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[0001] The present invention relates to a |ight Qui

(hereinafter, referred to as "optical wavegui de") adt®®"

a light guide structure (hereinafter, ref dt
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transferred using optical frequency carrier waves ar egoooo*
becom ng increasingly inportant. In such optica

comuni cal.iGHE, GARDE opNDCcRIGHWAVEYIDHeSTRUOSERAEAS one
means for conducting or guiding the optical frequency
carrier waves fromone point to another point. [0003]

TEE np ELDthe opti cal wavegui de includes a pair of
——eﬁgégégg—iayers and a core |l ayer provided between the
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and cl addi ng portions each having a |inear shape. In
(heheigafeetayerfertdm tcores Poptioad wardedidel addichg light

portions are provided alternately. Each of the core |
gugs?ﬁt&h@,cqusrer g‘?%%ll%?f‘éersﬁﬁﬁeéﬁteidaﬁq’ §5t ritfsigar e veguide
st &gﬁkgh)for light to be used as the optica

requency carrier waves, and each of the cladding

| ayers and the cladding portions is forned of a

material having a refractive index |ower than that of
BAGKEROBNDt ARTcore porti ons.

[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 is 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



[ 0004] Such an optical wavegui de has a structure in
which 1 each of the core portions is surrounded by
the cladding portions and the cladding |ayers each
having the refractive index |ower than that of each
of the core portions. Therefore, light input into an
end of each of the core portions is transferred al ong
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mat eri al of e Optical waveguli de include a polyner
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conventional ly used widely. Since the polyner is
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the optical wavegui de. 006] As the material for

manuf acturing the opt|cal wavegui de, pol ynet hyl
nmet hacryl ate (see, Japanese Patent. _Application
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I owi ng probl First, each of the pol yneth
as a material for manufacturlng the optical waveguide.

[0006] As the material for manufacturing the optical
waveguide, polymethyl methacrylate (see, e.g., Japanese Patent
Application Laid-open No. H09-258051), epoxy resin (see, e.qg.,
Japanese Patent Application Laid-open WNo. 2005-070556),
fluorinated polyimide (see, e.g., Japanese Patent Application
Laid-open No. H04-9807), 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 is mounted on a circuit



nmet hacryl ate and the epoxy resin has a heat resistant
tenperature of 200C or |ower. Therefore, when an
optical wavegui de formed of these polynmers is nounted
on a circuit 2 substrate, there is a fear that the
opti cal waveguide is softened by a heat treatnent
such as a solder treatnent or the Iike. [0008]

the fluorinate
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| 'uor i na However, since a fluorination step iIs
likacluded in a synthesis step of the fluorinated
pol yi m de, a cost for synthesizing it is increased.
Ther ef or e, the fluorinated polyimde has a problemin
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100C or lower, it is softened by a heat treatnent such

prastacasbtser treatnent or the |ike. Furt her, since the
cellulose acetate butyrate has a | arge nunber of
hydr oxyl groups, it has

[0009] In addition, a polymer to be synthesized through
a polycondensation 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
acstate butyrate has a large number of hydroxyl groups, it has
a high water absorbing property. 1In 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.



a high water absorbing property. In the case where an
optical waveguide forned of such a polyner is |eft
under a high humdity environment, a di nensiona
change thereof occurs due to water absorption of the
cellul ose acetate butyrate. 3 DI SCLOSURE OF THE

I NVENTION [0011] It is therefore an object of the

e i nvent.L.o vi de an optical wavegui de and
DIQ&E& u35¥mgbgggF¥%§Tg§§ucture, each of which has
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refractive i nde
ma@édiasentote.the core portions and having a refractive

i ndex | ower than that of each of the core portions,

the core |l ayer having two surfaces, and a cl addi ng

| ayer provided so as to nmake contact with at | east
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core portions, I'ng layer
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[0013] This nmakes it possible to obtain an optica
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| ow wat er, abs rbiQ%:property and can be manuf act ured
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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

absorbing property and can be manufactured with a low material

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



[0014] In the above optical waveguide, it is preferred
that the norbornene-based polyner is an addition-type
nor bor nene- based pol ynmer. [0015] In the above optica
wavegui de, it is preferred that the norbornene-based
pol ymer i s conposed of nol ecules each 4 including
al kyl norbornene repeating units. [0016] In the above
i,cal referred that the
i PR RO ¥Ras BTRFPREE PEDEqIBESed of Srol scul es each
|nclud|ng al kyl norbornene repeating units, each of
the al kyl norbornene repeating units having a
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a carbon nunber of 1 to 10, ™a" is an |nteger of to

a Beolyhtrigabhei greger of 1 to 3, and "p" / "q" is 20
or less. [0019] In the above optical waveguide, it is
preferred that

[0017] In the above optical waveguide, it is preferred that
the norbornene-based polymer is composed of molecules each
represented by the following formula 1 as a major component

thereof:

[0018] [formula 1]

wherein R is an alkyl group having a carbon number of 1
to 10, “a” is an integef of 0 to 3, “b” is an integer of 1 to

3, and “p” / “g” is 20 or less.

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

groups) .



at least a part of the nol ecules of the

nor bor nene- based pol yner are cross-linked via the

pol ynmeri zabl e groups (the epoxy groups). 5 [0020] In

t he above optical waveguide, it is preferred that an
average thickness of the cladding layer is 0.1 to 1.5
times an average thickness of the core layer. [0021]
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a nononer having conpatibility with the polyner and a

anr eeaegevehindersdi bEfekbat coteoimiyhat of the pol ymer,
a first substance that is activated by being
irradiated with actinic radiation, a second substance
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nononer 0) ac I'vati 0
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changed under action of the activated first

cogtibsnange poiyadi étanvnglgS@lrecftrua\ccellwethedemtaumriroomer having
radi ation onto .t he so that the first substance
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first substance within the irradi ated regions; and
thafbjaceFhgvehed] Ayehepsinghane crearpeat melegehea of the

t,ure that a hav a |L.ow activation
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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 is'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-irradiated regions becomes the core portions and

the other regions become the cladding portions.



nol ecul es of the nononmer are reacted within either the
irradi ated regions or non-irradi ated regions onto
which the actinic radiation is not irradiated, to
t hereby cause a refractive index difference
t her ebet ween due to reaction of the nolecules of the
nmononer, whereby one of the irradiated regions and
the non-irradi ated regi ons becones the core portions
and the-other regions becone the cladding portions. 6
[ob8822] In m@h@%@z@ebt@@lﬂ%@m%, it iissope el erd@dnat
that when the reaction of the nol ecules of the
whaonohrer rpaogiesses the tniw le@nie ofoft ha moadmetregrogresses
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onegooedinati-ng anions by being irradiated with the
actinic radiation, and the activation tenperature of
the second substance is changed under action of the
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substance is 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] In the 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 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 is one of a hydrogen atom,

an isotope thereof and a hydrocarbyl group-containing moiety,



[0025] In the above optical waveguide, it is preferred
that the second substance contai ns conpounds each
represented by the following fornula (la): (E (R 3)
2Pd (Q 2 ... (la) wherein E (R) 3 is a Goup 15
neutral electron donor ligand, E is an elenent
selected fromthe group conprising eIenents of G oup
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the group conprising “carboxylate, thiocarboxylate and

di t hi ocar boxyl ate. [0026] In the above opti cal

waveguide, it is preferred that the second substance
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Tabl e{ERR] 8 G Q0f(L&) bydistfeln at-om(Iban i sotope
thereof and a hydrocar byl group-containing noiety, Q
is a‘ﬁ %ﬁ‘?brﬁlEc(Ri Boehd FEWted 4ot RéeqE6ap donor ligand,
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ase
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Lewis base, WCA is a weakly coordinating anion, “a” is an integer
of 1 to 3, “b” is an integer of 0 to 2, a total number of “a”
and “b” is 1 to 3, and “"p” and “r” are integers for maintaining
balance between an electronic charge of a palladium cation and

an electronic charge of the weakly coordinating anion.

[0027] In the above optical waveguide, it 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 is obtained by subjecting the layer to a heat



[0027] In the above optical waveguide, it is preferred
that each of "p" and "r" is independently sel ected
froman integer of 1 or 2. [0028] In the above
optical waveguide, it is preferred that the core
| ayer is obtained by subjecting the |ayer to a heat
treatnent at a second tenperature higher than that of
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subjecting the layer to a heat 8 treatnent at a third

setengetamnpeeahiigher than the second tenperature after
the heat treatnment is carried out at the second
tenperature. [0030] In the above optical maveguide it
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tempRoaerre] 0632p °Cnorhbigheve optical waveguide, it is
preferred that the nononer contains a
nor bor nene- based nononmer as a mmj or conponent
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(nor bornene net hoxy) silane as the cross-1inkable

4] .1 n the abo optical wavequide, i
[Og?e erredi%hggeaboveoptlcaY eqgulde, 1t 1 preferreAthat
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 is preferred that
the 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 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.



the polymer is conposed of nolecul es each including a
mai n chain and cl eavabl e groups each branching from
the main chain and having a chem cal structure in
which at least a part of the chem cal structure can
be cl eaved and renoved fromthe main chain under the
action of the activated first substance, and when the
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the cations. [0036] In the above opti cal waveguide, it
is preferred that the core layer is forned through
[00AE]1f ol | owimghstadsre bot htay waydgayiele,contiai preprred that
substance that is activated by bein irradiated with
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antheemob et Ul es8n afhet h@in 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
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
cne 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 is preferred that
the core layer is obtained by subjecting the layer to a heat

treatment after the actinic radiation is irradiated thereonto.

10



pol yner are cl eaved under the action of the activated

substance thererwithin, to thereby cause a refractive

i ndex difference between the irradiated regions and

non-irradi ated regions onto which the actinic

radiation is not irradiated due to cleavage of the

cl eavabl e groups of the nolecul es of the polyner,

whereby one of the irradiated regions and the

non-irradi ated regi ons becones the core portions and
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actinic radiation, and the cl eavable groups are acid

cl eavabl e groups that can be cl eaved under action of

bgg cations. 00%31 In the ibove opti cal waveguide, it
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SRR AT Tt PR GoG Tillp ! gt ot ot
cheini gall s erwdtufe Sif--0f PR48hehbch hestahomar@pbifcadi-aryl and

wavegui de, it is preferred that the refractive index
a ghemheapokyneFtisel feredSdue to cl eavage of the

cl eavabl e groups of the nol ecules thereof. [0041] In

t he above optical waveguide, it is preferred that

[o@a@E of tlhfen cheauahl£ogeouRs WARJideR al « iegste AOEr & that
a chem ca
the refractive index of the polymer is lowered due to cleavage

of the cleavable groups of the molecules thereof.

[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 wavegquide, it is preferred that
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structure of -Si-diphenyl and a chem cal structure of
-0-Si -di phenyl. [0042] In the above optical wavegui de,
it is preferred that the actinic radiation has a peak
wavel ength 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
f .1.10 J/ . 044 n_the above ,opt.i ca
e gegilib e trE R et ot it hat o TS e chrovan
mak®&di ation is irradiated onto the | ayer through a
mask. [0045] In the above optical waveguide, it is
preferred that the |ayer further contains an
anti-oxidizin% agent. [0046] In the above optical
[0QAvdqui de, 17 £PraRR e @PF 8L HRVETHES aykrl STRFS HeFred that

0 L0Os itz gent 047): skn:the e
B e L i e e,
cont ai ns a norbornene-based polyner as a major
conponent thereof. [0048] In the above optica
[0Q46dgui de, In thesalpred eptédat hatvedhalaot bosrenet dased that
b og%ner i_s aB addition-tyge nor bor nene- based pol yner.
t FO YFT| AUCHECAbGIB 8P Pcal SRATEGAAHBY PECPS preferred
that each of the core portions is formed of a first
nor bor nene-based naterial having a refractive index
[00473 naj or Ik akpaneite bpek eal ,wavatfhierGhi ofi st ferred that
cl addi ng portions is formed of a second
the polymer contains a norbornene-based polymer as a major

component thereof.

[0048] In the above optical waveguide, it is preferred that
the norbornene-based polymer is an addition-type

norbornene-based polymer.

[0049] In the above optical waveguide, it is preferred that
each of the core portions is formed of a first norbornene-based
material having a refractive index as amajor 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 a major component

thereof.

[0050] In the above optical waveguide, it is preferred 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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nor bor nene-based material having a refractive index

| ower than that of the first norbornene -based

mat erial as a maj or conponent thereof. [0050] In the

above optical waveguide, it is preferred that the

first and second norbornene-based materials contain an

i denti cal norbornene-based pol yner having a refractive

index and_a reacti on_product . of | ecul.es of a
nof P BB P REn S DS e H O LHORG e Hal R "B P aF AR B EHas,Of the
£19skf @Rl dor@m b P8 r REné DSasdd i Harnengrlaselrerent from

pol yner, and the refractive indexes of the first and
easbconite naium itweaed biaSedemed deitaleerappodntses £nthef remction

each other due to_a difference between anmounts of the
prpggetrorrt preRiuBPsCERERe Ofpl il B3rBPriafRePased monomer
Congg?grge@gégaggd nmononer contai ned therein. [0051] In

the above opF|caI wavegui de, it is preferred that the

reaction product contains at |east one kind sel ected

from the group conprising polyneric nol ecul es each
[0péRyeri zi hy thieeabamd eptifi es 1 ofa v itlsr, bot nenerdbseded that

nononer, cross-1linkin chem cal structures each

ther BSICT AR R M e GATES 1S Pive L ABF bR Rehid b asd@cted from
br. ' i cal .
T Ko Y d T amlSe oe e TH et B E s che

mopekymes. $H0%2e | RotberabA¥epapelCcatov@mwagui deoskt-1isking
preferred that the norbornene-based polyner is
chepipadedsofupbheesl en@achrosacladkagarad kgtules of the

nor bor nene repeating units. 0053] .I n the aboxe
ﬁgééﬁ @Fpg lPﬁaF emica structures

nospereare i B8 YI'E Ty s 2pfle

each branching from the molecules of the norbornene-based
polymer.

[0052] In the above optical waveguide, it is preferred that

the norbornene-based polymer is composed of molecules each

including aralkyl norbornene repeating units.

[0053] In the above optical waveqguide, 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
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t he norbornene-based pol yner is conposed of nol ecul es
each including benzyl norbornene repeating units.
[0054] In the above optical waveguide, it is preferred
that the norbornene-based polyner is conposed of

nol ecul es each including phenyl ethyl norbornene
repeating units. [0055] In the above optica

wavegui pr.ef erred t.hat he Qorborne e- bas

e, it | e
SRR R Sl Pr b s bR SR L ARG R Least

a gt oh@h & calehiClaqayapl et grOURs sah HanehhAd-d®fRd from
13 the main chain and having a chemcal structure in

thehmehnathkeast and paet ref rehéivhedndalkest plicthee féant and

be cl eaved and renoved from _the main chain, and the
sereRARATRAF NSTFeRSS St Meher i ff 8 @ tandl f SeEdmE from each other

r nene- d [ i ffe 0 h
T e A e S
thekeaMabke goOUPSeent hatedrave, Notn baere CheawedildN e the

nol ecul es of the norbornene-based pol ynmers contai ned

notrhereeneahdsaddpdl pnensecotipt weed theereamuntd aofliffierence
reacti on products e nol ecul es

0 h of the

beREREBr hRRATRIEEES ﬁ%aﬁ?@rgeesmamﬁo%%?%ﬁﬁ 15086} eFHLes
ofl 'EﬁeaPB\fSoQHEh%%a@%&eg%gﬁer t cbﬁtgﬁgéér Eﬁgr%ﬁﬂt. the

core layer 1s 1orned Oof a norpornene-pased polyner as

a maj or conponent thereof, and the norbornene-based

pol ymer is conposed of nolecules each including a
[ORBFH chai nfakbedimbPelgr by ewuddte bt bichprrit ¢y that -
cnLne nagn chain.and having a chenicqb struciure in .

RHTEHT A YPedst faIBaY ©Tof RECERERCCR SRR YR aghmalor
coRBoakaauet gk r engved £&om then 8B s £h o0 vrnaRdi & B8mposed

refractive indexes of the first and second
ofnoo becukae-dasedncluding 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 waveguide, it is preferred
thatthe norbornene-based polymer is composed of molecules each

including alkyl norbornene repeating units.
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materials are different fromeach other due to a

di fference between the nunbers of the cleavable

groups, that have not been cleaved, in the nol ecul es

of the norbornene-based polynmers contained therein.

[0057] In the above optical waveguide, it is preferred

that the norbornene-based polynmer is conposed of

nol ecul es each including di phenyl nethyl norbornene

repeating units. [0058] In the above optica
[o¥8yggui de, 1 thkSiRIRS 8pF 8da1 LRI ROT borRENEs ARSA hat

pol ynmer i s conposed of nol ecul es "'each i ncludi ng al kyl
thaonbabpeneneepeaedngpolynies. il ¢AEHed nof hmohdboukes each
_ ogtigal maveguide, it is preferred that the
inférBbérachexbasBATPOF)PRBE FSPEBRPBIed"dfSapl ecul es each

i ncl udi ng hexyl norbornene repeating units. [0060] In

t he above optical waveguide, it is preferred that the
[OOGDEOTnenehbﬁﬁé%ﬂﬁﬂdﬁﬁfib§l@%V@aﬂﬂdéﬁﬁﬁXB%meferredthat

nor bor nene- based pol yner. [0061] Further, in order to
thachi evebbltacokj-betsedescrhidietherabovies t hanpr esddtition-type

invention is directed to an optical wavegui de
nogpprRenfePashe BRLYESF - wavegui de structure conpri ses

the above optical wavegui de having two surfaces, and

a conductor |ayer provided on a side of at |east one
[ook1the tworstH&ees n Bfrdehet epidiead vavarrguidect] 8862kibed

This makes it possible to obtain an optical waveguide
abgveudthe erepech inysndxcesl 1 el resdedres ipstaricecahdageguide

| ow wat er sor bi ny opert d can be nmanuf act ured
st ure, % e optf%gq ave u?ge structure compr{ses the
WEhYESt ow

above optical waveguide having two surfaces, and a conductor
layer provided on a side of at least one of the two surfaces

of the optical waveguide.

[0062] This makes it possible to obtain an optical
waveguide 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 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%.

[0064] 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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material cost. [0063] In the above optical wavegui de
structure, it is preferred that a ratio of an average
t hi ckness of the conductor |ayer with respect to an
average thickness of the optical waveguide is in the
range of 10 to 90% [0064] In the above optical
wavegui de structure, it is preferred that the
conductor. layer .is _fornmed usi t least _one nethod
meBBPE T Rd TP oft RESGF P ScSipEl 51 18 °a S4Fy 25F&t i ng
met hod, a wet plating nethod and a nethod of bondi ng
a conductive sheet 15 nenber to the at | east one of
BRIRE DRSCRIPTAONSOF BREEBRBHIBRSPTI ON OF THE DRAW NGS
b0065] FIG_1 is a perspective view show ng one _

[o féﬂrpl e oflG@n bptT GIPSIERAS I dE St Sl o0 ORe example
ofpégsc%lgiéfﬂ%ﬂ.\t\}e i(aae s'%%rutct.ﬁ.ll}%r ??ftﬂﬁgvél%égndg 'inlffle%tizon (a
i S a‘sectiona ew schématical 'y Showi ng one ™ process

paexappkeedt asfinhskemmnufacturing nethod of the optical
wavegui de structure of the present invention. FIG 3
i s aF'§éct Ponal avismwtsichenit vioew | ycoboat hgabheg sphpwtegsone
exanpl e of the first manufacturing nmethod of the

PrEpEPeat* ARl et STFutUME G WHE presant Phidi perical
wal?laguiée' St2,8eatLona! t}é%a?p’ré%@ﬁ@agh%huoﬁhow ng one
process exanple of the tirst manufacturing nethod of

the pp&ical iswavegiddersdl ueiew esOhehdei EEEENEhowing one
invention. FIG 5 is a sectional view schematically
PreReae ryadtiel © pf ddesEi exhmsine f@fc tiud nigi meghod of the optical

waQEQHEQEtEE%GQtH?Ehgg gLetg%egg%kc§kvention.

FIG. 4 1s a sectional view schematically showing one
process example of the first manufacturing method of the optical
waveguide structure of the present invention.

FIG. 5 is a sectional view schematically showing one
process example of the first manufacturingmethod of the optical
waveguide structure of the present invention.

FIG. 6 is a sectional view schematically 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
process example of the first manufacturing method of the optical
waveguide 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 is 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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wavegui de structure of the present invention. FIG 6
is a sectional view schematically showi ng one process
exanpl e of the first manufacturing nmethod of the
optical wavegui de structure of the present invention.
FIG 7 is a sectional view schematically show ng one
process exanple of the first manufacturing nethod of
t he ic .wavegui de structure of the.present :
nvehont0r & S5obe LoBal. Forhr sShelSiRarav capryna one
pr&BEYENG AR 1 PIDCEERe EXBIRLE @farf RN MPHE AT 6B the
nmet hod of the optical waveguide structure of the
oppiesénwvaivagentieontrkEEGur8 b$ ahseptreenak vhewention.
schematical ly shomﬁng,one process exanple_ of the
f our FRG mahtif 48t &r PR HERALIVOEWL RENeBBELEal laFBgHiE one
tur f t p e Lpyention._.16 Fl 10 .is.a
pré%é?%o%ﬁ%m%lgwng%h%ﬁ%t?égkpé gﬁ%%ﬁﬁg%gﬁén%bwgggggi of the
op€xalp! faokghgef ukhhtmRBUbACLHET BgeBBLBOUNQELEREN .
opti cal wavegui de structure of the present invention.
FIGFI1G. | $2aisesat bonhlionpdwselemaheratligashgpwshgwdng one
rocess exanple of the _fourth manufacturing method of
PrBﬁ%ssoﬁﬁia%lev\/é%feg‘iﬁ%lefgwﬁét qe& ude e ipPedisithod of the
optEXSTthQOegEEQE ;grhétﬁréeﬁkl9P§|ﬁ¥é$$hﬁcgﬁgghkgghty
showi ng on process exanple of tne fourt

manufact uL B ngs net bedt obnkheviept kerkmwaYEgUL d€showing one
structure of the present invention. FIG 13 Is a
preeesforxRMpilew sfchemat fearty showliegtordngpmeddsxyl of the

I f the f th f ' thod of the
op G N7 bal'*NBIRUAF AL SLFBE Or BCoF PEhE" prERbnt " PRUBAE on.
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
wavegulde structure according to preferred embodiments of the
present invention will be described with reference to the

accompanying drawings.

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

part thereof is lacked).

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

Further, the respective FIGs. are drawn with exaggeration
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FIG 14 is a chart show ng a change of total [|ight

| oss according to a change of a length of a core

portion. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

[ 0066] Hereinafter, an optical wavegui de and optica

wavegui de structure according to preferred enbodi nents

of the present invention will be described with
. reference to the cconpanyi ng.draw,ngs. . [0067] , FIG _1
in § ShERRERhE PIEeg R e ok an RO Lo e Ranprsio8 Ehereot!

opti cal wavegui de structure of the present invention

(a part thereof is lacked). [0068] In the follow ng
[0Céadri pti cdn @t upperwasiapiide HtGucthing |9 shewrefier Fed. 1
~to as "upper” or_"upside" and a lower side in FIG 1
ingilppepeap ePRE Fedl tP BRIVIGNe?C VI \afsivg@e r( ispiriface and

a é?gg;igu&%%Fg%Jéngﬁﬁédﬂég?'l%&g}rgﬁ% $£§%§$3980£L¥eupper

are Wi exagger-ati on hrckness

sudFaeetd PR HA PR thtahatbg8EHE 00D, QY goéendtﬁél)t%ﬁ]la@'ér 902

opti cal wavegui de structure 9 shown in FIG
bondetutlestha opwecabuwdwegupfetBO hptinglamauppeide 90.

surface and a |lower surface, a conductor |ayer 901

bonded to the upper surface of the optical wavegui de

d - t.a th _
08901210 2 SPIELEToA S M2 pardat i o d iy of e

coffiuateenstivtuteonnt ehaboof igathdef vhReougOREHEEOLE metal
| ayers 901 and 902 include various kinds of netal
maparéplal sushclh sasamspor , CcappeTbareeda bl P vy, adhmimworend
alﬁaggpggggggagﬁ_%%%dvgkkg s %fﬁég%ﬁfgggg%i8£]ﬁ§¥é¥?é¥% 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
specifig value, but, in general, is preferably in the range of
about 3 to 100 um, and more preferably in the range of about
5 to 70 ym. 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.

[0072] 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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as indiumtin oxide (I TO and indiumtin oxide
containing fluorine (FTO, and the like. [0071] A
rati o 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 nore

referably_in t range, of_ about 2 0_809 :

ol T b r i mEnG e S o CRkess oS e8RN g i§ Reocessed
s0CBOUET RE v aY 1% Altle AMih WS d19f, RRLIGU! @lehents such

limted to a specific value, but, in general, is
aspa dfiggtabepiitn ihkheei anget pfa ldlytut r8ckdvifg remamd and the

.nmore preferably in the range of about 5 to 70 gnl _
ll#ﬁi§rﬁBW%§”P¥“%o§§iBFédﬁéeFWﬁpéﬁeFéﬁﬁdﬂ%¥iv@ﬁyt ¢ optical
_ . Qf nductor lavers 901 a 02 while., . .
wag?égéﬁ i%g§u§?5§¥b§l$ jﬁﬁ?fﬁﬂé‘%%‘1é%%”ﬁ%%éb&#&éld device

inslhdehyr 8n9obkBubetngcul ewahgdan[ 8042 riBad stkughiure
of FIG 1, each of the conductor |ayers 901 and 902

has a plate shape (a sheet shape) . In this 18 case,
after each_of the conductor |ayers 901 and 902 is

[0B7déessed IBdHs t69RIFe Atptadet &enPREGIpERR BIGRCh OF the
. & gbe -
coﬁ?%k?gklﬁ%ﬁgﬁg@%lsgﬁgENﬁ?m%y#ﬁ%ﬂgFgggl%é@ge§£ggggmggeance

recei ving €l enent an re noun
topredst ar wiredgpor thpisepf thenepleadl onwayeguhdeconductor
structure 9 to thereby manufacture a hybrid device
layacbudPhgand 8pEi mal bereowittadd an el ectrica
circuit. [0073] In this regard, it is to be noted that
each of the conductor |ayers 901 and 902 nay have

[0b9gn patt eFnedthd @ ANGE: wdéh HMBAMSIRE: 15Yet"801 andg
i f needed, one of the conductor

the optical waveguide 90 and/or between the conductor layer 902
and the optical waveguide 90, one layer or two or more layers

with an'arbitrary purpose (e.g., a purpose for improving

adhesion 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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| ayers 901 and 902 may be om tted. [0074] Furthernore,
bet ween the conductor |ayer 901 and the optica
wavegui de 90 and/ or between the conductor |ayer 902
and the optical wavegui de 90, one |ayer or two or nore
| ayers wth an arbitrary purpose (e.g., a purpose for
inproving adhesi on t herebetween) may be provi ded.

0075 ve U|Qe 90 |nclud cl.addi n
thp oaree (F R b 1S e b oea eord Y B 67 cagply in
thénqa%g%l asldi agoliayer. s (t?H‘ pppgr chaddifg f@ﬁ@&&t% index
which "are lam nated together in this order fromthe

difFbweeensedes ofm&l Zer Ithdm the loover |laydrt v@3uegortdere is a

portions 94 each haV|ng a predeterm ned pattern and
CaéPaEI]aﬁiﬁgafbo‘?Rt'rb‘F% I5F B I oA el Ny #@ o ofhghe core

poFBE%gForgél .{‘%erEW%‘E% ui degfggﬁne'ost)h 4 ﬁéggfo%”%d if the

ence (a re rve ference)

rebeh¥eefedi K@% Qﬁﬂﬂﬂ&éd’t@éx@%e@%chh@fuéﬂi@r COMEi t value, it
portions 94 and a refractive index of each of the

canhaddmeXpectedntshe% tihe @pt1c®hma@l$lf@rd gifioieedytaf aach
ecific val ue, is.preferably in 19 the range of
OfaEBEtCGrS PBrSlg@é 3ﬂdlgsEBEFBFFyl$PEP§?§bIy in the
range of about 0.8 to 2.2% If the refractive index
difference is smaller than the lower |imt val ue,

[obhere is ancase thabran optisalo beanstes €idt cireRey case
of each of the core portions 94 is lowered. On the .
wheraerhqaref rasielve finaex Olfeﬁﬁabtﬁbﬁetthnd@e?ajipfofrérl@m@e 94 is

d | t ot b
ae FYEEG e 0% RETne kckal BubE, thdsn o Sbncet TR Gdding
pofPLEnPMY 11QNgP4nL JurEher  LAPFrOMEt-tive 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 gquadrangular shape such a square shape or a

rectangular shape.
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[0077] In this regard, it is to be noted that in the
case where the refractive index of each of the core
portions 94 is defined as "A" and the refractive

i ndex of each of the cladding portions 95 is defined
as "B", the refractive index difference can be
presented by the follow ng fornula: Refractive index
difference (0) = IAB - 11 x 100. [0078] Further, in
the structure shown in FIG 1, each of the core

[ooeoFi ons YHadis dOraBg $h amd & havg |dMeAcrshane HeN core
a planar view thereof. However, each of the core

popbibthen849is may pravelanlarby t¥iomitehape ssuplecd fikapalue,
rovided with curved portions in a mddle thereof or

buh dfapd GHeAUe Wi tH¢ oF RBES Pér BRGNS i &P n? @@l Bm, more
prbf8LERly 1R LRLS LREAMdr Lbols 6082 88 o LAA! BYp rore
ring t Aod gal e

usrng a“manufactu ne of "t he opti wavegul

prétedebuieifl, tht rangessikbkeote easkbycbopm.core
portions 94 each having a conplex and arbitrary shape
wi th high di nensional accuracy. [0079] Further, a
ross-sectional shape of each. of the core ortions 94
(op1 ® :

quadr &tigliCar 4R &0 SsRight HOR U &5 StRpse bp T material
haligfkanouLatashane. ; 20 LORBEh EAFRART o Wi dENa3R8,8 01 tuent
hei ght of each of the core” portions I S not
mapartibhtubdaréychi of tegk tOl adspegigd e M5, batiricSer, each
preferably in the range of about 1 to 200 pm nore
ofpitheretny Parthensafdde isf &bowd50foal0®ktniahdhaveng a
re,..preferably int r e of_about 10 to 60 pm .
ref 0811 VRaIier AR ol BXPor T oY 4 74s T b HeRf gtprial of
eaBR! 8F 8he cladding layers 91 and 92.

[0082] The cladding layer 91 constitutes a cladding
portion located on a lower side of each of the core portions
94, and the cladding layer 92 constitutes a cladding portion
located on an upper side of each of the core portions 94. 1In
such a structure, each of the core portions 94 serves as a light

guiding path which is surrounded by the cladding portions.

[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 pym, more preferably in the range of about 5

to 100 um, and even more preferably in the range of about 10
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having a refractive index higher than that of a
constituent material of each of the cladding portions
95. Further, each of the core portions 94 is forned
of a material having a refractive index higher than
that of a constituent material of each of the

cl adding layers 91 and 92. [0082] The cl addi ng | ayer

91 _constitutes.a claddi ng rtion | ocated gn a |0
cog G0 O -eac RAoP tHb- ol FOPEFSRY SAvoknd ineand ™" can
apFﬂr@BQﬁQget@y%&h%%i‘%o%sthdgteiso@ &4 3ddENgqROhY! @8yer while
ocated on an upper side of each of the core portions
pr8fenktingsushza & thdtkness¢achtbk dhei col eapeytiarnsd®4 rom
serves as a light _guiding path which is surrounded by
becpplBpatiinRgepértidns 1arpeosdshimk) aver age t hi ckness of

each of the cladding layers 91 and 92 is preferably
in the range of about 0.1 to 1.5 tinmes an average

[obBiagkness pf tha coreghayer 93, iandyonR pretesallnat the
in the range of about 0.3 to 1.25 tinmes the average
conhtckness maferhelsort thagerlBBligpeayfdcdll,y theheladding

average_t hi ckness of each of the cladding | ayers 91
- POZR4o83 73 NSt TRar ¢t Y yANGH PednaY Puatipetine ¢l the same
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| addi i1 eventing a_size
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unnecessarily large (thick). [0084] In this regard, it

is to be noted that the
[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.

[0086] 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

waveguide 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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constituent materials of the cladding |ayer 91, the
cladding portions 95 and the cladding |ayer 92 may be
the sane (the same kind) or different from each
other. However, it is preferred that these materials
have the sanme or simlar refractive index. The
constituent materials of the cIadding | ayers 91 and 92

of Dbl P DT HOR) TS BHTT i YUl e LT AEFUFSt0 LBY PP

regbgggggelynventlon IS preferably used |n a data
communi cation utilizing |ight having a wavel ength
within a predeternmined region. The wavelength to be

utilized in the data comruni cation i s not
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core portions 94 and the |ike. [0086] Next, one

foexanplmen tofr a hrdmubach ush hR 0 henhodt lné stdm)oromrig: alibstrate
waveqgui de structure 9 will be described. <First

95 bmndfdctDFPngUREPA0GB2EARRENTY EPRSFaRENUT act uri ng

nmet hod of the optical waveguide structure 9 will be
described. [0087] FIGs. 2 to 7 are sectional views

[0o68bgmat i cadpeci Shewi NG, ORBePrOoRss eXansn Obet M rmed by
first manufacturing nmethod 22 of the optica
appayepditde seradiavesr BPrnhes pedsane li @ anitor;he supportlng

oubEPREELIAE] Yo 49988 Lt FLER Bl 9200130 58
the supporting substrate 951 on which the liquid coating has
been formed on a level table under a ventilatory state to thereby
evaporate (desolvate) a solvent contained in the liquid coating
therefrom while leveling uneven portions existing on a surface

thereof.

[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 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 951, 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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The | ayer 910 can be forned by applying a core | ayer
formng material (a varnish) 900 onto the supporting
substrate 951, and then curing (hardening) the sane.
[0089] Specifically, the layer 910 can be forned by
applying the core layer formng material 900 onto the
supporting substrate 951 to forma liquid coating

eon, d then pl.acin t he supporting bstrate :
(o883 o e (1 R SoabiAg HRESE babre Trimed Bitgrial
cohe¥ehih blaedytrﬂ@l@é-ﬁnw@éal Qa3 &d P INSLCY material
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(
Eortions exi sting on a surface thereof. [0090] In the
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nmet hod, an applicator nethod, a curtain coating
regethod, ol miilecdats ng e hotharekr bleeulri ke. thdpwawerer 915.
the application method is not Iimted thereto. [0091]
As the supporting substrate 951, a silicon substrate,

" C oxi d 9 ‘ |
0893411 00 £ Phedn E4HTLd Feirerfo 90 23R IMRALLLE ¢ fhpp1ymer
(af inbtrarg otbeakibkeubafaheibseqd. ud3rboAY] dIBEr€BLEed in a

|l ayer formng material 900 is a materia containing a
rapfenceidriuc @it harte Iop lgewal 8pablrechetel¢al (or compounds)

(gerein fter erred to as TPHgSM' Qn._occasi on

O § DR TRth Ot 5 A TS G5 SR e Ui g 1§39 41 ebersed in
a thRGbHA NG At |neagt r8sIPRONBY . the layer 910, the molecules
of the additive 920 are substantially uniformly dispersed in

a random order.

