-{9333INext, WV curing wig epoxviesin ((E3135% 00 ° ¢ pased
produced by NTT-AT) having a refractive index higher than that of the

OBlagldirRTayér fofmi:megesal vwasapplieasorfid the fower cladding layer
using a spin coating method, and then it was subjected to a
photolithography using a photo-mask to thereby directly form core portions

[84619 having a {in@aepatternithereoh. Varnisthis é8ard, it is to be noted

that e he core Porti had a width of 35 um and a height (an
averagjggtfﬁ\i%(nilsgoq’sé pi 10834 THE alter, eﬁlpf)@lg1 AHding &y ér 91ass
vivas fasned using thervarnish VS whichowas the same varnish as used

for forming the lower cladding layer, as a cladding layer forming material
in the same manner as in the lower cladding layer. In this way, an optical

[ogyeguide having adinearnshape andasvddih «,0f 0.3, gmeanda-lengthief; 5 ng

10 cm was obtained on the glass substrate. [0535]In this regard, it is to he
2HBRd At iA B FCS 168 (1.25 g) as an organic phosphorus-based
anti-oxidizing agent were added to the monomer solution to

obtain a monomer-anti-oxidizing agent solution.

[0491] The monomer-anti-oxidizing agent solution (a total
amount) and [PA(P(iPr)3), (OCOCHs3) (NCCH;3) ] tetrakis
(pentafluorophenyl) borate (Pd1206) (4.07 x 107 g, 3.90 x 1077
mol in 0.1 mL of methylene chloride) as a procatalyst were added
to the above copolymer P2 solution (30.0 g) to obtain a varnish
V63.

The varnish V63 was used after being filtered using a

filter having a pore size of 0.2 um.

[0482] The varnish V63 was applied onto a glass substrate
using a doctor blade so as to become a thickness of 70 um, and
then the glass substrate on which the varnish V63 had been
applied was placed on a hot plate and heated at 80°C for 20

minutes and at 150°C for 1 hour, respectively, to form a film.
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obtained optical waveguide, an average thickness of each of the upper

cladding layer and the lower cladding layer was 35 pm. [0536]Next, the

optical waveguide was peeled of f from the glass substrate, and then

copper layers (conductor layers) each having an average thickness of 45

were bondtﬁd to,both surfaces .otf the opttical waveguide USiE}? aroll

[aminating method'to'thereby Bhtain AR bpticAlwaveguide sttlictur, S-0rage
e[0637)(Exampleltis o fFirst,itbe vamishW\a4asma slagdding. layer foradng+ of

material was applied onto_a roughened surface of a copper foil having an

MSF&rAhe hickness b E8 Prit ShdtheR Spredt ss 8816 Habome aralfioy® in
THpiferm, thicknesssing gdactar-hlades [0538]Next, the capper Bl P pased

which the varnish V54 had been applied was placed on a hot plate and
“ReateBStH0C for 1B MirMRes 6 tHethe vamisk Ms2awas dried to form a

film. Thereafter, an ultraviolet ray was irradiated onto the film using an

extra-high pressure mercury lamp without a photo-mask (exposure dose :
[840HIrOjcm2, Waredenrgtht 8365 nmd) td=obitaimha 16wer>cladding layer with

the copper foil, Further, an upper cladding layer with a copper fail was
prepar%% 5<sir(% the sqdmgr%lz?g%?%?dwrﬁgtﬁgé %gﬁﬁea}gv%eg ‘él%ld“cfilr?é) Igygr1 ass
viith the copper [0539%-danthe other handnthe filtered varnish V2 as a
core layerformingmaterial was applied onto a quartz glass substrate, and

then was spread so as to become an almost uniform thickness using a

[dee®] blade. [0R40}Next, theoquartz giass substratesan which thgMamisha seq
V2 had been applied was placed on a hot plate and heated at 45C for 10

2 Hiinated s3'thard sohasht conthindE iR vrRishov2 fasapored o organic
pforahn@ solid film sybstantially dried; [054 LT hereafter, an UliraviQligLray - ore -

was irradiated onto
solution to obtain a monomer-anti-oxidizing agent solution.

[0496] The monomer-anti-oxidizing agent solution (a total
amount) and Pd1446 (3.22 x 107 g, 2.23 x 107® mol in 0.1 mL of
methylene chloride) as a procatalyst were added to the above
copolymer P3 solution (30.0 g) to obtain a varnish Vé4.

The varnish V64 was used after being filtered using a

filter having a pore size of 0.2 um.

[0497] The varnish V64 was applied onto a glass substrate
using a doctor blade so as to become a thickness of 70 um, and
then the glass substrate on which the varnish V64 had been
applied was placed on a hot plate and heated at 80°C for 20

minutes and at 150°C for 1 hour, respectively, to form a film.

[0498] A glass transition temperature and a storage

elastic modulus of this film were measured. A result of



the solid film through a photo-mask (exposure dose : 3,000 railicm2,

wavelength 365 nm) , and then the solid film was heated at 45C for 30

minutes using a hot plate. At this time, linear patterns which would

become core portions appeared within the solid film. [0542]Next, the solid

film was further heated in.a clean oven at 85C for 30 minutes and at 150C
Al SimAb e DREiNEy s (At L s red 1o Hdrahy Shl a'dLrdd 10
Tiayes df thevarmish\2 (a film}inchudirglineascarepas nsy 0543]The fimba sed

was peeleioff from the quartz glass substrate in water, washed using

Olvater nA Sufficielt AmBEAS AhG TR diiéd irf an'dvén at 45C for 1 hour

to thereby obtain a single core layer. [0544]This core layer was placed
between the lower cladding layer and the upper cladding layer to obtain a
[RdAfhted body<8RE EFeirthedantiiatéa HotswdSheated at 150C for 1

hour while compressingdt ﬂ&@rﬂ%@ﬁ?‘é@ec&fa]io Mia.using ap elgctrothermnal, )
press ing machine tor thereby obtain an optical waveguide structure
wacluding ancopticdl waveglitdechavingla linearishapé andlabwidth ef Gidnomer
s&M @nigg.length of 10 cm and copper layers (conductor layers) provided
on both surfaces of the optical waveguide. [0545]In this regard, it is to he
noted that in the obtained optical waveguide, an average thickness of the

[89%% yer was 35 um %a Wi(?ft&o eacq%ofSthe core portions was 35 p.m) ‘
h average thitkness of eagh of the uppér claddihg laver &N e 2ased

atoviercladdingrayerowas 35{0546)(Exampless) (o . First,4he yarnishd8sanic
as a claddin%é layer forming material was applied onto a PET film

PROBRIEIS AFelRdH Feathieht ‘did thed epretia s a896 Becoimesanonomer
s@lmestysnitarm, thickness usingadactordlade. i i zing agent solution.

[0501] The monomer-anti-oxidizing agent solution (a total
amount) and Pd1446 (3.33 x 107° g, 2.30 x 10"° mol in 0.1 mL of
methylene chloride) as a procatalyst were added to the above
copolymer P3 solution (30.0 g) to obtain a wvarnish Vé5.

The varnish V65 was used after being filtered using a

filter having a pore size of 0.2 um. .

[0502] The varnish Ve5 was applied onto a glass substrate
using a doctor blade so as to become a thickness of 70 um, and
then the glass substrate on which the varnish V65 had been
applied was placed on a hot plate and heated at 80°C for 20

minutes and at 150°C for 1 hour, respectively, to forma film.

[0503] A glass transition temperature and a storage
elastic modulus of ‘this film were measured. A result of

measurement of the glass transition temperature is shown in
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[0547]Next,PET film on which the varnish V55 had been applied was
placed on a hot plate and heated at 50C for 15 minutes so that the varnish
V55 was dried to form a film. Thereafter, an ultraviolet ray was irradiated
onto the film using an extra--high pressure mercury lamp without a
T?hg?to rjnas&&ex osure d?g:e 2,000 mJ/cm.', wavelength : 365 rim) . . Then,
il was pested’of 1 ihe PEEfifn o fHe‘reW%]ﬁ%éiﬁ &5ing Pldwersed

oelagldingstayer. durther, ansingle-upper:cladding fayeywas prepared using
the same material and method as the lower cladding layer. [0548]On the
other KariP™IRE filtéretrvarhisit s & a'dofe Tayer ionmfgaRatriatWasy this

wapplied gnig-a quadz 9&%5%5%5%0@”%%‘%%%290' 503 tosbecome
an almost uniform thickness using a doctor blade. [0549]Next, the quartz
glass substrate on which the varnish V3 had been applied was placed on
a hot plate and heated at 45C for 10 minutes so that a solvent contained
in the varnish 113 was vapored to form a solid film substantially dried,
[0550]Thereatfter, an ultraviolet ray- was irradiated onto the solid film
through a photo-mask (exposure dose : 3, GOO m11/=', wavelength : 365
nm) , and then the solid film was heated at 80C for 30 minutes in a clean
oven. At this time, linear patterns which would become core portions
appeared within the solid film. [0551]Next, the solid film was further
heated at 160C for 2 hours so that it was cured to thereby obtain a cured
layer of the varnish V3 (a film) including linear core portions. [0552]The
film was peeled off from the quartz glass substrate in water, washed using
water in a sufficient amount, and then dried in an oven at 45C for 1 hour to
thereby obtain a single core layer. [0553]This core layer was placed
between the lower
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cladding layer and the upper cladding layer to obtain a laminated body,
and then the laminated body was heated at 150C for 1 hour while
compressing it at a pressure of 6 NIPa using an electrothermal pressing
machine to thereby obtain an optical waveguicie having a linear shape

B
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: R indicates that Rhodorsil 2074 was used, and T indicates

trimethoxy silane

3-glycidoxy propyl trimethoxy silane
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applied was placed on a hot plate and heated at 550C, for. 15 minutes so

that the varnish V58 was dried to form a film Thereatfter, the film was
peeled off from the PET film to thereky obtain a single lower cladding

layer. Further, a single upper cladding layer was prepared using the same

material and method as the lower cladding layer. [0560]Or. the other

hand, the filtered varnish Va core layer forming material was applied onto

a qu%r%% lass substrate, a3nd then spread so as to become an almost
uniform thickness [Jgi%ea doctor blade. [0561]Next, the quartz glass

substrate on which the varnish V3 had been applied was placed on a hot

plate and heated 43C: for 10 minute& d& thiat a solvent con alined in the

varnish| V3 was vapored tQform.a solid filn substantially dried. 51,45
V[_%g%ﬁhmmﬁer, an ultraviolet ray was wradiafé&c%)‘ti‘f’t]d/fﬁe soligLfilm: i on
through a‘@hoto-m%%%g(ge pobé?i‘{é dosew3,000 mJ/cm2, wavs
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of the following Examples 1 to 14 and
10 optical waveguide structures were

Each of the optical waveguide structures was




cladding layer and the upper cladding layer to obtain a laminated body,
and then the laminated body was heated at 150C for 1 hour while

compressing it at a pressure of 3 MPa using an electrothermal pressing
machine to thereby obtain an optical wave guide having a linear shape

mQHQPa‘MQEQé’é 0.5 cm.and g length of 10 cm. [0566]in this regard, it is 70

be noted that in the obtained optical waveuide, an average thickness of
the core layer was 50 pm (a width of each of the core portions was 30 pm)
n average thickness of each of the upper cladding layer and the
[?o'@\'/\[/}egrfilzladding%%%?n \%g% S%me. an averageickness of 45 pm were
bonded te oth sitaces ohtheropticalwaveguideusiaga rell 1layer forming
laminatingmethodto thereby obtain an optical waveguide structure.