[0094] Since an average thickness of such a layer 910 is
appropriately set depending on a thickness of the core layer
93 to be formed, it 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.

[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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a cocatal yst and a procatalyst, in this enbodi nent)
Wien the material is irradiated by actinic radiation
and heating, reaction of nolecules of the nononer
occur in the polynmer 915. [0093] In the obtained
| ayer 910, nolecules of the polynmer (a matrix) 915
are substantially uniformy distributed in a random
rde and 5, nol ecul es r
G R bURAL 1o 0p FheBaalE U8 8567 aPEoaGREF AP al |y
uniformy dispersed in a randomorder. As a result,
in the layer 910, the nolecules of the additive 920
[OaﬂélsubstahiﬁeuImheuakpoEHbyodi%mmwfnmiddmpaiﬂhmﬂﬂMp” means
order. [0094] Since an average thickness of such
thphykhe IRNGRET L33 bSr RAt LEFSE e L RFRA Jrrgbéﬁxeapolymer 915
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par |cularl mt 8 Speci't val ue
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preferably in the range of about 10 to 100 pm and

- 91even nore preferably in the range of about 15 to 65
pm [0095] It is preferable to use a polynmer 915
having sufficiently high transparency (being
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olétthbabse peeigrabte be ﬁsebarneﬁbynaeealéesmnmehahbenzo
t he nol ecul es of the nmononer can be reacted
cy¢pebyrenpzedser tress. | pAKedybasedesesiihedmbehanryihbased

|y 915.th th ffi tly high .
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which may be used independently or in combination (e,g., a
polymer alloy, a polymer blended body (a mixture), a copolymer

or 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.
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that the nononer can be at |east blended with the

pol yner 915 so as to cause no phase separation

bet ween the nmononer and the polyner 915 in the core

| ayer formng material 900 and the layer 910. [0097]

Exanpl es of such a polynmer 915 include cyclic

ol efi n-based resin such as norbornene-based resin and

obut ene- based resin, | - based resin
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and tge i ke, and one or nore of which may be used

umlndetheadmlidlwrmr cnmposbdrat mohefelgs,ireclynbingrewo or more
al | oy pol yrer bl ended body (a m xture) , a
klEGﬁoP§n§?pe6 1pEeUnik&y. [0098] Among them it is
especially preferred that the polynmer 915 contains
t he norbornene-based resin (a norbornene-based
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pol ymer 915 contai ni ng the norbornene-based pol ynmer
ingsudpeaddjibiovohpprepblynereobucht ass (posshbkddioion-type

n a core |ayer 93 an excel|lent optica
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obi c property, It 1Is pos e to obtain

noab6onhenkayeseddnovhaser di nensi enaladzhanigs-had ycopolymer
occurs due to water absorption thereof. 25 %8100] The
COWE@B@@nen@fbas@§19§P9ﬁﬁr nﬁ?cbe epbhéﬁnad hohBpol gA8ition

of . nol ecul es. |nclud|n | e repeati.n
copo merlzagl reaction betw e Hecule of the

norbornene-based monomer andmolecules of ethylene or a-olefin,
and (3) an addition-type copolymer composed of molecules each
obtained by addition copolymerization reaction between the
molecules of the norbornene-based monomer, molecules of
non-conjugated diene, and, if needed, molecules of another
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
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
ethylene or a-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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units or a copolymer conposed of nol ecul es including
two or nore kinds of repeating units. [0101] Exanpl es
of such a norbornene-based pol yner include
addi tion-type polyners such as (1) an addition-type
(co) pol ymer conposed of nol ecul es each obtai ned by
addition (co)polynerization reaction between
nDIecuI s_of nar bor nene- based nonet
Taddr T I?P/ N LR eyO?r% Hggnﬁgggaggpghofgcu‘?gdeéeac e ring
opeatlat;negipe.\/ iV A Qe - 1GAR YEBHLZ3hERN TeBCIERDs regard,
bet ween t he nol ecul es of the norbornene-based nononer
examg leel@tuheseafopetlyleareincladelaef andomammgpoldmean a block
addi ti on-type_copol yner conposed of nol ecul es each
COBRL YMR&d BY addrens lBSpGP?ﬁéVW?&t@Bﬁ ~8&ctiléf -bet ween
the nol ecul es of the norbornene-based nononer,
nol ecul es of non-conjugated diene, and, if needed
fonobecul es @ﬁe@@Oﬁbﬁborﬂ@ﬂ@nBése@nﬁolyﬂ§r§pﬁﬁhnget%BQalned
pol ymers such as (4) a ring opening-type
uspopbo neves agets €0y pbl yrewropodyfeo)geltywas such as ring

obt ai ned dro natlng i f needed, the ring
OPSBéHfJﬁ‘betﬁ%be 8&’%6% paieq (P@%Pdoli'/ﬁé’lmbl(‘@)tlé’“r?%ﬁom
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. the norbornene-based nononer and the nol ecules of the
ingthptene agrd apelghehlsat aoeoplellmeramftlaﬁme@oﬂymerl zation

._hydr ting, _if neede the,ri openj ng-type
R A e
trQH@EtBQnt ¥ReaNopBeLReRezhased ¢AReL%ABL)conposed of

nol ecul es each obtai ned by ring opening

copol yneri zation reaction between the nol ecul es of

t he_nor bor nene- based nononer
[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
[0105] 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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and the nol ecul es of the non-conjugated di ene or
anot her nononer 26 or a copol yner obtai ned by
hydrogenating, if needed, the ring opening-type
nor bor nene- based copolyner. In this regard, exanples
of these copol yners include a random copol yner, a
bl ock copol yner, an alternating copolyner and the
reBBFSFREA" AeT NG AT oUE kT e G MBI ki £7028 - 1inkable
noRBbYABhEZBLEBASMSHER2$ .Ti Ng openi ng net at hesi s
pol ynmeri zati on (ROW), a conbination of RO and
hydr ogenati on, polymerization via radicals or cations,
ol ymerization using a catjonic palladium.
(0RBFfmor i 7ot dii¥ qgHGr HhP iy et (9P ioh usedgmer 915
10t her Y i Lon__ kit rs . ]

e R bl e Bp RO doll £h, BhERRE og5 can
bepol {EHeABERON Idyddd DI Jed [ Q303 ADORGnbREM ddmpSsed of
preferable to use a norbornene-based pol yner conposed
mogkcupkecebed bavhngnekouhngc atinpdast (repmatiiggouriupgs)),

.each represented by the follomﬁqg formula 2
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barnene-:nas 0) po LS . ghause e :
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[ 0105] Such a norbornene-based pol yner can be
gehpprOprivtEISe isaatt HEsngeimas PG L PrRhefcndlaales each

hagggggeﬁﬁ.ﬁgjkggg%# '”gﬁggﬁggﬁhge%tg%(%) aor ether chemical
structure(s) (ether group(s)).
[0107] As the polymer 915 having the relatively high

refractive index, 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 1is because the norbornene-based polymer

including composed of the molecules each including such
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27 represented by the bel ow described fornula 4 or a
cross-linkabl e norbornene-based nononer). [0106] In
this regard, in order to obtain a polymer 915 having
a relatively high refractive index, the polyner 915
can be, in general, synthesized using a nononer
conposed of nol ecul es each having aromatic ring(s)

<o B5OTRLL i 9ESUBLE) . o L LROSEM AL LEL BB RO

order to synthesize a polynmer 915 having a relatively

| ow refractive index, the polyner 915 can be, in
[Og&0ORral , syunttiesizeadl wsibgreemeAoased cooppsed obmposed of

mol ecul es each haV|ng aIkyI group(s), fluorine.
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rac nor ne-bs
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nor bornene repeating units 1s preferably used. Such a

unhbs bbesers-draselth pol yiey, haseant esgétlalhyrhoghene based
efractlve i ndex. %0108 Exanpl es of an _aral ky g
pogéﬁeﬁrvﬁ %Fk&F 5ro b?le|HEIbBBEanhéSEhféﬁxﬂﬁélé &IR?Ithe

Opggéggrwggﬁ Pg@gagbng units include a benzyl group, a
phenyl % group, a phenyl propyl group, a phenyl

butyl group, a naphthyl ethyl group, a naphthyl
propyl group, a fluorenyl ethyl group, a fluorenyl
loiblb y! gr dupRmRArRE MfeahikkaJAmmlH Ramludedi sn each of the

1 BT T o SO RG: BRAGY: 6y MY GO HyR T O DR 87 U by L
grb§p?@¥%ﬁ§ﬁyﬁh@regb?oénﬁgﬁdb%%%%pgogyﬂgﬁtyl 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 to be noted that these alkyl groups

may be either a linear type or a branched type.

[0112] 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 is 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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i ncl udi ng conposed of the nol ecul es each i ncl uding
such 28 repeating units has a extrenely high
refractive index. [0110] Further, a norbornene-based
pol ymer conposed of nol ecul es each including al kyl
nor bornene repeating units is preferably used. Since
t he norbornene-based pol yner conposed of the
rlogglecules each |nclud|ng the gikgo nor bor ne

e
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high flexibility to the optical waveguide 9 [0111]
noEkampkss df banzglkybrpoopniencbpdégmen eadhtbt fhee.
al kyl norbornene repeating units include a propyl
group, a butyl group, a pentyl group, a hexyl group,
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gr oup and
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group. In this regard, it is to be noted that these

and| Ryprgretpsystmyabecepntlesubstihneal agpeheradditive 920.
branched type. [0112] In the case where the
nor bor nene- based polynmer is conposed of the nol ecul es
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irradiated regions of the layer 910 and non-irradiated regions
thereof onto which the actinic radiation is not irradiated is

caused due to existence of the reaction product.

[0116] Here, the reaction product contains at least one
kind selected from the group comprising a polymer composed of
polymericmolecules each obtained by polymerizing themolecules
of the monomer in the polymer (the matrix) 915, cross-linking
chemicalstructureseachcross—linkingnmlecules(Ifthepolymer
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 it is required that the refractive

index of each of the irradiated regions of the layer 910 becomes
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speci fic kind, but preferred exanples of the

nor bor nene- based pol yner include a hexyl norbornene
honopol ynmer, a phenyl ethyl 29 norbornene

honopol ynmer, a benzyl norbornene honopol yner, a hexyl
nor bornene / phenyl ethyl norbornene copol yner, a
hexyl norbornene / benzyl norbornene copolyner and
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substance) as the additive 920. [0115] As descri bed
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iSMM$@®Jﬂh@ombumntaomadlahﬁomqnyﬂﬁateacha@@%a@@éisefractive
. _caused due to ex|stence reacé n product.
inflgx1 6PWREr ERapné ?Ea@% BHepPB YEELC ﬁgalns at | east
one Kkind selected fromthe group conprising a pol yner
conposed of polyneric nol ecul es each obtai ned by

[ommbynerizin@ thes mbégsudiesit of st be penaseedi BheBethe term
(the matrix) 915, cross-linking chenica
“hsghuctoerr chf @¥F oske| mrﬁmgtwpe@m@ sfoashengol ya@np an

and ranc che structure ach branchi
PP Ll BnEaTHBl Bt oe BTE T POt A< Hani SPe Bofaf Ragtive
re@%t@@ﬂ%é"@wé@ﬁ rd®l Lqulgs 19ifdetx%% FRNOE e8! faterials.
Exanpl es of the branching chem cal structures include
branch pol yners and side chains

[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
910 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
(méthacrylic 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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(pendant groups). [0117] In the case where it is

required that the refractive index of each of the

irradi ated regions of the Iayer 910 becones 30 high,

a polynmers 915 having a relatively low refractive

index is used in conbination with a nononmer each

having a refractive index higher than that of the

pol ymer 915. On the other hand, in the case where it

is required that the refractive index of each of the
[oipiqdi at echk &gy onsc i t he jlayer 910 KGR d OWirha®  the

pol ymer 915 each having a relatively high refractive
norhderenesbased moncnabi natused vad htlee mosromesr eadlse of the

having a refractive index |ower than that of the
noppPyREre9RgsefoneBPILE PAKSSr é§aPassiblestPoobEanpt adcore

t term "high" or." " faor.the refractiyv .

12886 d3eLShBt et et S, a8Vab e bR AR optical
trhfEhastiye | PESXerbYt dANSsBdLlA | YRatl ehdkii@Rance and

bet ween refractive 1 ndexes of two certain materials.
flgRin9litm.the case where the refractive i ndex of each

of the irradiated regions of the layer 910 is | owered

due to reaction of the nol ecules of the nononer

ducti I e .

A L e L A R
nakl dha méhetfie hattthpdsed BE maise- vihed eattheind Blid A6 iateleast

i ndex of each of the irradiated regions of the |ayer
ong ik dhgnéced 3theugieaee ireprefseriedny ehd éslbbwing

t he. nongner,, . each of t i rradi ated regi ons becone
fofﬂglior deFF&ﬁ%@E?l [E%ﬁﬂu%%p _h’npn%mﬁmgﬁ%§ruﬁ§ the
noPBEEhEHL Ak ¥ebil Mt Sond P 3 n SRR FiL KiohBmedS LBRABoRSd of

It contains conpounds each havi ng

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

W 7”7

wherein “a” is 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
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pol ymeri zabl e chem cal structure(s). Exanples of the
nmonomer i nclude a norbornene-based nononer, an
acrylic acid (methacrylic acid) -based nononer, an
epoxy-based nononer and a styrene-based nononer, and
one or nore of which may be used independently or in
conbi nation. 31 [0121] Anong them it is preferred

that the nprbornene-base omer _i,s used as_t he
inoRbnErse BBEEF PheS hOEnOPHENS. BRSEd HBRoRer R §7 2nd
onBO8gi RP €1 @ Pbtald Ry esdmiyer 93 (an optical

wavegui de 90) having an excellent optica

transm ssion property and superior heat resistance and

flexibilit [0122] Here, the norbornene-based nononer
[0429¢s a gemerTRlehapd EPeauﬁﬁHEﬁEFtEBﬁﬁo§¥§r6Farbyl group

1nHE|.188u<‘L %?Ln%%"}rh k%crla%dchr%g:l g&#gg Séoxtl e fgl%lr bgrcnaerr}aon number

Structure represen

off orimili®m 3 stiyct ur ak nkge Nt %ﬂnckﬁ%@'ﬂll&%ﬂﬂ: gtr%p having
nor bor nene- based nononer include a nonomer conposed of

a etlemuhesbeconbAunds)O d@ehCreprademeed by l:trhamched alkynyl
following formula 4 (structural formula C) and t

9rppReNay 5193 C[%r&%mémskqer &L 092410 [Corma 4 Cwefloreékyl
grgug:hggang a carbon number of 4 to 12 (C4-Ciz), a cycloalkenyl

group having a carbon number of 4 to 12 (C4-Ci3), a aryl group
having a carbon number of 6 to 12 (C¢-C;3), and an aralkyl group
(an aryl alkyl group) having a carbon number of 7 to 24 (C;-Csy).
Further, each of R, and R; or each of Ry;and Rymay be analkylidenyl

group having a carbon number of 1 to 10 (Ci—Ciq) .

[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 2-propynyl group, a
l-butynyl group and a 2-butynyl group, but the alkynyl group

is not limited thereto.
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M R4 wherein "a" is a single bond or a double bond,
each of Rl to R4 is independently a hydrogen atom a
substituted hydrocarbyl group, an unsubstituted

hydr ocar byl group or a functional substituent group,
"m' is an integer of 0 to 5 and 32 in the case where
a is the double bond, one of Rl and R2 and one of R3
and R4 are not present. [0125] Exanples of the
unsubstituted hydrocarbyl group include a linear or

obpapched aldyd r O hMididog €RE TUHTbES 1 tQclud
[ 10 ?Cl-ClO) , %.Iineé?ﬁbr b?anchegggfkenyl gfg%%%> crude

a dyandliomentay lcgrbap, nurtyerl obie x¥ 1t @r d@p @2 £kO)cloacdyIngabup,
or branched aIanyI group having a carbon nunber of 2
butothe cgeleadbkyl areyel éal RoF LlgrdtpdhabrEgta-car bon
nunmber of 4 to 12 (C4-Cl12), a cycl oal kenyl group
havi ng a carbon nunber of 4 to 12 (C4-Cl12), a aryl

[09BOYP havidW: PeCRERaRpNEBRET t RE 6 10gAGuk ©rc@ldk a phenyl
and an aral kyl group Fan aryl al kyl group) having a
greapbon nagiidry lofrgupoard {rCanCh4pcelRyrt geoupednit aheRiryl
and R2 or each of R3 and R4 may be an al kyli denyl
ITGHBupShRIFng AL E&HbbASRERBer of 1 to 10 (Cl- C10).
[0126] Concrete exanples of the al kyl group include a
nmet hyl group, an ethyl group, a propyl group, an

[oLsopropyl cEidste aeduityle Praiuphed ad®ut Yiro@bOHRclade a
sec-butyl group, a tert-butyl group, a pentyl group,

benzriéoperitylangt euphenry hedylyl group, (a tlegptsthygk gueupan but

endefr §rSuBeelonet nof PR FRd: Erefeto1o?) “concrote
exanpl es of the al kenyl groups include a

[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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vinyl group, an allyl group, a butenyl group and a
cycl ohexenyl group, but the al kenyl group is not
limted thereto. [0128] Concrete exanples of the

al kynyl group include an ethynyl group, a 1-propynyl
group, a 2-propynyl group, a 1-butynyl group and a

2- but ynyl group but the al kynyl group is not limted

9] Co I | kyl
10} 38] 51 0 i S P HRRES | St RRERR S ke b Erdy By AEpE oyt
gré&fifsa C)é0|900Ct Y{:hgro%rha@g &})&%% al kéﬂfogf)ougadcﬁ the

no Ilnrted thereto. [0130] ncret e "exanpl es of the

peahylogaobpli nptaid® aipldmyle gr ougy £ usapbtidyyyl groowup,  a
and an ant hracenyl group, but the aryleé% oup is not
PeFf HHPEEMEhBY &t 0. JTOUR1] @%ncﬂ%ﬁ%ﬁ%&@%ﬂm ydf tﬁéOUP a

k | ud b d a ph
e B NP ar 18t e BheHEC nyl or ooy o BCE TR b ol Ryruer

peﬁf@ﬁ@rb@uﬂ?i rehbednlihgr st or10923RExFur fhshp. concrete
exanples o e al kylidenyl group include a

nethylldenyl group and an ethylidenyl group but the

al kylidenyl group is not linmted thereto. 3]
[0ORR xples(ﬁntEB1§u&ﬁQQQﬁedh%§ﬂg%%%?%9lag#dupQHQRH%d%aCh

haPlf gﬁgégbﬁﬁgﬁﬂb% ﬁ1§99§0%¥%ﬁ§9% t§?28 %ghﬁgggdkglon

rocarb group are al'ogen

toaziwaualc@;,rﬁa”t@oe a@k@if[plg@éu@fs é@@h&@ﬁiﬂ@ Wred carbon number
hydr ocar byl group include hal ogenated hydrocar byl
of gloups ddech épefﬂﬁﬁqﬂ%kwpcb@bygegabop al¥yl groups each

er hal ohydr ocar byl grou 1339 er hal ocar byl group
o2 PR 715 (HOLLy 1 S S iyie gt BipE F SHEheReand
represented by the following general formula: -C,X"”,4+1, wherein
each of X”s is independently a halogen atom or a hydrogen atom

and z is 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 - (CH;) ,—CH(CF3) ,-0-Si (Me) 3,
- (CH2) n,—CH (CF3) 2-0-CH,-0-CH3, - (CH),—-CH(CF3),-0-C(0)-0-C (CHj3) 3,
- (CHz) n—C(CF3) 2—OH, - (CHz) n=C (0) -NHz, - (CHz) n=C(0) -C1,
- (CHz) n=C(0) -0-R?, ~ (CHz) ,-0-R’, ~ (CHz) ,~0-C(0) -R?,
- (CHz) ,~C (0) -R?, - (CHz) ,~0-C (0) -OR®, = (CHz) n=S1 (R%) 3,
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hal ogen atons to be substituted with the hydrogen
atons, at |east one kind selected fromchlorine
atonms, fluorine atons and bromne atons is
preferable, and the fluorine atons are nore
preferable. 34 [0135] Concrete exanpl es of
perhalogenated hydr ocar byl groups (e.g., the

- gL ahgocar i ar s s v e bplesarinh, gopue)

group (a trlfluoronethyl group), a perfluoroethyl
group, a perfluoropropyl group, a perfluorobutyl

[0gBOUp and Bn perifd u@g@h@;yhngtb@rmbcﬁ@d&@ﬂsplercttﬂﬁes formulas,
regard, hal ogenated al k groups each .having a carbon

n hEnBBr1BEeaert8fiop b el %r Al 2250 ek R isn lédarlee@ﬁndte@tly

t ogen ted Ik |l grou h ha ng th
= s PO, B o o BB 0 B B AR carpon
nu@beuPsE eaek 2partiaby, of lfllrh'e'a)f bal wgenad &4l haﬁ%gr&uated or
i near or branched and represented by the foll ow ng
pegbaépgenftenubakyl GZXO2Z Higvinher®icarieac muwfbe ©fi d to 20
i ndependent|y a hal pgen atom or a hydrogen atom and z
(CpgC Zéﬁﬁ’l At &gBRasf o P6326he€‘aﬁlﬂ5§né’él g&PER. NpYigg) @ carbon

nufiHEENSE . > exanp g% QC§C¢8&| © SPPéééE“&P%J!% HE: @Qynﬁ/& group

group I nclude a group, an aryl group-a

hagtiabky|ca gsoumeasdr fofr tzheb soibet -yt ed am ylellolarlet?rl gkoup
branched al kyl group (s) having a carbon nunber to
hagipgla Geyrbon hneheroet l’;’r aached Cshekoal Iayll agyblsqoro(t@ having

havi.ng a carbon n E 3 , I roup(s

2 o ’E?/%Foér%ﬁﬂe Eil g) tq nqélddl POt o t“—he g ted or
pe@h@Mb§2nated aryl group having a carbon number of 6 to 14
(Cs—Ciq)or an aralkyl group having a carbon number of 7 to 24

(C7-Cp4) .

[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!
toR4,thehydrocarbylgrouprepresentaﬂbyRsmaybermlogenated

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 (C1-Cy0), R® can be represented by the general formula:
-C;X"2.41, 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, it is to be noted that the

perhalogenated alkyl group is a group in which all X”s are

36



[0138] Furthernore, exanples of the functiona
substituent group include - (CH2) n-CH (CF3) 2-0-S
(M) 3, - (CH2) .-CH (CF3) 2-0-CH2-0-CH3, - (CH2)
n-CH (CF3) 2-0-C (0) -OC (CH3) 3 - (CH2) n-C (CF3)
2-0H, - (CH2) n-C (0) -NH2, - (CH2) n-C (0) -, -
(CH2) n-C (0) -0-R5, - (CH2) n-O-R5, - (CH2) n-OC (0)

ha_&ggﬁsl at%n )QSEh a(bo%\ge E’Eﬁf)lcﬁzéf‘ %%Rs)éoﬁcrecﬁecﬁi)amples
ofnthSbe(:Rgloéenﬁﬁgd al ©€52) gRoGp(Qhc1GR8. 2 E:Ql%@hokemethyl

this regard, "in the above respective fornmulas, nis
granpi nteegeri dil@rdénetlyl agdoepch -6FFRS5sand -C11F,3, but the

i ndependently _a hydrogen atom a linear or branched
peaPR}PgaPaaﬁdha&#ﬁé gredPbéf NAtinbémiseditherego-

(C1-C20) , a linear or branched hal ogenated or

per hal ogenat ed al kyl group having a carbon nunber of 1

(008320 (Cledwiet @ xaR@ales0bt Qﬁﬁz‘"‘%@?ﬂa@b?@ﬂ%kegrm group
having a carbon nunber of 2 to 1 | i'near

ing&Ubﬁahphadaahkynyphgmpu@rdwwam@aaxmmﬁﬁﬁuwmmﬁnﬁnxﬁgzoup,
ﬁ% é ycl oal kyl group having a carb
buﬁu &r Srhel?aeﬂétFésaﬁi%)graHpae§|n@Foébmﬁ59ﬂn5heaeto
carbon nunber of 6 to 14 (C6-Cl19), a hal ogenated or
per hal ogenated aryl group having a carbon nunber of 6

[ote4]d (Coridheor, arampaklkydr gf aue 1 AQ (@, bosi (CH;) ;
number of 7 to 24 (C7 C24) [0140] The hydrocar byl
-CQKBu)p-QECp‘hé‘élente@le% JRE (H13) he ewerelc @rowss each shown in

chLERL r ented 8 g Ré Rﬁ kAs shown in each of
R1*° Oﬁ&?gt rﬂy focafb Ita? pXFepresented by R5 may
be hal ogenated and perhal ogenated. [0141] For :
exanple, in the case where R5 is a hal ogenated

[0145] [formula 5]

: : H3C.,—.CHj
R’ , @ ) ﬁ
R7 R7 R7
o)
m G
O
[0146] In this regard, R’ is a hydrogen atom or a linear
or branched alkyl group having a carbon number of 1 to 5 (C1-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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or perhal ogenated al kyl group having a carbon nunber
of 1 to 20 (Cl-C20), R5 can be represented by the

general formula: -CZX"'27+1, wherein "z" and X' are
defi ned as above, and at |east one of X's is a
hal ogen atom(e . g . , a bromne atom a chlorine

atomor a fluorine aton). [0142] In this regard, it is
e note at_the perhal ogenated al kyl group is a
0338 T v ChertoSe YL SRS Bgah sond iPhe dolnula
5, 2DRY & GRS BlontOERHEAG 1 FNEF &h & K4AR! BRe Ofcife qroups is
per hal ogenated al kyl grodp include a trifl uoronethyl
bogdedptoathei adl oroutes hivt ugtoup; ourlCHal 5 camd thE@l £628r bond.
but the perhal ogenated al kyl group is not limted
~thereto. [0143] Concrete exanples of the
al oge e ryl grou i ncl ude pente : _
[Oggéﬁ rE%né&é%g 1 a q{ gﬁgﬁ&yde a

or ophenyl gr oup and” & Pent af IJ%rophenyI

1-ﬁathyme1pe?6@bag§gat edgabib, 9r OMP | Si d¥Hoddyli t € roup, a
t hereto. 0144] Further, exanples of R6 include -C
2-(€EBY132-iSpbpERB) FroupCHa( RAnetByCH2EHBRAMaGHy(LRFYoGE, a
%C}B) 3, .cyclic groups each shown in the foll ow ng
Lot BrRMARCEUEABY heIFPRR, [ B145FLFRBYAHPRYSRNCYL709F3RP, 2
a

B—E%olcgtlgoﬁégangnﬁz %73:3%3), OanéxPaﬂ'f’o@lic! nlggitgngzﬁgaérddup,

rogen atom or a | i nea
l-ethoxy ethyl group, a l-t-butoxy ethyl group and the like.

[0150] Further, examples of another R® include a
dicyclopropyl methyl (Dcpm) group and a dimethyl cyclopropyl
methyl (Dmcp) group each represented by the following formula

6, and the like.

[0151] [formula 6]
—CH
é —C(CHj3);
(Dcpm) (Dmcp)
[0152] As the monomer, a cross-linkable monomer (a

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.
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or branched al kyl group having a carbon nunber of 1 to
5 (C1-C5) [0147] Exanples of the al kyl 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. 37 [0148] In the above cyclic gr oups

h i t.h | th
108880, o1 oo By i R e AR 15 BERERE, Yamdad eging
adbgﬁtg bd sybsti é@@@in@&ouma%lffrglﬁgg 19 fb1BR0Ges of the

Concrete exanples of R67include a

cr@sae&hykableyMGMvmqﬂ cgoupe aoliyselrdrzey mgrouprapidly, a
2-met hyl - 2-i sobornyl group, a 2-nethyl-2-adamantyl

re@pégsd Blm?é@¥%H¥HWHﬂU1dﬁypcﬁﬁé&ﬁg he core layer 93 (the

etrah dro no I ,9r.Qup Xac cl ohex ony
Op%lca% %a ﬁg %on%c Ia@?o%elsﬁfgﬁ eé E fﬁ e?ﬁnFe the

crggguminﬁaﬂaié RS O%Y r ef Dy a v %pbengvgﬂssrétgs evérolﬁoht is
Furt her, exanples of another R6 include a

hedteylcllom@pyll a netdo p(r@spa)regtr}mnpecamd:aal e retdpdessed. In
cycl opropyl methyl (Dntc group each represented by

ad?ﬁélPBPI%hW%%1?6%ﬁﬁpés"élnéﬁ@lﬁh%OPP%%r W%ﬂ. cellert heat
re%%gEnggs6]lt 1s§k! J%ﬁ%%@%)gm E@Qn@h§qﬂgﬂgr%%ﬁ%%hnA% of

€ nonoiér abl & honomer
ther essel LAkkRgoagent) can be used instead of the above
ment i oned
[0154] 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 is, a norbornene-type double bond.

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

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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nmonomer or in conbination with the above nenti oned
nmononer. The cross-1inkable nmononmer is conposed of
nol ecul es (conpounds) which can be cross-linked in
the presence of the procatal yst described bel ow. 38
[0153] By using the cross-Ilinkable nononer, the

foll ow ng advantages can be obtai ned. Nanely, since
t he nol ecul es of the cross-1linkable monomer can be

pol ymepreed np ti or f.orA
(pr 009) ‘ ppt
90) cam€ sh he

cross-1linkabl e nmononer is hard to be evapor at'@
if it is heated, rise in a vapor pressure thg
be suppressed. In addition, since the cross
nmononer has excellent heat resistances, it i%
possible to inprove the heat resistance of the core

| ayer 9 N 6354 he S I nk e none
cr oss-e
(rT'O| e o g .’ .

grje- tas ongr \i cO u

- 1 I
structure represehtedmby t he "above fornmul"a 3 (the "m
above structural fornmula A), that is, a

-t d . )! Nt
2?gg§6$?%§%b¥ggﬁo%gg%ﬁgﬁggggégg%ﬁp%&ﬁg?%RE1ﬁ%?% é?e %? an

infeged o8l bi eychj candingnsystaMBigoopounds ands aniakednd.
mul ticyclic ring systens conpound. [0156] Exanpl es of
the fused multicyclic ring systens conpound (a fused

i i i t -1 i.nkabl ,
10880 bor mond Hhs 00 SEhoRor) T e i B dihdcdtifer  that

notBBFRSENERY is 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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by the followng formula 7. [0157] [forrmula 7] 39 |
F'\YmIl (YmlI )Ym( )mMmmmm wherein Yis a
nmet hyl ene (-CH2-) group and "nf is an integer of O to
5, and when "nt' is O, Y is a single bond. [0158] For
brevity, it decides to consider that norbornadiene is
classified as the fused multicyclic ring systens
compound and contai ns a pol ynmeri zabl e nor bornene-type

[0161] On the other hand exanples of t he
mul ticyclic ring systens conpound (a I|n
mul ticyclic ring systems cross- Ilnkable
norbornene based nononer) include a conpo nd

he fjllomnﬁg for?j; i 0%32]:

[0161] On the other hand, examples of the 1linked
multicyclic ring systems compound (a linked multicyclic ring
systems cross-linkable norbornene-based monomer) include a

compound represented by the following formula 9.

[0162] [formula 9]

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

toS,jﬁsjjsadivalenthydrocarbylgroup,acﬁvalentethergroup

W ”

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 thereof, each of the
bonding hands that can be bonded to the norbornene chemical

structure.

41



m M wherein each of "a"s is independently a single
bond or a double bond, each of "ni's is independently
an integer of 0 to 5 R9s is a dival ent hydrocar byl
group, a divalent ether group or a divalent silyl
group, and "n" is 0 or 1. [0163] Here, the divalent
substituent group is a group having two bondi ng hands
at both ends thereof, each of the bonding hands that
can be bonded to the norbornene chem cal structure.

[0464f0164] &onerete examphes ofrtheediyal£Mnt hydrocarbyl
hydr ocar byl group include an al kyl ene group

grpepr esenuee lyn tahekygemey ajrodmr nepaeserGedi2dy - the general
(wherein "d" is preferably an integer of 1 to 10) and
fogmiilgal entatomat Veegedp ¢aryd Rpdipyabiveesinfigger of 1

di, 4al I r Ls.preferably a-.linear, or
coptfichd 8 BorEne s abbrrEsPng SBardeR ntnBar of 1 to
10 (C1-C10). Examples of the divalent alkylene group
i nclude a nethylene group, an ethyl ene group, a
[Op6Spy| ene Browd,vad eriutykghengroupyp dpeptejeéeakl groolpnear
ahexyleng %rougégaheptylene,, group, an octyl ene
n

orgPBARCREIndhY LRRE gF HUP arlY BN U W BROYMBReT (1660 10

In~-this it el 0 d e ck
L ene SRt b5’ SpbontFR el Rt Rk bacaPEE b iuae -
metAGluded gridu® nmahneghgilenkhesanfp,i sharopsuksid tgted, a
with linear or branched al kyl group(s). On the other
buhghgneasr adro dipedltentersr onatp c agrexpl ere gdioval, entieptylene.

grgﬂg?ya!n E: %?eggs garoddgy,alaenngnynla nhet 5¥Eu8ra°nu alcf'ecylene group.

[0166] In this regard, it is to be noted that the branched
alkylene group is a group in which hydrogen atom(s) included
in a main chain thereof is(are) substituted with linear 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 group is a group
represented by -RY-0-R!-,
In this regard, each of ﬁms is independently the same

as R°.

[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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preferable. [0167] Further, the divalent ether group
is a group represented by -R1I0_ O R1I0O_In this regard,
each of Rios is independently the sane as R9. [0168]
Concrete exanples of the |inked nulticyclic ring
systens conpound include conpounds each represented by
t he follomﬁng formula 10, fornmula 11, fornula 12,

f or nu ont a

|
o O SR DRSSP o R Ea AT W hd PG d<Ee £ e pented by

thBOrRANNeNgrPasedmiPaoNEy sansa%ﬁm&esw eguly tﬁ@elmked
followng fornmula 15 and fornula 16, but the |inked

mubtbiitiycyéki eingngysysmensompopodndsi sohof ihikketledhereto.
thereto. [0169] [formula 10] CH2)4 2 2 C,/C C 1
I I [0170] [forrmula 11] CAS ~ 1 O [0171] The
ound r e y the formula 11 is dinethyl
[0 ggnglcyclgﬁgsg Q%hep - 2- ene- 5- net hoxy] silane, and
is also referred to as dinethyl bis (norborn
met hoxy),  si(Clee (abbreV|ahed #s "SiX').

Eoislogae

[0170] [formula 11]
N\
)
OO
[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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43 01 wherein "n" is an integer of 0 to 4. [0173]
[formula 13] 441 o0 | 0'S ~0 [0174] [fornula 14] 45
RR /R Rand R=alkyl or aryl al 0Ol roOg M/M

Hb Sm4nl OQHOh O0OOMCp~0 On Il I HOI O
O dl 0O/ OO0l OOl k Ol ""NNO->Ce O- ~-O'O /[/;
$i \' nSi m

@Q(m
Sages

O
O g

wherein “n” is an integer of 0 to 4.