T osEBEXAMPIEBY L1 & AN GiitiCalwavey itk Striidtute ias Rfarfufakir&d =S S

oin the samesmannerasin thexample 4 except thatthe varpishAMB0 Wase o rm
used as the cladding layer forming material. [0569](Example 10) An

L Bpficdl vavettide suctafe Ras t@tifactured in the same manner as in
the Example 4 except that the varnish V61 was used as the cladding layer
forming material. [0570](Example 11) First, the varnish V62 as a
[@RRIBling layerferntingtinaterial svas applied ontea glasssubstrare haviag V51

a thickness of 4.inches, and then spread so as tg become an almaost . . .o
P Tore PR LSE Qolh o ISEIcr bate 08 TG e ek Sbarai on®
fwhidlt the varnish M6 X applied hathheemadpplied was placed ohcd bet plajewas

.. and heated at 50C for 15 mjnutes, and then the varnjsh V62 was cured at

BOCTOF 26 Mitites ahd Ar18bE Tor £ HolurSfespactively! B0 4 o™ =12

1eladdingdayers a photo-mask (exposure dose : 3,000 md/cm?,

wavelength : 365 nm).

[0510] Thereafterﬁ the f£ilm was cured at 100°C for 15
minutes and at 160°C for 1 hour, respectively, using a clean

oven to form a lower Cladding layer.

[0511] Next, the wvarnish V1 as a core layer forming
material was applied onto a surface of the cured lower cladding
layer, and then spread so as to become an almost uniform

thickness using a doctor blade.

[0512] Next, the glass substrate on which the varnish V1
had been applied was placed on a hot plate and heated at 40°C
for 10 minutes so that a sclvent contained in the varnish V1

was vapored to form a solid film substantially dried.

[0513] Thereafter, an ultraviolet ray was irradiated onto
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[0572]Next, the varnish V3 as a core layer forming material was applied
onto a surface of the cured lower cladding layer, and then spread so as to
become an almost uniform thickness using a doctor blade.
[0573]Thereafter, the glass substrate on which the varnish V3 had been

ed w. ated at 45C for 10 mlnute ing a hot late to form oI|

I?rl?su s?g%haf rleCcDi ﬁ)%‘?lﬁﬁext anu tra\ao tray vvgaglrradlatgefoD ontd' E}/ o’
wihessadid fitm formedrm thearatnishe M 3 theough Bdphotormask (exposdrat 45°C

dose : 3,000 mj/cm2, wavelength : 365 nm), and then the salid film was

£8gen %%?eﬁﬁ-bsemﬁr@ 5136 ihGites Artd Heatet Al B5C 163G Patterns

winitHesanch i d806fer6Q minttes, 1espestively ¢ pbtain a garedayes. £ i 1m.
[0575]In this regard, just when the solid fillh had been heated at 85C for

30 minutes, linear patterns which would become core portions could be

rigsqied through.a visual.obsenvation; [0576Next. the varnish /61 asa . ooy,

claddlng layer forming material was applied onto a surface of the core
orager (@cufed fayéraof thé varhisht¥s), and! then spéad sofas todfecomeutes,

an almost uniform thickness u a spin cater. [0 77(]er xt, the glass
St strca%e orrllvyﬁlcﬁ th(ieckr\llar%nlsrfllS il h‘%drbéjter]lga[pgiﬁe 3 phgc% ona cured
i@Mﬁﬁamfamﬁ@eakﬂhaE50®l (a core layer) including linear core

portions.

[0515] Next, an upper cladding layer was formed on the core
layer using the varnish V51 as a cladding layer forming material
in the same manner as in the lower cladding layer. In this way,
an optical waveguide having a linear shape and a width of 0.5

cm and a length of 10 cm was obtained on the glass substrate.

[0516] In this regard, it is noted that in the obtained
optical waveguide, an average thickness of the core layer was
50 pm (a width of each of the core portions was 50 um), and an
average thickness of each of the upper cladding layer and the

lower cladding layer was 50 pm.

[0517] Next, the optical waveguide was peeled off from the
glass substrate, and then copper layers (conductor layers) each
having an average thickness of 45 uymwere bonded to both surfaces
of the optical waveguide using a roll laminating method to

thereby obtain an optical waveguide structure.

[0518] (Example 2)
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r 15 minutes, and then the varnish 1761 was cured at 80C for 20 minutes
and at 150C for 1 hour, respectively, to form an upper cladding layer. In
this way, an optical waveguide having a linear shape and a width of 0.5
Cm and a length of 10 cm was obtained on the glass substrate. [0578]In
this regard,o be noted that in the qhfained optical way _%l}.llde an aver

e .
thicknessrosf the core Iayerr\lfvasshSS pm (a Width of each ?hej'(:a‘(ﬁ/r?po;%ohrglng

mwas Bbalimy) aand @nlaverage thickness ot eachof sheuppereladdinglayer then

and the lower cladding layer was 35 pm. [0579]Next, the optical
SWaTEGURte ias DR St b i thie Yiass substdte, 4rid fieh eoppers doctor
playees. (conductor layers) each having an average thickness of 45 um

were bonded to both surfaces of the optical waveguide using a roll

laminating method to thereby. obtain an optical waveguide structure.

[P580iExample;12). - Ap optisal waveguide, stiictyre was manufagtured o

in the 'same manner as in the Example 11 except that the varnish V63
V#as used s thectlagding fayek orming paateridl OS8R Exahaple 23)d heated

@nS%m'tcagg\éa\ie@% estr ture was_manufactured in the same manner as

ain the Example 11 gxéép%%h%tgtr\?eo\%nrn?sr%b% .’V\?ansgus@e% asthe ¢ gdr(ﬁﬁfé olet

rhayer formingadateriad] thetvarnish Yilwas wsédasthescaredayerdforming sure
material, and when the core I?ﬁ/er was formed, the solid film was heated

TEEC or 30 TRUeS &fter TR itraviofst ray Rt beaT ingdiated teraditd o™ -
wanrd befarerthe selid filim would be heated at 8002 for 30 minutes.

[0520] Thereafter, the film was heated at 150°C for 1 hour

using a clean oven to form a lower cladding layer.

[0521] Next, the varnish V4 containing the polyimid resin
precursor as a core layer forming material was applied onto the
lower cladding layer using a bar coater, and then heated at 320°C
for 1 hour using an oven under a nitrogen atmosphere to obtain

a core layer.

[0522] Next, an aluminum layer having a thickness of 0.3
pm and serving as a mask layer was formed on the core layer by
depositing aluminum thereonto. Then, a positive type
photo-resist (a diazonaphthoguinone-novorak resign based
photo-resist, “"OFPR-800 (product name)”, produced by Tokyo Ohka
Kogyo Co., Ltd.) was applied onto the aluminum layer using a
spin coating method to form a photo-resist layer, and then the

photo-resist layer was prebaked at about 95°C.
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[0582](Example 14) An optical waveguide structure was
manufactured in the same manner as in the Example 4 except that the
varnish V65 was used as the cladding layer forming material.
[0583](Comparative Example) First, the varnish V59 as a cladding

[ Gygs {orming material %V%%S‘QB@%%QW’(%égiec%”f‘“’f‘{?r $0.8510.0eCOME ;11 car
an almost uniform thickness using a spin cater, and then heate at 350
cfordl pourtince Aitragencdveretd formalewen claddingslager. Ja584Nextidthehen

var i%h V1.as acore Iax}er formin ,ma%erial was agglied on%o a ;urfacg Olf

a{hélr}ovx}rearché) dinglayer, and-then spread 80 as’to ScBMRAh afffost - 12Yer

tunideram thieknessddsing asdoater: bladen[0585INext.ithe siiconsvater @8rcury
which the varnish VI had been applied was placed on a hot plate and

L fiBgred af#5Tor 10/ mintteB KoMthat & SoRert TRTaES if #Ye VaRfish 15 ing
=\l vias yaposeddo.ferm & solidfilm substantially dried- [0386]Thereafters tn 1

an ultraviolet ray was irradiated onto thc:. solid film through a photo-mask

a[BExpvsUfe Ese ©31060 ATECTAZ Swavelendgth: 365 i), andthen the Beigiuct
nfilm yas heated at 45¢for30 mingies on.a hot plate. Atithis time Jinear ., , .

patterns which would become core portions appeared within the solid film

PO58YINext, thesolidrfilmiwas fartrer .heated at 85C for 30 minutes a id at
150C for 60 minutes, respectively, in a clean oven so that it was cured to
thereby obtain a cured layer of

[0524] The patterned photo-resist layer was postbaked at
135°C. Next, the aluminum layer was processed by a wet etching
method so as to have a pattern corresponding to that of the

patterned photo-resist layer.