[0173] [formula 13]
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R RI I RI R R, R=alkyl or aryl f OGo OS"'0O
O I Ol m wherein each of "nf' and "n" is an integer
of 1 to 4. [0175] [formula 15] 46 FFF FFF F
[0176] [formula 16] FF FFFO3 FFFF [0177] Anong
various kinds of the cross-Ilinkable norbornene-based
nmononers, the dinethyl bis(norbornene nethoxy) silane
(the SiX) is especially preferable. The Si X has a

sufficje emlLﬁtLg%pkMSCLuy-x Wi espect to the
nor bor § bas@d potyner ~eonpode @’]- ecul es each

i ncl ud t he al kyl norbornene repgafi ng units and/ or
t he aral nor bornene repeating units. Therefore,

N
‘ﬁ.

y
when the actinic radiation described belowis

I

i rradi .ﬁ. 0Fhe | ayer 810, the refractive index

of each e i e i ereof can be
ow-red\gngﬁ%fg;ach 0 m becones t he

reliabl
cl adding portion 95. Further, efractive index

di fference betwe
@ /
@/\O/Sl\o/\@

[0174] [formula 14]
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the core portions 94 and the cladding portions 95 can
be enhanced. This nmakes it possible to inprove
properties such as the optical transm ssion property
of the core |layer 93 (the optical wavegui de 90).
[0178] In this regard, it is to be noted that the
above nononers nmay be used i ndependently or in
arbitrary conbination 47 [0179] The procatal yst (the
second substa pe) a% ﬁ gtanc that can i hat e

F m

reagtion oI/ rrerl za 2 #dh, cross- I@g

Q; Siw f the nDIec | es of t
erern t

DT %\oé Qe
substance is changeg a atti'vat -"]
cocatalyst (f.irst substance) by bdef'ng irradi at ed
' 8i ati on described below [@180] Any

:tlon t enperat ure |s changed

a c radiation QP Py/s\t\.
a substa ose actlvatlon tenpferature i s | onwered

accordi ng e irradiation of t he actrMpc radlatlon

i g oreferably used. e ch
¢ T§,Used e pro st0 Wb @s .
'|bIe to fofm the Iayer (the optica

i

vavegui de 90) by carry g out a heat treatnment at
relatively |ow tenperature. This makes ity possible to
prevent |layers other than the coge layer] 93 from

bei ng he®ed unnecessarily. As Estpt; f
} trans } SSi

ties such as the opt

optiiaj:jzjeguid‘

O

AN 7

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

[0175] [formula 15]

46



90 can be prevented. [0181] It is preferable to use a
procatal yst containing (mainly conposed of) at | east
one ki nd of conpounds each represented by the
following formula (la) and conpounds each represented
by the followng forrmula (Ib). [0182] [fornula 17] 48
(E(R3)2Pd (Q 2 ...(la) [(E(R 3) aPd(Q (L B)

b] p [WCA ~ ... (Ib) Inthe fornmulas (la) and (Ib) ,
E (R 3 iR a ¢Foup 15 neutral el ectrpn dofor |igand,

E |s an el '

Jr oup- Contalnlng noi ety, Q
Ilgand sélected from the group conprfsmdF
carboxyl ate, thiocarboxylate and dithiocarboxyl ate.
Further, in the formula (Ib), LBis a Lewis base, WA
[ohyed weakl yreppidinagi ng anion, "a" is an integer of
1to 3, "b" is an integer of 0 to 2, a total nunber of
a" and ;b" is 1to 3, and "p" and "r" are integers
for maint'aini oni ¢ charge
harge of the

Pd( 02CCMe3) 2( P(CY) 3) 2, Pd( 0AC) 2( P(Cp) 3) 2, Pd ( O2CCF3)
2 (P (Cy) 3) 2 and Pd (CRCCBHE) 3 (P (Qy) 3) 2,

[0@92 gkgxylA@?%%p,végkgﬁentxg gfouD:?ndtgg Icross linkable
norbornene-based monomers, the dimethyl bis(norbornene-
methoxy) silane (the SiX) is especially preferable. The SiX
has a sufficient low refractive index with respect to the
norbornene-based polymer composed of molecules each including
the alkyl norbornene repeating units and/or the aralkyl
norbornene repeating units. Therefore, when the actinic
radiation described below is irradiated onto the layer 91Q, the
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.
This makes 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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exenpl ary conpound in accordance with the fornmula (Ia)

is not limted thereto. [0184] Further, a procatalyst
cont ai ni ng conmpounds each represented by the fornula
(Ib) , in which each of "p" and "q" is selected from

an integer of 1 or 2, is preferably used. [0185]
Exanpl es of an exenplary conpound in accordance wth

f l.a (1b)_include .Pd 2 (P 3) 2 .
(O3S ci n O e BRS Ryt GnelyT oot 85 A Pk is a
sueggsxhegfmcahoﬂr&fﬂiaHseerechﬂ@ae<;551%@4@4zyase%mégétion,

it possible the nolecules of the nononmer to be
cretbetthiteéhy reactedn bm the tage) wiierket helsondper of the

are the norbornene-based nononer, the use of them
MORARES s | YNPBHI ST b e t3el 1t ek d<erite idfel o rdminet gupstance

1sef&EFbg€ﬂﬁﬁ é%ygg{{%gdo%rS%WE%%ié{%%g7¥é%%%$ﬁ%F? #Eirst

addi N polynmerrzatlon reaction.

suBs8hate)t fat ddenpct bvabii apcbienpenatie a®fihhe radiation
procatalyst is |lowered (an active but |atent state of

detheipedchtabyst), a difference between the | owered
activation tenperature and an original activation
tenperature thereof is preferably in the range of

t 10t 0 L, Ln.t .
gt 10 14:805uesndc T o pued ket v e e e

cheaysa theikelraet i¥ReirBdexadiblaiagceobgwaanathencetethe
portions 94 and the cladding portions 95. [0188] It is

acpiefer asid ato arsecahe bgr oeaedl pst tont airecagalysai nigut a
east. one kind of the ounds eac

conposed .of) at | 0
B S DR BCE e g CEihd SPACOACTIY LT L BF] B2 GRRTERG ccording to
thEONPRLS €86 of the actinic radiation is especially

preferably used. 1In the case where such a substance is used
as the procatalyst, it is possible to form the core layer 93
(the optical waveguide 90) by carrying out a heat treatment at
arelatively low temperature. Thismakes it possible to prevent
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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represented by the Pd(OAc)2(P(Cy)3)2. [0189]

Herei nafter, on occasion, the Pd(QAc)2(P(i-Pr)3)2

wi ||, be abbreviated as "Pd545" and the

Pd( QAc) 2(P(Cy)3)2 will be abbreviated as "Pd785".
[0190] The cocatal yst (the first substance) isa
substance that is activated by being irradiated with
the actinic radiation and can change the activation

ten‘pe(ﬂL(rRa) gt) zpeupq'qyaztal yst 50 (that is, a.(Ta)
POl Y TEREZRRIOT) LB B SEnOPL IR AT e RS (0%« - (Ib)

nol ecdl' es o
cocat al yst, any subst ance can be used as Iong as |t
is activated due to change §react| on or cl eavage)

a ch%rmt@eﬁ fermyéear elahandof 1By, Beifg i1 @a@r@w@dlfmpﬁﬁtral
e1%2§ oft c'>r5‘<'>° 1&%‘1%}&' E”npﬁgg%"i a'e%%tséggﬂg 'tlﬂ'“ %thm?;roup

coﬁb?@gﬁggbal@ﬁéﬂgs bfr@¥géﬁf¥E\Mﬁ'iﬁgﬁﬁéﬁﬂ%dﬁ%dT@bU@n and R
having a predeterm ned wavel ength so that they

ismrc&j@(fea d&tdmgsersad:bmasa@rmmeorthetrherf aposi hydeocarbyl
i ons and weakly coordi nating anions (hereinafter,
IrPBPEFPRAAEBLRY YRR Y) LS BB %?é?%%%&ﬂ%ﬁﬁ§é§elﬁﬁtﬁﬁl§f°m

théeg rgugte%%HFﬁfsﬁﬂ1ea¢§§P¥ J&gnag#ﬁgoégfgg§%f§€e and

ubstit oup I ncl'uded

dlﬁBmS@HBHSXQfLat:Be proceied ysh. thé Gb32l1examp] e i stheewis
weakl y coordi nating anion include a tetrakis

ba§peﬁweﬁ|hﬁaﬁophehyy)CQmwdiﬁaﬁﬁmpiawdcﬁheréuné@t&n integer of

referred, to as "FABA-") hex fI uoro ni c CI“ "
1 {8 (er dindf SPESHRF W0F QU oo URE (e
“bggggr%£g§9§ Exanphesapf the QQQaEﬁ£¥§Er§af890ﬁ91395§n1ng
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(OAc), (P (i-Pr)3) 2,
Pd(OAc)2(P(Cy)3)2, Pd(0CCMe;)2(P(Cy)3)2, PdA(OAc),(P(Cp)s)a,
Pd (O,CCF3) 2 (P(Cy)3)2 and Pd(0,CCg¢Hs)3(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

is 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(CAc),(P(Cy)3)2, wherein Cy is
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or aphot o base generator) include tetrakis

(pent af | uorophenyl ) gallate, alum nates, antinonates,
ot her borates, other gallates, other carboranes and
ot her hal ocarboranes in addition to tetrakis

(pent af | uor ophenyl ) borates and hexafluoro antinonate
each represented by the following fornula 18. [0194]

fo la 18] 51\ / +\ /| FABA O + /CH3 CGC -S\CH3
> ExEAHER 1 eBlepapache L) PRRACCEAFOEO TFABA < B\ 1
FFF4 | SFABAHICGp\ / \ / SbFe [0195] Exanples
of a marketed production of such a cocatalyst include
[ORBIOPORS| L i ch tiseserpgostesbdstsanderaskitapdsssble the
same _bel o PHOTO NI TI ATOR 2074 (CAS 178233-72-2,
mo4ganL 8Bl FReEMMRABLobR ehEccterahbursachgr. In the case

TAG 372R _(di met hyl, (2-(2-napht hyl)_-2-pox0 et hyl)
wng B HE Rl hrY A iR KRB ) g use of

théf38A%kead-i% Syl eche opb1dendeknlo tMithe GRonotkd & to be
Tokyo, Japan), MPI-103 (CAS 87709-41-9,
effectively polymerized or cross-linked wvia the addition

polymerization reaction.

[0187] Further, in a state that the activation temperature
of the procatalyst is lowered (an active but latent state of
the 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
reliabchausetherefractiveindexdifferencebetweenthecore

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)i), and the compounds each
represented by the Pd(OAc),(P(Cy)s)2.

[0189] Hereinafter, on occasion, the Pd(OAc),(P(i-Pr)j3),
will be abbreviated as “Pd545” and the Pd(OAc),(P(Cy)3)2 will
be abbreviated as “Pd785”.

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

and can change the activation temperature of the procatalyst
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avai | abl e from M dori Kagaku Co., Ltd., Tokyo, Japan),

TAG 371 (CAS 193957-53-8, available from Toyo I nk

Mg. Co., Ltd., Tokyo, Japan), TTBPS-TPFPB (tris

(4-tert-butyl phenyl) sul phonium tetrakis

(pent af | uorophenyl) borate, avail able from Toyo Cosei
Co., Ltd. Tokyo Japan), NAI-105 (CAS 85342-62- 7,

ilable. deorl Kagaku
ALY o T S T oS ETA o bR PF the
mol B8ugasecwhens LBEc-REGPORSI L PHOTO NI TI ATOR 2074 is
used as the cocatalyst (the first substance) , an

ultraviolet ray (an UV light) is preferably used as
the actinic radiation (an_actinic radiation) and a
[Of@ldury |12$PPYL Ri ﬁﬁ%‘?é%%ﬁ?e wmqw ca§ be used as
refer use irradiatin
lOR t%gvﬁgl et ¢ gf‘c l %eadr@ anc?se f’J](blec‘e—’l(:tl%n Prra r§egage)

faa é'ﬂnérﬂﬂé!éa@@ﬁrlﬁ@&/uﬁ@nt}?&fé@f Oy aHiald ArNAWRY wdth the
wavel ength of |ess than 300 nmand sutficient energy

acoanocttedidtayer. 9A0codstal yesUktphotoirsi possehl eohtaining
cl, eave t he RHCDCRSI L PHOTO NI TI ATOR 2074 to produce
(mafal¥p GRARGRS D3t AnGorReUNeAs . thith197F Fi}relarY@rd, fhebeing

1r988§akéﬁeﬂwﬂﬁ{”5891 Eeﬁk%iéggtdgaéfv%ﬁgt ?edetermlned

sensi tl zi ng agent, | nee sen It12z1Ing

waggebhghassAathubctHanpebduedusd tihn A stitABa Apd0€BEERr other
required for the activation (the reaction or the

poglisavagapnef anse wasdalal @@@r@yn@mhra%cangoeenéhtemnmyfter,
hereqf for ¢ actinic radiati nd/ or, a function of

reRERGR EheNabiyS] it HE gt E 4 He BT e adr Aciibh £80ard.

ea@ﬁvgkeegéhwéHkﬁgbhgorEQBaEEﬁgaghhgﬁg'QQnOEuEggltute for a

cocat al yst Such a sensitizing agent Is not
clpawhbmal@réwp included in the compounds of the procatalyst.

[0192] Examples of the weakly coordinating anion include
a tetrakis (pentafluorophenyl) 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
or a photo base generator) include tetrakis (pentafluorophenyl)
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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limted to a specific type because it is appropriately
sel ected depending on the sensitivity of -the

cocatal yst, a peak wavel ength which the sensitizing
agent can absorb and the |ike. Exanples of the

sensi tizing agent include anthracenes such as

9, 10-di but oxy ant hracene (CAS 76275-14-4), xanthones,
ant hr agw noneg hrenes, chrysenes benzpyr enes,
pyren A1 ndant hrenes,

t hi oxant fien- ¥ fe of t%en1nay be S|ngly used
and 53 m xtures thereof nmay be used. [0200] Concrete
exanpl es of the sengitizing agent include

2-isoprop I-e i okamt hef='9- one,

4-i sopr op |o&aﬁtﬁﬁn 9- %8 1 chl or o- 4- pr opoxy

t hi oxant R P enot hi azi M&® and ni xt ures t her eof .

[0201] In Is regard, it is to be noted that the
9 10- di but oxy ant hracene (hereinafter, referred to as

" DBA") ia| fabl,e. §fbm Kawasaki - kasei Co., Ltd.

Kanagawa;, pamC—¢ 62Q2] Anernmoynt of the sensi t|2|ng
agent con ed in theCHscore |ayer fofm ng nmpteyi al
900 is not particulgrly limted to pedi filc val ue,
but is preferably 0.[01 wt % or fenably
0.5 w %or nore, even norg prefer liwt /% or
nore. On the othe d, an uppgr linit¥ ved ugs t he

amount of the se
| ayer formi
I ess. [020

zing agent contained in the core
: g preferably 5 wt % or

ar esapgyer form ng

This makes it possible
DanW
HaC—O SbFg~

[0195] Examples of a marketed production of such a
cocatalyst include RHODORSIL (which is a registered trademark
and is same below) PHOTOINITIATOR 2074 (CAS 178233-72-2,
available from Rhodia USA Inc., Cranbury, NJ), TAG-372R
(dimethyl (2-(2-naphthyl)-2-oxo ethyl) sulfonium tetrakis
(pentafluorophenyl) borate, CAS 193957-54-9, available from
Toyo Ink Mfg. Co., Ltd., Tokyo, Japan), MPI-103 (CAS87709-41-9,
available from Midori Kagaku Co., Ltd., Tokyo, Japan), TAG-371
(CASl93957—53—8,availableffomToonnkag.Co.,Ltd.,Tokyo,
Japan), TTBPS-TPFPB (tris (4-tert-butyl phenyl) sulphonium
tetrakis (pentafluorophenyl) borate, available from Toyo Gosei
Co., Ltd., Tokyo, Japan), NAI-105 (CAS 85342-62-7, available

from Midori Kagaku Co., Ltd., Tokyo, Japan), and the like.
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to prevent generation of undesirable free radicals
and/ or natural oxidation of the polyner 915. As a
result, it is possible to inprove properties of the
obtai ned core |ayer 93 (optical wavegui de 90). [0204]
As the anti-oxidizing agent, Ciba (which is a

regi stered tradenark and i s sane bel ow) | RGANOX (which

d trad I 10
[OLPEE | RoAFCE i EROTE % 1 g1 B¢ oF8a°t FAGERAFREaRGOpBNSTL
PHEQOEN Bek A%HR16B,7 8Lk uéédbeé§gtﬁ¥a'éo%%|t%lfyrs‘%m Eha first
Specialty Chem cals Corporation, Tarrytown, NY, can

subetpneéerahimlmxadloﬂ@20ﬁiyAsnammﬂhgﬂnants g»éﬁﬁﬁdbmyljsed
ent, C ba Irganox (mhlch is a reglstered trademar k
aSa |%F%%ﬂﬁ?kﬁﬂ4%ﬁﬁlf®9 aclﬁﬁtlpiﬁaﬁ%%lQEﬁﬂﬁ @sha mercury

| r ganox nox whi i r
1apb SR Ea R s Y B08Y 16 She PE el g Py i EE S S ppgymeans
foQ'P§r£89§99ﬁg3ﬂ@§ @P@ré@fbiéger n @h%% Q%k%%GthE0531ble
[0206] In this regard, for exanple, in the case ere
tothEradBWEeeﬂﬂ@lmsawablpkacag (el erc taim ioxX irdaltiiadri on) having
anbi ance or pl aced _under the oxidation anbi ance

a Wt PRy Oéh%ﬁspfe*r%éo{%fmﬂ.w SUfRéCARPL-PFEFLIARFO the
lagg§r§1§ay A%ea%glilecd EQQO my eé”‘vé%l FEOIEQF\SIL

used for prepari g the Fore orm ng na

pHODOINNCI NdERVAYT OUS Kipdsceftis gdive csOl¥BBtSnSUGR A8AS.
an et her-based solvent (e.g., diethyl ether,
di i sopropyl ether, 1,2-dinethoxyethane (DME),

- di oxa t et rahydr of ur (THE) , tetrah rQpyr
0fsdhy “ani Lb?’éher'dltg{%ﬁoetr?quaiyfgol Ebimigeh P erngr 500 may
coﬁgéghygegegglghglﬂ¥lg&@ngly99lneeded.

[0198] The sensitizing agent has a function of reducing
a time and energy required for the activation (the reaction or .
the cleavage) of the cocatalyst by enhancing sensitivity
thereof for the actinic radiation and/or a function of changing
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 76275-14-4), 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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ethyl ether (carbitol)), a cellosol ve-based sol vent
(e.g., nethyl cellosolve, ethyl cellosolve or phenyl
cell osolve), an aliphatic hydrocarbon-based sol vent
(e.g., hexane, pentane, heptane or cycl ohexane), an
aromati ¢ hydrocar bon-based solvent (e.g., toluene,

xyl ene, benzene or nesitylene), a heteroaromatic ring

e ound- based sol vent (e.g., pyridine, pyrazine,
ml?%ﬁﬁﬁ? 89FF8P , P2 Hi EhB%%dor met hyl pyrrolidone), an

am de-based solvent (e.g., N Ndinethyl formam de

(DMF) or N, N-dinethyl acetam de (DMA)), a hal ogen
[o20OPpound- hasedretsolexanmp les. gf ,thdi sbhetomet hgneyent include

chloroformor 55 1,2-dichl oroethane), an ester-based
2-$pPREAPY tedg-théprpnthaeePaPee met hyl acetate or ethyl

formate), ap _sulfur onpgund- based sol yen dinet h
- BPBLPl- PRty ke BRTP O ARy ™ i wt ur ¢ GBI YBRTE - Bropomy

tht BRERhoABRY bhenbikeaziR208hnhNmt heureanwhtleor.
exanpl es of a nmethod of renoving (desolvating) the

solvent fromthe liquid coating forned on the
sugﬁortin substrate 951 include a natural dryin
[0%R%hod, a 1% offddd dF§PRE metifodisuckr adea ﬂ%%ﬁ%d%sﬁﬂ: the

9, kﬁ;pQSEBStEan%W}i‘{LchSQaEﬂ%Jgrg %?9b'}eea§éﬂ9eo°rtor %g“gBBA")

essure ¢ on or a ( I'oWi hg inert "ga
ist@viheabl guf fof ot b k aneh ddie dd ke ntd.02@8habawkhi sapan.
way, the layer 910 forned froma filmlike solidified
product (or a filmlike cured product) of the core

r formng material 900 is, formed on the supporting
10gBE T nre MOSTOPORB] R SERRLE LT HES A4Ra Y SgRF apaed 1 the

cogéif%béf'ﬂ@fﬂinbhﬁaPEIE%@ 900 is not particularly limited to
a specific value, but is preferably 0.01 wt% or more, more
preferably 0.5 wt% or more, and even more preferably 1 wt% or
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 contain 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, it 1is
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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910 has a first refractive index (RI) This first
refractive 1index is obtained under actions of the

pol ymer 915 and the nononer each di spersed
(distributed) uniformy in the layer 910. [0211] [2A]
Next, a mask (masking) 935 provided with openings

(wi ndows) 9351 is prepared, and then the actinic

di at i ti ed . 930 is i di at ed
oo {0 ot RET=P IS TR0 SPoue Th ok a5t LacCRPEP Baf Lo,
TalPgd@ln Henel nakhepe 9§§§5EQEi?Uu§Eb[ be made on a case
that nononmer having a refractive index | ower than

that of the polymer 56 915 and a procatal yst whose

activation tenperature is |owered by being irradiated
[0Z4P?h the dttiAnethadi antor o8¢l imiqsagentyofiida Irganox
Nanely, in this cas the irradiated regions 925 nt Q.
CRRTERS o TEE0ToE Al BEEBR 30 ass bUdlE ERa adeg. Ciba
Ir§866KRE 136he cdaddi RYgRRGLI Al 095.ci2 18] adber efprien i1y 2

his case, the mask 335 has openi ngs (w ndows) 9351

regashe haditngdenpatkt @nd icosares pendiwngl 10 t Rabadfrgazach3114,

_of the cladding portions_95 to be forned. Each of
Cl?ﬁe%éga%%én?ﬁég 938138 hES G2RrahsHi 8Si BA®Porti on

t hrough which the actinic radiation 930 to be

irradiated is passed. [0215] The nmask 935 nmay be

[ogosher a nasknuhi ebghag, besh e d,niadvAdCease where the
(i ndependently) such as a mask having a plate shape
laper Utask rwhi phaicedf wrded apnox hdat e amPLiangsi ay,isf ptaced

xanpl e vapor phase depqsition nethod or a
UngﬁﬁF$Q%&q€;ga ] rh%g[%ancep%or a very short peflod of time,

the anti-oxidizing agent may be omitted.

[0207] Examples of a solvent to be used for preparing the
core layer formingmaterial 900 include various kinds of organic
solvents such as an ether-based solvent (e.g., diethyl ether,
diisopropyl 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.g.,
methyl cellosolve, ethyl cellosolve or phenyl cellosolve), an
aliphatic hydrocarbon-based solvent (e.g., hexane, pentane,
heptane or cyclohexane), an aromatic hydrocarbon-based solvent
(e.qg., toluene, xylene, benzene or mesitylene), a
heterocaromatic 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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[0216] Preferred exanples of the mask 935 include a

photo mask nade of quartz glass, PET or the like, a

stencil mask, a netal thin filmfornmed using the

vapor phase deposition nmethod (e.g., an evaporation

nmet hod, a sputtering nethod or the like), and the

i ke. Anong them the photo mask or the stencil nask

4Ra tlcul referably used. This is because

L bIaé’& lor060r9¥0ﬁ$ 935" (OF%Cor§ﬁ§% i 5RS 84} ehetd s ethyl
acBayiag amEtH?lpaEE%&BtecaBrbeeEﬁ&ﬁEdfthBtQ'gh an . sulfur

accuracy. Further, since handling of such a nmask is
compsyndi-bassdof Sﬂﬂ&ﬂﬂmge tomehpydve spridducitdeyi t yDMSO)  or

the _optical waveguide 90. 57 [0217] Further, in FIG 3,
Su@ﬁéléﬁéhvn@§x€9ﬁ§ APAIERE P @éSIeoéaéﬁdh§PFnél¥ﬁe

pattern corresponding to that of each of the cladding

portions 95 to be fornmed are formed by partially
[opegyVi Ng arRase mubsivhale,Sexabplds A AWnPORbH S removing

corresponding to the non- |rradpated regi ons 940 onto
(delspd Mathegacthiaisolveadi ardonhg3Digsidatodtriradifarmddtan the

remain. Alternativel n _the case where the base

SUBBB§FF89eSPQSﬁﬁééeoP%auéPF}uﬁﬁaés“aﬁE?aloPrﬁﬁéglWEEhOd a

foEQEdUB§§l§§”mQ% gt@h@ﬁd anfﬁéghgg é@lghg 09 tpe liquid
portion |ng materi al nposeg

codktiahy swmelr as MFEOMMONddecdBSerSsbstE aténdlBisHCBr a
a mask, portions of the base substrate on which the

meghpg| @l Rd OpéNCi oerag@snb® thieot kedidearaad gt Apd the like.
openi ngs (transm ssion portions) 9351. [0218] The
actinic radiation 930 to be used has only to be able

[okBogause opfiwals Laact Qe (Lhangah ebrhbe £06RAlYSh-11ke
For “exanple, an electron ray, an X ray or the like can

sobéduseédd product (or a film-like cured product) of the core

layer formingmaterial 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 1is 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 be made on a case that

monomer having a refractive index lower than that of the polymer
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in addition to a visible light, an UV light, an
infrared light and a |aser beam [0219] Such an
actinic radiation 930 is not particularly limted to
a specific type, because it is appropriately sel ected
dependi ng on kinds of the cocatal yst, kinds of the
sensitizing agent (in the case where it is contained)
nd the |ike. I.t is referred_that the actinic.
SIS0 AS S 556 S 2 "BESE GauoTRhaeh CTIPTR Fahge dprered
by280ihg #5P28MtdAi i MRkESe idc PSSt DRt i 95 @ret 8ed.
cocatal yst relatively easily. [0220] Further, an
exposure dose of the actinic radiation 930 is
referably in the range of about 0.1 to 9 J/cnR, nore
logiéﬁer abl Wit the Yarddel Dfcaifoutth® 2 e dg afecheregdngs 925

onggm{@{ %.?ﬁfs?ctp{r?{grr% i%tii%nt E?%rqaansgge }f'laaﬁblpauéietoﬁe\zlda gcome

S nakes it possi oOre y ac

thehe1geaeahgl psttibA223F . Wen the actinic radiation 930
is irradiated onto the layer 910 through the mask
935, the conpounds of the cocatalyst (the first
tance) existing within each of the irradiated _
10888 o S BISHE o i CHeSaATo ¢hendRaL] Bie 935 ARsnings
Lk r et at ¢ - e e vV, I
(e | B8 R R LG Fr R0Ba L OB ot gt of

eaekt 6f caie dIHdllitee)potdionEabisons HerHdansd or midebf these
positive ions) and the weakly coordinating anions
OPEnhBIWCAE) L dediPzls AttRaTiynisshon poetdani osoewgh twigich the

LT B! BraR bt ST ha ok BolRas =GR e ORE pr GCHERPRE (L he
second substrate) existing within each of

[0215] 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 quartz 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 95 (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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the irradiated regions 925. As a result, the
procatal yst is brought into the active but |atent
state (a latent active state). [0223] Here, in the
active but latent state (the latent active state),
al t hough the procatal yst has the activation
tenperature |l ower than the original activation

er at ur i.t _cann I t he nmol ecul es of. t he
1ok er 1 o Bl ene e g A Hon e PERAOPaEuL & red iy 9351
eabﬁahé%iﬁ@?ﬂhée@@@f@%ﬂf@brféé%%ﬂdﬂﬁ@ﬁﬁﬁ‘%H%t QeR 2 8% the

the actinic radiation 930 is irradiated onto the

clhdgéng9portiipnshe case hherfertiee lanyserf@ifedibyspareédally
at a tengerature of, for exanple, about -40C it can
remay hpgihPaSet Bikes §Fake SRed il el 8Y RAT RN S6RSKEFPRAEiNg

to"%he rr?&%f%%@i&@%d' BYEE GALO: o T 8521{385}@%?92”%@& N€ctinic

core | ayers can’be obtal he

raBi 8PabhNY3@ N WAl itYaafiatbe tayessaiPl0 Aartee naftiiGR1y, in
the actinic radiation 930 has been irradi ated, and

thehensswijeast ithg bhee| aiyles srHUO itsomadkeaf quasatzmgnitass, PET
- This _process is of high utility, val ue. %0225] In this,
ory thar diker ithe PATE (e dP hAR T e heP¥aser™Miher 8haelding

po:lricggkshrqgjjgg%p ;thl’gl'éﬁﬂﬂ 'r&&’téﬂﬁ%%%n{g%%eloc?%%r mg%gg]ksuch

is used as the actinic radi ation the ma
as93hreMYyumbén othé tieglse [O226 rd SA] Nextsuchhe hayer BdOtions
is subjected to a heat treatnment (a first heat
oft tleathir )Subst natiiss oni welchhehprovkr kg darttilens are not
FoffLhyEeRyt ha'BRL osLalecls acliyaled;(Rruant h)oo38;

[0218] The actinic radiation 930 to be used has only to
be able to cause optical reaction (change) of the cocatalyst.
For example, an electron ray, an X ray or the like can be used
in addition to a visible light, an UV light, an infrared light

and a laser beam.

[0219] Such an actinic radiation 930 is not particularly
limited to a specific type, because it is appropriately selected
depending on kinds of the cocatalyst, kinds of the sensitizing
agent (in the case where it is contained) and the like. It is
preferred fhat the actinic radiation 930 has a 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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of the irradi ated regions 925, as a result of which
the nol ecules of the nononer are reacted (polynerized
or cross-linked) due to activation of the

procatal yst. [0227] When reaction of the nol ecul es of
t he nmononer progresses within each of the irradiated
regions 925, a concentration of the nononer therein

' L] d. | t hi , i £f _
orEIeRBERT: e EBRCeAEPa: PoneBPUE Rl RohmarS/ T eadhisr makes
it B8skipadi abedefeghopsa829vahd aneopeenthalisen of the

nononer in each of the non-irradiated regions 940 is

caused. In order to elimnate the difference, the
nmononer contained in each of the non-irradiated
[0284i ons 94ther the Pedddigngads3sabred3tiss dgairdgfatiadeonto

irradi at egi ons _925. This .ph menon is_referred .
o e e P O Re e g BT o8T he o GRS Of che

cobRtgeykes (ohet Ner EONONBS t ANEK Prex HO: Bnd ACLH 10D RIQAWEt the
t hereof (polyneric nolecules, cross-linking chemca

irstdiuetadessgrony 820homigo ehemibchhe statuatiur esyiiateon 930 has
i ncreased within each of the irradiated regi ons 925.

bepRemiiesiatqd AL FeS L R ARFTIL P T F bR Y $é URGEE I gct ion
ofoﬁ?éhgchRPgE%Fdfﬁi?%% (% QQy%h%HESI %%%g%%a%@?éﬁgoduce)

refractirve 1ndex of eac f “thée Trradiat reg

th828a80ohbBatpkrbtbas| evebeHeuppbaidisecabds)r ehhaehkVaeakly
i ndex lower than the first refractive index. In this

copadenasddot ronongpétheolVgdbymeri c nol ecul es are mainly
produced as the polyneric nol ecules. [0229] On the
ot her hand, since the nononmer is diffused from each

[09525 he nonAﬂ: rt'flfaL.dsitf"‘J'.tIféj, Eﬁ@ic%@c%dsoof‘%h%%&l@fy EBSrdinatihg
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 is, at room temperature.

[0224] Therefore, even after the actinic radiation 930 is
irradiated 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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i rradi ated regions 925, an anount of the nol ecul es of
the nononmer contained in each of the non-irradiated
regions 940 is |owered. The nol ecul es 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 athird refractive index higher

he.fi t dex 02 th
c2p B QbR RIBoF e T CeREBRE Adeh PItre Lhevhaf At aders
916 eghONS19%, and LRein9B- AR B8 @ HLNS 01 rthhRCated,
second refractive index < the third refractive index)

andsthemu&mmedxnngrmmmﬂbyetbe9¢0rEOpmﬁkunniﬁhﬁtment This
(corresponding to the non-irradi ated regi ons 940) and
Profigsel addPhghpeRt HBRS10E vedBRresponding to the
irradi ated regions 925) are forned (see FIG 4).
[0231] A heating tenperature in the heat treatnent is

[opeb] partigulaily rbigairtied; £ 0 & 13P8el hbeeMat by Ut HeScase
preferably in the range of about 30 to 80C, and nore

wherefarbbjlyt e iy rreinge digk ofi vliguts b tte 60€. 1p6232beam
Further, a heating time in the heat treatnment is
lsp‘ﬁ%?%raa%ltﬁ‘esé‘tcté&l&s regiahpefantl al P§e coimdit @aske 935 may
pel £ACLLEQR O the nol ecul es of the nonomer existing in
eeacl% ? the irradiated regions 925. Specifically, the
heating time is preferably in the range of about 0.1
to 2 hours, and nore preferably in the range of about
[082€1t 0 1 hiotfr]l Noo33|thaaAlanext91@ hes| ayejegtedi so a heat
treggﬁ e?atgirs%eﬁggg t?gg%mégg tment.