[0525] Next, the core layer was patterned by a dry etching

method using the patterned aluminum layer as a mask.

[0526] Next, the patterned aluminum layer was removed from
the patterned core layer to thereby obtain linear core portions.

In this regard, 1t is to be noted that each of the core
portions had a width of 50 um and a height (an average thickness)

of 50 um.

[0527] Next, the varnish V52 as a cladding layer forming
material was applied from an upper side of the obtained core
portions and an upper cladding layer was formed in. the same
manner as in the lower cladding layer. 1In this way, an optical
waveguide having a linear shape and awidth of 0.5 cmand a length

of 10 cm was obtained on the silicon wafer substrate.
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the varnish V1 (a core layer) including linear core portions. [0588]Next, an

upper cladding layer was formed using the same varnish as used for

forming the lower cladding laver as a cladding layer forming material in the

same manner as in the lower cladding layer. In this way, an optical

waveguide having a linear shape and a width of 0.5 on and a length of 10

cm was obtained on the glass substrate. [0589]In this regard, it is to be

[ 0b2] that in tﬁeqohiaimdmi@ahwa\degutde am average thickngsstwof the the

was, 50 pm (a width of each of the core portions was 30

core Ia m) ,
b8 A RFaoE thiR e Eieoh BF e RS CE RO Br gt OF the
gxwe:r claddingayerawas: 58-pm: [0590Next, theseptical wayeapide-waso um.

peeled off from the glass substrate, andthencopperlayers (conductor
layers) each having an average thickness of 45 pm were bonded to both

[65gges of the,gptical waveguide usipg:aroll Jaminating method, 1 £y o the

thereby obtain an optlcal waveguide structure. [0591]4-2. Evaluation
SAlZ—QOMe‘a@@@neﬁﬂ@Ugmel'fraﬂé?rﬁlsﬁbﬁfh_og@m]&gﬁ?ﬂf&nsfﬁl@,gi@nctor

S usin d’ forea he optlc
l%&é%%%%ld& %%u%{t%?es l%gaﬁ%fégc%t%?e%% mntthemgxan%plgsgl? t 1%4 "and the” ponded
tCoimparative: Exampte. B@BQSjmeth|sphackarhethectelrgh1geneuatedq‘rom aroll

laminating method to thereby obtain an optical waveguide

structure.

[0530] (Example 3)

First, the wvarnish V53 as a cladding layer forming
material was applied onto a glass substrate subjected to a
release treatment, and then spread so as to become an almost

uniform thickness using a doctor blade.

[0531] Next, the glass substrate on which the varnish V53
had been applied was placed on a hot plate and heated at 50°C
for 15 minutes to form a £ilm, and then an ultraviolet ray was

irradiated onto the film using an extra-high pressure mercury

lamp without a photo-mask (exposure dose : 2,500 mJ/cm%
wavelength : 365 nm).
[0532] Thereafter, the £film was heated at 150°C for 1 hour

using a clean oven to form a lower cladding layer.

[0533] Next, UV curing type epoxy resin (“E3135”, produced

by NTT-AT) having a refractive index higher than that of the
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laser diode was input into ore end of each of the core portions of the
optical waveguide through an optical fiber, and then power of the light
output from the other end thereof was measured. At this time,
eachofthecoreportionswas cut to a predetermined length and the power of

o iheylight putpur wasmeasyred for gagh, of the core pottions . , Total 'Ii%twe r

loss for each of the core portions is represented by the following formula.
c]es9tTiotal kight Loss (dB = st0 iog{Pa/Po)g maghergin Bnis theen it was

measured power of the light output from the, other end of each of the core
e o RGP OB R P e rEH8 reaT BOWGT of G870
dlight-of the lasemndiade outputfroonan end-of the optical fiber hefere itdsictern

coupled to the one end of each-of the core portions. [0595]The total light
Ci6s5Spiitted as exemplified in FIG. 14 (Chart 1). A regression line of this

data istiepresented by the following forawla, J0886l= Metdn of the core
wherein "m" is the light transmission loss and b is coupling loss. [0597]In

PEHiS tegetd) dCisity belhofdd Itata ight Ravinked Waveletghy of € 300 Afness)
owasdused for the measurement of the light transmission loss of the optical
waveguide structure manufactured in the Example 2. On the other hand, a
light having a wavelength of 850 nm was used for the measurement of the
: f%tgansmissiqp loss of the optical waveguide structure manufactur%% rmed

[#ng t 4e Exampleis gtﬁ%?fha?n*l‘:'xéirﬁplg%pand the c()jr]ﬁrﬁgra ive %(arvﬁ%ﬁa.

uf0598]412=2vAdhesionVEest which was the same varnish as used for
forming the lower cladding layer, as a cladding layer forming
material in the same manner as in the lower cladding layer. In
this way, an optical waveguide having a linear shape and a width
of 0.5 cm and a length of 10 cm was obtained on the glass

substrate.

[0535] In this regard, it is to be noted that in the
obtained optical waveguide, an average thickness of each of the

upper cladding layer and the lower cladding layer was 35 um.

[0536] Next, the optical waveguide was peeled of f from the
glass substrate, and then copper layers (conductor layers) each
having an average thickness of 45 umwere bonded to both surfaces
of the optical waveguide using a roll laminating method to

thereby obtain an optical waveguide structure.

[0537] (Example 4)
First, the wvarnish V54 as a cladding layer forming

material was applied onto a roughened surface of a copper foil
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Adhesion between the core layer and the cladding layer was checked for
each of the optical waveuuide structures manufactured in the Examples 1
to 14 and the Comparative Example. [0599]This test was carried out by a
peel test in which the cladding layer was peeled off from the core layer in

1290 upper direction thereto, Re§ tgc,of The measurement of the light
Aving.ar average éﬁlé%ﬂess O gm and. %eq:ﬁgrea iﬁ %g to
fransmission 10Ss and the adhesion test are shown'inthe following table 4,

brespectivelya [0660][ Table 4} mablei4 kW amish Measuserenttafdight ade .

transmission loss (dB/cm) Adhesion

[0538] Next, the copper foil on which the varnish V54 had
been applied was placed on a hot plate and heated at 50°C for
15 minutes so that the varnish V54 was dried to form a film.
Thereafter, an ultraviolet ray was irradiated onto the film
using an extra-high pressure mercury lamp without a photo-mask
(exposure dose : 3,000 mJ/cn?, wavelength : 365 nm) to obtain
a lower cladding layer with the copper foil. Further, an upper
cladding layer with a copper foil was prepared using the same

material and method as the lower cladding layer with the copper

foil.

[0539] On the other hand, the filtered varnish V2 as a core
layer formingmaterial was appliedonto a quartz glass substrate,
and then was spread so as to become an almost uniform thickness

using a doctor blade.

[0540] Next, the quartz glass substrate on which the
varnish V2 had been applied was placed on a hot plate and heated
at 45°C for 10 minutes so that a solvent contained in the varnish

V2 was vapored to form a solid film substantially dried.

[0541] Thereafter, an ultraviolet ray was irradiated onto
the solid film through a photo-mask (exposure dose : 3,000 mJ/cm?,
wavelength : 365 nm), and then the solid film was heated at 45°C
for 30 minutes using a hot plate. At this time, linear patterns

which would become core portions appearedwithin the solid £ilm.
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test (gt/cm) Core layer Cladding layer Ex.1 71 751 0.05 900

[0542] Next, the solid £film was further heated in a clean
oven at 85°C for 30 minutes and at 150°C for 60 minutes,
respectively, so that it was cured to thereby obtain a cured

layer of the varnish V2 (a film) including linear core portions.

[0543] The film was peeled off from the quartz glass
substrate in water, washed using water in a sufficient amount,
and then dried in an oven at 45°C for 1 hour to thereby obtain

a single core layer.

[0544] This core layer was placed between the lower
cladding layer and the upper cladding layer to obtain a
laminated body, and then the laminated body was heated at 150°C
for 1 hour while compressing it at a pressure of 10 MPa using
an electrothermal pressing machine to thereby obtain an optical
waveguide structure including an optical waveguide having a
linear shape and a width of 0.5 cm and a length of 10 cm and
copper lavers (conductor layers) provided on both surfaces of

the optical waveguide.

[0545] In this regard, it 1is to be noted that in the
obtained optical waveguide, an average thickness of the core
layer was 35 um (a width of each of the core portions was 35
pum) , and an average thickness of each of the upper cladding layer

and the lower cladding layer was 35 pm.

[0546] (Example 5)
First, the wvarnish V55 as a cladding layer forming
material was applied onto a PET film subjected to a release

treatment, and then spread so as to become an almost uniform
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thickness using a doctor blade.

[0547] Next, the PET film on which the varnish V55 had been
applied was placed on a hot plate and heated at 50°C for 15
minutes so that the varnish V55 was dried to form a film.
Thereafter, an ultraviolet ray was irradiated onto the film
using an extra-high pressure mercury lamp without a photo-mask
(exposure dose : 2,000 mJ/cm% wavelength : 365 nm). Then, the-
film was peeled off from the PET £film to thereby obtain a single
lower cladding layer. Further, a single upper cladding layer
was prepared using the same material and method as the lower

cladding layer.

[0548] On the other hand, the filtered varnish V3 as a core
layer forming material was applied onto a quartz glass substrate,
and then spread so as to become an almost uniform thickness using

a doctor blade.

[0549] Next, the quartz glass substrate on which the
varnish V3 had been applied was placed on a hot plate and heated
at 45°C for 10 minutes so that a solvent contained in the varnish

V3 was vapored to form a solid film substantially dried.

[0550] Thereafter, anultraviolet ray was irradiated onto
the solid film through a photo-mask (exposure dose : 3,000 mJ/cm?,
wavelength : 365 nm), and then the solid film was héated.at 80°C
for 30 minutes in a clean oven. At this time, linear patterns

which would become core portions appearedwithin the sclid £ilm,

[0551] Next, the solid film was further heated at 160°C
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Ex.3 73 755 0.09 830 Ex.6 73 756 0.09 680 Ex.7 72 157 0.08

for 2 hours so that it was cured to thereby obtain a cured layer

of the wvarnish V3 (a film) including linear core portions.

[0552] The film was peeled off from the quartz glass
substrate in water, washed using water in a sufficient amount,
and then dried in an oven at 45°C for 1 hour to thereby obtain

a single core layer.

{0553] This core layer was placed between the lower
cladding layer and the upper cladding layer to obtain a
laminated body, and then the laminated body was heated at 150°C
for 1 hour while compressing it at a pressure of 6 MPa using
an electrothermal pressing machine to thereby obtain an optical
waveguide having a linear shape and a width of 0.5 cm and a length

of 10 cm.

[0554] In this regard, it is to be noted that in the
obtained optical waveguide, an average thickness of the core
layer was 50 pm (a width of each of the core portions was 50
um) , and an average thickness of each of the upper cladding layer

and the lower cladding layer was 50 um.

[0555] Next, copper layers (conductor layers) each having
an average thickness of 45 um were bonded to both surfaces of
the optical waveguide using a roll laminating method to thereby

obtain an optical wavegulde structure.

[0556] (Example 0©)
An optical waveguide structure was manufactured in the

same manner as in the Example 5 except that the varnish V56 was

136



650 Ex.8 73 758 0.15 720 Ex.9 72 760 0.09 860 Ex.10 72 761

used as the cladding layer forming material.

[0557] (Example 7)

An optical waveguide structure was manufactured in the
same manner as in the Example 1 except that the varnish V57 was
used as the cladding layer forming material, and the wvarnish

V2 was used as the core layer forming material.

[0558] (Example 8)

First, the wvarnish V58 as a cladding layer forming
material was applied onto a PET film subjected to . a release
treatment, and then spread so as to become an almost uniform

thickness using a doctor blade.

[0559] Next, the PET film on which the varnish V58 had been
applied was placed on a hot plate and heated at 50°C for 15
minutes so that the wvarnish V58 was dried to form a film.
Thereafter, the film was peeled off from the PET film to thereby
obtain a single lower cladding layer. Further, a single upper
cladding layer was prepared using the same material and method

as the lower cladding layer.

[0560] On the other hand, the filtered varnish V3 as a core
layer formingmaterial was appliedonto a quartz glass substrate,
and then spread sc as to become an almost uniform thickness using

a doctor blade.

[0561] Next, the quartz glass substrate on which the
varnish V3 had been applied was placed on a hot plate and heated

at 45°C for 10 minutes so that a solvent contained in the varnish
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V3 was vapored to form a solid film substantially dried.

[0562] Thereafter, an ultraviolet ray was irradiated onto
the solid film through a photo-mask (exposure dose : 3,000 mJ/cn?,
wavelength : 365 nm), and then the solid film was heated at 85°C
for 30 minutes in a clean oven. At this time, linear patterns

which would become core portions appeared within the solid film.

[0563] Next, the solid film was further heated at 160°C
for 2 hours so that it was cured to thereby obtain a cured layer

of the varnish V3 (a film) including linear core portions.

[0564] The film was peeled off from the quartz glass
substrate in water, washed using water in a sufficient amount,
-and then dried in an oven at 45°C for 1 hour to thereby obtain

a single core layer.

[0565] This core layer was placed between the lower
cladding layer and the upper cladding layer to obtain a
laminated body, and then the laminated body was heated at 150°C
for 1 hour while compressing it at a pressure of 3 MPa using
an electrothermal pressing machine to thereby obtain an optical
waveguide having a linear shape and a width of 0.5 cm and a length

of 10 cm.

[0566] In this regard, it 1is to be noted that in the
obtained optical waveguide, an average thickness of the core
layer was 50 pm (a width of each of the core portions was 50
pn) , and an average thickness of each of the upper cladding layer

and the lower cladding layer was 50 um.
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[0567] Next, copper layers (conductor layers) each having
an average thickness of 45 um were bonded to both surfaces of
the optical waveguide using a roll laminating method to thereby

obtain an optical waveguide structure.

[0568] (Example 9)
An optical waveguide structure was manufactured in the
same manner as in the Example 4 except that the varnish V60 was

used as the cladding layer forming material.

[0569] (Example 10)
An optical wavegulide structure was manufactured in the
same manner as in the Example 4 except that the varnish V61 was

used as the cladding layer forming material.

[0570] (Example 11)

First, the wvarnish V62 as a cladding layer forming
material was applied onto a glass substrate having a thickness
of 4 inches, and then spread so as to become an almost uniform

thickness using a doctor blade.

[0571] Next, the glass substrate on which the varnish V62
applied had been applied was placed on a hot plate and heated
at 50°C for 15 minutes, and then the varnish V62 was cured at
80°C for 20 minutes and at 150°C for 1 hour, respectively, to

form a lower cladding layer.

[0572] Next, the varnish V3 as a core layer forming

material was applied onto a surface of the cured lower cladding
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In the measurement of light transmission loss, the' value to which the
symbol * was given was measured using a light having. a wavelength of
1,300 nn, and the other values were measured using a light having a
wave length of 850 nm. [0601]Each of values shown in Table 4 is an
1 8yerage of yalugs megspired;for 5 optical wayeguide styctures, < A £orn
can be seenfromTable 4, each of the optical waveguide structures
Uanufactares imthesExamples Ibtoatiehas little light transmission loss,
that is, high light transmission ability, and excellent adhesion between the
core laver and the cladding layer. [0602]On the other hand, each of the
[ 0pTBal wavegUide struttires manafacilireskin theoSompasative Example the
has high light transmission loss and Ibw adhesion between the core layer
VANAtRE cladding IR7ER THIS meahs tRat 856 BFtie-opticl waleduigBtrutes
ustrigtures bas ihferer propertyxltanay.be goneeived thatdncrease of the 1 4.
light transmission loss is attributable to occurrence or peeling of a part of
the boundary surface between the core layer and the cladding layer due to

[ &3¢ lov adhesjgn. tperehetween, [0603JFurther, after the aptical waveguide, | o

structures manufactured in the Examples 1 to 14 and the Comparative
s Exainpfel werefslared urder BitsighRumidity ehvirchment(B0G, QUIRE-Mmask

an O%uggogggés)i t@e B%r&t tr rplislsio loss ther gf w easured ip
( thég same manner as describe?il}zjff)ove.vf@sveii Jr?:a'es,nLJ(‘ftt,:e|bn eaaésﬁ%ﬁﬂ\gl bpﬁg.gl then
tvaV¥eduidestiuctures mandfadturedin thenExamples:] fo14; nedsureds and

values of th Igg t transmission loss thereof befor d after being placed

h%%%%(ﬁthae % h%m%ﬁfngﬁvi?&ﬁ]rhlgﬁtswgr%%aarﬁIy(ic gn%ei%n? e OtHertes:

réandcinieach,of the apticalkwavegisde strugttires manufactured in. the.
Comparative Example, a measured value of the light transmission loss

thereof after being placed under the high humidity environment was

[ sematkably increased as.compared;with thathefore beingiplagedindes veen
the hi%h humidity environment. [0604]Furthermore, the conductor layers of

heakRof fife ptical Wavedlidelsitictires ManFacrsdmthe Exahsplegieuld
pde.dgand the Comparative Example(before.being placedunder the-high ¢, .

humidity environment) were patterned to form wirings, and then a light
olepittingtelement and a light receiving element were mounted on
predetermined portions of the wirings to thereby manufacture hybrid
devices. [06051Thereafter/ these obtained hybrid devices were
[0576] Next, the varnish V6l as a cladding layer forming

material was applied onto a surface of the core layer (a cured
layer of the varnish V3), and then spread so as to become an

almost uniform thickness using a spin coater.

[0577] Next, the glass substrate on which the varnish vél
had been applied was placed on a hot plate and heated at 50°C
for 15 minutes, and then the varnish V61 was cured at 80°C for
20 minutes and at 150°C for 1 hour, respectively, to form an
upper cladding layer. 1In this way, an optical waveguide having

a linear shape and a width of 0.5 cm and a length of 10 cm was
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actuated. As a result, it was confirmed that all the hybrid devices obtained
using the optical waveguide structures manufactured in the Examples 1 to
14 could be rapidly actuated as compared with the hybrid device obtained
using the optical waveguide structure manufactured in the Comparative
ample, INDUSTRIAL APPLICABILITY . [0606]In the optical waveguide
O%? %lex%r%sgﬁtlﬁl/%néagﬁ ,Stﬁesctlla%dsoltiﬁga Faeyér is formed of the
norbornene-based polymer as the major component thereof. Therefore,
ven if the optical waveguide is subjected to a heat treatment such as

[R-36RHer treatmight Wieh iti§ FAdGhted bntb% diftult BoaRY: ftds posdibléto the

oprevenksotiening Of the cladding layer. Burtheryeven ifthe opticgl: tne core
waveguide is placed under a high humidity environment, dimensional

Lenarge 8fthe clatidiRy labetdue fo watér aisorptior tierepbisthartitowas 35
uf§uELheretare, (epacdiass ofan enviconment inyighithe optical; g 14 yer
waveguide is used, it can stably perform light transmission. In addition; a
amratéral costfor the etatiding layee cambe réfduced. [0607]Further, in the
case where the norbornene-based polymer is composed of the molecules
each including the norbornene repeating units, each of the norbornene
[GEpERATing unitlkaving:the suhstituent:grotpuinckidiag theqodymerizable m the
ggfg(éﬂjg, it is possible to cross-link the polﬁgerizable groups of at least a cart

RIGISAIBS Of tRBhIbOmERBIsEsed B6ymerdredifystvisd yers) each

he@mpeunds of aressHinking-agent within.the claddingdaver, haddsionsa ces
the mplecules of the norbornene-based polymer and molecules of the

Cholyhier i bé tRbd s RFMI e 18yeF ean beadréssfidiksy method to
cdepending gn-kinds, of %H@XW%&%@%QEQP@ Kindsaf the cross-linking

agent, kinds of the polymer to be used for forming the core layer or the

like. tis a result, it is possible to improve strength of. the cladding layer
[iég@Bﬁmd to impég(\égn?qg_e i%r)l between the cladding layer and the core

layer. [0608]Especially, in the case where the norbornene-based Polymer

is composed of molesules eathincludingtepoxywgreupsasfthetured in the
sRalymerizable groups, &%s possible to further im rove thg atqi\ovq effects. —

[0B0d]Elirther, the optical waveguide strictue of the present mvéntion it ¥ ©
wahichsthe condustordayetds formed,en asidenof.at leastene of surfaces of

the optical waveguide can be electrically connected to electronic

components using the conductor layer. This makes it possible to easily
[obin a circuit dagarein which the electronic components and the optical

waveguide coexist. Thus, the optical waveguide and the optical

wavegliide“stiictiare BEthePtesentihventich Bave Indastiar MCSegpin the

same manner as in the Example 11 except that the varnish Vé4
was used as the cladding layer forming material, the varnish
V1 was used as the core layer forming material, and when the
core layer was formed, the solid film was heated at 45°C for
30 minutes after the ultraviolet ray had been irradiated
thereonto and before the solid film would be heated at 80°C for

30 minutes.