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 themolecules
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. 1In
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 the non-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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By doing so, the procatalyst remaining in each of the
irradi ated regi ons 925 and each of the non-irradiated
regions 940 is activated (brought into the active

state) directly or via activation of the cocatal yst.
As a result, the nolecules of the nononmer remaining
in each of the irradiated and non-irradi ated regi ons

5. .and 940 are reacted. 234] .In this , b .
* PR B RS L T s S B g nking
cheaghadf dhardvuad abedpaBd ARy Idadiated stegbelse9?5are
and 940, it is possible to stabilize the obtained

incoeespdribmsn $4cndfct laeldinrg diertteidonsg 96ns [ 9285] CAemical

heating tenperature in the second heat treatnent 1is
STRYCLHAFEI QY 19811 TRY 8T PB &DSpaalig i iea RE akheomgnomer

reﬁ%rikléblgts g?yg eapeL 9% %&9 c% . é’)f(‘% g%e,f%aﬁcitpirxpec afn%fé/xStqbqa r<]e(<:'!1.ch of

e cocC St can be acti va IS prereranly In

theherF 2008 &4 @lpins’025t o 1RE iands ik RIEher 8bly skbond
the range of about 80 to 90C. [0236] Further, a

refisacitayetintey hovhe tdecone Heaistt reftaentve 62deg. Inthis

preferably.in the range of about 0.5 to 2_hours, and
C3nbre aafiéf¥~éP86|t_\}’pFn the) PRAYBESF- CabBRL GBS0 rRoufainly

prbgaééh %éALh%bgbax%QQiEaﬁSEegageg$_SUbJeCFed to a
thir eat treatnment. This nmakes it possible to

reduce internal stress which would occur in the

obt ai ned core layer 93 and to further stabilize the
[088P& porti@nstiva arex haddl ng ipsie itdwes m@Bomer0238Hiffused

i s preferred.that the heating, tenperatu in the
EXPRi PACROAC (PEatIRh T MHel 1T The fatPngach of the
irk8ARPgEBHUNRJidns 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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the second heat treatnent and a difference
‘therebetween is 20C or nore. Specifically, the
di fference therebetween is preferably in the range of
about 90 to 180 C, and nore preferably in the range
of about 120 to 160C. [0239] Further, a heating tine
inthe third heat treatnment is preferably in the
range, of .about .0,.5 to 2 hours, and nore preferably in
Oftﬁgngnég g? ggoﬁt 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
[0232]acti veFumdexr did fleragniocey bethweem tthe tere peeticorat is
94 and_the cl adding portions 95 is sufficiently caused

PrEERERBLYIHRE IS4y P TA GRS tubiiediladcPBPL REeserv A AN of
th%gic?f{ﬁgl}esagq/%e ﬁohi%x&%me%)gi?g%f)g%rggégﬁ%f %h%hir%gggated

or the above's ontt
ref0343] 92 $A] i f it 16}, addiengehaygf Olnd 92) pre @RS in
on a supporting substrate 952 (see FIG 5). 63 [0242
thexnapyesobfakuftoldmlngondt hodrof am® molradgined drayedry i@lthe
é92) i_nc] ude vyarious_net hods such as a nethod in which
rangGaffsAtoebnPailnFAglalerad material (a cladding | ayer
formng material) 1is applied onto the supporting
substrate 952 and the sane is cured (hardened) and a

[02BBfOd i N MALNeXUTOROGREN 2¢FPOSDT i HNsudiRMd gy & LUl kBFond
property is applied onto the supporting substrate 952
heahdtrhaetmane-is cured (hardened). [0243] In the case
mherg the.claddinghlaéer 9 or ne
X Ce

é £92% is f d.usinghanf h

appl F¥af?ohI ne? ho anpf e oF -t hemapptir@atfohec" © e
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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met hod include a spin coating nethod, a dipping

nmet hod, a table coating nethod, a spraying nethod, an
applicator nmethod, a curtain coating nethod, a die
coating nethod and the |ike. As the supporting
substrate 952, the sanme one as the supporting
substrate 951 can be used. [0244] As a constituent

. material, of the cladding |layer 91  (92), .a,materi al
15 CBRE AT RPRDY a Mot Do EHe B Bh yhrer 55 22 "OHgper and more
pr&e8papent i hhengotahgeusedandhe posbernengshased
pol ymer  has excell ént heat resistance. Therefore, by
manufacturing the optical wavegui de 90 using the
nor bor nene- based pol yner as a constituent materia

[02B2)eof , el iNetthe Wift ilciemalidydisdéubdgcitechést adthird

e ductor |ayers 901 and 902 are forned
he%ﬁe?é%%?m§ﬁgh the conductor |ayers 901 and 902 are

Pr oCess€tna kds f0r PBIMJiHIGS .t oMrRIRRE 116l r@la@MBRES s8 fhich

nounted on the optical waveguide 90, or the like, it
wousdpossiulyl elrt ot pe evbhitingdf aramst | bayef PBe aopt i tal further

wavegui de. 90 due to softening of the c¢ladding. |ayer
Stgki{osy. tha £O2A5PCELF PREr 74 sPREeCERETRDT bBPﬁgh%DBa%éd

pol ymer has a hi gh hydrophobic property, it is

possible to obtain a cladding layer 91 (92) in which
[02B8®NSi onalt cRanEef Of rédne hhitkehé hddarithg tOmpecature in the

0246] Furthernore, since the norbornene-based pol yner

thand keafoitheetawatbasdul ghonoreale ¢ at ing awmpetrertivale in

of the

-b d [y | ati . o
thf RS POa o r - iU el & ey SACE TherBbablgendst20°C
or more. Specifically, the difference therebetween 1is

preferably in the range of about 90 to 180°C, and more 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.

[0241] [6A] Next, the cladding layer 91 (92) is formed on

a supporting substrate 952 (see FIG. 5).
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[0247] Moreover, in the case where the materia
containing the norbornene-based pol yner as the major
conmponent thereof is wused as the constituent materi al
of the cladding layer 91 (92) , it becones the sane
kind as the material to be preferably used as the
constituent material of the core layer 93. Therefore,
adhesi on between the cladding layer 91 (92) and the
core layer 93 is further inproved so that
[odebqam nat i Db ddes £hat weeh-kaly e Hyevented.c IFfa ity Sayer
reason, it is possible to obtain an optical wavegui de
919((92?)ai/ﬂ1¢|gu@acfelrllermts e tabild stigh D248t hodaiplvés chfa vanish
such a norbqrnene- based i ncl ude addition-type

I
CopbRyHere & GdR%Eatey1ak ¥ ﬁ?ﬁéﬁnﬂybéye{df@%%ﬁl?terlal
1508% cq (91%1:%1’?&% ac 1r]'1r|g;0 LfBJ]cerqaéoé/ 935d2dlatnld0|%#e same is

ofynerization r ween nolecul es

cubedboraeaendas esh Ao i@ hod A)n avh idddiat BRkERE composition
copol ymer conposed of nol ecul es each obtained by

hagdapt |aoncuco;pg| yarEdezdty ohsr egtliicad betweerthtchesupporting

uIe g norbornene-basgd aner and

sufigF EahP et Ot 2binyhBnasBr S ofbeFin  haARAREY)
addi ti on-type copol ymer conposed of nol ecul es each
obt ai ned by addition copol ynerization reacti on between

[0288] 65 nuirecthescoie tige NOr bigE nENedhasgd1 apaseL, (92) is
mol ecul es of non-conjugated diene, and, if needed,

fopprddifiey ap anrdtirert igrpmekbed, a?n“tﬁnmlmf @ﬁémengppyp@atlon

ch as

4
e D P TireHE D Ase  CErparynEr BFaa 1 SdpRargnipthod, a table
cofPi Ay NRAtA¥ahydr %@%‘é@'tl'n@gamétfhd?ﬁed&daaéﬁﬁlééf‘&r method, a
openi ng-type norbornene- based (co)polyner (5) aring
cuppennngeéypeg 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 waveguide 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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nor bor nene- based copol yner conposed of nol ecul es each
obtai ned by ring opening copol ynerization reacti-on
bet ween the nol ecul es of the norbornene-based nononer
and the nol ecules of the ethylene or a-olefin or a
copol ynmer obtai ned by hydrogenating, if needed, the
ring openi ng-type norbornene-based copol yner, and (6)
[02454N9 OP P&a%&pe i%ocreb%%eﬁ‘g'QS‘%S%%QBQLXH%M mer has a
EoRposed of  mol ecul'es ‘each obtaine y Fing opéﬁlng
hi§RPY YFESh I & ProgaaGt,i 98 betgmen Hiketaobes] €% elladding
t he nor bor nene-based nononmer and the nol ecul es of the
lagen- 2bnj Wyatied wihiiehe dameasabhed mbaogerororhe like is hard
copol yner obtai ned by hydrogenating, if needed, the
tor PRGUTopeni ng-t ype nor bor nene-based copol ymer. In this
regard, exanples of these copolyners include a random
copol ymer, a block copolymer, an alternating

[02ap¢! yner anekhdendi&e. s{0249tnhdhasenrpenbaenBasefaped ymer
pol ymers can be obtained wusing various kinds of well
anknd v Pod srmetd Zea $ oh snangate raw hidichg 1 soperiwignatet witele sifs the
ol ymeri zation ( , _a conbi nation of ROV and,
noR AT BRBRAPPORC pOPyHBET oat i N L Sl Wl S5 FERS RS, 2nd
acBELYIBILZALLRY YPLNG Brcablbol Gspall adi um .
polymerizatioh initiator and polynerization using
anot her polynerization initiator (e.g., a nicke
olymerization initiator or another transition netal
[OSGV mer i z2{PBROYN £ LAt 09 Cape28 rARbRgIatRIMal eopsaining
thEref rabl e Lﬂguse thﬁ 66 adqgtionat pe N £ ]
HORNHEBRBE T £ B ner . S8 3PS pRRYRENt (Higreot is
usBArPOrRenss Ras£dué £0ImRQ ARl c2bonds alil i A DSPAF &CY 02) ,
heat resistance and plasticity.

it becomes the same kind as the material to be preferably used
as the constituent material of the core layer 93. Therefore,
adhesion between the cladding layer 91 (92) and the core layer
93 is further 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 o©f such a norbornene-based polymer
include addition-type polymers such as (1) an addition-type
(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 between the molecules of the
norbornene-based monomer andmolecules of ethylene or ov-olefin,
and (3) an addition-type copolymer composed of molecules each

obtained by addition copolymerization reaction between the
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[0251] It is preferred that the norbornene-based

pol ymer is conposed of nol ecul es each incl uding

nor bornene. repeating units, each of the norbornene

repeating units having a substituent group including

a polynerizable group. This makes it possible to

cross-link the polynerizable groups of at least a
mozart of the nol ecul es of the norbornene-based pol yner

BFBLEPy Ohr Wi%a BBAPSHAGESGPA§SEr JBINPTHKi ndiigerties of
i ' I ' I . .
no%%gégﬁég‘%? ?gglﬂ%g an@erlfgéaésez#d,polﬁﬁféggiest ?ﬁeanother

€ nor borfene- ner and

mofiBheeyl asdofrithile peinimer-t94k ysedfars foidh ngs the a ring
core layer 93 can be cross-1linked dependi ng on kinds

opehinpetypel pewicralsine -Peseg, kindw lafmatheor a (co)polymer
ross-|jnkjing agent, .kinds_ of the p mer._ 915 used
oof 5P ARG R ERETEBRE L ayot fo8esH Eing ChE Fend| AoBTRas-type
Linl r ef.ern t. at ast_ a 0 o=
noﬁngéﬁpésbgge?he(%89%%} enéﬁbasgg p&?yng?ﬁ%regpehqﬁg type
noebossehenkadeddidd hengobypbszdld fmgledupdes[252bbA3ained

aresult, it is possible to inprove strength of the
DY AiqP RGN L BY SOPPL IS 23t T odElt 1 @1 PRENGEE Ghemolecules
adhesion . between the cladding layer 91 (92) and the
oTogE | Sy Er oG ebas ERERETes T haCp Ry ReTLE I eE the
et AUOHAS PGl UdR AR o ERPXYEYIOHRr St ABLEYaGS KL d9b8ERating,
an al koxysilyl group and a “conbination of two or nore
ifkneddedf themiratorena repdxpegnourpornengabhised appylymer,

preferable. This is because the epoxy group . has high
anPdﬁEt?ﬁPﬁ@‘éﬂﬁ%bn@éFY%%§O¥Pﬁ6§98ﬁ‘Pﬁée%dPyﬂ%%Y@%%F@mposed

ofgﬁ898§ulgz 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
opening metathesis 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 1is preferable to use the
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[0254] It is preferred that the norbornene-based

pol ymer is conposed of nol ecul es each including al kyl
norbornene repeating units. In this regard, it is to
be noted that the alkyl group nray be a |linear type or
a branched type. Since the norbornene-based pol yner
conposed of the nol ecules each including the alkyl

0 nene repeating units ha [ | asticity, use
g e R SRR et Dorore el pRisas! Bremuse
thé @ drFRaile ni-Ba sl XED] b1 yné £ ARRireR i €3l MRVRIWIE,, heat

90. [0255] since the norbornene-ba. sed pol yner
resbsposed afidthbastbtetyl es each including the al kyl

nor bornene repeating units has excellent perneability

for a light having a wavel ength wthin the above

OZEh oy A Re BPEFRFRln MR GERRFERAheY heeBEBorymer

is reRgsed & Naieiciare- basedipel YARhg £6PPOSRENEf repeating
nol ecul es each represented by the follow ng fornula

unigs s gercdf epébl thaisedree rnleaenor epeatheg based pohyneng  a
<S8y SR S s O T, e pladding, Laver, 91 (38). i
it \#Za%rseiiﬂleRtbsc%‘s Ql fﬁ’rllk th%uBo'ﬂ%ﬁ.bgg nggércs)l%h;pyrg%egto{east
apartofthenmleculesofthermmborhene—basedpolymerdirectly
or via compounds of a cfoss—linking agent within the cladding
layer 91 (92). Further, the molecules of the norbornene-based
polymer and the molecules of the polymer 915 used for forming
the core layer 93 can be cross-linked depending on kinds of the
polymerizable group, kinds of the cross-linking agent, kinds
of the polymer 915 used for forming the core layer 93 or the
like. 1In other words, it is preferred that at least a part of

.the molecules of the norbornene-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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to 10, "a" is an integer of 0 to 3, "b" is an integer

of 1 to 3., and "p" / "qg" is 20 or less. [0258] Such

a nor bor nene- based pol yner has a relatively |ow

refractive index in addition to the above properti es.

By. formng the cladding layer 91 (92) using a

materi al containing the norbornene-based polyner as a

maj or component thereof, it. is possible to further

i nprove the optical transm ssion. property of the
[o2gljcal wameqw Hee98rrbA2691t Ithd Rospoed@nd-HARRAILL Neme r

nor bor nene- based. pol yner conposed of the nol ecul es
iseacimpospdesent ed lpyutlke adrmste fiochubang A kv norbornene .

nor bor nene- based pol ynmer conposed of the nol ecul es

reRaRhlNY epiesent d! Byl ith&cAFdPe fidr il 4019 PATRAI ERAR the

' .9 : I.n C o of 4 tq@.10
21EE, B B ey R0 1Ry B OB THARES Rl L Bife the
noExarpées-vissdCha iy boragpesbasedr pAy/mebiieeehdde &ach

butyl norbornene / methyl glycidyl ether norbornene

ingbpdiygrerthea hekyl nortermete /| repebylingl yehdys hetshenigh

nor bor nene copolyner, a decyl norbornene / pnethyl _
PLEFYEFUYY " ot RorOhor Bok nanto EBPBISHErPa5rd PALYTFkenakes it
: Z ri “p" L :Qn t e . | :
po%%%@P%sg%riﬁgﬁgﬁﬂﬁé%éi%ﬁiﬁlggnggLﬁongpg Bég%g%ébﬁ§§?%ulde
90t he range of about 0.1 to 10. This nakes it possible

to sufficiently exhibit the effect to be obtained by

i ncluding two kinds of the norbornene repeating

its. [0261] In the norbornene-based. polyners is
[0%‘%5 2se£j of _%eeghﬁorfoe reréer}sea-g??'sien%Pﬂ&gﬁ‘ﬁlén%?%?%ee%é’f the
mol &PEBEE N ANiihe1 u8aeR Phe 5%yl norbornene repeating units

~ has excellent permeability for a light having a wavelength - -

within the above mentioned long wavelength region (especially,

near 850 nm), it is preferably used.

[0256] For these reasons, a norbprnene-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]
\ \
\ /p \ /q
R (CHZ)a
/
O\
(CHa)y
o)

68



t he norbornene repeating units having the substituent
group including the epoxy group, in the case where
the epoxy groups are directly cross-linked, by m xing
a substance |i ke the above cocatalyst (that is, the
photo acid generator or the photo base generator)
with the cladding |ayer formng material, they nmay be

cle r.oss-| inked under action of the
cubolShEET £53557 pUfFRHTORR FRELGAL ardien pwgoer of 1
to€POXY G OUPS A%t @fe@SSxl DNKEA3 Vi eyt hes cIrpS$ildgdki BE 1 to
agent, a substance conposed of nol ecul es each "having
3, aanfledgt oOnkgépdxy2@rouplassthe. cross-1inking agent
may be mixed with the cladding |ayer form ng
material. [0263] As such a substance (cross-I|inking

i | _glyei L trinmethoxy, .
03981 Yy PR L08R R HELTE POy

lopred eradt ywaisedie] Q264HaThi 8nCE &SN IdHI WY gr%@‘étrit%sqf By :
t he epoxy groups may be carried out at a final stage
fophingithastcdpdddAp bavaft®r (PBe usphycamawavegli den®dining

RS LAY T AP e oo, 1
isvwﬂéysﬂHY% Ck@dQHﬂgakﬁyeﬁmEQBQEngjﬁgt%EtQkal[Ogﬁgisﬁyésion.
exanpl e, as the additive, the nononer, the

prppecayabysthandpt hea tocatefysde eagh described in the
core layer formng material nay be m xed with the
cl adding layer forming material. This makes it

i bl l h | | ft to b
10PB8E o1 T R S ThtmeRols TS PrBes ABBVE S SR A pyme
co&ﬁ@s@é%ﬂﬁﬁﬂg%%fbéﬂhf%% £82h ey, ehange Bove formula.

refractive
19, a norbornene-based polymer composed of the molecules each

represented by the above formula 19, inwhich R is an alkyl group
having a carbon number of 4 to 10 (C4-Cy;9) and each of “a” and
“"b” is 1, is preferable. Examples of such a norbornene-based
polymer include a butyl norbornene / methyl glycidyl ether
norbornene copolymer, a hexyl norbornene / methyl glycidyl

~ether norbornene copolymer, a decyl norbornene / methyl

glycidyl ether norbornene copolymer, and the like.

[0260] Further, “p” / “gq” has only to be 20 or less, but
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 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
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i ndex thereof. [0267] In this case, since it is not
required that a refractive index difference between
portions of the cladding Ilayer 91 (92) is caused, a
procatal yst which is easily activated by heating may
be used w t hout using.the above cocatal yst. [0268]
Exanpl es of such a procatalyst include [Pd (PCY3) 2

2 NCCH3 tetraki ent af | uor ophenyl,
B oRaEBoE D e RAF P OPU(PES S 3] LBt F ki SuooFituent group
intpaAt akl tos lor 2y atie, £nEPdL EOA ZH NI R olky groups
tetrakis (pentafl uorophenyl) borate,
arpRU(FatPry 8y26600THk8) ([ NGCHI KL nlged raalkissance like the above -
(pentafluorophenyle. borate, and the |ike. €0269].
COERRApYES Othahdthethadliaticaciderrr 2y Bovike photo base

_ néFherha et i 2 e Ao
o< BRPREBRT oo SR e 270G Pt oy e ey

bemalebkah, ahti EgoB9ssihked hAdRreyentofdeber taeat|;g8tQhce.
the clad material (the norbornene-based pol yner) due

to oxidation thereof. In this way, the cladding | ayer
é ;92) is formed on the supporting substrate 952.
'IO? 370] [ 7TAIURNeXRT” the tlof ec?2yerN93°i ShpetPRAY 0B FORPEMREE

cr%gg—l§Hﬁgggiia{glgggu@z%é%‘lfix%? g %%%nttheg §utk11§etsanoc%t composed

et ween t ding Tayer rmed on t
ofSuRRedulRG Satst raseifg2aand eddte shaddpbgyl ayeuP2as the.
formed on the supporting substrate 952 (see FIG 6).
crpeg7iinirheg esfandr na gdeshbved wsithgt e carddwngnl FHte® £6rming
upporting substrate 952 is conpressed from an

he.
ma%ﬁgé?f3urface 71

[0263] As such a substance (cross-liinking agent), for
example, 3-glycidoxy propyl 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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si de thereof so that the cladding |ayers 91 and 92 and
the core layer 93 are bonded together. In this way,
the cladding |ayers 91 and 92 and the core |ayer 93
are unified. [0272] Further, it is preferred that this
conpressing operation is carried out under heating. A
heating tenperature 1is appropriately selected "
s endi n n the constitute materials of the cladding
ln$§£e€§é5%0§hd 92 and the core layer 93 or the |Iike,
but is, in general, preferably in the range of about
80 to 200C, and nore preferably in the range of about
[02€D] t 0 180@ tHDR78hsdlexisinclkee isupper hbhg reuhdtreat eshat a
52 are peeled off and renoved fromthe cl addi ng _
re}ngersveringrK ob fieriag ikpdiween pRTAPesSwa¥, thRecladding

ioGa gui 0.0 esent .i hvention. is
ot P A S D e e P E B ST e e Tapivatea
by aela 902y afigy BOT IR O LIPPSE @ithd oMes SedFacescHfate: .
opti cal wavegui de 90, respectively (see FIG 7).
[0275] As a form ng nmethod of each of the conductor

rs 901 and 902, it is possible to use at | east
[o%ﬁéfnetho§3§€} Sed Offr omSPRE gréup BBAPRFIENGta diyclude

Pl api : . i cal
RGP B S T P U o s BB S22 BBN ROR T e ace,
[ 2-+ed tiosl] 1 @l the Py ;) CVD: 8Bt ARds O(pént @seho £Fhe®y hpdorate,

a vacuum evaporati on nethod, a sputtering nethod or an
(P4 oRCYpIHINRGHmEL hotletaalés t yimendladtliveg opbtemyd ) s udbo mste,

(el (n b Rt Sh b P B G P mERHos F i ap ey L)
pofBEA0thAd WU Ch 18 . .

[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 «clad material (the
‘norbornene-based polymer) due to oxidation thereof.

In this way; the cladding layer 91 (92) is formed on the

supporting substrate 952.

[0270] [7A] 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 énd
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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72 conductive sheet nenber is bonded to the optica
wavegui de 90 wusing a lam nating nethod. Use of these
net hods makes: it possible to high adhesi on between
the conductor layers 901 and 902 and the optica
wavegui de 90. In this way, the optical wavegui de
structure 9 of the present invention.is conpleted.

- I f h i gal
siuavinae SoCrFaE i R BT Er s Mgl 85 andhshecrore

lajbe 69rerpopbhQBS t9dgetBetormed of a first
nor bor nene- based material as a maj or conponent

t her bofttaird weach tbke theddiaddiagepsr?i arsl 32 and the core

is.fornme.d of a second norbornene-based materia
layayi g areefrhtt®de index |lower than that of the

first. norbornene-based naterial as a nmjor conponent

t hereof, and each of the cladding layers 91 and 92 is

[o2pzed of mumarhor nﬁ@eibaﬁ%@fe@r)é@ertmwﬂgi@ compressing
refractive index |ower than that of the first

cpepk bovhearfecbaséddnmteningler leathnof thébeasiegpoenpensture

. 94 of the cqore layer 93) as a mmjor  conponent _

5 PREFEBF L S[63 17" HET =0 BRBARGR BN e SeTinid Weohaterials

o NUPUNRRERASED o TRLET LakSos O h ALJACALIEY 03 or the
nor bor nene-based pol yner having -a refractive index

liked But €act iiengpheduct pfem®l&bUledn afhdl range of about 80
nor hor nene- based nononmer having a refractive index

to @i00f &r epipd morenPERBEr AP LY Ha Hor bengenet bhoad bdd yeek80°C.
However, the refractive indexes of the first and
second norbornene-based materials are different from

[o2fsh othendue taeasdidder snceuiet-yeer 89puMs ek bhe £ s
reaction products of the nolecul es of

and removed from the cladding layers 91 and 92, respectively.

In this way, the optical waveguide 90 of the present invention

is obtained.

[0274] [8A]'Next, the conductor layers 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 CVDmethod, 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
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t he nor bor nene-based nononer contained therein. [0278]
The nor bornene-based pol yner has hi gh transparency.
73 Therefore, in the optical waveguide structure 9
havi ng such a structure, the optical waveguide 90 can
have a high optical transm ssion property. [0279]
Further, according to such a structure, it is .
ssi bl e t,0 abtain not only high hesi on between tf
cogRet g Toms A DA PhE B Eddi he BoPH e loBSBgg e 90
us 8h§0ahiighiadhesi0me igipeenydde, eorgckay &le 3D AN I NS it
cl adding | ayers 91 and 92. Therefore, even if
posieflol edtd bngbf adhes oph ikealweasay egei dendsttoetlrye S 90¢hand
' as bendi ng thereof occur, it is hard to cause peeling
90phet e ¢ hePebral pt? YEeWsd®49@nd the cl addi ng portions

95 | am nati b the core layer 93 and,th

cl agg?négjr%?;%/ s %Elle a(%ﬁ"%%‘l a%%vel?u}%é p%%rslf%?%r? o Of the
ProSEVeNin BECUI 58NEE AbmpT@€E@: Cracks within the core .

portions 94 and the cladding portions 95. As a

result, the optical transm ssion property of the

| cal wavegui de 90. can be majntained. [0280] In _
o286 {Ton. 14 e EREoHor BOPRLRE baved B8l FRef-cahaa Yeghide

vstf@%%uf§§%§H§0Q9H9QQuQ¥q%9%QO@bciEéghtg% Qﬁéiggg?'portions

wavegul 90 (the optical’ wavequi structure

94 hayifgrsiL v f @ Sliryet ubebeaReRavBaex@ehbeBtial as a major -

durability. [0281] Further, since the optica

ConpERRYLT dheggodanhanch ehéhki ghadding pesitdransc®s asdformed.

or DEESRIERLSL L 3 ROTEL L8 Pl LAY LN e
TowaF | sy kinuls Of et hedss describetk @boyes Wil e crial- as a
majpcgf\cl:eo?ntplog%nt thereof, and each of the cladding léyers 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 a 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.

[0278] The norbornene-based polymer has high transparency.
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the properties of the optical wavegui de 90 from bei ng
| owered (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 inportant 74 portions for
transmtting light, alteration or deterioration of

Th%ﬁ%?ﬂ?é Lﬂ?iﬁgg%>r35%hon%vgﬁgg o ggrgéggfgtfqtnﬁg%?%Lch a

er frore, "acc ing above nanufact urli
st iBERede, | théSsopesehbl gate QP&@'9038a9p5é66|a“ﬁYﬁHUb9€ical
structure 9 provided Mﬁt% core portions 94 eac
traavinhgs aopredeperhyned shape: and hi gh di nensi ona
accuracy by carrying out an easy treatnment in a short
period of tinme. [0283] <Second Manufacturing Method>

, a sqﬁﬁqq nu | t of _t optical . .
[Oazgiguide struc dregggéﬁﬁ}ggquegggﬁbe%.g?&f@&ﬁfe’ 1t 1s
‘pokieipiBatbebbthhe $@eorch 1IAMIACAHH N drethod &b | thdecore
descri bed by placi ng enphasis on points differing from
porheons | Ysangamd addgiding pethodnsvid hut hel same oimedeesion
omtted from description. 285] The second _
oe FHRER S THE M b it ane a6 CkRG. LyFge o1 and 92.

ThEROEE AT Urd NG, ”?thpefcﬁﬁﬁﬁapitorjf hate a. cor e Jiaven f@eégjegigide

mat erial 900 having a different composition is used.

st02861e Narelch, athieetdf €y [@yared ObRICHG , MRt €7 ¢ &la 000t ause
be used in the second nanufacturing method contains a
-Peel bagibRf werjeline( aosatdricw)s PHaend s hecrilvddédgbgortions

95g%%p%ghégggé%gggngéégﬁ?%g&%g%%r%g gggko§3z§mP%k%n§{adding
layers 91 and 92, and it is possible to prevent occurrence of
micro-cracks within the core portions 24 and the cladding
portions 25. As a result, the optical transmission property

of the optical waveguide 90. can be maintained.

[0280] In addition, since the norbornene-based polymer
has high heat resistance and hydrophcbicity, 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 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
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including a main chain and cl eavabl e groups (cl eavabl e
pendant groups) each branching fromthe main chain
and having a chemical structure in which at |east a
part of the chem cal structure can be cleaved and
renoved fromthe main chain under action of 75 the
activated cleaving agent. As the cleaving agent, the

. ubst e as. the ocat.al yst. described i,n the .
Pof DS AT SET LT A R Mo L B SAI0ag™ faoBpororation

ofExannl 65 ehet BerpopbyReL c835940che Hsegdrepehhegsecond
manuf acturing nmet hod i nclude a pol ynmer conposed of

nol ecul es each obtai ned by substituting the
?stituent groups of the nplecules of the pol ynmer .
103937 clescr i Bt FRERNE f SO T F ack o iRy itePABHERFEHT 1ng
cl. : r of ..npl ecul e
el D87 QUPERo B DALY T e BTSN TR UL B8

9 pRboitbe whtecthes riivhPaymmicrOhavdeschi peddetBrmined
the first manufacturing nethod, and the |ike. [0288] A

- shaper avdi éghndéxentioneh acporgawrby9tsriginbangedan easy -
_ %i creased or Lomered%.dge %o ¢l eavage (breakage) of
tr ﬁgmeEFeéUaBIE gFbuBEr1PB288]) LE4Eh of the cleavable
. groups may be any one of an acid (cation) cleavable
group which is cleaved under action of cations, a
[0Da3E (ani orYecd e ef O i wdiMgdt Hsd el eaved under
action of anions and a free radical cleavable group
whi cFexs, @ esweerdnBenuieriton 108 Mddwd adifcdlhe baptical

i the ,acid able.gégup which is

s preferabl c%ea¥
waifelids ThaRTLRE 2ctioh BF TRECE:
[0284] Hereinafter, the second manufacturing method will
be described by placing emphasis on points differing from the
first manufacturing method, with the same matters omitted from

description.

- [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 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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cations (protons). [0290] It is preferred that the
acid cleavable group includes at |east one of a

chem cal structure of -0-, a chem cal structure of
-Si-aryl and a chemi cal structure of -0-Si- inits

nol ecul ar structure. 76 [0291] Anong them as the acid
cl eavabl e group whose cleavage |lowers the refractive

i n . e Lypmer 915.. a substituent group
th%n%%%ﬁ?%%égtc?%%gfn%n%g%?ta chem cal -structure of

- Si -gd phery! cadvanghefd&d, sthuCt YEReOfsubstance as the
-0-Si -di phenyl is preferable. [0292] In this regard,

coexbapyes dfsahicodad eém tadi Catst claaviaht vugrroymentniochciaa be
cl eaved. under action of the free radicals include a

usedpstituent group having an acet ophenone chenica
structure at an end. thereof, and the |ike. [0293] For
the sane reason as described in the first

rozemyf act urdnNgngRiNed, tHd pbs yREeferabbeard @sdseon thResecond
nor bor nene- based pol yner as the polyner 915, and it is
mampf actpr efie et eod dnsleiddhe pollyoerenembased pblyokecules
conposed of the nolecules each including alkyl
ea%p@%?%%%dr%be%??ﬁbl‘am%g %@%p%%?%ﬂwgrﬁ%xwoups of the
engsrepeat i 11S) tk ro; 9154 :
mo?%éggfglngghe9$?9h§g%¥ﬂ%%e % %vegﬁ%??£¥£§ a}ﬁip %%ylflrSt
manef dytur iog beenane REHMOXYhS| EaBevApIBPQIrBRis,0fa 8olymer -
hexyl norbornene / di phenyl nethyl norbornene nethoxy
compegpe dpoMmpdecudgs beachr efleraiblgd uded astrhducing the

cl g‘llélgfer ggr:légpvs\'h{)nsteo q:%fermaocltelcvu elsng?g:hlespolymer 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] Each of the cleavable groups may be any one of an
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
aclid 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 ~0O-, a chemical
structure of -Si-aryl and a chemical structure of -0-Si- in its

molecular structure.
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| owered due to cl eavage of the cl eavabl e groups.

[ 0295] Hereinafter, description will be nmade on a case
that the polymer 915 whose refractive index is

| onered due to the " cleavage of the cl eavabl e gr oups
(especially, the acid cleavable groups) is used. 77
[0296] Nanely., in this case, the irradi ated regions
925 onto which the actinic radiation 930 has been
irradi ated beconme the cladding portions 95. [0297]

[0R3B] The saiEhteReds GRe HePabidl di2atRVLG e whose
At this tinme, the layer (the dried filmof the Pl TDV

cleapaghadovhesf thet redmeattiivee linudex qfRIYhe Thobyhers®l5, a
Su%efractlve i ndex js obtai ned under action of the.

dF yHBF B B8 OiPs et Sed N9 @itst$9 DuLss)o LA FHIHIGR Y At FReture
ofl-aé'isldﬂ}lp )LP%%%] [gﬁlem Bgl St &P ¥ | L Besgtggﬁip%%Al/l is

i's carried out. he“actinie radiation
preceadbaéed onto the Iayer 910 through the mask 935,

conmpounds of the cleaving agent existing within each

of the irradiated regions 925 onto which the actinic

jation 30 as been irradi ate are eact ed
R et o oF BaS et e | RESBSLPan o ERfe xas nradical

clééggﬁiéogrogéowhﬁQﬁﬁhﬁie@Ye§%éé'Gﬂﬁgr(@ QqQQPX3§r%%e 4iree

cations (the protons or the other positive ions)
radheaheakhglu@Qrdlﬂabsngtaambngroﬁphﬁawlﬁg)an[Q@@Q&p%@none

this tinme, the. cations renove the cleavable groups
cheRbfabl YEEUEEBRE the Mai ANehahpseof, t#rd nbheckiks- of |
~the polyner 915, or cleave a mddle portion of the

chenmi cal '
[0293] For the same reason as described in the first

manufacturing method, it is preferable to ~use . ‘the -
norbornene-based polymer as the polymer 915, and it is 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 above matters, 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 be made 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) is used.
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structure of each of the cleavable groups. This
phenonmenon is referred to as "photo breaching".
[0300] In each of the irradi ated regions 925, the
nunber of the cleavable groups, that have not been
cl eaved, is reduced as conpared with that in each of
the non-irradiated regions 925. 78 As a result, the
refractive index of each of the irradiated regions
925 is lowered up to a second refractive index | ower

- [029en the fNdnad) Jefiragthiive daRdex¢nh8t 1 Ehha 1 5EBR. 1€8¢8n8f 925
the non-irradiated regi ons 940 maintains the first

ontefwhacth vee dgtdexic f880d1ibn 230 sawdyeer irefaddettieviebecome
i ndex djfference between the irradiated regions 925

the el AL RDHRPF + bt &t 281 r egi ons 940 (the second
refractive index < the first refractive index) is
caused. As a result, the core portions 94

[0Z2eP] r espondiglgThe sdrhe stenr hErad ated [es) ons 949) canéhyt .
the cladding portions 95 (corresponding to the
i rraeh ahed tergeonisi'lEQZSyea“r ctherdmiced fi080QF dhe PAIrSM) 910
pse of the actinic  radjation 930

naf o Pir Sh e S hove ahage s (Bhbur Thid §bret epmactive
1n@@£61§f86€£?§%a ﬁﬁ?épe gf@ﬁ 9 o raﬁé %?éabou$ %yéég%sed

even nore prerera Int

- (di@tﬁlwm; dinl Sofkesin i thpobsydt e91®. reliably -
activate the cleaving agent. [0303] [3B] Next, the
| ayer 910 is subjected to a heat treatnment. At this

[Oé%gﬁ foréggﬂngh% t he Ieava %Eoupfaéje%yed ried out .
ke \/Sead“?F Mt A ‘? EHa df° FAé
nD'QﬂRh?&ﬁg actinic radiation 930 is irradiated onto the
layer 910 through the mask 935, compounds of the cleaving agent
" existing within each of the irradiated regions 925 onto which
“the actinic radiation 930 has been irradiated are reacted
- (bonded) or cleaved under the action.éf the actinic radiation
930, to thereby extricate (produce) the cations (the protons
or the other positive ions) and the weakly coordinating anions

(the WCAs).