[0582] (Example 14)
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What is claimed is: An optical waveguide, comprising: a core layer

including core portions each having a 5 refractive index, and cladding

portions each provided adjacent to the core portions and having a

refractive index lower than that of each of the core portions, the core layer

containing a norbornene-based polymer, the core layer having two . .

surfac[ea’sr}; ant lca?a{ cladding Tagyegr?o\%or\};ll 6456 asto make Eggtta%%\?vﬁhle{% the
s teastonenefithestwo surtaces:ofithe coredayer-and having areffaCiveves was
index lower than that of each of the core portions, the cladding layer
" ?éer?ﬁ] &t ofti\%acfrgﬁﬁédﬂgi n?e%lytﬁ/rcrggg-rnﬁf?iﬂ g'8po%Y Groups of at least a

part 15 of molecules of a norbornene-based polymer directly or via

compounds of a cross-linking a%?nt as a major component thereof,
[Méin each GfFPiERRbRdcHIESs GFtRBMbBornenebased polymer is

represpnied.by the Jollowing formylaol: [formula 11(GHAR 290 wherein Ry ; 1
is an alkyl group having a carbon number of 1 to 10, "a" iS an integer of O
G Sriftlis whsintayer ofd 1073, ard Pl Lgtis 226ekesso 2 Thecoptivabme an
aﬂ@%@@%dneia% @I%Wegclgncelsas'rsn %S\évrq r%:nstg?_ Cro%%%glgnga%.ngﬂs n heated
norborneny[Let yl trimethoxy silane,triethoxy srﬁyi:nor orriene,frimethoxy
asilyp0°C for 1 hour in a nitrogen oven to form a lower cladding

layer.

[0584] Next, the wvarnish V1 as a core layer forming
material was applied onto a surface of the lower cladding layer,
and then spread so as to become an almost uniform thickness using

a doctor blade.

[0585] Next, the silicon wafer on which the varnish V1 had
been applied was placed on a hot plate and heated at 45°C for
10 minutes so that a solvent contained in the varnish V1 was

vapored to form a solid film substantially dried.

[0586] Thereafter, an ultraviolet ray was irradiated onto
the solid film through a photo-mask (exposure dose : 3,000 mJ/cm?,
wavelength : 365 nm), and then the solid film was heated at 45°C
for 30 minutes on a hot plate. At this time, linear patterns

which would become core portions appeared within the solid £ilm.

[0587] Next, the solid f£film was further heated at 85°C for
30 minutes and at 150°C for 60 minutes, respectively, in a clean

oven so that it was cured to thereby obtain a cured layer of
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norbornene, 3-glycidoxy propyl trimethoxy silane or a silicone epoxy resin.
3. The optical waveguide as claimed in claim 1, wherein an average
thickness of the cladding layer is 0.1 to 1.5 times an average thickness of
the core layer. 10 4. The optical waveguide as claimed in claim 1,

e yherein the, core '?Xe&?rfgr@aeg through the steps: ; , forming a 'g%errtions.
containing the norbornene-bas d polymer having a refractive index, a
monomer having 15 compatibility with the norbornene-based polymer and

ctive index different from that of the norbornenebased polymer, a
L etanco Bt s AEOVAREDg baG THAIAL aith et e g he
s SReoKd substianege thatds activateshy heating-and ¢an reastdnolegulesefr as
the 20 monomer due to activation thereof, wherein activation temperature

2 JF tREILEB6nd 3 BStarcr s RAAYEE Thdlkr HetibhorfRadivalsifift 1n the

184bstanceqq i niradiating selectively the actinicyadiation oniodhe layer, $9: ng
that the first substance is activated within 25 irradiated regions of the layer
3 ohtd WhicH tHecactie radigtionlisdrraliatedtothereby eRarige e 10 cm was

Oggg\@}tgo&l tg@pgggtu&i Qggwesg%%ogpas&g{stance under the action of the

activated first substance within the irradiated regions; and 30subjecting

the layer to a heat treatment at such a temperature that any one having a

(¥ gptivation temRsrature between the seqond substance and the gecond .,
obtained optical waveguide, an average thickness of the core
layer was 50 um (a width of each of the core portions was 50
um) , and an.average thickness of each of the upper cladding layer

and the lower cladding layer was 50 um.

[0590] Next, the optical waveguide was peeled off from the
glass substrate, and then copper layers (conductor layers) each
having an average thickness of 45 uymwere bonded to both surfaces
of the optical waveguide using a roll laminating method to

thereby obtain an optical waveguide structure.

[0591] 4-2. Evaluation
4~-2-~1. Measurement of Light Transmission Loss

w

[0582] Light transmission loss was measured using a “cut
back method” for each of the optical waveguide structures
manufactured in the Examples 1 to 14 and the Comparative

Example.

[0593] In this cut back method, light generated from a



MCSL L P substance whose activation temperature is changed is

activated, so that the molecules of the monomer are reacted within either

the irradiated regions or non-irradiated regions onto which the actinic

radiation is not irradiated, 5 to thereby cause a refractive index difference
) ferebetween, duie to reaction of the molecules of the ropomer, whereby ;
~one of the Irradiated r%gions‘and?ﬁe non-irradiated Legions becomesthe™
o forenportions @nd thewtheriregionshrecome theogladdiag pottiens, 10n8. then

The optjcal w veqqﬁteide as claimed in claim 4, wherejn when the reaction of

P molecuiés of e MohBHer prafresses Wit B orthe fradiitdl s 1+

ategions anddhe-pen-iradinted segionrs; the molecyles ok the PereMeEs rmined
which are contained in the other regions and have not been reacted are

L BRISRPIHE Ghe peiGiEnst & the dpficahavetuite adgamedh Erfimeach

o# Whereip the first subgtance contains compounds that produce cations
20 and weakly coordinating anions by being irradiated with the actinic

radiatiGw,tand thé aktivation senfperatarecof tivd second sybstaneeisions is

-ghanged pndet actign.of the weakly,cqardiafing anions produced. 25
7.The optical waveguide as ¢ alme&Iin claim4, wherein the activation
temperature of the second substance is lowered under the action of the

lvated first substance, and the second substance js activated by
[ﬁééﬁlﬁg at a tehfpet tulféglllb%ejf“ﬂwsasn th%ff’ of t_he_tgg tJI?eqa%%%zFo thout

30irradiating the astivated actisigsadiation B the oplical wayeguide @st £ rom
claimed in claim 7, wherein MCSLLP ‘
the other end of each of the core portions having lengths Py,
P, ... Pn, and Po 1s the measured power of the light of the laser
diode output froman end of the optical fiber before it is coupled

to the one end of each of the core portions.

[0595] The total light loss is then plotted as exemplified
in FIG. 14 (Chart 1). A regression line of this data is

represented by the following formula.

[0596] y = mx + b

W rr

wherein “m” 1is the light transmission loss and b is

coupling loss.

[0587] In this regard, it is tobe noted that a 1ight having
a wavelength of 1,300 nm was used for the measurement of the
light transmission loss of the optical waveguide structure
manufactured in the Example 2. On the other hand, a light having
a wavelength of 850 nm was used for the measurement of the light

transmission loss of the optical waveguide structures
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the second substance contains compounds each represented by the
following formula (1a): (E (R.) 3) 2Pd (Q) 2(1a) wherein E(R)3 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, R is one of
{togen.atom, an isotope thereof and a hydigcarby groypscontaining
moiety, an is an anionic ligand selected from the group comprising
C carhxoxylate sthivcarbdxviate and 10dithiocarboxylate. 9. The optical
waveguide as claimed in claim 7, wherein the second substance contains
compounds each represented by the following formula (Ib):
[ f(E4B)3)aTd(Q) {LBipVERG.HB) Tewherein E(R)3 is a Group 15
neutral electron donor ligand, E is an element selected from the group
comprisiit 8fethemts of €1Bup 1S 6PHE Péritdic Table: Reisdriciefad laver
whydrogen atom,anisatopg thereof and g wdrocarkyl groyp: 20 containing.- . 5
moiety, Q is an anionic ligand selected from the group comprising
mearioxglats sthiocarbbkylate aanicdiifocarboxylate, 1eB & ahewiSbagerative
= WCAqis a weakly coordinating anion, "a" is an integer of 1 to 3, "ID" is an
Integer of O to 2, a total number of "a" and "b" is 1 to 3, 25 and "p" and "r"
are integers for maintaining balance between an electronic charge of a
ium catign and an electronic charge of the weakly coordinatin ‘
o TR B A et BMte B et Sl SmererF 39 eadhi <
t bk "p" and i1 ds Independently-selected fromaminiegerofrk or 2, sMQULE 90°
11. The optical waveguide as claimed in claim 4, wherein the core layer is

UBBfinéd by Subfdttihg TFE€ /er to a heat treatment at a second
tempetatyre higher than that of the,beat freatmenter the heat ieatmentis oss

carried out. 12. The optical waveguide as claimed in claim 11, wherein
afie ¢Ore |aETas bBainethy sulffecting'the layef toPa headtiPedtitent abac 4/
rgggjet@mpjee@y.{re higher than the second temperature after the heat
treatment is carried out
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10 at the second temperature. 13. The optical. waveguide as claimed in

claim 12, wherein a difference between the second temperature and the

third temperature is 20C or higher. 14. The optical waveguide as claimed

in claim 4, wherein the monomer contains a cross-linkable monomer.
[aéog?e optical[\?/g%ei%uig? as claimed in claim 4,_ wherein 20 the monomer

contains a norbornene-based monomer as a major component thereof.