[0299] 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”

[0300] In each of the irradiated regions 925, the number
of the cleavable groups, that have not been cleaved, is reduced

as compared with that in each of the non-irradiated regions 925.
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the polyner 915 are elimnated fromeach of the
irradiated regions 925, or rearranged or cross-Ilinked
in the polynmer 915. [0304] In addition, it nmay be
conceived that a part of the cleavable groups
remai ning within each of the cladding portions 95
(the irradi ated regions 925) are further cleaved
oken at. this_tinme. 79.[0305] .Therefore
A R PEehLhg ERE FRJGPoB1ER 4 Saenbs CRER: Of BHEMBREadipted
reg§0993§2?| £s L DofaEd el | NETLaRR e rfreh c%g.tv‘ V& nhadeX ower
i fference between the core portions 94 and the
thehaddengipett refisa®5ivE0306ExA haattngstemmeraéutﬁ b the
the heat treatnent is.not particularly [imted to a
nogpegrpféafafugeBans 9Pt emeiabpynen thenef kamigerefractive
lngbout 70 to 195C, and nore preferably in the range of
about 85-to 150C, [0307] Further, a heating tinme in
the heat treatnent is set so as to sufficiently
elimnate the cleavabl e groups cl eaved (broken) and
- [0Behbved frimthhie naynenhaﬁmacmﬁvbh3n®®keiuﬂﬁxreﬁbe bheween

pol ymer 915 from each of the irradiated regi ons 925,
thaanrrt%l%%d FEIIVR dePyarfnfhed Ay i 5B H9E regiigas 940

tk‘?V\@ @éndg%ﬁg@glt\}QQntdle@eé §h8r§{re§@l}lfeéfrréaﬁtt1@% r_'l_{alﬁ%e is

out hour's and nore pre

catigege ds abads L tthe2 W port[i@3@8bal mcbhkésbgﬁéﬁgg to
it is to be noted that in the case where the

theefipacifvadiadest thdferetdlbeaetnsedime vdacddiegppptricdnss 95

94 and the cl addi ortions 95 is sufficiently caused
(cerEraondras) Berha:6or e Chbr doredishot RE hoatd formed.
‘treatnent, this step [3B]

[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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may be omtted. .[0309] Further, if needed, one heat
treatnment or nultiple heat treatnents may be
additionally carried out. In this regard, a single
heat treatment is carried out under a condition of,
for exanple, about 150 to 200C x 1 to 8 hours. Through
the above steps, the core layer 93 is obtained. 80
[0310] [4B] The sane step as the step [6A] is carried
out. [5B] The sane step as the step [7A] is carried
(09667 [ 6BlTHde sae, e a5 dde i) eihd 8Alyd,S 9@ rt'oeguch a
out. In this way, the optical wavegui de structure
heotf ttheequmesent iimvensi grodssikdanpltet eflur{i®34i1]iddrease the
preferred exanple of such an optical wavegui de
regrpgeivieelndex il kbpeeney detusrery Gy mrofogtions 94 and
or ene-pbased material as a nmj or conmponent
th?h%?%é?}ngnaoggé n%fgshe cladding layers 91 and 92 is
fornmed of a norbornene-based material having a
refractive index | ower than that of each of the core
[0B061i ons Mieeftinlgetemperbtiyee 938 the heah|tarecomponemnst not
thereof. [0312] Here, each of the core portions 94 and
PafheCiei aAYY ngtMidid itond IS Gk ¢ yedw@ oPuf 1s preferably in

thQQEPﬁ%?S@%ﬁgﬁﬁ?qOpﬁgxﬂﬁyﬁPogFQZ@%gf§2e¥gkggg§efn %ﬁprange

I nc ng a mai n chai'n ‘and groups ~“each
ofbsasGhi 8y fsonEbhe. mai n chain and having a chenica
structure in which at least a part of the chenm ca
structure can be cleaved and renoved fromthe main
The refractive

(05 {abiesof Tie Cor & SOAHIGHS C10F 4fid“PRoBERadb AgETent 15
sePUSions A L hffeeenhihaem8achi185h8h1e groups cleaved
(broken) and removed from the main chains of the molecules of
the polymer 915 from each of the irradiated regions 925, and
is not particularly 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
.wheretherefractiveindexdifferencebetweenthecoreportions
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 treatments may be additionally carriedout. Inthis regard,
a single heat treatment is carried out under a condition of,
for examplg, about 150 to 200°C x 1 to 8 hours.

Through the above steps, the core layer 93 is obtained.
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due to a difference between the nunbers of the

cl eavabl e groups, that have not been cleaved, in the
nor bor nene- based pol yners contained therein. [0313]
The nor bor nene-based pol yner has hi gh transparency.
Therefore, in the optical wavegui de structure 9 having
such a structure, the optical wavegui de 90 can have a
hi gh optical transm ssion property. 81 [0314]

Further, according to such a structure, it is

[0B26$i bl e twPhalnsget QY 2l ghe adhesiign 1 bes wesh itheour .
core portions 94 and the cladding portions 95 but
al so[ hB phrzelhesnenst et aeenh¢ hetepr E7Ahyes O3r aneld t et .
cladding |ayers 91 and 92. Therefore, even if
def oﬁﬁ%?i B ofatheS bR | 2%l ChRvestrR deSA Lt sictaF el ed seieth:

as b ' t.her eo c Lt is hard.to_caus eel i pg
ot e 1 Tore pfroksceh ittt b BRE s Y ohatne

pr88eandi dekami vat i oncb/peeayt he core layer 93 and the
cladding layers 91 and 92, and it is possible to

prevent occurrence of mcro-cracks within the core
ions 94 and the c|addin ortions 95. As a _
oB2Ll | .t e EFETEAT G SHERPLSi OF PrIpért pptdradpgaveguide
. Ui > . [ ]
Stggg?g?%ﬁﬁaﬁﬁ%cgg?ﬁe %%?gggﬁéﬁzﬁﬁ%@%@gg%ﬁyﬁgggéﬁggnﬁi%%sed

mateaial esl ateder anthpbydnephebiebty,aiddieaepté€£ahe cladding
wavegui de 90 (the optical waveguide structure 9) _
layags g aneiP2 bs formecue & acharhayecescleisedmaterial having

d bil.ity. [031 F h ' th tical .
2 YA/ S AN AT STl ARG b S4ETr S5 Sl o8 Sapart ions
94 hydr opROBL eEtYayht 45 POSSI BL €6t Ocomponent thereof.

[0312] Here, each of the core portions 94 and the cladding
portions 95 are formed of a norbornene-based 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 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

contained 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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reliably formthe conductor |ayers 901 and 902 thereon
using the various kinds of nethods descri bed above
whil e preventing the properties of the optical
wavegui de 90 from being |owered (deteriorated).
Especially, even in the case where the conductor

| ayers 901 and 902 are fornmed on the optical wavegui de
90 so as to overlap the core portions 94 which are
important portions for transmtting light, alteration

[o8fiaglet eri of gty OECQ@QBlﬁ% tthe cofe ROrdd NS 34 cant g
be prevented. 82 [0317] Furthernore, according to the

poabokéemapubddctun mpt netlhodhidgh acheossh bbetvoeobthencore
an_optical waveguide structure 9 provided with core

POEBFPPBn%‘] 9289eHeh HAARG BPpFEdensr i ked aspape dngdhesion
be@kgg 2%H§n§$93ai %u§?Q%uP%:CaQﬁYkﬁﬁf%%%g%%r%a§¥ and 92.

trea Inas peri od

ThEspeekal | Yevaccardi d@f d fmd Hitoseeandt FRNWAGIAHT NGavequide
nmet hod, the core | ayer 93 can be fornmed by at | east

strucadrat9nguﬂthe bendnng tleeliedf @r@30 ont s thexrd ayerause
that is, it can be obtained using a_very easy

pe?ig’aemweirmg] TR i RN S BPArig Ve TRERDE C o
95t§&5c§ Q:ler[% %(i:tll%rr‘f Egtgggﬂoghg ot!{éoégg%l ﬁglj anl %%wcgsi%ging

structure SCI‘Ibe rel na ter

laybisdomeamid 3t Ukindg 1 Bl Bosb vk 1b1 e ke gre6fntedcBYirrence of
pl aci ng enpha5|s on points differing fromthe first
migpe-seeeld masbiacttirs n@omthedélomﬁtﬁ‘lt ek aee cladding

PORBhITAcEar i 17 ecROB TS ThE DHrcad PREnemission boperty

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 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 transmitting light, alteration or deterioration

of each of the core portions 94 can be prevented.
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first and second manufacturing nethods, except that as

a core layer formng material 900, the core |ayer

formng material 900 wused in the first manufacturing

nmet hod and the core |layer formng nmaterial 900 used

in the second manufacturing nmethod- are used in

conbi nation. [0322] Nanely, the core |ayer formng
[Ogg?ﬁrl al al-?\gli*‘én}gel%)rﬁoreu,s%dcclonrcgi?% Icgl t'rkge rg%gol%lfe?gl%ﬁélfggturing

od co e polymer conmposed o

meﬂBb@PWhﬁ&s%%ﬁbeW&@ﬁ>é@@aﬁ@QMﬁoEED&é@W%%edﬁidestructure
e

cl eavabl e groups, the nononer, t cocat al yst (the
9 providedubstance)e gk tiven proge staalhy S viinkge aspeoeddtermined.
substance).. Further, the cocatalyst is the sane
ShapBstAAcR1gl HhBeRFEAVRhg2CEHEREYdBECFREEYINE PHE an easy

tr%?gﬁggtnﬁgugagbggkngfg§ggogfagngas a function of

eavi ng the cl eavabl'e groups. 323] According to
such a core layer formng material 900, by conbining
the cl eavabl e groups and the nononer each
[03pB1 opri atkdnesia bt edcdordingpbesii setconadingstfacturing

efractive index difference between the core portions,
e B O G OEF At 7 S harr Sre s DY dResinLara8Lasing

chb&Yeli 9 1B AU di] SRP MRBNERe 150824165 dERChIdedy can
above, I n the case where the nononer each having'the
berebtathedeusndgxal oney thap thattwénthe pol yner 915,
the procatal yst whose activation tenperature is
| ownered by being irradiated with the actinic

[ ation 0, th ol.yner. 915 ose refractive
[0§%%£x is f%@bJ%S%%ﬂ?é%f%ﬁﬁgn%Hgﬂﬁﬁﬁgbof the cleavable
gr oupsx @f € ausedi rgespRanrid @ Woiddemek hbadi & ed Hee9b9PSca1
925 can becone the cl addi ng portions 95.
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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Further, in this case, it is possible to obtain a core
layer .93 including cladding portions 95 each havi ng
a refractive index vastly different fromthat of each
of core portions 94. [0325] Hereinafter, description
will be nmade on a case that such a polynmer 915,
nmononer and procatal yst are used in conbination.

032 Nasel i n_t hi . the i diated regjans _.
CI3EBL 50 G RHESN 1 RS alErRTE radi Bt 61°830 IHG DegiE First
subktagkal edahgcome the ddddidg RYHd 0R8Q9g 84ub09844ke) .

[1C] The sane step as the step [1A] is carried out.
Fupathehi stlte mpcateel ysgtyers thhesane eshifstanod ashehkl IDbhving

910 has the first refractive index (RI). This first
A9pRFrdeE FrEPe ntext i S e gt wdtiomeghadhand has a

r 91 .t he n b Sp ed_(distributed)
fuﬁ%#?%?n?g ?%ggﬂéﬁpa§g§ gggévfg%§8?£§ﬁgf'The sane step
as the step [2A] is carried out. Wen the actinic
radi ation 930 is irradiated onto the |ayer 910
[0BABbugh t HecamskirgBEe stuvd & owpeuhaige 0T otrhéngaeeateal iyt 900,
the first substance) existing within each of the

byfr?%ﬂﬁ%ﬂ%ﬂ? F85i onseY2ZP bht JWRch £RE adt§ nienomer  each
ap%?gﬁéléf’é‘lgssoe é)c?,e.qt 'i[srﬁ‘?%]gigge at!(?.ard%?l(aé Iegt ?%%ract ive

eaved under the action of actinic

in88R diff dikarbyeexbencehe dqrogduee) ohkess GaHd ens €¢18&8ding
protons or the other positive ions) and the weakly
POEBHPEP Pt PAGFENPBASIPREAX)Le [L6328] 9 Atint hime lttiimg ept henner .
cations or the weakly coordinating anions change
(cl eave) the chem cal structures of the conpounds

[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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of the procatal yst (the second substrate) existing
wWithin each of the irradiated regions 925. As a
result, the procatalyst 1is brought into the active
but latent state (the latent active state). [0330]
Further, at this tine, the cations renove the

cl eavabl e groups thensel ves fromthe nain chains of
the nolecules of the polyner 915, or cleave a mddle
portion of the chem cal structure of each of the

[082epvabl e mroupse {833 Hedghagaehe %ftetﬂ‘?lh redicated eq out.

regi ons 925, the nunber 5 of the cleavabl e groups,

t hatAthdve snbimbeerhe|legwed,(the adridart dd lmast cdrpRIEDM) 910

with that in each of the non-irradiated regions 925.
haasther Bstift, rehBArEEVactNUEX| hBéx - of TRAehibFstheefractive
Lo [ : [ Ny t and
inbE} 24 @600 50008 2201 Lok B0, YRk Lo B ononer

dispeeged Aldi bt sitbuted) eaehr OFml{iein NOKe i 1596k agedl.
regions 940 maintains the first refractive index.
[0332] In this case, an exposure dose of the actinic

jati on 930 | referably in the ran of about 0.1
10385h3) g, Pt BT ST rAEI 2P A G P inge® b BBAGE 16520t -
10 Sinkhthe A SYRD IR £ ARTOIGD]Y | Ll {09600 the
about 0.2 to 4 J/cnk. This nmakes it possible to
layet il yhactyhaitee hhe kcoBRf alhestompO333k dBEheThecsBdEy st

step as the step [3A] is carried out. At this time,
<t1%qhetplprr%fcaauéqs5tsatnqqﬂ e sgdtniov @ isdtin) geeht ofstheel Fxadiated

activa brought, intg the active state) w t%@ﬂ eac
red AT a0 TP St GG i S3BSMhE ASHescreRoP ittt been
irkd@i I @CHL8Sreacted 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 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 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
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of the nmononer are reacted (polynerized or
cross-linked) due to the activation of the

procatal yst. [0334] Wen the reaction of the nol ecul es
of the nonomer progresses within each of the

irradi ated regions 925, the concentration of the
nmononer therein is gradually Iomered In this way,

di.ff b of the .
O o A RGRCH 1T he 170 BAVRUSHE PRGTonLoas8Tarip FRguced

asCIERMdALE A fad B éEH}PHEftH@nsﬁCQrQBdEQ%ed regions 925.
non-irradi ated regions 940 is caused. In order %

Asehi nepal e, t hbedréfenencee ihHexnopfioaerhcofit ahvedriradiated
each of the non-irradiated regions 940 is diffused
regnaPassentisedorgredchP dio the ferand aielr 3@y vns ngEk lower

thgg LR?3§L{EErEg?Eac?%vth%dheat A{eétnen ro%gr?agﬂdof the

eava groups cleaved (

noﬁem@ygalgf@m trRQy iRisn 9LhahBsnohihbe vl ecttes Okrthetrive
pol ynmer 915 are elimnated from each of the

indekadi ated regions 925, or rearranged or cross-|inked
in the polyner 915. [0336] As a result, the nol ecul es
of the nonomer and/or the reaction product t her eof

ro8s8b¢ pol yrmg(i ¢, ool ecules,  fhe 8&9?? L, Eruct i %“ Sé‘]cinic

structures or the branéhlng chen ca

ratingt easexd o ki e Racdh 10f ihhend rhadeat edpbagi ONs to9Q5I/cm ,
The chem cal structures each derived fromthe
mope| reefesabbf irhéheonanee ¢&nrdublOy 2havest hicrt,f ectl even

th f h th t ed
oSS el Ve LAdEx o ach ol e biradated s

ic(pbokenloang rempysdyffom thecBho c60aLns, of the
nDIecuIes of the polynmer 915 are reduced mnt
[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 themolecules.
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. 1In
this way, the difference between the concentration of the
monomer in each of the irradiated regions 925 and the
concentration of the monomer in each of the non-irradiated
regions 940 is caused. 1In 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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each of the irradi ated regi ons 925. For 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 nononer is
diffused fromeach of the non-irradi ated regi ons 940
to each of the irradiated regions 925, an anount of
the nol ecul es of the nononer contained in each of the

(089811 rradi @i, echd £9IRNS h940nk st + PNRERLN The /MRLechl i8S the
of the polyner 915 remarkably have the effect on'the

cleaVahtei yeoupdexlehvedclibobkehe aod- remadedt édom the main
regions 940 so that it _is increased ug tothe third
chaéfp 2t ithe MPhgex1Gai eh the redwaert Rhn atr sflilmgmated from

eaEﬁf rgft !tylr?e ' Ny 9 ddl%?tre{ocn%%eqilqgiet hi9§5way’or.t h%gafrgf‘lgged or

refractive in erenc ween'’‘theirr

crbeg-onsk8d5ianghthgoNohekrbadi ated regions 940 (the
second refractive index < the third refractive index)

is caused. As a result, the core portions 94
respondi ng to the non-irradi ated regi ons 940) and
[0%%%5 cl addthd p&ildns tos F@&FF@éﬁénQﬁngh?omPﬁ@mer and/or

Lr Lat [ - ) e . 39] T
e hedL TS RRERY, e TR T O mo B g, che
crsagel shepngschbéristepst bAdtiisesabri eleObtanch6&y dhémical
sane step as the step [6A] is carried out. [7C[ The
St§aﬁﬁu§@égaﬁﬁth@rgﬁéﬁdwmqhwseéghKﬁbﬂh©uﬂxaqnagemheglons

o252 PGB 1P B ERe AL LRrR3IH B P e blel Bofecunes
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. For 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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present invention is conpleted. [0340] In preferred.
exanpl e of such an optical waveguide structure 9, the
core |ayer 93 contains the norbornene-based polyner
conposed of the nol ecul es each including the main
chain and the cleavabl e groups each branching from
the main chain and having the chem cal structure in

Lch at least.a part of the _chemi cal structure.can
[oggbileave Iénghﬁgde%é’fF i t he haFn' VEhdi f”%hél%%erence

petgbeactinee indexes of £@§i@95e9@@d £ RAGOINBALELCAS ated
94 and 95 are different fromeach other due to a
redidherditdt hbetawend trked ragtrhercsinfet ket be adviadl eefractive
. groups, that have not been cleaved, in the nolecul es
m%?x{ hel $10r358155éhe- bdsed 2poF §RELS B ai GRE t Pordilpns 94

j ence .het B s_of . ction
(o B P R o Bs BT Phe. nby BosAGhe. phdq «7 tne
clpaeliyngrsocondms ned (EberesBonbihyhes c1eagh raliithed regions.
cladding layers 91 and 92 is formed of the
92hbrdoenepembdsed pol ynmer 88 having the refractive

i ndex | ower than that of each of the core portions 94
of the core |ayer 93 as the major conponent thereof.

(089841l The por Qgrhegggaﬁ% %2:59%9%8? p{g%rte'g;agmh ghs carried out.

transparency. L e optical wavegdui

StrucsQr eTiPe haahdgs Selcha @ tisé reedpir eSAT hes 0pdF€8¢d out.
wavegui de 90 can have a high optical transm ssion
pr ongl/.Tf[@%lsﬂ]le Ritemers Heeosdemgled) suehcarried out.

stru it is ossi bl e _to obtai t.only hjgh _
adhe f(gLeHé?V\% ° tHeR o e tl’b%rﬁ%?]s{]bg]oahﬂ ‘f%’é“eqd out.
claddémg postions Sopuls aliso High psiiesi on-. betyeen
the core layer 93 and the cladding [ayers 91 and 92.

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. Therefractive 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
reaction 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

88



Therefore, even if deformation of the optica

wavegui de structure 9 such as bendi ng thereof occur,

it is hard to cause peeling between the core portions

94 and the cl adding portions 95 and del am nati on

between the core layer 93 and the cladding |ayers 91

and 92, and it is possible to prevent occurrence of

m. cr o-.crac wi.t.hin.the core tio 4 and the
nlh ST 2o e A ohIexc e Ehrr RRE hEReh e the core
pott 2BAET AEHeN: Y @RSkt YayOf J3ngs atd fidh owavgdit g, OPnedBor .

be mai ntai ned. [0343] Yn addi tion, since the

nor bor nene- based pol ynmer has high heat resistance and

hydrophobi city, the optical waveguide 90 (the optica
Waé%gui de' i} PREPGrBcOF ~RAVEAPSUETE T Rasthriah transparency .

ce t rabiliity. [0344] Further iLnce the

T B BBt aatn 30t Eraba P e R GRS Mg Suen 2
stegstatancenandpbydaophabighi e b b&np9§§bbbeh&§h optical

reliably formthe conductor |ayers 901 and 902 fhereon
tragsmgssibe waepeusyki nds of met hods descri bed above:

while preventing 89 the properties of the optical

wavegui de 90 from being |owered (deteriorated).

ciall in er e r : .

o gggrs 90¥ﬁ5n 902 %%ggfggﬁgdw%h t(%ho%t%ggﬁM§%§g@uiﬂ% s
po98ibbeagot obeuen! aptt ke 1GONE POrddrns: G Wt wderdr €he core

important portions for transmtting light, alteration
PopElges €14 andttiloh clefdddachroft i hes ¢ buportsoms gddaghasion

t ed. 0345 th , ccordiing to the
e A VR ke LR FLAE T S50 hgerg Bivand 2.
Th@Pe 8PLE CaloWayvegyi des &3 et U5 o9 p{@ya%%%iwaﬁh §90E5uide

portions 94 each having a predeterm ne
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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shape and hi gh di nensi onal accuracy by carrying out an
easy treatnent in a short period of tinme. [0346]
Especially, according to the third manufacturing
method, it is possible to set the refractive index

di fference between the core portions 94 and the

cl adding portions 95 in a nultistep manner. [0347]

ERRUTREEUr Fh Ot ORUGM CCHe SBEF Lafe JvE fging Lovered
(a8tEUEbUEEed) Wi | | EDSedesEl| bedvd0348] HHca8et Utke the

are sectional views schematically show ng one process
coeranpbe lafyear s 80itandrandfact ivrmgdnet hbhd omfi ddlewaveguide
optical waveguide structure of the present invention.
901 8343% HRrdFakdrrthe 1w LedrsuPdc Whdichy aret hBROrtant

L ' y_plac hasi i , _
Pl pas Fof Trom The - 119 St ar % R REAT Rl U hgrorat ion

ofmBhbRdsf whehcbhe %@HEiHﬁEt§ﬁ5ca9nbét§ge@éﬁﬁbd.
description. 90 [0350] The fourth manufacturing method

is the sane as the first to third manufacturing

ods, except that form ng steps of the optical .
[03E$Egui e TOF ST 14 o PO TTHEM £AJSE GPTFMAIRSECtHEiNg

' AL I 0 I h
neLBLAS TRy peluins e Sog L05ERI MR o Becuure

9 payeidéaryitly deterdattidhe mamm Pnesvasqgdasgrthederhined
the first to third manufacturing methods can be used,
shppgperdi Deph). djnss2]oret ehpatitery descerpyioa waitl abeeasy

se, t hat : .
trggggegg ?ncg 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

waveguide 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

omitted from description.
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the core layer formng material 900 described in the
first manufacturing nethod is used. [0353] [1D]
First, the cladding |layer formng material (a first
varni sh) is applied onto a supporting substrate 1000
using the sanme nethod as descri bed above, to thereby
forma first layer 1110 on the supporting substrate
1000 (see FIG 8). As the supporting substrate 1000,
the sane one as the supporting substrate 951 can be

[ogssﬁi [ 035/ %u%\t%rﬁgﬁu*fﬁb%lﬁ?@ﬁg e ifd ERE $8YETas the

1110 is not particularly limted to a specific val ue,
fibat tistpiefleraahifiadtur itremeahgesofexatrmt thatof 20 pmsteps
nore preferably in the range of about 10 to 100 pm

Of N BhERCHbIE AEIaB) T | FER Foingd FOBrt P EIEg §1rst
co 0P PIGRRLLAPLoleNLepthe core T ayer o g
materi a on

varnlsh) is applied onto the
first layer 1110 using the 91 sane nethod as
descri bed above, to thereby forma second [ayer 1120
loaﬁli he fi mM&amdlayerslinge see 1RlyEr 9prmf 0856 t dhia L G0® and
orn1n mat eri al 900 may be applied onto the

th?. ﬁdJ%#a £10F TS PRE SFiLAde *f%%/éramfﬂ@e?sasddescrlbed
I I
lnsw.g%?]a{}l}fﬁ YOCQ'?Hr%t %éﬁﬂéiﬂj?{f}(ﬁ?&\?{ﬁoaglf%él rge used,

n the [atter case ayer
retpectsesdond | ayer 1120 are mi xed together in a
boundary face therebetween. This nmakes it possible to
i nprove adhesi on between the cladding |ayer 91 and

e layer. 93..in the obtail ned tical ve ui de
[Oggglcor g@&elnafter,Qescr?ptlonwfi be made o gcasethat
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 applied onto 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 sahe 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 pm, 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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[0358] Further, in this case, a viscosity (at nornal
tenperature) of each of the first varnish and the
second varnish is preferably set to a range of about
100 to 10,000 cP, nore preferably to a range of about
150 to 5,000 cP, and even nore preferably to a range
of about 200 to 3, 500 cP. This makes it possible to

revent the first.layer, 1110 and, the, second | ayer
588 R ot el R hoBa CRRP TP ni ol "EGGEUnEP I 1 hgond Layer
11Doubdat i acestt heyebei wegn (apd Fogpreyent the first
| ayer 1110 and the second |ayer 1120 from having
unevenness thi cknesses. [0359] In this regard, it is

referred that the viscosity of the second varnish is
- logﬁgher t hal'& k& eot 2YAE For=ing gekieshal $RP gnamleesapplied

] Si o,reliabl.y pr nt the first. | ayer .
onld RER SLina Piser B T ER bdig helth edbry miNed 1o
sub9ogghbes 119 tbRpbevadaryrfageothseebet ween; s[93604 . An

average thickness of the second |ayer 1120 is 92 not

particularly limted to a specific value, but is

referably in the range of about 5 to 200 pm nore
[°€§E}erablf”}ﬁfﬁhéqﬂéﬁﬁéca§ﬁra6€@tfiSSFolﬁﬁsrpﬁﬁlgnﬂ“d the

seg%ﬁ&[g%é%rp{gi)fé aglrlé i )EQC? gggg%he f i&}pogt b%%ntcparjyooface

Next, the cl I'ng Tayer formng
thapéeetabea thiikd meaddd shy pssapplbed Ontpidiee S88RAL: on
| ayer 1120 using the sanme nmethod as described above,
betyeenerbpyclofmiadt havarl lemndl 3@ erpnchelaerondB in the
ayer /1120. (see FIG 10)..The third layer 1130 can be
Ob#%¥ﬂ%ﬁ ?%tf%%fs%%%eﬁﬁh%%rgis the second |ayer 1120.

[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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[0362] An average thickness of the third layer 1130 is
not .particularly limted to a specific value, but is
preferably in the range of about 5 to 200 pm nore
preferably in the range of about 10 to 100 pm and
even nore preferably in the range. of about 15 to 65
pm In this way, a | am nated body 2000 is obtai ned.

0363]. [ 4D] Next. . | t ' ' he | am nated
ok P 5t e BT W B
oo g oty 81408 e R LERLA S s pnse

of phlaciihglSthe 120 umat echd@irer?2 @00 cunderf cambdtynisphaeerange
or reduced pressure condition or a nethod of bl ow ng
ofjabPrtgas 8 tHE P&ni nated body 2000, and the Iike,
but it is preferred that the nethod of heating the
| am nat ed body 2000 is used. By using such a nethod,

[0B61]i S pospi] i@ desel ¥ah8dai R BL&EMo ity WA®erial (a
| am nat ed body 2000 relatively easily in a short
thpedicurofsh) ns. 208168641t ¢ thchisscoasie] apeheldtdgsing the

tenperature is preferably in the range of about 25 to
SaBBCIC Hhtr 1757 6 RSPy Rt he TREHURY ciodbeut hact baver

ll?ﬁcbn[9§95Le$Hé%hf5yig ?g?gi?Qe&iﬁ?G[Sle?ferably in

e range O out O mnutes, and nore

prefEi@ldhidd 1aerr ange @n wROFWrmia 10 B0 MIME 8Snner as

[0366] [5D] Next, the mask (the masking) 935 provided
thej sacontdelapeni hy20(t he wi ndows) 9351 is prepared, and

then the actinic radiation (the activated energy

beam) 930 is irradiated

[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 um, more preferably in the range
of about 10 to 100 pm, and even more preferably in the range.
of about 15 to 65 um.

In this way, a laminated body 2000 is obtained.

[0363] [4D] Next, a solvent contained in the laminated body
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
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 possible to desolvate the solvent from the laminated body

2000 relatively easily in a short period of time.
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onto the | am nated body 2000 through the mask 935 (see
FIG 11) . [0367] When the actinic radiation 930 is
irradiated onto the |am nated body 2000 t hrough the
mask 935, the conpounds of the cocatalyst (the first
substance) existing wthin each of the irradiated
regions 925 of the second |ayer 1120 onto which the
been irradiated are reac

i ni 930 ha
(0364) 0] Cavetl tieh CERE" et OR TS (TR T F FAUPREFBRSDLY
1n9‘§lQet9art1<§l§r@@)’ab@t¥$ rigate doPoducs) mtoti‘:é f)@'te'f%@éb(lﬁlhgn the

protons or the other positive ions) the weak
ragger di nabonyg a0i bos4bthe WCAs). [0368] At this tine,

the cations or the weakly coordinating anions change

(cl eave) the chem cal structures of the conpounds of

pr ocat t. (the_second substrate

[o§E§h of téﬂgghrémgh & gre i ons @fSpr%geﬁaéiguﬁtthFheange

of A alsysb 60 SnOUaht drf Fho‘ifaep@@fe}_/gbp tid act}“faé"trange of
state (the | atent active state). [0369] [6D] Next

abohe lantmadedmbodye2000 is subjected to 94 the heat
treatnment (the first heat treatnment). At this tine,
the procatalyst in the active but latent state is

[O%?&; \I;at ed [(53? nggtc "{Hé)mraggzgtcﬁé Xt%s‘cktl%t %%;prmlcﬁ@w1th

e irradiate r‘egl ons as a re

théhepealagel gsheofw it WwENONES 1 ak e b&@@b&@d(, pelnder i &edt he
or cross-linked) due to the activation of the
achiotatraldist 1on0s7id aghdryaties eraryy dreaol) 9@ isol ecadiested

on{ Atk MORUT CGF G §980 TP UbAEB 73 Pan C7eT @G- 10)

nmononer therein is gradually |lowered. In

[0367] When the actinic radiation 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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this way, the difference between the concentration of
the nononer in each of the irradiated regions 925 and
the concentration of the nononer in each of the
non-irradi ated regions 940 is caused. In order to
elimnate the difference, the nononmer contained in
each of the non-irradiated regions 940 is diffused

nbl ed h of ] i at ed i 925.
e 0893t *REoatebh FRAPnE  hol cbtrbarbPoEReR fonomer
and/gf thhe ¢/Act i PRAUGt: ther 66f tHhe RALEMBLLC] atent

nmol ecul es, the <cross-1inking chem cal structures or

stahe 1w amthivegechébhroabhtsintuscttieesytarve steteasddhin each
within each of the irradiated regions 925. The

of théni ERPIER F B RSO Salh® dEsi ¥ &G SPAEM T HE 1RBItdramesecules
0 rkably, _have the effect on Lge

Ofré}?ér ﬁ?@ggg‘i%{nrdéx o?ck%éich(pé)?yt eé:lizreroggiragéaslse t8k§d) due

to92Res@ctNabtibni 6f tRWEpedcatipl{ort he second
refractive index lower than the first refractive

i ndex. [0372] On the other hand, since the nononer is

jffused fromeach of the non-irradi ated regi ons 940
[nggiach of"i&He thig raaciied PEgHoRMINYEL UGR O%mSDﬁt mgpomer

pr{Dﬁﬁegpéscwi%gigf etg%% 3P Hpgggﬁ&aaqg&ehngggd%ngsa%@f the

€ non-1rradl ated reglons IS ower

conotetuhesonfoft BRepabydRs 5 tHeT JieMEkpbd JudeMme 1@ red. In
effect on the refractive i ndex of each of the

thhgnwiivy adingt el £ Fegpors D4bweent hhe icoricentmartdaged lipthe
to the third refractive .index higher than the first
MOPRPT hctiVe SR ex9?[d§¥§]lFﬁaFﬁP§e yFe9h%“?e2%§£tP@€ the

cohBdsx g {E8rgRCRn b WRaR L NG IdSadi 3 egh L egb DS, 9281 ated

and the non-irradi at ed
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
8925. 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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regions 940 (the second refractive index < the third
refractive index) is caused. As a result, the core
portions 94 (corresponding to the non-irradiated
regi ons 940) and the cladding portions 95
(corresponding to the irradi ated regions 925) are
formed (see FIG 12). [0374] [7D] Next, the |am nated

000 is bjecte t t he second heat .t reat nent
mo§8H%5 Contéln #erb?%gatdfygﬁ r'8ha %ﬁfﬁal?ﬁegai%gb?n?ﬁmo is

lohéfrégt atqade Fn%_g'e@[liegzéf and }g@wm@fstgh% PeRaLkEBAL A BL the
regions 940 is activated (brought into the active

effeatedndirectd frartiwe andex ach iewati off ohet hen-irradiated
cocat al As a result, the nolecules of the nononer '
regLRRp n?%(b S t8aéhl bilg H@qrre@a?dadat@dtom third refractive

lngggthgéﬁgka£ﬁg f@géo §r§8 399a$€9v fggcted. [0375]

way, by reac ng t ecur es o?xthe nononer
remaining in each of the irradi ated and non-irradiated
regions 925 and 940, it is possible to stabilize the
[03BB4hi ned bbréhpértW@ms gheande £t addivg pords:ondigberence
0376] [ 8D]. Ne the | an nat ed body 2000 is subjected
%%seerehég"ﬁh' CSG B HENES 96°THINS nek@esnpp-irradiated

re@?&% W& (enLedicsd %@&aetcégg £ife e £fle QYA Q8 EUL 5 ve

he obtal ned core layer to further

1n6éﬁbl lize daheecar e postiaonsefd41apd ehaddior® pebkic@Bss 94
95. Through the above steps, the optical wavegui de 90
(cpsreppeadhed. tPOFTA T@@ﬂlmE&@laE%@ ceadansord4ldyearsd the

clagélng poéklons 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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formed on the upper and | ower surfaces of the optica
wavegui de 90, respectively (see FIG 13). [0378] This
step is carried out in the same nanner as in the step
[8A]. In this way, the optical waveguide structure 9

of the present invention is conpleted. [0379]

According to such a nethod, after the first heat
treatpent_is carried out, the core paortions.94 can be .
dont T i o S gt 5 AT S h e G AN EErE Which

roudh’ & Vi<ual® s

wolafi Rled bodytRO0QLta0380]cdr U theYeradst hed 1 #St further

varni sh and the third varnish, a varnish having the
stghikicenpbsi tooa psrthense8édndndarhaddingt hattisnsads.

varni sh contaj ning the polyner 915, the nononer, the _

coca?%¥9%$haﬁaetﬁgoﬁﬁo§§P§ﬁysﬂjﬁhyﬂﬁéuﬁ§deaY¢9¥¥@% 90 is.
obEQ?S qthe molecules of the nmonomer are reacted in

oun%ary faces between the first layer 1110 and the

second | ayer 1120 and between the third [ayer 1130

and the second |layer 1120 and/or within the first and
[0BWVid | ayer$P 1 INexandt He 300 hedyondr t heydosingat yahdcg82 are

As a resH%t, it is possible to prevent occurrence of

t . :
fopmefity © SRR LevestsyryEres pfothe e tdicaddrageguide
90! aygg gg{igggyt@geessg@pd}b§yer 1120 (the core |ayer

83) "and occurfence of péeling 97 between the third
| ayer 1130 (the cladding |layer 92) and the second
| ayer 1120 (the core layer 93). [0381] Further, in
[0BRBE case This jsyopr éberprsdieraputl: in Hde pamerern@es 86 in
thbe sed ggf the first layer 1110 and the third |ayer
113b%Ra tefractive index (RI) relatively | ower than

In this way, the optical waveguide structure 9 of the

present invention is 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. 1In 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 layer 91) and the

second layer 1120 (the core layer 93) and occurrence of peeling
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that of the polynmer 915 to be used for the second

| ayer 1120, or Il: even if the nononer to be used for
the first layer 1110 and the third layer 1130 is the
same as the nononmer to be used for the second | ayer
1120, the anpbunts of the procatal yst and the nonomer
contained in the first layer 1110 and the third | ayer

be%%ggna£§elgwegdtfgneéh?ﬁg)g@j%ggﬂﬁﬁﬁ%?ta?%%%m?%%éé%%gythe-
(0]

n
noner contal nea 1 n C ayer gl
f

se86hfY189eri 1106 pgggl@bgetga?égvggg_generatlon
regi ons each having a refractive index higher than
that.of each of the core portions 94-of the core
Layer 93 within the cladding |ayers 91 and 92 even if
[03RLT act | ni KTl e 116h L5368 FRSei rrindioaPEaL BRX eAe: MRedridthe

0 first-and third J.ayers 0] .
ol HEE ATE AR BT LIgLe AR, LI PP eni
laferm ngo i £rd ate £ A6 HLGORHE ¥ ART)S e 16@ANRI1Y N8wkRethan
pol ymer 915 conposed of the nolecules each having the
thet eal adle oplomss 199 Susedbeeisd@rfar teaddicogd dpeer 1120,
mat e the first varnish or the thir

; . ol 7
or L iy dont APIIRCEC PAIS e U6tE EBRpgiRd igrt laver 1110
anHDtH?&LH}ﬁsrloeﬁ% eN2YRHY; NG 1 i%%]\(n%blag gflgq{r’or%r?%%e to be used

cl addi ng | aye orm ng nater contal ni ng
fopot tysreye Sl aeRResed20f, the smbecus est eachphavkiglyst and
the cl eavabl e groups, but containing no cleaving agent
thegpnipme rusert a ogeq 03} e Thirs tripkesr L 1oyl bhe tttoird layer

h | | f bei |
L e e T 75 o LRE AR CeRdRhe 2BR Lhg monome:
colPh egdliesn 0f hi hge POhY MBEyO151120.