16. The optical waveguide as claimed in claim 14, wherein the monomer

contains a norbornene-based monémérad a major 25
componentthereof, andfurthercontainsdimethyl bis(norbornene
methoxy)silane as th& zrossslinkable MoaemeendZLThé opticalk| Adhesion
vaveguide ag claimed in ctainudiwherenr 30 the nerbornéneasedtest
bolymer is composea of moleettes each includimiEdamain chain andy£ /cm)
Cleayvablergrolips each brancking from the main ghajp and having a g0
chemical strugturesip MCISUR; 3which|at least a part of The chenjical7 5
ptrugture ¢an jpe gleaved and yemoved from the mainpchain under the, o
ACTipN) Of the gctivaled firstsubstance, and~ whgreip when the actinig
'.adiﬁ;jqn 55 s lectively irrrftdiat§g' SOn,IO th(? ilrradiatlg(;i 6@gionls of t'p, i:dygg,o
ne E%{edv L)II?I ngUHL .UI e ITI\?%UIEo orine nor%qrblgne-Udseu J()Iylélgb
:ueé,%{e-avvu L UIEV\{}%IIII.

V57 0.08 650

Ex. 8 V3 V58 0.15 720

Ex. 9 V2 V60 0.09 860

Ex. 10 V2 V6l 0.10 750

Ex. 11 V3 V62 0.08 710

Ex. 12 V3 V63 0.10 690

Ex. 13 V1 V64 0.09 650

Ex. 14 V2 V65 0.08 780

Comp. Ex. V1 V59 0.63 3

In the measurement of light transmission loss, the value to
which the symbol * was given was measured using a light having
a wavelength of 1,300 nm, and the other values were measured
using a light having a wave length of 850 nm.

[0601] Fach of values shown in Table 4 is an average of
values measured for 5 optical waveguide structures.

As can be seen from Table 4, each of the optical waveguide
structures manufactured in the Examples 1 to 14 has little light
transmission loss, that is, high light transmission ability,
and excellent adhesion between the core layer and the cladding

laver.

[0602] On the other hand, each of the optical waveguide

structures manufactured in the Comparative Example has high
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18. The optical waveguide as claimed in claim 17, wherein the first
substance contains compounds that produce cations and weakly
coordinating anions by being irradiated with the actinic radiation, and
wherein the cleavable groups are acid cleavable groups that can be

1 ngg'lﬁcx 3%%%%%%%%5&%@&0%%;%?%951 d }’ﬁ‘%%@%' "{f‘v‘z"ee&?i‘é% E%ore layer

wherein each of the acid cleavable groups includes at
atenstlonedfalchiemicat gteucture fof 0-paahenticaltstasctirecdt -Sirarydptical
and a chemical structure of -0-Si-. 20 _ 20, The optical Waveguidftas

W%Vzﬁr%%ﬂ% CIgitr_‘riff(f,t\}\)/ﬁgrseinrfﬁes3 reflrgé[‘tﬁ/rel’l%expoﬂﬁee ﬁ%i‘(b‘ornene-ba%%\d] be

cpolumerds loywered due te gleavage efiibe Clegivablegrawps ekthen 1oss is
- molecules thereof. 21. The optical waveguide as claimed in claim 20,

2 WhetEin ‘exehof the ErRATABR G bRt ted Aflcastore of a-dHefrardary.
sstructuge of -Sizdipheny and-a chemical structure of rQ-Rixdighenyhe 2 Que to

22. The optical waveguide as claimed in claim 4, wherein the actinic
thadiatoh hasagiedk waeslehgthva e range of

[0603] Further, after the optical waveguide structures
manufactured in the Examples 1 to 14 and the Comparative Example
were placed under a high humidity environment (60°C, 90%RH and
2;000 hours), the light transmission loss thereof was measured
in the same manner as described above. As a result, in each
of the optical waveguide structures manufactured in the
Examples 1 to 14, measured values of the light transmission loss
thereof before and after being'plaéed under the high humidity
environment were hardly changed. On the other hand, in each
of the optical waveguide structures manufactured in the
ComparativeExample,eameasuredvalueoijmalighttransmission
loss thereof after being placed under the high humidity
environment was remarkably increased as compared with that

before being placed under the high humidity environment.

[0604] Furthermore, the conductor layers of each of the
optical waveguide structures manufactured in the Examples 1 to
14 and the Comparative Example (before being placed under the
high humidity environment) were patterned to form wirings, and
then a 1ight emitting element and a 1light receiving element were
mounted on predetermined portions of the wirings to thereby

manufacture hybrid devices.
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MOOLLP 200 to 450 nm- 23. The optical waveguide as claimed in claim 4,

wherein an exposure dose of the actinic radiation is in the range of 0.1 to

9 J/cm2. 24. The optical waveguide as claimed in claim 4, wherein the

actinic radiation is irradiated onto the layer through a mask. 25. The

optical waveguide as claimed in claim 4, wherein the layer further contains

an anti-oxidizing agent. 26. The optical waveguide as claimed in claim 4,
[aderdin the layersfusthér eantaing @ssensitizingnagenh yB#.Tthedepticabks were

wavequide as claimed in claim 4, wherein the core layer is formed of the ,
i oo B R an oS Co e iR o6 ndeEpric
awaveguideas shaimed in€laim 2¢nwhesgitical waveguide structures

thenerbornene-basedpolymerisanaddition-type norbornene-based
BBlyhfer L2g SPhebptital gl as'ctaihfed it LRIMSL ARRefehy thg tuated

aorelayerisfaormed thraugh the following steps: - s nfMing adayet oprical
containing a substance that is activated by being irradiated with actinic

W Egthatiord ¢hé horkseraeneliasedasoiymedcompdsedsitheleadies eath@mple .
including a main chain and cleavable groups each branching from the
main chain and having a chemical structure in which at least a part of the

INPDAIAICRL kU aRPE CARABEL MIOSLLP

[0606] In the optical waveguide of the present invention,
the cladding layver is formed of the norbornene-based polymer
as the major component thereof. Therefore, even if the optical
wavegulide is subjected to a heat treatment such as a:solder
treatment when it is mounted onto a circuit board, it is possible
to prevent softening of the cladding layer. Further, even if
the optical waveguide 1is placed under a high humidity
environment, dimensional change of the cladding layer due to
water absorption thereof is hard to occur. Therefore,
regardless of an environment in which the optical waveqguide is
used, it can stably perform light transmission. In addition,

a material cost for the cladding layer can be reduced.

[0607] Further, in the case where the norbornene-based
polymer 1s composed of the molecules each including the
norbornene repeating units, each of the norbornene repeating
units having the substituent group including the polymerizable
group, it i1s possible to cross-link the polymerizable groups
of at least a part of the molecules of the norbornene-based
polymer directly or via compounds of a cross-linking agent

within the cladding layer. In addition, the molecules of the
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cleaved and removed from the main chain under action of the activated
substance; and irradiating selectively the actinic radiation onto the
layer, so that the substance is activated within irradiated 5 regions of the
layer onto which the actinic radiation is radiated and the cleavable
ngreups of themalequles of the norhiomeneshased palymerare leavedo ugqq
under the action of the activated substance thererwithin,to thereby cause
f arefractiver indexaiffereace betweerm thecirradiated régions d0@mmkending on
. hon-irradiated regions onto which the actinic radiation.is_not irradiated due .
R e hae of (8 AR Gt the mBced b g Croce] SHEing
a gerhgrneneibased pelymer,wherebyeneseldhe itradiatetheginascantthe ye r
non-irradiated rgzgions becomes the core portions and the other regions 15

©hekbfe thecladding pb NSt 30 The® optical Waveguitie &8 tiaifmedine 9 th

o £laim2% whereinthe.cere layer.s obiained by; sybjecting-thedayetoa tween
heat treatment after the actinic radiation is irradiated 20thereonto, 31. The

Copticalava\isglide 48 Elaimed th elain 2o, Whigrsin the substance contains
compounds that produce cations and weakly coordinating anions by being
irradiated with the 25 actinic radiation, and wherein the cleavable

[gRé\Hds are acidtleaviable groupsithat cande cleavedninderactioreoftheased

salions. 32. Ihe oplical waveguide as. daimed in.claim 31 wherein 30,
Peadh of the acid Eleavable groups Includes Stleast orie of a chemical ° P
a struicturecaf0= rd eherhical structureiaf <Si-aryk and as<chemical straetureofove

-0-Si-.
the above effects.