[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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[0385] Further, in the fourth manufacturing nmethod, it

is preferred that the first and third varni shes each

contai ning a norbornene-based pol yner conposed of

nol ecul es each having a substituent group including

an epoxy chem cal structure at an end thereof and the

cocatal yst are used. In this case, when the core

portions 94 and the cladding portions 95 are forned,

t he epoxy chem cal structures are cleaved and reacted
[Oégﬁhyner'Zﬁﬁ@svﬁipe$h§tn?$§§y$f§ o5 bheveRLYPRE 21Ravable

This nakes it possible to inprove adhesi on between
grbhpscoreml bying 931l eanded t Her e eaddiarg Irayervedl faneth the main

adhesi on between the core |ayer 93 and the cladding
chpaperodothpomgbpcrkafpPEstBe BOLHMAr N8l Bor nene- based

pol yner include a hexyl norbornene (HxNB) / nethyl

gl yci dyl ether norbornene (AGENB) copol yner and the
(oBgke. [O03&Alrtnt hah thd AL ASBurAcEREahal ¥sthddatit is

is not activated when the core | ayer 93 is formed may
prbéeused. tist sultd fir socatalyystrd aacodshalsysbchhabndeésing

not absorb the actinic radiation suitable to activate
a RREPRBRATATRIFCE R BT GIPRIREd SdcBivd eFarlSiSsRagh Baving

t ; | vat d tion,.of heat
R R A e e A e A
anSeieehedeolf0388 ]t Hex aophes 19k tSaled @ eencat al 415t s idacleUdghen
a 99 non-absorbi ng photo base generator (referred to
thascoPB@EILtipng Wdr rad bhsecrpddrag aro(Tiafng 9édatre Asrmed,
L "TBG') and the. |ike. :40389 In the optical, wavegui de
thtr%% X¥e %P?Rﬁﬁﬁ#ﬁxﬁf uctures are cleaved and” reacted

(polymerized) with themolecules of the polymer 915. This makes
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
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above, the core portions 94 have been patterned using
the sinple nethod, the irradiation of the actinic
radi ati on. Therefore, it is possible to w den design
freedom of the pattern shape of each of the core
portions 94 (an optical circuit) and to obtain core
portions 94 having hi gh di nensional accuracy. [0390]

since th conductor Ia ers 901 a 902 R "
nogeé{r%ggf}%m%v%kﬁ%%o B el 942 yp{)r sﬁgerﬁre({% &S | %‘é‘&
thé‘kﬁ\@l_tgas@g 8RAESt 6O @é@ékyeaow 89 erB6YYI gAY the like.
circuit) urt her, |t is also possible to

appropriately wire various elenments regardl ess of
ki nds t hereof (e. positions where termnals are to

[0889br ovi deld) th?nOB#hE?lmﬁﬁﬁ§guﬁﬁel§ﬁﬁﬂﬁﬁQﬂ%e9odescrlbed
el &t QR t he ectrjcal_circuit
ab%{rg the %&[‘g&) rctq“%?)\lnsgélmer k?errl)npﬁaa Seranreéi H31pg the'simple

me PRON | dﬁd@ irr3dGRtaRroBEi €8¢ a WaMBOYIrde i St bet Ur enQrBasSre,
a multiplicity of uses. [0391] In addition, since the

it ot iPoals iwdweegai Wieden rdestigre £ reeciam havie‘lebqidttwrm BQ&pe of
ectrical CIFCUI%) and core _portions 94

eaéﬁfﬁ%ﬁk CFITURO LT POr Y OPh 18 ghraehs) 130 tPtOPEaln
coP@S’?bp#fortlQ i TReyiy lﬁ{lﬁ}’?k&l@er‘?é{gﬁéi Qgéujfg%c f an

and el ectri brid circurt and chi eve
a high integration thereof [0392] In the present
invention, it is possible to widen design freedom of
[O%%%]optlcéwnﬁhQQu@l@@ﬁéh@ﬂWQﬁwptﬂrﬂheeréﬁﬂﬂcahd902have

d | | t d t
e ACtar2 The OETERr ddhvaguets S it S4 41y arize to

elé}h&k’ty' eld earsatl%‘/ f§5:'ﬁhaﬁnal%ﬂlcla<lal"v%\i%l‘%q SURHGLHESR it

can nal ntaln
is also p0531ble to appropriately wire various elements

regardless of kinds thereof (e.g., positions where terminals
are to be provided). 1In other words, it is possible to 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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hi gh optical transm ssion property, have excell ent
reliability and durability, and have a nultiplicity
of uses. Therefore, the optical waveguide structure 9
can be enployed to various kinds of electronic
conmponents, electronic equi pnments and the |ike.

[0393] In this regard, the supporting substrates. 951,

95 nd 00 are renpved fraomthe optical wavequi de |,
mardda 5 E0F e ke CHFEE PAUFaUICR RRRUFRAFGrT i Rolhadey eLd
raPdl ighdhencapeivwher favi§e:i UPPOFLE NS USLHAESnP31n the

952 and 1000 are forned of conductive materials, they
high eptdtcalempyesinf s oot Iper cpetriteal hawaeeguildend0randalhyity

be direct|ly used as the conductor |layers 901 and 902.

ang By Fhit heranq haiEe fe v g 191cidy 19t Hsese cThedshgre.

?Eg .y, jtted. [ 03951 Furtherpore
th% ?ygg{)%%agl\}m oﬁﬁsdégjisn%q{%aﬂtg% ﬁ9gca or%reri %Ep#r&yﬁgdggfv?ﬁ%ous
kif@s @1 ayertI3niis B6hpbh8ht 8 & Do ddies RRO\RIFRRIHQNEHd the
met hod. [0396] Further, the structure of the optica
lik@mveguide 90 is not limted to one described in the
FI Gs. For exanple, the optical wavegui de 90 may have
a structure including two cladding |ayers and a

ality s ham et he
Lo ed” Bt GEeh T S S ne phit: LAY B 051, 952
and Mod ouoliang rehagdidngrbayens sk €or evd isealotoer Aak el Yt he
| am nated together, a structure including a plurality
fipst | %o fnitddy Bedivdsictur g lethpols, abgitnghetber easaywhere

' ' ddi | ayer .
théssgégg£ Eggb%h%% ga%@%(ggi, §§b an EOOO 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.

[0396] 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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| am nat ed together, or the |like. [0397] Further, an
inclined plane (a 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 mddle portion thereof. This nmakes it
possible to inflect a direction of 1ight

n1ssio ht tran alon th
por? n"92°p a%% gSﬁ)rOVlue to é¥1§ P’Sﬁ g%lpﬁelayers'
lahhﬁQEe@ntbagth8§|'Bﬁdtﬁéam§ke[0398] In this case, by :
appropriately setting a direction which the inclined

pl ane faces, the optical path of the transm ssion
ht can be changed not only within the core | ayer

P.
[06'891to t WOt & TRAST Giaf nEilE8eH Bhale bl raifdeatdve surface)
un b CEn oL TRES L PRt k) NLOTHE 00 B 6JobPUTREL patn,

IFection he  opti cal wavegui

thhBcl pes I&ﬁ@&t&éﬂhi&f&i¥é&¥héﬁ’dﬂﬂﬂHéﬂéd¥é pb@MBWNNG4 may
(deleting) a part of the core portion 94. In addition,

beaf pei¢@ddtn vemiddhe slmttlam &herlepifl. ayBhnipptd load ifti pnssable
al um num vapor deposition

L h film
toleﬁilSEtlﬂé :?REéCBgOE r@fle&fng ehhaARERI FPL AR My ight)
trgﬁsin@w@aé 9 ohie drac d¢&]§eg p&@f@n 9453 ] aﬂgmowté\?e to

optical "wavegui'de an opt i cal gui de structure

reftéot flbngotothbBel pgrsesh tnaemhtpmpeavglab@en
descri bed above based on the enbodi nents illustrated
in the dramﬁngs the present invention is not limted

eto ng|V|duaI onmponents.constitutin
[0%%? cal méVbé l&eC%ﬁ% %ﬁggpproprlag Ty setti gaiglrectlon
which the inclined plane faces, the optical path of the
transmission light can be changed not only within the core layer
90 (to two-dimensioconal directions) but also to

three-dimensional directions including a thickness direction

of the optical waveguide 90.

[0399] This inclined plane can be formed Ey 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
waveguilde 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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" the optical wavegui de structure may be repl aced by
other arbitrary conponents that can exhibit simlar
functions. Further, arbitrary conponents may be added
to the optical waveguide and the optical wavegui de
structure. EXAMPLES [0401] Next, description will be
made on a nunmber of concrete exanples of the present
|nvent|oq The fo scription wll cca5|q9a l%her

R S R e gL i e il

arbkNBry @dﬂﬁﬂﬁ@nﬂ?tBMEt RQIPOERRNS i MBS aREREEAShs .
376634 34-3) as "di PhNB", phenyl ethyl norbornene

FugCASr 29415109a8)y m@mﬁEEWﬁtskmﬂylbaoe@@edemm {1CASoptical
22094-81-1) as "BuNB", decyl norbornene (CAS
wayeggidesasy the operpal Béﬁ%?Pl%r BbEHERELECAS
265989-73-9) as "BzNB", nethyl glycidyl ether
nor bor nene ( CAS 3188-75-8) as "AGENB", norbornenyl
et hygxAmpies hoxy sil ane (CAS 68245-19-2) as "TNMSENB",
triethoxy srlyl norbornene (CAS 18401-43-9) as
" TESNB", trinethoxy sinI nor bor nene (CAS 7538-46-7)

TNBNB" bi nor bor nene net hox si | ane
[ogéﬁb 3766d§”§7 q; rlpgf wéﬁd be made ox)a number of

coletsfy e RO chedyblalge (BragRbospenc 2 1)

I espBes |ﬁca11;0wu{gp4ﬁazs]cr11ptswﬁ wesilsoetapobya®l yafBbreviate
Preparation of :% solution Polyners P1 to P5
he%é%e“%@%@h@%n?e Aard Qi ~Aver3)s@lsut HehN8 ” s edéhhenyl methyl

~oSSBLALAL ISR, CL 15, BRRXTESCER L PO v Bigpal oo
etﬁ@irHGrﬂaﬂﬁéﬁB” cﬁ%h§§4h@L69L@?ﬂ§s(ﬁ&ﬁﬁﬁﬂ, 8999hyﬂgfbgpgene
(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”, and 1,1, 3, 3-tetramethyl-1,3-bis[2- (5-norbornene-2-yl)
ethyl] disiloxane (CAS 198570-39-7) as “Si,X”, 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 P1 Solution>>

103



Preparation of Polymer Pl Sol ution>> 103 [0403] BuNB
(10.52 g, 0.07 nol) , AGENB (5.41 g, 0.03 nol) and
toluene (58.0 g) were m xed together in a serum
bottle, and then the same was heated at 80 Cin an
oil bath to obtain a mxture solution. [0404] Next, a
tol uene solution (5 g) containing

(r,6-toluene)Ni (C6F5)2 (0.69 g, 0.0014 nol) was added
to the mxture solution. [0405] After addition of the

[o@Byene sobuih ON,0 t91e g, r @SH thdY MaEEWEe (SOhYth O WS o1 )
mai Nt ai ned at roomtenperature for 4 hours to obtain
and rtehotnon 580l0uty) orerdhdxeal t egethertiol uesersmlhdtitare, and
(87.0 g) was added to the reaction_solution. Wen
EhRBtHh oGS Sdh @ppRd atrit b ¢ AE ateaét ket hsbp ghitgin a mixture
Sogkggggusly stirred, a copolyner was precipitated in
€ reaction solution. [0406] The precipitated
copolymer was collected by filtration and dried in an
oven at 60C under a vacuum at nosphere. A weight of
[0#8Rd]copol et af ter belwugneri edlwasod2. 78 gg{yi ebdtaining

80% . [0407] A rolecul ar weight of the obtained
(G NCEGLE of i RedC s PngOd 4GS Hectio qafigl to. the

miRELPEALLON hf0omat ography nethod) in a THE sol vent
l%po?%styrene standard) to be Mv = 320,000 and M =

130, 000. [0408] A conposition of the copolynmer was

determned by 1H NVR to be a BuNB/ AGENB ( 78/ 22)
[oégﬁblyner.AﬂKﬁW 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
filtration and dried in an oven at 60°C under a vacuum atmosphere.
A weight of the copolymer after being dried was 12.74 g (yield :

80%) .

[0407] 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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[0409] A refractive index of this copolynmer was
nmeasured by a prismcoupling nethod and determ ned to
be 1.5162 in TE node and 1.5157 in TM node at a
~wavel ength of 633 nm [0410] The dried copol yner was
di ssolved in toluene to result in a 30 w % pol yner Pl
solution. [0411] <<Polyner P2: Synthesis of Hexyl

i d Nor b
Lo ) b oIy A PLEgar T bhe GO "2 Reasured
by39|¢'fi§rﬂ>€o%§flﬂf?<% LTS8 &%cﬂ%&:er@nlqy dTQ:lo) be &G%N%Z in TE

(5 and toluene (58.0 g) were m xed
modeganheﬁ bh5a sarmM1modelet presivdedngnhaodr gBdxnmand
then the same was stirred at 80Cin an oil bath to

obtain a m xture solution. [0413] Next, a t ol uene

tion ) ot a | yene ( C6F 2
[0?8529 g, dﬁbeg c}lrc fgcﬁ é%ggédédgd %g Jﬁss lvx%iuf’% ’lé):luene to
reSQlUtigna BO4IEE ﬁ@l?ﬁe@dﬂltégmu@ioﬁhe t ol uene

solution, the resulting m xture solution was

nalntalned at roomtenperature for 4 hours to obtain
factlon solution, Thereafter, a toluene solutio
rof3h

0 g) FoURRE £8P HEeR1S 6 BOTUE Moo (HxNB)
/ WA ?¥§§ gYPpﬁgﬂéﬂ“ﬁb£§E%ﬁéﬁ§t'RBE§8>UER> (ymer and

vi goro rred, a copol ymer was precipit

Préb@rﬁﬁﬁ@hl@ﬂ Bol yhéonp2 §8%1b] odke preci pitated
copol ymer was collected by filtration and dried in an
oven at 60C under a vacuum at nosphere. A weight of

. . I d
[oﬁgg]ggggly><EaﬂﬁE?ﬁsbS[W9m95H% MeRcirn P 9% ehd o3 o1,
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 qg) containing
(n®-toluene)Ni (CgFs)2 (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 solution vigorously

stirred, a copolymer was precipitated in the reaction solution.

[0415] 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 dried was 13.78 g (yield :
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[0416] A nol ecul ar wei ght of the obtained copol ymer
was determ ned using a GPC nethod in a THE sol vent
(pol ystyrene standard) to be Mv = 150,000 and Mh =
76, 000. [0417] A conposition of the copol yner was
determned by 1H NVR to be a HxNB/ AGENB ( 79/ 21)

copol ynmer. [0418] A refractive index of this copolyner

77@@5 nmeasured by a prism coupling method and

determined to be 1.5159 in TE node and 1.5153 in TM
node at a wavel ength of 633 nm [0419] The dried
copol ynmer was dissolved in toluene to result in a 30

[041 64 pol ymex P esol Lt oveidHI4 23] thePobyagheR3copolymer was
Synt hesi s of Decyl Norbornene (DeNB) / Methyl

degpyRinggf wehed MorBerRehkog AGENR) TEBpePyHertanEolystyrene

ot EhEBRE' e ERkEER, Bt 8 2T PSR Dot

(58.0 g) were m xed together in a serumbottle
provided in a drybox, and then the sane was stirred at
[08DT] i n am aidmpgyatii it alft d&ihe @opodymee sekutiebArmined by

... [0422] Next, a toJuene solution (5 g) containing (r,

HgME dludife)? mlxbtﬁcga“»ﬁﬁNBz Wo‘%/e?gl')g,cqmg)‘mmfol) was -added
to the mxture solution. [0423] After addition of the
tol uene solution, the 106 resulting m xture sol ution

[04@8] nai nt & red ralctrioem haspes AtiH e doplo14mraULS st Reasured
obtain a reaction solution. Thereafter, .a toluene
by spIrigh 8ROy nedhatided e telreingalc tticohes dl Glb6nin TE

mo%%j%%?é#?£15¥hfg ?ﬁtgggglagﬁg ggggfgggéﬁtgftg§3 nm.

[0419] The dried copolymer was dissolved in tocluene to

. result in a 30 wt$% polymer P2 solution.

[0420] <<Polymer P3: Synthesis of Decyl Norbornene (DeNB)
/ Methyl Glycidyl Ether Norbornene (AGENB) copolymer and

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 oil bath to obtain a mixture solution.

[0422] Next, a toluene solution (5 g) containing
Uf—toluene)Ni(CGng (0.69 g, 0.0014 mol) was added to the

mixture solution.

[0423] After addition of the toluene solution, the
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solution vigorously stirred, a copolymer was
precipitated in the reaction solution. [0424] The
preci pitated copol ymer was collected by filtration
and dried in an oven at 600C under a vacuum

at nosphere. A weight of the copolyner after being
dried was 17.00. g(yield 870) [0425] A nol ecul ar

i ght of. th bt ai ned | det i ned [
ceFLB S 1 oL copslyome aeg, 98 ST nEd i,
fotogbe M¥s= 45, 8902 BRdaMr a3 A8, R0C% o 10428 . A Thereafter

conposi tion of the copolymer was determ ned by 1H NVR @

totoehe soDeNBIAGENB ( §7/ 233 adped ymerthd @42¢kiAn solution.
refractive index of this copolynmer was neasured by a
ThereahtebupMhfd nBERBANGAd Wt eFFOREG S 0l BEC 1. E53rfACtion

TE, . : 5L in T e _at, a wavel engt h. of
LT AT ShE S e ool ner e HEeCBRGEaB acea in
théotdepeid® séestiénin a 30 wt % pol yner P3 sol ution.

[0429] <<Pol ynmer P4: Synthesis of Hexyl Norbornene
(HXNB) / Diphenyl nethyl Norbornene Methoxy Silane

i PANB) cqpol yner | and Preparation of Polymer P4
Wé%?ﬁu on>IHe07 HGA30) Hhas ( §°921g™eE. 05§SnoFplliected by

. () . o005 ° 9
T S et By ehar OBl SR aguigpere.
A vidight250 tHe sepomybettd £; e amd itthearheatesds av . 80G (yield :

an oil bath to obtain a m xture solution. [0431] Next,
87%Pd (PCy3) 2 (02CCH3) (NCCH3) ] tetrakis

(pent af | uor ophenyl ) borate (hereinafter, sinplified to

as

[0425] A molecular weight of the obtained copolymef 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 in 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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"Pd1446") (5.8 x 10-3 g, 4.0 x 10-6 nol) and

N, N-di methyl aniliniumtetrakis (pentafluorophenyl)
borate (hereinafter, sinplified to as "DANFABA")
(3.2x 10-3 g, 4.Ox 10-6 mol) were added to the

m xture solution. [0432] In this regard, at this tine,
aratio of .the above monomer s/ Pd1446/ DANFABA was

00/ 1/ Xt u 0 | on
08300721 nd %T‘NEE Qéoélq 9Rb ot 4t AONEY Qa e1d gn U~ D50 mol)
1-BOk&héOMm , FNg, tbeu330m<5r} Qfna aeetenkt (ihe gfmeé%dﬁglaﬁed
the reaction solution to guench activity of
migad dogtthathén ar@bllanblsewasn doopped amd mhehh@eai*ea@talto&o C
solution, a cop olgner was precipitated in the
inyamcPi bnPabh uEP off L2023 "THEUBF e8P bR EAPRE Ccopol yrer
was collected by filtration and dried in an oven at
60C under a vacuum at nosphere. A weight of the

[049pD! ymer wafiter bei npdried)vwas,d-8 @ccybeld  79%8Btrakis
[0435] A mol ecul ar wei ght of t he obtalned copol ymer

(pﬂasafb@©9®mh©@ﬁlUsh@gaaeGPOmnﬂimﬁﬁu@ma FHEpSofvedt to as

N égg %§ty stapndard) to be Mv_z 86,000 and My =

PS1%9 8 [dﬁB%? A Tonboli ¢ o of MOlte cuisbl Yribrdimethyl

n 4
onSELSTIR 8. DYy LAV o, SRR DD CSPBtL e
sim@Bi fread Ut ®tas DYDANFRBEM cauali N Peg hod. @ndi07® mol) were
determined to be 1.5569 in TE node and 1.5556 in TM
ad@pdetat the ialet engt o bRt B33- nm [ 0438] The dri ed
copol ynmer was di ssolved in toluene to

[0432] In this regard, at this time, a ratio of the above

monomers/Pdl1446/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
filtrationanddriedjjlanovenat60°Cuﬁdereavacuumatmosphere.
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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result in a 30 wt % pol ynmer P4 solution. [0439]

<<Pol yner P5: Synthesis of Butyl Norbornene (BuNB) /

Phenyl et hyl Norbornene (PENB) copol yner and

Preparation of Polymer P5 Solution>> [0440] BuNB

(4.78 g, 0.032 nol) , PENB (25.22 g, 0. 127 nol)

1-hexene (13.36 g, 0.16 nol) and toluene (170.0 Q)

were m xed together in a 500 nL serum bottle, and

then heated at 80Cin an oil bath to obtain a m xture
[oggkytion. 4 od¥aXton REL44L (BRA94ct wBs3B8eXelRifed by

nol ) and DANFABA (0.020 g, 2.54x 10-5 npol) each bel ng
"H4NMR heo flor ra GfxNB ArbirRYeN® r &4 @45 4 )s ot arid oyme .

di chl or onet hane were added to the m xture sol ution.

[0442] After addition of the concentrated sol utions,

resulti i xt.ure.sal.ut] i ntai ned_at_80C

OR8] o0 i ducee g e AT e PEadt e (B e n8Surea
by Thes eaéh efoupihiedy MRihaddla B Se tdreRRY itht Bet 1€5569 in TE

reaction solution vigorously stirred, a copolyner was
moge een@i t ab2b6i int A¥ medet abnasebueiengti09f[ 6333hmThe

preci pitated copolymer was collected by filtration

and dried in an oven at 60C under a vacuum at nosphere.

i ght ; r_ bei ' S . .
Lod¥F: &y Ty I Sar SR T o T pgudle co
reobl ai heda cBPoOlyHeEpo Waer Het esDhHeen Usi ng a GPC net hod

in a THE sol vent (polystyrene standard) to be Mv =

73,000 and Mnh = 28,-000. [0445] A conposition of the
[Ofggfgg?ego%%sq;&eﬂteeg H‘S?egynb‘é/hesli% l(\)l Ltn’é)y{)?\]oarb%urlpl‘l%/nFéE’(\IBBuNB)
/ Phenyl ethyl Norbornene (PENB) copolymer and Preparation of

Polymer P5 Solution>>

[0440] BuNB {4.78 g, 0.032mol), PENB (25.22 g, 0.127 mol),
l-hexene (13.36 g, 0.16 mol) and toluene (170.0 g) were mixed
together in a 500 mL 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 10™°mol) and DANFARA
(0.020 g, 2.54X1O'5mol)eachbeingjxltheformcﬁfaconcentrated

solution in dichloromethane were added to the mixture solution.

[0442] After addition of the concentrated solutions, the
resulting mixture 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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[0446] A refractive index of this copolyner was
nmeasured by a prismcoupling nethod and determ ned to
be 1.5684 in TE node and 1.5657 in TM node at a

wavel engt h of 633nm .[0447] The dried copol yner was
di ssolved in toluene to result in a 30 w % pol yner P5
sol ution. The respective copol ymers synt hesi zed in

L B I

fly\ergbioﬂ\éefoagelér@llelcw @Rzeweahglab CRin RUNB/ ACENR( Z%ggbhere .
= 320,000 P2 HxNB/ AGENB(79/21) Mv = 150, 000

A @WM$W§ ToP3) yrn =f 4y QR0 ritd d Eix BB/ wih PRNBELH6d 5(4,&1 eld :
= 86, 000 P5 BuNB/PENB(15/85) Mv = 73, 000 HxNB:
79Fkxyl nor bor nene di PhNB : Di phenyl nethyl norbornene
nmet hoxy silane PENB : Phenyl ethyl norbornene BuNB :
But yl norbornene
[0444] A molecular weight of the obtained copolymer was

determined using a GPC method in a THF solvent (polystyrene

standard) to be Mw = 73,000 and Mn = 28,000.

[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 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.
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DeNB : Decyl norbornene AGENB : Methyl glycidyl ether

nor bornene [0449] 2. Synthesis of Norbornene Monomer

<<Bi s(norbornene nethyl) acetal (NW2X)>> [0450]

Nor bor nene net hanol (100 g, 0.81 nol), fornal dehyde

(-370)(32.6 g, 0.40 nol) and p-tol uenesul fonic acid

(0.2 g) in a catalyst anount were supplied into a
[Oﬁg? k  dirg gy nected to a Dean Stark trap to

in a qUre olution. [0451] Thereafter, this

m xture solutlon was heated at 100C. When reaction

progressed, an anount ofTwmterireceived in the trap

was i ncreased. Wthin about 3 hours, the reaction was

conpl etffed;—and fhenm a p 0 LUIIELLE si ng
111 vaguahychiest I&atlon §$é§é&yl?emf§t E [ P452]
3. Prepa+ati-on—pt V4

and V51 topy65 phas “pr epaP &R/ BEENR | TH0&2) [ 0453]
<<Preparation of Varnish V¥vw HxNBO,42003 g, 0.24 hol)

and Si X (7,97 g| 0.026 nxNBweGENB WRS ghed and put|into
a gl asg vi to| obtai n a neworer s$Qlowii on. [ 0454]

G ba | NOX 106 produc§gN§WAé%@@ #@ﬁ§3plty

Chenicgl s Bdrpolation (0.5 ﬁQ nol - based

ant i - ofrdizing—agent—an 68—protuced
by G b4 Speei al cmemg‘ N§7d63§ éﬁ@r‘ﬁ(o 125g)| as
an or g4 nic phnc 1hnr||c base MW sht nQ(QQ‘II Zi ng-agent} were

added 10 t pe nopomer sol BUNBAPEYB (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 (NM,X)>>

[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 obtain a mixture

solution.

[0451] 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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obtai n a nonomer-anti-oxidi zing agent solution. [0455]
The nononer-anti-oxi di zi ng agent solution (3.0g), Pd
(CAc) 2 (PCy3) 2 (4.93 x 10-9 g, 6.28 x 10-7 nol in
0.1 nL of nmethylene chloride) as a procatal yst,
RHODORSI L PHOTO NI TI ATOR 2074 produced by Rhodia Inc.
(2.55x 10-3 g, 2.51 x 10-6 nol in 0.1 nL of nethylene

hl ori . .phot 0.aci.d_gener at a, cocatal yst)
Va&%?@ gagéaﬁiég%ﬁe égovgdcopgpy%8r924g§$rution (30.0
g) to obtain a varnish V1. The varnish V1 was used
after being filtered using a filter having a pore
[04B2% of O0.2. mMeéiEH%ﬂomkwéiW@imbsh the foll ow ng
description will 6 occasionally abbreviate "G ba

| RGAREsh 1@56"%?%%%% @b sk P &eeni'asl prepared
asC?BEQEQ ion" as "IREANCM 1076", "C ba 112 | RGAFCS 168
produced by Ciba Specialty Cheni cal s Cor poration" as
"I RGAFCS 168" and "RHODORSI L PHOTO NI TI ATOR 2074
produced by Rhodia Inc." as "RHODORSIL 2074",
[0AB3pect i vel YR r§ sy icxRpepération WI>Yar ni sh V2>>

| d 33 36 g, 0.110 |
M, (38 0% 3 8% Ty 20 (3267090 U 0T e
e BARARLLq S0kUL 1002 L0430 | REANOKL 1010 { Qe AR ucion .

(O 125 g) as an organic phosphorus-based
anti-oxidi zing agent were added to the nonomner
loééﬂﬂm on t©L kbt éﬁﬁAﬂoﬁﬁonb@ﬁeﬁ anodueeddi oY ng idgenfpecialty

Chglgﬂ.ﬁ? ctrz{l 0459 rbmnorzgesraaprg]teln_o ledallszeldqgntgeox1dlzlng.
agent and Ciba IRGAFOS 168 produced by Ciba Specialty Chemicals
Corpération (0.125g) as an organic phosphorus-based
anti-oxidizing agent were added to the monomer solution to

obtain a monomer-anti-oxidizing agent solution.

[0455] The monomer-anti-oxidizing agent solution (3.0 g),
Pd (OAc),(PCy3)z (4.93 x 107% g, 6.28 x 107" mol in 0.1 ml of
methylene chloride) as a procatalyst, RHODORSIL PHOTOINITIATOR
2074 produced by Rhodia Inc. (2.55x 1073 g, 2.51 x 10°® 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 V1 was used after being filteredusinga filter

having a pore size of 0.2 um.

[0456] Hereinafter, the following description will
occasionally abbreviate “Ciba IRGANOX 1076 produced by Ciba

Specialty Chemicals Corporation” as “IRGANOX 1076”, “Ciba
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Pd (OAc) 2 (PCy3) 2 (1. 47 x 10-3 g, 1.88 x 10-6
mol in O . 1 nL of nethylene chloride) as a
procat al yst, RHODORSIL 2074 (7.67 x 10-3 g, 7.54 X
10-6 nol in 0.1 nL of nethylene chloride) as a photo
acid generator (a cocatalyst) were added to the above
copol ynmer P5 solution (30.0 g) to obtain a varnish V2.
ish V2 was used after bejn iltered using a,.
R oET O Skt R p Ve E S o e o b Rt o LBePSrBeion
as<<fﬁ@@?©§t1@@”anék“HHdﬂbﬁéfﬁ>ﬂ%ﬁﬁdﬂﬁf@fﬁT@%@2@h4’prpduced
| RGANOX 1076 (0.05g) as a phenol -based anti-oxidizing
byaBbntial RGAFOSa$68RHEODORZSLYP0d4“anresgantévely.
phosphor us- based anti-oxi di zi ng agent and RHODORSI L
2074 (4.0 X 10-3 gin 0. 1 nm of nethylene chloride)
phot o j 0 A agent) were
[°§§3 dto t%?%&%ﬁ%%%lé%e‘%%%%g %%%to obtain a
var nitglie VB 6 148 Jheo e ningdl V3 s i4sqa 3afieely, bei.A90 mo1)
filtered using a filter having a pore size of 0.2 pm
weFe46¢j ghePr epdr atitornngfo Varqliatds Wbl to obtain a monomer
,2.-bis(trifluoronethyl)-4,4"-diam no bi phenyl (6.4
Soé?tlePoz mol ), 2, 2-bis(3,4-di carboxy phenyl)
hexaf | uor opropane 2-anhydrate (4.44 g, 0.01 nol) and
pyronellitic acid 2-anhydrate (2.18 g, 0.01 nol) were
[odb8}ol ved irvaNGH netibyle aceimm dg (86s6 @) ch@hb@i—Based
a liquid solution. Thereafter, the liquid solution
an{asOsifiFéddadgenbm @ riRGARQT el §%r( 2 1ddyy) asnder ogganic

onBLLES950. B TOTENST S8 1 L0, POUE T 1 L& VRS e

so€@P18hNEHBJoBtain a monomer-anti-oxidizing agent solution.

[0459] The monomer-anti-oxidizing agent solution (2.16 q),
Pd(OAc),(PCy3), (1.47 x 1073 g, 1.88 x 10™° mol in 0.1 mL of
methylene chloride) as a procatalyst, RHODORSIL 2074 (7.67 «x
1073 g, 7.54 x 10°® mol in 0.1 mlL of methylene chloride) as a
photo acid generator (a cocatalyst) were added to the above
copolymer P5 solution (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
x1O‘3ginO.lrMJofnethylenechloride)asaaphotoacidgenerator
(a cleaving agent) were added to the above copolymer P4 (5 g)

to obtain a varnish V3.
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.polyimd resin precursor. The varnish V4 was used
after being filtered using a filter having a pore
size of 0.2 pm [0462] <<Preparation of Varnish V51>>
TVMSENB (0.45 g) , I RGANOX 1076 (0. C9 g) as a
phenol - based anti-oxidizing agent, | RGAFCS 168 (0.023
g) as an organic phosphorus-based anti-oxi di zi ng

age and TAG R_produgced by, Toyo.lpk Mg. Co., _.
o g Yoend R B SEF o pen bt bl bt L usahauti bter
hatggaboys copeLymee F2osphution (30.0 g), and then
di sSol ved and m xed together by stirring the sane for
2 hours wusing a magnetic stirrer to obtain a varnish
The varni sh V51 was used after being filtered

V51. _
[0861hg. a fIIREPHALIR) P pofarwsiste W>0. 2 pm [0463]

Hergi paft e | description. wll.

occ%’sil]on%ﬁ% §/t %Jg%lr%o\%%?%\é W)%A)G %’7£R %lr%m urcl:%&) lﬁ)yhepé’)}o (|6n|§ 9
0.089 ,o 2,1201's @ 4-FACI IRy dddn{ DABALxarf1

<<P?gggration gﬁ(varnish V52>g ESNék%g_g S?, ?Eéﬁ&f&?ane
2-a07pdfate9 ¢)- 44 agphehollbasedt) aabd- ogpydoméhpiagentacid

| RGAFOS 168_( 0,023 g) as an organi ¢, phosphorus-based
2-%a%y@5a$ai&%nb8a@en$-%hdm@&kxﬁﬁ$$Ldaeqalygdognt@)Ta@eahyl
i e ad t.
BB 4 P P G 25N Gkt e,

thé agefie! sbY utSbinl #h80st her&ame Febm2t Bati$rdE R 2 days
magnetic stirrer to obtain a varnish V52. The varnish

unasp gt usedrmfatarogiang fsd tdedd thsi pgode 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 Vv51>>

TMSENB (0.45 g), IRGANOX 1076 (0.C9 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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filter having a pore size of 0.2 pm [0465]
<<Preparation of Varnish V53>> TMSNB (0.3 g), | RGANOX
1076 (0.09 g) as a phenol -based anti-oxidizing agent,
| RGAFCS 168 (0.023 g) as an organic phosphorus-based
anti-oxidi zing agent and TAG 372R (0.36 g) as a photo
acid generator were added to the above copol yner P2
solution (30.0 g), and then dissolved and m xed
together by stirring the sane for 2 hours using a

[ogBgneti C SstdpFfFatH OB AN varyasmivip Vo3, The varni sh
V53 was used after being filtered using a filter

havi AigSHB po? €9 sjlze IHGANGX pil7 4 0466)]9 <Prepar phieonlebased
an%%é%%%§l¥g§§>6%e%%¥%é%§%§C%b7£glOtEQHEthgﬁyéi;lggeorganlc
onBUBAGk, B28E0e AN OX Al N PISBR o STHEBRICE A7 07, 09

an organi c S Izl ng

g) agent pabd o TAG: 3 TR d A Q2 g:)er@saad@bow tad sébo%n@bg&@pmer
wer e added to the above copol yner P2 sol ution (30.

P2 golutaimeh t(I3édn Odip$ s od ved heamd divsged vedgaentieridnd swigetheg by
t he. sa for hours using a netic stirrer to

St ODEATR D% TP AP VA4 TR S A IR VSR ms" H5EOF 4 Bbtain

a pgkggsglbggred using a filter having a pore size of
0.2 pm [0467] <<Preparation of Varnish V55>> Epoxy
Si | i Tlowev4 £ 22-USDARs psodusete byoShhf- El Stlered using a
Chemi cal Inc., a nunber average nol ecul ar wei ght of
fijtepohaybnasa pyre| REANCXE 1078 ¥D: 09g) asaphenol - based
anti - oxi di zi ng agent,

[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 dissolved 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 vV54>>

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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| RGAFOS 168 (0.023 g) as an organi ¢ phosphorus-based
anti -oxidi zing agent and TAG 372R (0.18 g) as a photo
acid generator were added to the above copol ynmer P2
solution (30.0 g) , and then dissolved and m xed
together by stirring the same for 2 hours using a
magnetic stirrer to obtain a varnish V55. The varnish

55 was_used after being filtered usi a filter .
fod i e e Jrat P BagR=0%s pit FoacH R Hper 4o obr V54
Varnfﬁg_&§§ﬁfsmF&¥®E%éé035eé0a@§e9)b@§n§ @EQ@@EéQaﬁggng a
anti-oxidizing agent, |RGAFCS 168 (1.25 x 10-2 g) as
fidneor jamingphoppher aszbas€d0. anfiin- oxi di zi ng agent and

RHODORSI L 2074 (0.1 g) as a photo acid generator were
added to the above copolyner P3 solution (16.7 g) ,

h di ] tirri th
Lo SR B L E i er o obrain

var ngshix Woe.i 1Thenear msip Mobe aves usedoalibed R§) NGhin-Etsu
filtered using a filter having a pore size of 0.2 pm
Chen68] IacRrepanabicanz of rake modlkecV3 2xwe RBANOX 1,00A0) (0.45

9) | Aol 837§ (05881 655 Bp e sRebrgan @ -oXdL Zing agent,
ho - bage ant i - oxLdi zi ng L _an 2R

IR?%?ggg)igg a%ghg%% a%?d é%16£Ben8?§§g§Cme?ggééﬁgaagzbased

antheogbaveicgpabyner aR3 FolcHEI70R ((16.18 ) as andphbed acid

di ssol ved and ni xed together by stirring the sane for
Jepehaups WRThgdiarhgeetne abeye eronal itrmib? govaknbsh(30.0

V57. . The varni sh V57 s .used aft bei ng filtered
9) USSP DBP T RA0I AT OTL CEP5EnG O S FhRY LG 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 V56>>

IRGANOX 1076 (0.05 g) as a phenol-based anti-oxidizing
agent,IRGAFOSl68(1.25 X1O‘2g)asen1organicphosphorus—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 dissolved 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 pm.

[0469] <<Preparation of Varnish V57>>
IRGANOX 1076 (0.05 g) as a phenol-based anti-oxidizing
agent, IRGAFOS 168 (1.25x 107 g) as an organic phosphorus-based

anti-oxidizing agent and TAG-372R (0.1 g) as a photo acid
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[0470] <<Preparati.on of Varnish V58>> | RGANOX 1076
(0.05 g) as a phenol -based anti-oxidizing agent and

| RGAFOS 168 (1.25 x 10-2 g) as an organic
phosphor us- based anti-oxi di zi ng agent were added to

t he above copolyner 23 solution (16.7 g), and then

di ssol ved and m xed together by stirring the sane for

rs usin netic tirrer to obtain a.varnis
3= (e ROthR S R TR Tt Bbl e Ruling T Rolag s
g) Ysdi@ therf bhit8610aMI N84 diPAE tSgee heflr By P r {4 4He same
<<Preparation of Varnish V59>>
fop, 2'hdisy tusifiquer maehhyhi¥- 4f 4 rdi ame mdo tH iphenyle rpS sp) V7.
and 2, 2-bi s( 3, 4-di car boxy phen%£) hexafluotogropane .
(10 Hye weFelsh sol veysi ReeddpFeeRyPeaRet A 88regsuging a

- bt ai.t % LSh:VYR9, - The,varni sh V59 was used
fl%??grB%gF%§ ?i?%g%eglggiﬁg g'zfﬁﬁfer havi ng a pore
size of 0.2 pm [0472] <<Preparation of Varnish V60>>
TMSENB (0.32 g, 1.50 mmol ) and Si X (0.16 g, 0.525
[04¥B]) were<Ewedmed lad @utVamticssta Yi&ss vial to
obtajn a nono solution. [0473] | RGANOX 1076 (0.5
g) ast@BHentt [haled > P27 asnei PBRPALZPR§SdgeRt 1apyidizing

agéﬁ@b‘%ﬁd 1618R(§£F(9525 1998 asan sor ganil%-z p%ﬁgpggr lr'l‘z‘zhb-a&@ganic

anti-oxlidi zing agent were added to the nome
phssbhibk08-bas et thi 2o iioneig akfentowkdezid@e@dNthe above

solution. [0474] The nononer-anti-oxidi zi ng agent
cogplymebnPdasebitalon (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 q)
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 Ve60>>
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] IRGANOX 1076 (0.5 g) as a phenol-based
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anmount) and [2-nmethallyl Pd(PCy3)2] tetrakis

(pent af | uor ophenyl ) borate (Pdl 40l) (9.73 x 10-4 g,
6.69 x 10-7 nol in 0.1 nL of nmethylene chloride) as a
procatal yst were added to the above copol ynmer P3
solution (6.7 g) to obtain a varnish V60. The varnish
V60 was used after being filtered using a filter

f .0 4 5 T. h V60
opatigggaceiie s et ol Cozpm ] Bevarshaso ..
phBE@H@rﬁ@ E§SE9AH%EMH%foghﬁ&@ﬁ§§tQﬂn%pa@ﬂé%%%ﬁﬂuaﬁgﬁgmer

the class substrate on which the varnish

sobeemnon tappbiednwasmphaved-enta-hatidpkatg andnheabédtion.
at .50C for 15 mnutes to forma film [0476] A glass
transition tenperature and a storage el astic nodul us

[02? ﬁhls fI+ﬁ%?Bansg?a%%E§dOXAdl%§yﬂta ég gﬁg E%geg%thal

he gl ass ion tenperatur

amdunkyrtheranghe stopagetghasyic nodphuscal), ?OOC b@é%&!akls
on a result of DVMA neasurenment was 73 MPa. [0477]
(pehtsfilegapdhenkié) neasat en@iml 451)t HE .GBassL 0t rand t6|9on 107’

t f the fil d t
mOY b 7 ‘”%é‘lrg%én&m%uheéﬂa“éaéaf‘f%Lékﬁg@?%a@%%”qrrﬁca;ﬂded
to'%@%ﬂovﬂ@%oﬁgﬁﬁ@ 'E§ §cpﬁ§t‘,jlon 7hrg” F&egb ain a varnish

Her ei nafter measur enent s o ass transitron
vebenperature were carried 118 out using the sane .

met hod. [0478] Further, the nmeasurenent of the storage

el asThe VapeilslisVed vae BEeeh ahsecabeind duttasedguaing -a

filter having a pore size of 0.2 um.

[0475] The varnish V60 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 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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dynam c-vi scoel asticity measuring equi pnent

(" EXSTAR6000", produced by Seiko Instrunents Inc.).
Herei nafter, the neasurenents of the storage elastic
nodul us were carried out. using the same nethod.
[0479] <<Preparation of Varnish V61>> HxNB (0.16 g, O.
8 97 mol) and SiX (0.32 g, 1.05 mmol) were weighed

n into_a glass vial to obtain a nonomer
Ou?o?ﬁ?ﬁ%nﬁge[aigg]m?éﬁﬁ X 1076 (0.5 g) as a

phenol - based anti-oxidizing agent and | RGAFOS 168

(0.125 g) as an organic phosphorus-based
(04781 - oxi di M mtheagenthewenea suddedet o ¢hethenstrerage elastic

solution to obtain a nononer-anti-oxidizing agent
mogetuti on®t [04B%E] ThélWonote?- anfRrr6%Pdi zi Agtagensing a

i _ ) Pd 6. Q. 2 "

L et S e Bl et B e PRl i e S ey eBao
profecad alyst swene added rupchie abave)  copakyeBhaP2er, the

solution (6.7 g) to obtain a varnish V61. The varnish
mea/puremen s el aflterstygiauy fallasdried mgsiudgsawefriel terried out.

having a pore sjize of 0.2 pm [0482] The varnish V61
us had Sgﬁl?gﬁeoﬂ?Bh%dglass substrate using a doctor

bl ade so as to becone a thickness of 70 pm and then

the glass substrate on which the varnish V61 had been

[04DPP] | ed Wax Rdeacath v Jtvydaitsh arglreated at 80C
for 20 mnutes and at 150C for 1 hour, respectively,
to fOMR 40 illeng, 01897 0ued] andyPa¥s(@ rEhgitl odd mmol) were

e GFBSIS LS. 2 8 L gL agey of 32t OO U B LMo
glass transition tenperature is shown in

[0480] ITRGANOX 1076 (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.

[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 procatélyst were added to the above -
copolymer P2 solution (6.7 g) to obtain a varnish Vé6l.

The varnish V61l was used after being filtered using a

filter having a pore size of 0.2 um.

[0482] The varnish V61l 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 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.
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Table 3. Further, the storage elastic nodulus at 200C
based on a result of DVA neasurenent was 80 MrPa.
[ 0484] <<Preparation of Varnish V62>> SiX (4 . 8 g,
0.0158 nol) was weighed and put into a glass vial to
obtain a nonomer solution. [0485] | RGANOX 1076 (5 @)
as a phenol -based anti-oxidizing agent and | RGAFCS
168 (1.25 g) as an organi ¢ phosphorus-based
anti-oxidizing agent were added to the nononer
[og@Bytion to 2@@%@'ntﬁéﬁ@ﬂ@ﬂ&ﬂ'%%ﬁpé%@d@ﬁ@ Ngn@9&Nt storage
sol ution. [0486] The nononer-anti-oxidi zi ng agent
elgetiti owdid usotaf thmsurftilmand: [PAaPEyR3) 28 NCBH3)dsult of
tetrakis (pentafluorophenyl) borate (Pdl 14 7 ) (3.62
megsypemegt af15hg gb2gsnbrapfipionitapperatpEehyFefbown in
ofid p a e_added the a e
Taég%)o ym%%lr%ilegfdl E?)f%o%%%%gavgga%ol%br%%g% 5 e %i%g)hc pased

onVB@2redhetr varnbgh We2suesmeseduatten meang filtered
using a filter having a pore size of 0.2 pm [0487]

The varni sh V62 was applied onto a gl ass substrate

o in a doctor blade so as to becone a thickness of 70
[ gﬁf and tHer S P Fup@ i ofP4di ch t he varni sh

V62 a [ : h t. n 1 me o
heat%ﬁga¢ﬁgg8'fgfb%gg %?%h?%%gggéggfélggélﬁ%gJ%“%bgr?labb
viaespecotbvely, atmofionsrasdbihvion 120 [0488] A gl ass
transition tenperature and a storage el astic nodul us
of this filmwere neasured. A result of neasurenent

he gl t '?'o t erature _is shown in Table,
(0885 07 Rert PRETT B o B 4 6 RIRUI e SR S0bE BALRYS ing
g
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 solution (a total
amount) and [Pd(PCys3)2H(NCCH3)] tetrakis (pentafluorophenyl)
borate (Pd1147) (3.62 x 107 g, 3.15 x 10°° 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 Vé62.

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 pm, 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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on a result of DVMA neasurenment was 67 MPa. [0489]
<<Preparation of Varnish V63>> TESNB (1. 0 g, 0. 039
nol ) was wei ghed and put into a glass vial to obtain
a nmonomner sol ution. [0490] | RGANOX 1076 (5 g) as a
phenol - based anti-oxi di zing agent and | RGAFOS 168
(1.25 g) as an organi ¢ phosphorus-based

L-oxidizing _agent were, added to the nmononer
[Oggpgtion 5 4BR e B BhBhEY - AT A ng dgeht Storage

e186tuti &ba1QA91dr The i BONANMRY - R0td - AXEALZEAY ageNtesult of
solution (a total anount) and [Pd (P (iPr) 3) 2

mefOODSMB Nt ( NCCEBE Jluetr akessitpent akhperepherylis shown in
borat e (Pdl 206) g4.07 x 10 9 %, 3.90 x 10-7 ol in

Taple 4 dJfuntdiatyl &he eRPsRPBeflast AC gredat v st AWy € based

ongg?ggsuig g?eD@ o%%@%&?%ﬁ&ﬁErwgg E9b§§5°” (30.0 g) to

I'n"a varnrs € varnis was used after
being filtered using a filter having a pore size of
0.2 pm [0492] The varnish V63 was applied onto a

[04Ba3s substtRuteparstign cofdéiori ¢ dde3s® as to becone

a thickness of 70 p and then the glass substrate on
whi ChETHE Wt Bs FO VB2 ik Ibiie WSHPI TR ENRRBUH| Helerl Joflass

vinhQB Bb€£§ﬁagdm8ﬁ8&§9 legpgbﬁpr 20 mnutes and at

150C for 1 hour, respective to forma film 121

[0493] A glass transition tenperature and a storage

elastic nmodulus of this filmwere neasured. A result
[04P0] neasur BN OB L 0 he( Yhasss ardisiali dresashpetatokédizing

shown | - Further. the stora el astic
'agﬁagdwﬁéq3¥£§%%§1§§ség-EE g} as an orga%?c 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 [P (P (iPr)3), (OCOCH3) (NCCH3) | tetrakis
(pentafluorophenyl) borate (Pd1206) (4.07 x 107 g, 3.90 x 107’
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
Ve63.

The varnish V63 was used after being filtered using a

filter having a pore size of 0.2 um.

[0492] 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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on a result of DVMA neasurenment was 70 MPa. [0494]
<<Preparation of Varnish V64>> Si2X (2.16 g, 4.67
nmol ) was wei ghed and put into a glass vial to obtain
a nmonomner sol ution. [0495] | RGANOX 1076 (0.5 g) as a
phenol - based anti-oxidizing agent and | RGAFOS 168
(0.125 g) as an organic phosphorus-based

[OQBPEtOXIdlgl as%enérgﬁget?gge éﬁ%égg d?% Oggéeﬁi storage

ion to obtain a nononer-an oXi di zing

e189L ULl abqull 496t {h§anﬂgﬂErw@ﬁé'm@ébgkéhng @Qeﬂésult of
solution (a total anpbunt) and Pd1446 (3.22 x 3 g,

me@s@Bexeh0- 6fnbhei glBsi ntaoéltmehhybmperehh05|de)saSWa in
st were added to the_above copoly

t al
TaEiSﬁ? i gﬁy Y0 SF g N0 SEBEAPR %lanthrho%us fhtle 2\% % BRsed
V64 t t
on 9 08§ {SEd B&}x%nghgggéiﬁrkn S%gélgk;]swrgé va ter

having a pore size o rni sh V64
was applied onto a glass substrate wusing a doctor
bl ade so as to beconme a thickness of 70 pm and then

[04A8&] gl ass StUbpatat oon whif chatmieslvarédsh V64 had been
appl je | aced | at e, and heated at 80C
for %b&ﬁ@ 1P %ﬁﬂfﬂmfggdvgarwef Hift AeBpbcitRIBygLlass
vih® £8rBbRathl Q‘moL%Q?]s éQL?&‘éﬁ transition tenperature
and a storage elastic nodulus of this filmwere
neasured. A result of 122 neasurenent of the glass

transition tenperature is shown in Table 3. Further,
loﬂﬂélstoragE“E¥ i c18d@ul us0a® 2@IC based 2 onphenesubased

f measurenent wa [ Q49 Preparation of .
a“%érﬂféﬂleégg agent ang fE%&@EE léé Eg.l % g% as an organic
phosphorus-based anti-oxidizing agent were added to the monomer:

solution to obtain a monomer-anti-oxidizing agent solution.

[0496] The monomer-anti-oxidizing agent solution (a total
amount) and Pd1446 (3.22 x 1077 g, 2.23 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 varnish V64.

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 pym, 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
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Bi s (norbornene nethyl) acetal (NM2X) (3.00 g, 0. 104

nmol ) was wei ghed and put into a glass vial to obtain

a nmonomer solution. [0500] | RGANOX 1076 (0.5 g) as a

phenol - based anti-oxidizing agent and | RGAFOCS 168

(0.125 g) as an organic phosphorus-based

anti-oxidi zing agent were added to the nononer

' tQ.-0 [ no r-anti-oxidizi agent .

me 38k behhs' 8roohe) O1RaTbREREr Sant CaP e sPgRagEnpnomn 1n

TaB0b U | OF(rd Het, alc heaBRHRE e 28 0a PE144Rd B 33 2t 20.03 Upbased
2.30 x 10-6 nol in 0.1 nL of nethylene chloride) as a

onpaocastal ysofwe¥a mddedrémenhewabot2 MEapol yner P3
solution (30.0 g) to obtain a varnish V65. The varnish
V65 was used after being filtered using a filter

[0Hg¥) N9 a nore Size 0fo 0 & R [ 0802)dhe varni sh V6S

was” applied onto a glass s usi'ng a doctor
bl ad®i § n@sbd endes e gy 1Hhhekeass (o, x40 (B[Tt)oaﬂ,d 0.uhRMmo1)
the gl ass substrate on which the varni sh V65 had been
wagppkietiedasngl auved ornt@a hotlpkat @iadd theattethiat 80@onomer
Ior.zo m nutes and at 150C for 1 hour, respectively,
SOt¥t#3Pma film [0503] A glass transition tenperature
and a storage elastic nodulus of this filmwere
neasured. A result of neasurenent of the gl ass
[050@NSi ti oML RGANME! at uoeei s shoswn ign 128 Tabl epBenol-based
Further, the storage elastic nodulus at 2000C based
anph-@X+@5al RI A IPMA FRASIEHEN Mbs (023 2WPg) As an organic

iti f h of. th i sh [ hi
P PP E Rt 250 L oA R0 BRI Ry FABI L% Bic P, moRomer

solution to obtain a monomer-anti-oxidizing agent solution. .

[0501] The monomer-anti-oxidizing agent solution (a total
amount) and Pd1446 (3.33 x 102 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 cobtain a varnish V65.

The varnish V65 was used after being filtered using a

filter having a pore size of 0.2 um.

[0502] The varnish V65 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 form a 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

123



124 [0504] [Table 2] Table 2 photo acid G ass Varnish

Pol ymer |inker r generator transition (W.) (W.) (R

or Tt) tenperature (W.) (C V51 Pi TMSENB T

Incapable (9 g) (0.45 g) (0.05 g) neasurenent V52 22

TESNB R I ncapable (9 g) (0.9 g) (0.09 g) neasurenent

V53 P2 TMSNB T Incapable (9 g) (0.3 g) (0.36 g)

syre t. Vo4 | ncapabl e 9 (0 Q

Ta%ggog' Q%ﬁ§£§ﬁie%§ﬁtsgp go%gagg Cﬁ%“%ﬁ%%%af 2009 based
onlacaegbhe of9pdA meskiréled8 @dsneasuppgent (0.45 g)

V56 P3 No R Incapable (5 g) addition (0.1 g)

meashireamgs 1 Msh RE Mach bﬁc’atpabkarr(ﬁs}ge)s addipdred (8. this

) . measurenment V58 P3 No g) addition No addition
wag7lF SURN@Ry7edt 8 Fhat TRk ﬂﬁ%gngQQ#ﬁsmésaO§eé and T

i ndi cat es
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that TAG 372R was used. TNMSENB
TESNB :

trinmethoxy s
TVBNB :
3-gl yci doxy

[ Tabl e 3] Table 3 Mnoner
Pol ymer transition

[°§§*}L52hg PR

g) (74) (26) (6.69x10 '

il ane

Tri met hoxy silyl
trimet hoxy Sil ane
Procatal yst 3 ass elastic
Varni sh Mon 1 Mon 2 W. nodul us
(mol % (ol % (rol) (MPa)

1 V60 0.48 g 9.37X10-4 g 180 73

propyl

re

nmol )

Tri et hoxy silyl
nor bor nene y-GPS :
125 [ 0505]

Nor bor nenyl

et hyl
nor bor nene

()
(2

Pd1446 V61 P2 HXNB Si x
0.48 g 6.0x10 4 g 210 80Tab2egl (46) (54) (4.15x10 '

nol) Pd1147 V62 P1 Six No 4.8 g 3.62x10-3 g 250 67
(9 [g) (I00) [addrtron (s.leLU‘ﬁEhbto ~cid Glass
. Polymer CFOSS_ generator | transition
varnish (Wt.) linker (R or T') | temperature
' (Wt.) P
(Wt.) (°C)
V51 Pl TMSENB T Incapable
(9 g) (0.45 qg) (0.05 g) measurement
V52 p2 TESNB R Incapable
(9 qg) (0.9 q) (0.09 qg) measurement
V53 P2 TMSNB T Incapable
(9 qg) (0.3 q) (0.36 qg) measurement
V54 P2 y-GPS T Incapable
(9 g) (0.2 g) (0.02 qg) measurement
Silicone
V55 P2 epoxy T Incapable
(9 qg) resin (6.18 g) measurement
(0.45 qg)
V56 P3 No R Incapable
(5 g) addition (0.1 qg) measurement
V57 P3 No T Incapable
(5 q) addition (0.1 qg) measurement
P3 No o
V58 (5 g) addition No addition 97

T : R indicates that Rhodorsil 2074 was used, and T indicates
that TAG-372R was used.

*TMSENB : Norbornenyl ethyl trimethoxy silane
*TESNB : Triethoxy silyl norbornene

*TMSNB : Trimethoxy silyl norbornene

*y—GPS 3-glycidoxy propyl trimethoxy silane
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Pd1206 V63 P2 TESNB No 1.0 g 4.70x10-4 g 204 70 (9
g) (100) addition (3.90x10 ' nolj Pd1446 V64 P3 Si2X
No 2.16 g 3.22x10-3 g 230 82 (9 g) (100) addition
(2.23x10-6 nol) Pd1446 V65 P3 NM2X No 3.00 g
3.33x10-3 g 260 120 (9 g) (100) addition (2.30x10 6
nmol ) HxNB : Hexyl norbornene TMSENB Nor bor nenyl et hyl
L {ret hox ' TESNB : Triethoxy silyl norbornene
[°§9§f? Di wgqﬁgﬁﬂgﬁg(norbornene met hoxy) silane SizZX
1,1,3,3-tetranet hyl -1, 3-bi s[ 2- (5- nor bor nene- 2-yl)
ethyl] disiloxane NMZX :T&bs&ndrbornene nmethyl) acetal

[0506] 4 Minufacture of Qptical Waveguide Structure
and Evalluati on ofionther Same 4-1 I\/taQufta;}l ture |of Glass elasti
. _ béakr avegui dg Structyre [0607[°TH é%% af c£H€1ition ¢
varniship \.ewing ERBrpl s Mentd 14 and | Conpdftati ve Exanpl Srure | mOINTYS
10 opti cal (wmedegui deelstr uct ures mere““ﬁﬁnufacturqdc) (MPa)
chrof e optTrrat—wavegurde—structures—was 126
_ Pd1401
P3 TMSENB SiX _
V60 0.48 g 9.37x107% g - 180 73
(2 g) (74) (26) h
(6.69x10 mol)
_ Pd1446
P2 . HxNB SiX 4
V61 2 o (16) (54) 0.48 g 6.0x107% g 210 80
K ' (4.15x1077 mol)
, Pd1147
Pl Six No 3
V62 o 4.8 g 3.62x1073 g 250 67
(9 qg) (100) addition e
(3.15x107° mol)
Pd1206
g P2 TESNB No ' iy
V63 . g 1.0 g 4.70x107* g 204 70
, (9 g) (100) addition L 5 .
(3.90x10 mol)
, Pd1446
P3 Si,X No . 3
V64 e 2.16 g 3.22x107° g 230 82
(9 qg) (100) addition : —¢
: (2.23x10 mol)
Pd1446
_ P3 NM,X No s _
V65 L 3.00 g 3.33x10 g 260 120
(9 g) (100) addition —6
(2.30x107° mol)
‘HxNB : Hexyl norbornene
*TMSENB : Norbornenyl ethyl trimethoxy silane
*TESNB : Triethoxy silyl norbornene
*SiX : Dimethyl bis(norbornene methoxy) silane
* SiX : 1,1,3,3-tetramethyl-1,3-bis[2-(5-norbornene-2-yl)
"ethyl] disiloxane :
*NM;X : Bis(norbornene methyl) acetal
[0506] 4. Manufacture of Optical Waveguide Structure and

Evaluation of The Same

4-1. Manufacture of Optical Waveguide Structure

[0507] In each of the following Examples 1 to 14 and
Comparative Example, 10 optical waveguide structures were

manufactured. Each of the optical waveguide structures was
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manuf actured as follows. [0508] (Exanmple 1) First,
the varnish V51 as a cladding |layer formng nmaterial
was applied onto a glass substrate having a thickness
of 4 inches, and then spread so as to becone an al nost
uni form thickness using a doctor blade. [0509] Next,
the gl ass substrate on which the varnish V51 had been

ma?g@g%ggrg@s B|§8§?P%Q'a hot plate and heated at 50C
or eés to

m nu orma film and then an ultraviol et
ray was irradiated onto the filmusing an extra-high
pressure nercury |anp wthout a photo-nask (exposure

[0868¢ : 3, OOtxarple?l) wavel ength : 365 nn). [0510]
Thereafter, the filmwas cured at 1Q0C for 15 mnutes
and 5tTI60CHEr PHOID Vadpédt i Yely2dddinfy ¥ ¥§eahorming

ma9¥§9aiQW%ﬁﬁggﬁijM@Et?ggggkgg gBxgEraggﬁ%gJ}ﬁggithﬁgﬁness

varni sh a core ormng nmateria

of applitk pnadat BEhf a6 £ d1asCubase toMerartlaaddisRduni form
| ayer, and then spread so as to becone an al nost

thiyaknesm ushnekaedectgrngladdoct or bl ade. [0512] Next,
the gl ass substrate on which the varnish V1 had been
appl i ed was placed on a hot plate and heated at 40 C

(0666710 m nutes s@thaksa é?éé’@fﬁt&%lt @59?{4'&%{% WA&nish vs1

varnish V1 was vapored to forma so
hadubs¢mrdp@l 1ed dvdseel a[c@bll3dh Theseadtetrs ard tlebraw akeso°c
ray was irradiated onto_ 127 the solid filmthrough a
fop Firadles éxpbstfe® ddd@ . ad phenmay ghtraviolet ray was

irradiated onto the film using an extra-high pressure mercury
lamp without a photo-mask (exposure dose : 3,000 mJ/cm?,

anelength : 365 nm).

[0510] Thereafter, the film was cured at 100°C for 15
minutes and at 160°C for 1 hour, respectively, using a clean

oven to form a lower éladding layer.

[0511] Next, the varnish 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 solvent 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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wavel ength : 365 nm , and then the solid filmwas
heated at 45C for 30 mnutes using a hot plate. At
this time, linear patterns which would becone core
portions appeared within the solid film [0514] Next,
the solid filmwas further heated in a clean oven at
85C for 30 m nut es and at 150C for 60 m nutes,

thge%ﬁggi%vﬁn¥h hatho%o Wael %S%%tﬁé}$§§§b¥ gbbabmjacm,

ayer O arnls

wab@@bﬂgtﬂg |3|6|5€}ﬂ’ﬁ C%@ t ROA NS 01054 D1 m Nevd ne 8P dRREL 5 °C
cl adding | ayer was forned on the core |ayer using the

fovatthinghuVes wsirey el laotdipig tleayeht ftdrind ngmemtleimed  pakberns
the same manner as in the |ower cladding |ayer. In

whi Gh &/ Qhfl Pe GRAMS GOTEaPO it IyE PEE SR&FCHE a1 1B 188rS Sheh &1 1m.
and a wdth of 0.5 cmand a length of 10 cm was
obt ai ned on the glass substrate. [0516] In this

[0BEgRard, itnd:sc netedsthal fihheOBLaicned hoepté8an a clean
wavegui de, an average thickness of the core |ayer was

oveo pih (&b W dfbr oBOeadmudfest ndone peOr’ Corfomasl 5Ripnjes,

and, an avera‘gﬁ t hj ckness of each of the U%\Ré' .

reEP%‘an-ﬁﬁlVay%? R the "ADRIT G dddithg IRYePPh@d nse cured
opt i [ e f

e e o aast dho B e JARE A shaRIpELL Fheat core
pottoodsctor |ayers) each having an average thickness

of 45 pm were bonded to both surfaces of the optical
wavegui de using a roll |am nating net hod to thereby

in anotlcal de structure. Eé‘l%é
08858 AR O Bh e S0a3hEdE wa g tHe core
la§@£@§ﬁhgthevarnlshv51aszacladdlnglayerformlngnmterlal
in the same manner as in the lower 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 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 pym (a width of each of the core portions was 50 pm),'and an
average thickness of each of the upper cladding layer and the

lower cladding layer was 50 um.