[0609] Further, the optical waveguide structure of the
present invention in which the conductor layer is formed on a
side of at least one of surfaces of the optical waveguide can
be electrically connected to electronic components using the
conductor layer. This makes it possible to easily obtain a
circuitboarde1Whichin3electroniccomponentsandtﬂmaoptical
wavegulde coexist. Thus, the optical waveguide and the optical
wavegulde structure of the present invention have industrial

applicability.
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MCSUP 33. The optical waveguide as claimed in claim 29, wherein the
refractive index of the norbornene-based polymer is lowered due to
cleavage of the cleavable groups of the molecules thereof. 34. The
optical waveguide as claimed in claim 33, wherein each of the cleavable
groups includes at least one of a chemical structure of -Si-diphenyl and a
chemical structure of -0-Si-diphenyl. 10 35. The optical waveguide as

= rein the actinic radiation has a peak wavelength
in th.e range of 200 to 450 nm. 1536. The optical waveguide as claimed in
claim 29, wherein an ex osureéjose of the actinic radiation is in the range
bfo.1 Pd“g%?&’rﬁfalsv’.a?ﬁé?% dl Wwaveiguide as’ élaimed in claim 29,
wherein 204he actinjeradiatien islitragiatedrentpthetlaversthreagh ahaving a
mask. 38. The optical waveguide as claimed in _claim 29, wherein. th -
it e‘ﬁﬁﬁﬁé’r%on%éﬁ%%h an%ﬁéxidﬁa}%agdgglenr%. 2&? é%Q&T%]%Sopt%:‘g#% provided
aaveguide asclaimed incelai 20 whereindhé kyéen further €bhtging ge index
sensiizing agenty, . £0. Jhe oplige| wavegide s Aaimed i dawh 24ne core
wherin 5 the coretfayer is formed of the ncrbornene-based polymer as a
hmgemc@mpoa@mﬁhgnﬁﬁnwmyggmane—based polymer, the core layer

having two surfaces; and

MCSLLP

a cladding layer provided so as to make contact with
at least one of the two surfaces of the core layer and
having a refractive index lower than that of each of the
core portions, the cladding layer formed of a material
obtained by cross-linking epoxy groups of at least a part
of molecules of a norbornene-based polymer directly or via
compounds of a cross-linking agent as a major component
thereof, wherein each of the molecules of the norbornene-
based polymer is represented by the following formula 1:

[formula 1]

[ v/ \
\ /p \ /q
R (CHZ)a
/
O\
(CH2)p
0

wherein R is an alkyl group having a carbon number of
1 to 10, “a” is an integer of 0 to 3, “b” is an integer of

1 to 3, and “p” / “g” is 20 or less.
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41. The optical waveguide as claimed in claim 40, wherein the
nbrbornene-based polymer is an addition-type norbornene-based
polymer. 5 42. The optical waveguide as claimed in claim 1, wherein eachMCSLLP
of the core portions is formed of a first norbornenebased material having a
refractive index as a major component thereof, and each of the cladding
portions is formed of a second norbornene-based material having a 10

tefractiedindexXciofat tHiRMRaHS e Fitst RbMIGIRENeANED ridtertal aRerelin

major componentthereof. 43 The qptical waveguide,as claimed inwclaife thoxy
42, wherein each of the first and second norbornene-based materials 15

TohEHHT the MoFB6TBNREhased polymel RAGIRG EEefractiveihlEX ARdA  S+1V?
reagtion-predyct of maleeules:of a rarbprienebased manomerdiavingea or  a
refractive index different from that of the norbornene-based polymer, and

Wher&éiitfe fefractiveiRdExes of the first and second 20

norbornene-based materials are different from each other due to a

ifference between amounts of the reaction.products of the molecules o .
e norb neon%%acsagidnrﬁvgr\{&%lérl ggntgisneg %ﬁelrrélien(.jtzé 1214.(:11F?el IgptLlic’al mhereLn
sraveguide @s claimed e skainw 43,oiukereihattie regctibayroduct cdhtaingo 1.5

gt least one kjvnd seI%ctgg frq{n% é@esgrﬁ)fjpt%oyggsggg ngygle_ric molecules

lmﬁs Tiﬂ a eraﬁ_l iLC
each polymerizing the molecules of the norbornene-hased monomer,
cross-linking chemical structures each cross-linking 30 molecules of the

porborngne-based palymer, and; branching ehgmical stpuctures £aeh  wherein

branching from the molecules’of the norbornene-based polymer. Ni OS
LhP 45rFhe eptcal Wavegtithoad Blafied i elaint 43P Wherein the

norborpgne-based polymer.js compgsed, of moleculegseach inaliding ne-based
aralkyl norbornene repeating units. 46. The optical waveguide as claimed

PEldins 43, WAEFEHY thePnorb6ineheibabed polifsr is compBeBaBEr  Naving
malecules eagh inclyging benzy nofRapene depeatiigdnitspol ymer  and  a

refractive index different from that of the norbornene-
based polymer, a first substance that is activated by being
irradiated with actinic radiation, a second substance that
is activated by heating and can react molecules of the
monomer due to activation thereof, wherein activation
temperature of the second substance is changed under action
of the activated first substance;

irradiating selectively the actinic radiation onto the
layer, so that the first substance is activated within
irradiated regions of the layer onto which the actinic
radiation is irradiated, to thereby change the activation
temperature of the second substance under the action of the
activated first substance within the irradiated regions;
and

subjecting the layer to a heat treatment at such a
temperature that any  one having a low activation

temperature between the second substance and the second
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47. The optical waveguide as claimed in claim 43, wherein the
norbornene-based polymer is composed of molecules each including
phenyl ethyl norbornene repeating units. 48. The optical waveguide as MCSLLP
claimed in claim 43, wherein the norbcrnene-based polymer is composed
of molecules each 15 including a main chain and cleavable groups each
branching from the main chain and havingsa chemical structure in which at

fRHe? AYFAFEOf tHE CRBMICAT 5t Uethie Ban bETBRSRNAREHT removed fopged  1s

the-main-ehgin sand whereindheneafeactive dndexesef the fiestand-sesondacted
20 norbornene-based materijals are different from each other due a, .
Hitfeterce Betaten the fumbEreSFtRE Teavabie Ghsups, that Hive g2 tated
been sleavedrin the molecules of tHennerbospene=based polyoters rradiated,
contajned therein and a diffe%encetbetween Clihe a(ryoypts of the rgﬁlctionb N
EPO e 625 tife moletules dfthe horbornena-based monomers — - oc - eeh

contained thereini o49. dhie opcahwavequide as tlaimed inofaime48, whereby

wherein Ine Derborene:hased polymer is eamposad of MOIeGUISs §3¢ 4 areq
mc?udlng diphenyl meﬁ1y norbornene ?epeatlng units. 50. The optica
wayéguide as clamed inrclaim a3 wherein thesnotbbornenesbaséd polymegions

'Se%oorﬁgoscerge()f cﬁ‘gl&gﬁlﬁf ;%%Cpt MGSUP including alkyl norbornene
eo

repeating units. 51. T ical waveguide as claimed in claim 43,
wherein the norbornene-based polymer is composed of molecules each

including hexyl norhornene repeating ynits. ;52 Jhe optical wavegyide ase e i

claimed in claim 43, wherein

Hehorbokhéene-basedpbiimerisanadditon-pesiotbémenébasédie  monomer
BQQ&E@SS@S within one of the irradiated regions and the

non—-irradiated regions, the molecules of the monomer which
are contained 1in the other regions and have not been

reacted are diffused to the one regions.

6. The optical waveguide as claimed in claim 4, wherein
the first substance contains compounds that produce cations
and weakly coordinating anions by being irradiated with the
actinic radiation, and the activation temperature of the
second substance 1is changed under action of the weakly

coordinating anions produced.

7. The optical waveguide as claimed in claim 4, wherein
the activation temperature of the second substance 1is
lowered under the action of the activated first substance,
and the second substance is activated Dby heating at a
temperature higher than that of the heat treatment without

irradiating the activated actinic radiation.

8. The optical waveguide as claimed in claim 7, wherein
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10 53. The optical waveguide as claimed in claim 42, wherein the core

layer is formed of the norbornene-based polymer as a major component
thereof, and the norbornene-based polymer is composed of molecules icsLLpP
each including a main chain and 15 cleavable groups each 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,
BRE WIRSTRIRFthE Teff Aat\erinBexES of the FEPANT S8csir 20 represented by

ppEborpeneshased materials are gifferent from each other due to a
difference between the numbers of the cleavable groups, that have not

been cldalRt: intAd Malecules oFine norbornene-based polymers
containgdetherein. 25r34. The opticalnsayeguisie as claimed ialchaimed3, donor
wherein the norbornene-based polymer is composed of molecules each . .
inctidiflg dthéﬁyl%etﬁ%leﬁloer%rnsé%eer%!ﬁgg?irr%grﬁ ﬁﬁts&%&%ﬁg Bptical > "5+
woyegdide asfclaimeddn thim 531 wheeir 80dhe nBHiokreneRbdsedone of a
olymer is composed of molecules each_including alkyl nor n B
gevpera?f?@nun?tg. McSELLP S'§>6J[? Fhe op i%gﬁ?vgvgégu%g asH %I(g)%%% fﬁogléin% Foup
SBnngereii@mennadziomerm@lja@dpolgmemgeompoée@@ﬁmomlmed from
each induding hexylpetborene epeaing e, 57-HS0R% Ay 1ate  and

WavegfrjiéeOu claimed in claim 53, wherein
thenotlbormehehasetpolymerisanaddition-type norbornene-based
polymer. 58. An optical waveguide structure, comprising: 10the optical

waveguide defined by claim 1 and having
9. The optical waveguide as claimed in claim 7, wherein

the second substance contains compounds each represented by
the following formula (Ib):

[(E(R)3)aPd(Q) (LB)p]p[WCA]y -+ (Ib)

wherein E(R)s3 1is a Group 15 neutral electron donor
ligand, E is an element selected from the group comprising
elements of Group 15 of the Periodic Table, R 1s one of a
hydrogen atom, an isotope thereof and a hydrocarbyl group-
containing moiety, Q is an anionic ligand selected from the
group comprising carboxylate, thiocarboxylate and
dithiocarboxylate, LB 1is a Lewis base, WCA 1is a weakly
coordinating anion, “a” 1s an integer of 1 to 3, “b” 1is an

and “b” is 1 to 3,

I44

integer of 0 to 2, a total number of “a
and “p” and “r” are integers for maintaining balance
between an electronic charge of a palladium cation and an

electronic charge of the weakly coordinating anion.
10. The optical waveguide as claimed in claim 9, wherein

each of “p” and “r” 1is independently selected from an

integer of 1 or 2.
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two surfaces; and a conductor layer provided on a side of at least one
of the two surfaces of the optical waveguide. 1559. The optical waveguide

structure as claimed in claim 58, wherein a ratio of an average thickness MCSLLP

of the conductor layer with respect to an average thickness of the optical
waveguide is in the range of 10 to 90%. 2060. The optical waveguide

structure as claimed in claim 58, wherein the conductor layer is formed ,
ﬂ;léir!g atheastBhé Pidthod EEIBBEEtERrGhT tHe §rotpComprising ddry: wherein
EE@“%BE%WEEQQ#HPENQ%HE%W@aam%ag&ﬁy&t@ﬂwmdM@ﬁ.1ayer to a

conductive sheet member to the at least one of the two surfaces.
heat treatment at a second temperature higher than that of

the heat treatment after the heat treatment is carried out.

12. The optical waveguide as claimed in claim 11, wherein
the core layer 1is obtained by subjecting the layer to a
heat treatment at a third temperature higher than the
second temperature after the heat treatment is carried out

at the second temperature.

13. The optical waveguide as claimed in claim 12, wherein
a difference between the second temperature and the third

temperature is 20°C or higher.

14. The optical waveguide as claimed in claim 4, wherein

the monomer contains a cross-linkable monomer.

15. The optical waveguide as claimed in claim 4, wherein
the monomer contains a norbornene-based monomer as a major

component thereof.

16. The optical waveguide as claimed in claim 14, wherein

the monomer contains a norbornene-based monomer as a major

component thereof, and further contains dimethyl
bis (norbornene methoxy) silane as the cross-linkable
monomer.

17. The optical waveguide as claimed in claim 4, wherein

the norbornene-based polymer is composed of molecules each
including a main chain and cleavable groups each branching

from the main chain and having a chemical structure 1in
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MCSLLP

which at least a part of the chemical structure can be
cleaved and removed from the main chain under the action of
the activated first substance, and

wherein when the actinic radiation is selectively
irradiated onto the irradiated regions of the layer, the
cleavable groups of the molecules of the norbornene-based

polymer are cleaved therewithin.

18. The optical waveguide as claimed in claim 17, wherein
the first substance contains compounds that produce cations
and weakly coordinating anions by being irradiated with the
actinic radiation, and

wherein the cleavable groups are acid cleavable groups

that can be cleaved under action of the cations.

19. The optical waveguide as claimed in claim 18, wherein
each of the acid cleavable groups includes at least one of
a chemical structure of -0-, a chemical structure of -Si-

aryl and a chemical structure of -O-Si-.

20. The optical waveguide as claimed in claim 17, wherein
the refractive index of the norbornene-based polymer 1is
lowered due to cleavage of the cleavable groups of the

molecules thereof.

21. The optical waveguide as claimed in claim 20, wherein
each of the cleavable groups includes at least one of a
chemical structure of -Si-diphenyl and a chemical structure

of -0-Si-diphenyl.

22. The optical waveguide as claimed in claim 4, wherein

the actinic radiation has a peak wavelength in the range of
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MCSLLP

200 to 450 nm.

23. The optical waveguide as claimed in claim 4, wherein
an exposure dose of the actinic radiation 1is in the range

of 0.1 to 9 J/cm’.

24. The optical waveguide as claimed in claim 4, wherein
the actinic radiation is irradiated onto the layer through

a mask.

25. The optical waveguide as claimed in claim 4, wherein

the layer further contains an anti-oxidizing agent.

26. The optical waveguide as claimed in claim 4, wherein

the layer further contains a sensitizing agent.

27. The optical waveguide as claimed in claim 4, wherein
the core layer is formed of the norbornene-based polymer as

a major component thereof.

28. The optical waveguide as claimed in claim 27, wherein
the norbornene-~based polymer is an addition-type

norbornene-based polymer.

29. The optical waveguide as claimed in claim 1, wherein
the core layer is formed through the following steps:
forming a layer containing a substance that is
activated by being irradiated with actinic radiation, the
norbornene-pbased polymer composed of molecules each
including a main chain and cleavable groups each branching
from the main chain and having a chemical structure in

which at least a part of the chemical structure can be
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cleaved and removed from the main chain under action of the
activated substance; and

irradiating selectively the actinic radiation onto the
layer, so that the substance is activated within irradiated
regions of the layer onto which the actinic radiation 1is
irradiated and the cleavable groups of the molecules of the
norbornene-based polymer are cleaved under the action of
the activated substance thererwithin, to thereby cause a
refractive index difference between the irradiated regions
and non-irradiated regions onto which the actinic radiation
is not irradiated due to cleavage of the cleavable groups
of the molecules of the norbornene-based polymer, whereby
one of the irradiated regions and the non-irradiated
regions becomes the core portions and the other regions

become the cladding portions.

30. The optical waveguide as claimed in claim 29, wherein
the core layer 1s obtained by subjecting the layer to a
heat treatment after the actinic radiation is irradiated

thereonto.

31. The optical waveguide as claimed in claim 29, wherein
the substance contains compounds that produce cations and
weakly coordinating anions by being irradiated with the
actinic radiation, and

wherein the cleavable groups are acid cleavable groups

that can be cleaved under action of the cations.

32. The optical waveguide as claimed in claim 31, wherein
each of the acid cleavable groups includes at least one of
a chemical structure of -0-, a chemical structure of -Si-

aryl and a chemical structure of -0-Si-.
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33. The optical waveguide as claimed in claim 29, wherein
the refractive index of the norbornene-based polymer 1is
lowered due to cleavage of the cleavable groups of the

molecules thereof.

34. The optical waveguide as claimed in claim 33, wherein
each of the cleavable groups includes at least one of a
chemical structure of -Si-diphenyl and a chemical structure

of -0-Si-diphenyl.

35. The optical waveguide as claimed in claim 29, wherein
the actinic radiation has a peak wavelength in the range of

200 to 450 nm.

36. The optical waveguide as claimed in claim 29, wherein
an exposure dose of the actinic radiation i1s in the range

of 0.1 to 9 J/cm?.

37. The optical waveguide as claimed in claim 29, wherein
the actinic radiation is irradiated onto the layer through

a mask.

38. The optical waveguide as claimed in claim 29, wherein

the layer further contains an anti-oxidizing agent.

39. The optical waveguide as claimed in claim 29, wherein

the layer further contains a sensitizing agent.
40. The optical waveguide as claimed in claim 29, wherein

the core layer is formed of the norbornene-based polymer as

a major component thereof.
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41. The optical waveguide as claimed in claim 40, wherein
the norbornene-based polymer is an addition-type

norbornene-based polymer.

42. The optical waveguide as claimed in claim 1, wherein
each of the core portions 1is formed of a first norbornene-
based material having a refractive 1index as a major
component thereof, and each of the cladding portions is
formed of a second norbornene-based material having a
refractive index lower than that of the first norbornene-

based material as a major component thereof.

43. The optical waveguide as claimed in claim 42, wherein
each of the first and seéond norbornene-based materials
contain the norbornene-based polymer having a refractive
index and a reaction product of molecules of a norbornene-
based monomer having a refractive index different from that
of the norbornene-based polymer, and

wherein the refractive indexes of the first and second
norbornene-based materials are different from each other
due to a difference Dbetween amounts of the reaction
products of the molecules of the norbornene-based monomer

contained therein.

44. The optical waveguide as claimed in claim 43, wherein
the reaction product contains at least one kind selected
from the group comprising polymeric molecules each
polymerizing the molecules of the norbornene-based mononer,
cross-linking chemical structures each cross-linking
molecules of the norbornene-based polymer, and branching
chemical structures each branching from the molecules of

the norbornene-based polymer.
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45. The optical waveguide as claimed in claim 43, wherein
the norbornene-based polymer is composed of molecules each

including aralkyl norbornene repeating units.

46. The optical waveguide as claimed in claim 43, wherein
the norbornene-based polymer is composed of molecules each

including benzyl norbornene repeating units.

47. The optical waveguide as claimed in claim 43, wherein
the norbornene-based polymer is composed of molecules each

including phenyl ethyl norbornene repeating units.

48. The optical waveguide as claimed in claim 43, wherein
the norbornene-based polymer is composed of molecules each
including a main chain and cleavable groups each 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, and

wherein the refractive indexes of the first and second
norbornene-based materials are different from each other
due to a difference between the numbers of the cleavable
groups, that have not been cleaved, in the molecules of the
norbornene-based polymers contained therein and a
difference between the amounts of the reaction products of
the molecules of the norbornene-based monomers contained

therein.

49. The optical waveguide as claimed in claim 48, wherein
the norbornene-based polymer is composed of molecules each
including diphenyl methyl norbornene repeating units.

50. The optical waveguide as claimed in claim 43, wherein

the norbornene-based polymer is composed of molecules each
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including alkyl norbornene repeating units.

51. The optical waveguide as claimed in claim 43, wherein
the norbornene-based polymer is composed of molecules each

including hexyl norbornene repeating units.

52. The optical waveguide as claimed in claim 43, wherein
the norbornene-based polymer is an addition-type

norbornene-based polymer.

53. The optical waveguide as claimed in claim 42, wherein
the core layer is formed of the norbornene-based polymer as
a major component thereof, and the norbornene-based polymer
is composed of molecules each including a main chain and
cleavable groups each 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, and

wherein the refractive indexes of the first and second
norbornene-based materials are different from each other
due to a difference between the numbers of the cleavable
groups, that have not been cleaved, in the molecules of the

norbornene-based polymers contained therein.

54. The optical waveguide as claimed in claim 53, wherein
the norbornene-based polymer is composed of molecules each

including diphenyl methyl norbornene repeating units.
55. The optical waveguide as claimed in claim 53, wherein

the norbornene-based polymer is composed of molecules each

including alkyl norbornene repeating units.
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56. The optical waveguide as claimed in claim 53, wherein
the norbornene-based polymer is composed of molecules each

including hexyl norbornene repeating units.

57. The optical waveguide as claimed in claim 53, wherein
the norbornene-based polymer is an addition-type

norbornene-based polymer.

58. An optical waveguide structure, comprising:

the optical waveguide defined by claim 1 and having
two surfaces; and

a conductor layer provided on a side of at least one

of the two surfaces of the optical waveguide.

59. The optical waveguide structure as claimed in claim 58,
wherein a ratio of an average thickness of the conductor
layer with respect to an average thickness of the optical

waveguide is in the range of 10 to 90%.

60. The optical waveguide structure as claimed in claim 58,
wherein the conductor layer is formed using at least one
method selected from the group comprising a dry plating
method, a wet plating method and a method of bonding a
conductive sheet member to the at least one of the two

surfaces.
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