[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 ymwere 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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material was applied onto a silicon wafer substrate,
and then spread so as to becone an al nost uniform

t hi ckness using a doctor blade. [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 mnutes to forma film and then an

uItrgv%g{etthrax”%g§lsrr@gbatedﬁ%n% P%%ﬁj&%lg%%géngggaing

extra-hi gh pressure mercufy 3

maf €¥PASUILs AQ5SEl fed o0 aMiL EMBon WarEl eNMdY 1o R65 a'i‘lrdr) then
[ 0520] Thereafter, the filmwas heated at 150C f'or

sphead swas rfgp e comam novkmo $ © uhdrfora thoeines adding a doctor
| a [0521] Next, the varnish V4 containing the
blﬁggyi.nid resin precursor as a core |ayer formng
material was applied onto the |ower cladding |ayer
using a bar coater, and then heated at 320C for 1

[0BDEA] USi NQNet OVERe UBERE cBnNkiarede s MIMSRREI®h tPhich the

obtain a core layer. [0522] Next, an alum num | ayer
vanawshg/S@ hhdcﬂaﬁﬂésspgiledf&vaqonianddm gihuf agabermskheated

& s_formed on the core lLayer depositin _
atéﬁ%ﬁ?ﬁ%ﬁiﬁﬁe?é%HFﬁs SRR ™ ap6s; ?rV@¥ n’an ultraviolet
r 1 -azZ0 h 0 9

o e e ST PR B0 TR Elc%%%%eﬁﬁ* Bressure
me peodydechrbyi Tlokyo aCbkat o Kagyr (Gxposiird Jo¥as appdo ed/cm?,

onto the alum numlayer using a spin coating nethod
wayplepgtiha ph®P odResi st |ayer, and then the

phot o-resi st | ayer was prebaked at about 95C 129

[ 0523] Next, a photo-mask (made of Ti) for form ng

[obpogar 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 diazonaphthoquinone—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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core portions was placed on the photo-resist |ayer,
and then an ultraviolet ray was irradiated onto the
photo-resist layer through the photo-nmask using an
extra-hi gh pressure nercury |anp. Thereafter, the
phot o-resi st |ayer was devel oped using a devel opi ng
solution for the positive type resist (tetranethyl

ni um xi_d eous T " NIVD-
0B 2o AL BpRRe RS oAl o (T MR 2 inear
cokblpdrt 0oRbt b & ﬁﬂaé@@téﬁrﬁﬁéFﬁHHﬂbeﬁﬁfgt|P§9@}, and then -
[ 0524] The patterned photo-resist |ayer was postbaked

anatltu36® 1dextgy wae akuadnatetagerowads photessed iy dayer
tchin met hod. so as to have a Eattern
thEBF?EsEBﬁdgH@tPom?ﬁgtuéﬁnﬁhé” EéFFér edNpREESSHES] BErCUrY

la@?yerTh%§E%¥ge thOéEEHStSO 51§¥e dﬁ%%%ﬁﬁ%ﬁ% %% u31ng

y etching ne S|ng e pat um nam-layer

adﬁhdﬂdﬁﬁk;sb@ﬁ@@bnN&xithé&%dﬁﬁﬁ%ﬁe9§edéam§ﬁWtE@Y§ﬁethyl
was renoved from the patterned core |ayer to thereby

ammenapm hydeakider eagpeptsonslutiant KT¥AHegal' NMDi-B i(product
poted that e ore ortions had a width of

na@ﬁ pn1858dacﬁg 5 T?gﬁoaQ 395°EHPCEHese¥tdof 50 phfain a
pa£952Ztheﬁgtotpesye£nné 52 as a cladding |ayer s

formng mterial was a I ed froman upper side of

t he obt ai ned core portlons and an upper cl adding

| ayer was formed in.the sanme manner as in the |ower
[0824AHdi ng |H3ﬁerp.at|tﬁrtn|¢idspmyo éﬁ%ﬁtib@ﬂ/ermﬁe@@is&@aked at

I h
L3p g Mgt BT MRL B R Bn R I TL BN eaid oehing
me§H@§t§@t§s #380have 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, it is to be noted that each of the core
portions had a width of 50 ym 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 a width of 0.5 cm and a length

of 10 cm was obtained on the silicon wafer substrate.
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[0528] In this regard, it is to be noted that in the
obt ai ned optical wavegui de, an average thickness of
each of the wupper cladding |layer and the | ower

cl addi ng I ayer was 50 pm [0529] Next, the optica
wavegui de was peeled off fromthe silicon wafer
substrate, and then copper |ayers (conductor |ayers)
each having an average thickness of 45 pm were bonded
to both surfaces of the optical wavegui de using a rol

[okaginati ngriethod teghkarely obf aid 8B QRitCRlthat in the
wavegui de structure. [0530]. (Exanple 3) First, the
obvaineghpihixals wavebaddengh ayeraber oh hgkness erfi abchast the
applied onto a glass substrate subjected to a release
UPPREE HRAT LI NANR YRR PSP ridtRl 1y eds HedsEdohe aas ralass 0 1m.
uni form thi ckness using a doctor blade. [0531] Next,
the gl ass substrate on which the varnish V53 had been

[0BpPli ed wakpl aeed Gt BcdDivaRleaig dandabertad 680G om the

for 15 minutes to forma film and then an ultraviol et
sitagonawafierr stbstedtent @ncheHan ncosbeny bayexrsr achnghctor

ressure rcur | anp wi t hout . a phot o- pas exposur e
12§ B8 SR G A URAgBPehGL RTS8 hfe HOBSSE bonded
T f f S a far r
O e 8 e San gvert 1 For ot e A g 1ayh. @ roll
lahDh38]ndlexiethdd cts i RGP efOXyin eahn dptEF35" waveqguide
produced by NTT-AT) having a refractive index higher

st¥pghu¥ffat of the 131 cladding |ayer formng materi al
was applied onto the | ower

[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 film, 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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cl addi ng I ayer using a spin coating nethod, and then
it was subjected to a photolithography using a
photo-mask to thereby directly formcore portions
each having a |inear pattern thereon. In this regard,
it is to be noted that each of the core portions had
a wdth of 35 pmand a height (an average thickness)

LQ5 f.t e pe I
o 2hePRg et E R ST PP LSRG, BN e
clM@Hﬂh§h1é§eﬂsﬁglﬁ@ra EQEH1B@athﬁg'ﬁ%@ho@'aggﬁ”ﬁh%ﬁygﬁawas
as a cladding layer formng material in the sane

subpaneedato ian phied dlgweo gelazmdii nglhgyerphdtm nids ls twayghereby
an oEtlcaI wavegui de havi ng i near shape and a width
dipFCHlE dMEhd" ‘Feﬁ’ﬁtrﬁl&nsl(?a&ﬁ WA8V4BPaitnetl BFR ¥ hpattern
thgkggs. substrate. [0535] In this regard, it is to be
noted that in the obtained optical waveguide, an

aver agec e cknessd ofi teashtef b heot eppesacladdi RE ka¥ekore
and the | ower cladding | ayer was 35 pn1 [ 0536] Next,
porhéonpthashk wigtdyai dd® wasanpkelhal Iff (Bnandtage ghaskneSS)
£ ggstrate and then copper |ayers (conductor | ayers)
°te Mhavi ng an average thickness of 45 pm were bonded
to both surfaces of the optical wavegui de using a
roll lamnating nethod to thereby obtain an optica
[0884¢gui de Mignwd irer, [ 853 dppebExaalaelid)y FRidywdr W€ formed
varni sh V54 as a cIaddLn% | ayer forming material was
us3ppl teRl HHtot s Moughehdghsuppatlee ofare copperstt ¢isl usggafor:

forming the lower cladding layer, as a cladding layer forming
material in the same manner as in the lower 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 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 off from the
glasssubstrate,andthencopperlayers(condﬁctorlayers)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.

[0537] (Example 4)
First, the varnish V54 as a cladding layer forming

material was applied onto a roughened surface of a copper foil
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havi ng an average thickness of 18 pm and then spread
so as to becone an al nost uniformthickness using a
doctor blade. [0538] Next, the copper foil on which
the varnish V54 had been applied was placed on a hot
pl ate and heated at 50C for 15 mnutes so that the
varni sh V54 was dried to forma film Thereafter, an
ont o th film _usin

I I di
hafh b ARl B2 bbb Bt P B Skl Bnlh! BB Y o
bebBXROSH 81698€ un3r9PR HHAEﬂRespaMehﬁﬁgghdoc§9§ BMde.

to.obtain a lower cladding |ayer wth the copper
foil. Further, an upper cladding layer with a copper
was prepared using the same material and nethod

l°§§5ﬂ he | o=l &d@ ﬁ@ppayer?owtqu rrﬁéceoppervalfrmh V54 had
be[eQS%%Jrl%]dt heo"tl%e eJ]%rllrd Ehg :lzltt:grared nc[ Scpg 3§sngor

m ng rraterla

15%a§§t§ab§<§ ré £ twaqbgﬂarbmaﬁs@maea@r%aa%ot @o%cerrellm.
an al nost uniformthickness using a doctor bl ade.

ThepE40tleNexen therguarcletgkragswgabstraticabadwhnch the film
varni sh V2 had been applied was placed on a hot plate
USHAE He&rEd 2R IASRE $BF VLD MAGTRTS L 8BP a5 &l pBAEO-mask

egg{gggkg ? é@ tl’be O\btqllr gwIJ‘ls/t&mdhzvé%@ec‘l%%g ed e fg})mt% obtaln

m subst’an ereafter

a 1dudaviabal ngaya y@s wikhaghateshpant @oﬂlhe B@ttiee £] laN upper
t hrough a phot o- mask (exposure dose : 3, 000 mJ/cn®,

claggengnayer w363 ran):orapamdfohérr«vem@@ﬂarctd Msmrwashe same
eat ed at 4SC nut es u a_hot plate.
ma{RPLET it TREREH A Dateor RStV Sl kst BEcbhe Sdieecopper

fopPrtions appeared within the solid film 133

[0539] On the other hand, the filtered varnish V2 as a core
layer formingmaterial was applied onto 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 appeared within the solid film.
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[0542] Next, the solid filmwas further heated in a
clean oven at 85C for 30 mnutes and at 150C for 60

m nutes, respectively, so that it was cured to
thereby obtain a cured |ayer of the varnish V2 (a
film including linear core portions. [0543] The film
was peeled off fromthe quartz glass substrate in

r ed_usi r a sufficient a
(OBREE tr i od Th- ol TSVER 46 S5EN4T £ BEPREReby & Clean
oveRt aith g3 i 9@&%@%@&@@% and544] 1% case E@YRfinutes,
was pl aced between the | ower cladding |ayer and the
regppetivkagdi ag thyerit ovabtaired td ameraisd obadyn andured
then the | am nated body was heated at 150C for 1 hour
LaygmrIE Eaﬁp*frae@sli%{gv?twa% 1amprigsiEing LipeRPLAUs Rgrtaans.
el ectrot herm al pressing nachlne to thereby obtain an
optical waveguide structure including an optica

[08a8¢gui de Tayi RYIA walsNgde IKNAPSE ANG rAamMtH QhaP:rP GMhss
and a length of 10 cmand copper |ayers (conductor

subayeaty prowvitded wasbethising awdgsrofin 4 efdptdicalt amount,

waveqgui de. [0545] In this rqggrd it is to be noted
angdpthen dRiRd 15nRRi AR Gt i40alC wavegur et QﬂwtéﬁéF%@%Obtal“

a gghﬁggegg of ;theg, core Iayer was 35 pm (a wi dth of
eac the core portions was 35 pn) , and an average

t hi ckness of each of the upper cladding |layer and the
| ower cladding |ayer was 35 pm [0546] (Exanple 5)
[0FAf3t, t hellig ncgheVom war avabaddianpd abetweennitie lower

RE AR e T e RN S
1aRl AREEAWHA\P Bhd 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 layers {(conductor layers) provided on both surfaces of

the optical waveguide.

[0545] In this regard, it is 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
um) , and an average thickness of each of the upper cladding layer

and the lower cladding layer was 35 um.

[0546] (Example 5)
First, the varnish 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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134 thickness using a doctor blade. [0547] Next, the
PET fil mon which the varnish V55 had been applied
was placed on a hot plate and heated at 50C for 15
m nutes so that the varnish V55 was dried to forma
film Thereafter, an ultraviolet ray was irradiated
onto the film wusing an extra-high pressure nercury

ith a,p exposure dose : 2, 000
th%ﬁ?@%%% mggé e ?ﬁé?o %kaﬁé . Then, the filmwas
peel ed off fron1the PET filmto thereby obtain a
single |ower cladding |ayer. Further, a single upper
[0843Hdi ng. Nexter thwa%‘ﬂbrfelybar@d whsichgt b d e aganes hnéb &hiaal been
and nethod as the |lower cladding |ayer. [0548] On the
ap%fh%? %%ﬁdpf?ﬁ%df?mt%r%ﬂtv%}ﬁF%ha%@ %aéeéo?E %@a9efor 15

mirﬁ@%@;ngoﬁmw 3' was, ApRly egs ont g a dqg%atztog'&ﬁ a film.

strate en spread SO as econe an

Theped Bt & | haekinBSBauiSb gt Ba @OGE OF lbkadsaté@Séﬁ&o Nepé&, £ilm
the quartz glass substrate on which the varnish V3
us g a@b@ﬁtapphnga Lmsswmmrmra/ hamnp pi idtleowtn@d hleat edmask

at 45C f 10 0.t hat sol vent ntained in
(P55 A v O TG0 e Y TR o T3P ST 1 inen, the-
£1 BHRRLARLL 8Lk Yo O ieedy {00 E_b?ﬁleﬁg %ﬁ@regg {]ﬁy' 0L lg1e
ray was irradiated onto the soli roug
lopdotd-atisin o @xyesur eFdosker, 3a D0y W) Lppr chavel egotfiyer -
: 365 nm and then the solid fil mwas heated at 80C
wag RreRifthHTd Fhe @oden 'eFeriad apki Bethag, abi hearlower

tern whi ch woul d becone core portions appeared
Clg@%¥?% f%% Solid film [0551] Next, the solid film

was further heated at 160C
[0548]  On the other hand, the filtered varnish V3 as a core
layer formingmaterial 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, 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 héated at 80°C
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 160°C
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135 for 2 hours so that it was cured to thereby obtain
a cured layer of the varnish V3 (a film including
| inear core portions. [0552] The filmwas peel ed of f
fromthe quartz glass substrate in water, washed
using water in a sufficient anount, and then dried in
an oven at 45C for 1 hour to thereby obtain a single
e 53 | S..core er s pl.aced_betwe
fo?%%ﬁpg%érgoc&%iﬁgﬁdJ.%ﬁ%?%ﬁ%gét é”ﬁ%dé?géﬁé8d?ﬁ@“%%ﬁg?yer

oft ehebyvarnisnh Vampatedmbodyclandnyhennthe kapkngbedions.
body was heated at 150C for 1 hour while conpressing

it at a pressure of 6 MPa using an el ectrothernal

i hine.to thereby obtain an optica
IO%SiZLPge”%! ﬁbl%i Wﬁﬁed%e%%eogﬁdféowpd%ﬁ? AUPLLH ghpss
. f 554 this.r od,. J bt
ouBEPR LM Rcely F0hly [ORRELakha b SR it oune,

ananctayeradged hincknesse®fat g °corer 1 aygir was th@re®y(8btain
wi dth of each of the core portions was 50 pm , and

a ghnaverageet higkness of each of the upper cladding
| ayer and the | ower cladding |ayer was 50 pm [ 0555]
Next, copper |ayers (conductor |ayers) each having an

[0§5’§¥ age t hjhyckness aof _l%:ﬂlequ weLe ;%cé{&%d BQtQQ&Fl the lower

surtaces of the optical waveguide using a ro
cliadinat ilngeretdod toet hesdy cobtainganppid cab obtain a
wavegui de structure. [0556] (Exanple 6) An optical .
lapppebed kot r apdukemadenbani pet ad &pdhvweReheage at 150°C

fogg’g eoruraswk{inlé hceom%xraergpsl ieng5 iecx%%pta tpr}%tsstur}% \é%r EI ﬁpa\./gging
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 waveguide structure.

[0556] (Example 6)
An optical waveguide structure was manufactured in the

same manner as in the Example 5 except that the varnish V56 was
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136 used as the cladding |layer formng material .
[0557] (Exanple 7) An optical wavegui de structure was
manufactured in the sanme manner as in the Exanple 1
except that the varnish V57 was used as the cl addi ng
| ayer formng material, and the varnish V2 was
used.as the core layer formng material. [0558]
8 LS arnish_V5 s_a_cl addi ng | ayer
aspl AT e ekt ebbiho, Ad8 ek DFBL Tt B8 ie
subjected to a release treatnent, and then spread so
as to becone an al nost uniform thickness using a
[086@T1or bl atkexaf@bE59]) Next, the PET filmon which the .

varnj sh V58 had been  applied was placed on a hot
pl at 8" &Rt Heat P RIS Frt U r St 89 ararechdn the

r [ for i1 r e
BB YO8 WAL KSdh ] OTNAL R, THETGBLA Shn VP uas
uselt akntlge Sé T @ APVRLy &t adtlinithd aveferiRUNt R@lG tAe varnish

singl e upper cladding |ayer was prepared using the
V2sdpe naedrpal thadcaeehddyeasfoheihowsateraddi ng | ayer

[0560] On the other hand, the filtered varnish V3 as a

core layer formng material was applied onto a quartz
(0gk89s. subsiyale. @nd then spread so as to becone an

al nost uniform'thi ckness using a doctor blade. [0561]

Nextrirste quertzagliass veBstasate enawbiiek theyer forming

varni sh V3 had been applied was placed on a hot plate

mapRylpéared 2APL146C PBEC1D RERUf bdnseubhactadsspventelease
tr(e:gprtngrllg,edarlicﬁ] ‘El’li]eenvsapgpelasé] 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 varnish 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 forming material was applied onto a quartz glass.substrate,
and then spread so 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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137 V3 was vapored to forma solid filmsubstantially
dried. [0562] Thereafter, an ultraviolet ray was
irradiated onto the solid filmthrough a photo-nask
(exposure dose : 3, 000 mi/cn2, wavelength : 365 nm

, and then the solid filmwas heated at..85C for 30
mnutes in a clean oven. At this tinme, linear patterns

Lgh beco ore £tions_a ared _within_the
VS R BB o e R ot He o AP PR iAS Yr Eherd-
heated at 160C for'2 hours so that it was cured to
thereby obtain a cured |ayer of the varnish V3 (a
[0BBRN) i nclTkmepftiewarnceterpoitlensay 18564 rakhetfdd omto
was peeleg off fromthe quartz glass 71 substrate in 5
thacdrid hashéd Trdigng RACEP TASE SRR EheoaRouAL V08my /e,
{edal 0 [ U t 0
vabBEanAEh T IR D Cara Phsf g Bbuts Thin es A6 ERY ax o5%c

fovaso pliagad hehveest d4ie Jvewer ael adds nginayerinakd bheterns
upper cl adding layer to obtain a |am nated body, and

whi fewaiia baadnatced shoayt wrss heated eatw 1800 thersdl fbGi 1m.
while conpressing it at a pressure of 3 MPa using an
el ectrot hermal pressing machine to thereby obtain an

y cal ui I L r a i dt.h 0

0383555 cand & Tength ot 10 Em ‘EOCLS TnoLRre Tt Le0°c

foregapdrsi o ithatoi bevawiedevhad tHeddrs, oBbbannedured layer
opti cal wavegui de, an_average thickness of the core

of| ahervansisd P (a W dnh dRcbudhnef lineatorerpoperbhgns.
was 50 pnm) , and an average thickness of each of the
upper cl adding layer and the |ower cladding |ayer was

[0584pm 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 is to be noted that in the
obtained optical waveguide, an average thickness of the core
layer was 50 pym (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.
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138 [0567] Next, copper layers (conductor |ayers) each
havi ng an average thickness of 45 pm were bonded to
both surfaces of the optical wavegui de using a rol

| am nating nethod to thereby obtain an optica
wavegui de structure. [0568] (Exanple 9) An optica
wavegui de structure was manufactured in the sane
manner as in the Exanple 4 except that the varni sh V60
was used as the cladding |ayer form ng material.

[066269] (Exaspl e cb%)pe@*m&jpéf§q|cdﬁ@(@ﬂ:_léird§a§éf§?té§c§1 W8Sing
manuf actured in the sanme manner as in the Exanple 4
anexcepige Hatidkresaraf b Velverss basded ao thve hclsaddiaogs of
| ayer, form ng material. [0570] (Exanple 11) First, the
th%é’?ﬁﬁlﬁ?l\/@vgguéd@%%é‘ Yeher fgnAtig I Ratked dio hagreby
i g t Lng a thickness of
Obgggﬁcﬁgsgﬂggﬁg%h%%§§8§g§§ éggggpﬁﬁébecone an al nost
uni form thickness using a doctor blade. [0571] Next,
the gl ass substrate on which the varnish V62 applied
[0988] been aifptdreriieva® pl aced on a hot plate and heated

at 50 C for 15 mnutes, and then the varni sh V62 S
cur oA 0 CHE PO S T e T S P BE A CE DG 1n the

salkgsn%@ﬁ{é.rv%lsyin_t&e EQLMA o @V@&{A@%&;&gthéy\%mis@??/%bl was

xt, the varnish V3 as a core l'ayer formng materia
us#asaapphéedlontiona sayéaceoohihyemsueedal ower cl addi ng
139
[0569] (Example 10)
An optical waveguide structure was manufactured in the

same manner as in the Example 4 except that the varnish V61l was

used as the cladding layer forming material.

[0570] (Example 11)

First, the varnish 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 vé2
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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| ayer, and then spread so as to becone an al nost

uni form thickness using a doctor blade. [0573]
Thereafter, the glass substrate on which the varnish
V3 had been applied was heated at 45C for 10 m nutes

r using a hot plate to forma solid filmsubstantially
dried. [0574] Next, an ultraviolet ray was irradi ated

1a98E0 bhe anld ¢ SfiLmf ayred oo L BREALD AN AT 8 U form

posur é “dose *

th%@%ﬁéQthB1ng3§5d8810raﬁgaﬁgen the solid filmwas _
aged at roomtenperature for 30 mnutes and heated at

85C for 30 m nutes and at 150C for 60 m nutes,

r ectlve to_obtain a core layer. [0575] In this
(05338, a, | JHSTaRA e S5Fi 9 17T Radpeat e neBc el the

vag§géﬂov3%QKFEQQQF%F§11% a aﬁé ? %%]{gﬁ rOr 10 minutes

econe core portio ugh “a

usyngualho@bpeat@tt@nfokﬂ536bomEaffllﬁesuagaaﬁhlyﬁlyaér@ed
cladding layer: formng material was applied onto a
surface of the core |ayer (a cured Iayer of the

h V dt d to hecone
04PhDst unitn e Gty T IaBre codteratpdsento the
sob@étflﬁQ@ ﬁg SU?SEh%tQI :MQ{COBtQ P '%b ﬁﬁ&to -mask

had been applied was placed on a hot at and at ed

(eRbo5Ar€ dées 13 m@ﬂlirﬁls/cnﬁndw&‘h@nerﬁ@‘@hVﬂr?fﬁfﬁl’mm\)’@lamsthen
cured at 800C for 20 mnutes and at 150C for 1 hour,
th?é%ﬁbbiiVémywaﬁoa@©¢ﬁﬂaﬁooupp@mp@raadrﬁgf¢ayﬁ}Humwtes and

e B S8 P LAY B o Lhoe2kohoREes

respectively, to obtain a core layer.

[0575] In this regard, just when the solid film had been
heated at 85°C for 30 minutes, linear patterns which would
become core portions could be identified through a visual

observation.

[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 vé61l
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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140 obtained on the glass substrate. [0578] In this
regard, it is to be noted that in the obtained

opti cal wavegui de, an average thickness of the core

| ayer was 35 pm (a width of each of the core portions
was 35 pm , and an average thickness of each of the
upper cl adding layer and the |ower cladding | ayer was

. 5 Lcal wavegui de was peel ed
Obgg%ﬁgpoégtﬁgk §$§é§ é@@%??é#é; and then copper | ayers
(conductor -l ayers) each having an average thickness
of 45 pm were bonded to both surfaces of the optica
[08@8&gui de Usi bgia rebkrbamirati mgtoebkodated thertebyn the

obtain an optical wavegui de structure. [0580] (Exanple
Ob% 5} NAR 615*6%5%& PRYRGU R st ROtRR e IRl Arsc odr édbei Rore

1o} TSNS A0 S P Sl PSRl A U

umhRterd ah.avcd%GH t i EXpAps & ok3da fh c@pin & abpwavetidieng layer
structure was manufactured in the sane manner as in
anghehgxanpke ¢laddiept lekiar vhe varpinsh V64 . was used
as the cladding |ayer form ng material, the varnish
V1 was used as the core |ayer formng material, and

_ . I fi i
wﬁ‘ZSFet he ot ltmée%% af%ra%%%ulhtéewﬁgﬂe%le'd gf?f\gftsfom the

d at 45C for m nut es ter the“ultravio
glaay shadbthesre,i anaditairedoppbernennis asdnbatooe ltdeers) each
solid filmwould.-be heated at 80C for 30 m nutes.
haF@532¥1§E§§ﬁ%¢§h}@$nessof45}nnwerebondadtobothsurfaces
of the optical waveguide using a roll laminating method to

thereby obtain an optical waveguide structure.

[0580] (Example 12)
An optical waveguide structure was manufactured in the
'same manner as in the Example 11 except that the varnish V63

was used as the cladding layer forming material.

[0581] (Example 13)

An optical waveguide structure was manufactured in 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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141 An optical wavegui de structure was manufactured in
the sanme manner as in the Exanple 4 except that the
varni sh V65 was used as the cladding |ayer formng
material. [0583] (Conparative Exanple) First, the
varni sh V59 as a cladding |layer formng material was
applied onto a silicon wafer so as to becone an

al I’mﬁlg %I%%g]dtl%]\}ecé(\%e S SL{:Sriun uareSQvians %\%%tu%ra’ct%q:de Ogﬁlnthe

heat'e or our 1n anitrogen oven to

safel Ve €laadghNghe IBYXRIo1 d 05384de NeXtha tt BBe VRS Ah Sh V5 was
as a core layer forming naterial was applied onto a

usedr facthef clhddlingetagbaddongihgymrferand.t hen spread
so as to becone an al nost uniformthickness using a
doctor bl ade. [0585] Next, the silicon wafer on which

varni s ggg - ?@ﬁ ied was placed on a hot
[ongge and Eg¥%% atrﬁgﬁ%? r %ﬁo m nutes so that a
sol ventsepntaienegh it sthevgar nissha VE1wWais i nyapod @l t @orming
forma solid filmsubstantially dried. [0586]
- matpetedfves, appl ibd raviolets Flbdycamyd ramdicateed tonbecome an

BBl g Mot prote ek (exposure dose
at S0 & fad mvwas, heat gd, af ?&1 dRdn 30 %mﬁfldgfﬁv?o%%lrgctﬂgﬁding

plate. At this tinme, lineafr patterns
labeeone core portions appeared within the solid film
[0587] Next, the solid filmwas further heated at 85C

for 30 mnutes and at 150 C for 60 m nutes,
ectivq% in clean . gven,so that it s cured to,
[Oéﬁzreby ob %’ftrf atgﬁr é’(frlnéfg} g}’ 3s 4 core'‘Tayer gormmg
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 film.

[0587] Next, the solid 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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142 the varnish VI (a core layer) including |inear
core portions. [0588] Next, an upper cladding |ayer
was formed using the sane varnish as used for form ng
the I ower cladding layer as a cladding |ayer formng
material in the sane manner as in the |ower cladding
layer. In this way, an optical wavegui de having a

[ . n i f. .a length of 10
thg PR H P, (Lol et ar sl LB b e 1 B88 Pt ioms.
this regard, it is to be noted that in the obtained
opti cal wavegui de, an average thickness of the core
[0P8§er was ¥Expmarauppdirhcbideébonh lofyarhwasof erped tusingy the
was 50 . , and an average thickness of _.each of _the
S8 pEr B SRR AT S ehOT ARETIRS | ir A g e r ags 2s

" Lcal . [ el e

S Rl D S R e R R S
loveordidding ayees). eaghhikavipg anopyetagevd i ki having

of 45 pm were bonded to both surfaces of the optica
a havegui dersiang @ woPkhl afi hal iaw amst Rodenothtdheridbym was
b btaig an oEticil maveguLde structure. [0591] 4-2.
OPEGAIGEt PBn 222912 SReSEUPERBRE - of Li ght Transmi ssion

Loss [0592] Light transm ssion | oss was neasured using

a "cut back nethod" for each of the optical wavegui de
[058Blict ur esIn nanuf actyned,i ntt hies Exanpkesickddo tbtanth the

the Conparative Exanple. [0593] In this cut back
obﬁé@ﬁgg’oppgﬁ@lggﬁgggyé@efr%ﬁn%yeq@gy thickness of the core

layer was 50 pm (a width of each of the core portions was 50
pm) , 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 umwere 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

[0592] 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
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| aser di ode was input into one end of each of the core
portions of the optical wavegui de through an optica
fiber, and then power of the |ight output fromthe
ot her end thereof was neasured. At this tinme, each of
the core portions was cut to a predetermined |ength
and the power of the |light output was neasured for
ch,.of the core _portions. Tatal |ight |oss for each.
1S8R S SRRSO e dn sty o PR st iRy Lons
off enBUbBt 1EQP9dhvEghakel tBRbuLASEN( BB iTa11€1be¥( PALROY hen
wherein Pn is the neasured power of the |ight output
poweomf the latdhdr oenpu bff reacthhef thieer end ¢ hpaebifonss measured.
having,lengths P1, Per ... Pn, and Po is the neasured
At S8y Toret ké N yhhefctfePPaE &P S didsdel blrpuPreAskeaR1ined

0 optical fi it LS e t he
reBREn Gt P BEkEdt o naf AT bt BB uraS dilapacn
ofl tBBt cbesspbsttibay.plotted as exenplified in FIG 14

(Chart 1) . Aregression line of this data is
r eprBseat ed g tt hko$ ol Ifowi nepdlor mdl athd 0606k yoortmons is
b wherein "nf Ls the light transpission loss and b is
TeRBERFIhGYI BEstPE0E8TI OV ANENFSTBYArd, it is to be
noted that a light having a wavelength of 1,300 nm
was used for the neasurenent of the |ight
[069aNsM ssiTytd DSSigHt thes Optd®al= wave U fepstpaict ur e
manufactured in the Exanple 2. On the other hand, a
| i ghth@egingn asvidheresgiir esf PeBor mh whs Liselit foort putef rom

nmeasurenent of th IigE% transm ssjon | oss, of the
th%p??%%f‘ﬁﬁ%éﬁifﬁﬁﬁgPFu G GRS portions having lengths P;,
P,, .. Pn, and Po is 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

A\

wherein “m” is the light transmission loss and b is

coupling loss.

[0597] In this regard, it is to be noted that a 1light 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 1ight 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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144 manufactured in the Exanpl es other than Exanple 2
and the Conparative Exanple. [0598] 4-2-2. Adhesion
Test Adhesi'on between the core |ayer and the cl adding
| ayer was checked for each of the optical wavegui de
structures manufactured in the Exanples 1 to 14 and
the Conparative Exanple. [0599] This test was carried

ne e BEu8eRoS, 3 LRI D ol L9025 e

cofipheatior thempte. Results of The measur enent of the
[1Tght transm ssion |loss and the adhesion test are

shown. in the following table 4, respectively. 145
0600] [Table 4] Tabl e 4 Varnlsh Measurenment of |ight
[0AdRé&si on ez(j%fgéﬁ B3hi ssion loss test |ayer

'véﬁeéﬁﬂé%?{%’obé%&%&?ﬁxy% A4 b6 e HENdRYer

wa8. HheBMed ERor Se¥3nVast 0tH8 B3R idaX. BawEgVhhe 0s@%uB8Qres

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 a 90°
upper direction thereto.

Results of The measurement of the light transmission loss
and the adhesion test are shown.in the following table 4,

respectively.
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Ex. 7 V2 V57 0.08 650 Ex. 8 V3 V58 0.15 720 Ex. 9 V2
V60 0.09 860 Ex. 10 V2 V61 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 Conp. Ex. Vi V59 0.63 3 In
the neasurenent of light transm ssion |oss, the value
to which the synbol * was given was neasured usin% a
hght havi vel ength of 1,300 nm and the other
[OkaEes wer &%§§n€£d using a light having a wave
| ength of 850 nm [0601] Each of values shown in Table
4 is an average of val uesbireagured for 5 optica
wavegui de structures. As can be seen from Tabl e 4,

each of the opt Vegui TUCTIT e ot ured
in the EXstllpl Cb\}aJ. lSVP?!—r ||a,1\9$ ??% ?}la E {Tanh %I%}gglsaiﬁn
| oss, that iCT%i g @P&HPGt ﬁ@ﬁﬁ?&ﬁ& OlePSFy SRt

evcel | ent| adRbEFo he2V@en |t he cor@B/aPér and thegt/cm)
cliEddihg | | ay&r. [[0602%1On |t he ot hed.h@and, each ofsate
otk cap wavegw de | stywgturles manufpactodred 1 n tlhe 750

Conpar at T VegExanplle hgs3 i gh 146 T4 oB transn1ssh 0

ow nmest or tween—the—c | dytt and €
cligdi.g ayéﬁf ...ollggno t-hat eaéz o t% ept-ca 0
{ gg_‘ﬁgg_i_rrf_ern or anQIJ%rty Lt rmygq{b
Ex. 6 V3 V56 0.09 680
Ex. 7 V2 V57 0.08 650
Ex. 8 V3 V58 0.15 720
Ex. 9 V2 Ve0 0.09 860
Ex. 10 V2 Vel 0.10 750
Ex. 11 V3 V62 0.08 710
Ex. 12 V3 V63 0.10 690
Ex. 13 vl 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] Each 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

layer.

[0602] On the other hand, each of the optical waveguide

structures manufactured in the Comparative Example has high
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concei ved that increase of the Iight transm ssion |oss
is attributable to occurrence of peeling of a part of
the boundary surface between the core |ayer and the
cl addi ng | ayer due to the | ow adhesi on therebetween.
[0603] Further, after the optical wavegui de structures
manuf actured in the Exanples 1 to 14 and the

nparative Exa aced und er.a hi h hum di
11 GRTPALA e SXATR s i T B 265 BB AL ORI S0 Wy
anblf 8R8Nt38H8NNLOSsyE her epf; yag JRAHA eddh tdre t%%ﬁ%ptlcal
manner as descrlbed above. As a result, in each of

wavhguo96|catrMﬁN@gesdéusiruoﬁemesrnapnéper0yed i htt ey be
Exanples 1 to 14, neasured val ues of the |ight
CoprgRYRPs NG |igxereatrr ebf ther olrle%tndtraqulwwg loss is

+<BLSRaRSto 1% A ML o Yl DN S pgunciary

su@PhiceabeWa¥egULHE SbFHCLANES Mtﬁ‘k%?tdﬂeﬁﬂjlld?g 1RRr due to
Conpar ati ve Exanple, a neasured value of the |ight

ther angniadbesnon| tssrehetcwernaft er bei ng pl aced under
the high humdity environnent was renarkably
i ncreased as conpared with that bef ore bei ng pl aced

[Oﬁﬁgﬁr the ﬁﬁﬂ@h@yn19f£¥regﬁ QEBE% nggé%%dehgtructures

Fur t hernore, the conductor rs of eac

maapfacahr\a/a\aegtjhdezﬁmpmsuneeo naruﬁaath@r@ﬂn@anrat&lﬁm Example
Exanples 1 to 14 and the Conparative Exanple (before
weﬁéiE;ga%%c}éwa;naeml@fhéwmcblmhamv@mpymenvu tohnent90%RH and

2, B 61 Bt SahE A e Ty Rg B B HRepEasured

inMoHBt 88mENmBK Lt £5 MOeE POLY | DNS, Of tA@e aMrkisRd% ,t 9n each
thereby manufacture hybrid devices. 14

of the optical waveguide structures manufactured in the
Examples 1 to 14, measured values of the 1light transmission loss
thereof before and after'being'plaeed under the high humidity
environment were hardly changed. On the other hand, in each
of the optical waveguide structures manufactured in. the
ComparativeExample,<ameasuredvaluetxfthelighttransmission
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 light emitting element and a 1light receiving element were
mounted on predetermined portions of the wirings to thereby

manufacture hybrid devices.
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[ 0605] Thereafter, these obtained hybrid devices were
actuated. As a result, it was confirned that all the
hybrid devices obtained using the optical wavegui de
structures manufactured in the Exanples 1 to 14 could
be rapidly actuated as conpared with the hybrid

devi ce obtained using the optical waveguide structure
manufactured in the Conparative Exanple-. | NDUSTRI AL
APPLI CABI LI TY [0606] In the optical wavegui de of the

[oBos$ent i nmentdofker f henekaddipig ilhayernjisr fOraedi8fs were
t he” nor bor nene- based pol ynmer as the maj or conponent

acthetedf. Aher efarelt evien wds tdve faptriechlthawawdduitthe hgbrid
subjected to a_heat, treatnent such as a sol der
deyregfmerh b3t i 1S9 hohRfeddt 2l davE@at oapdruptures

mahﬁfHSﬁﬁ EBLﬁérﬁﬁaE&gﬁﬁggssﬁn&§qﬁngoﬁidﬁQ?r%;ggﬂgﬁgctuated

ayer urt even tica wavegul

asptagesreddert i tihiegh B@&HddéV1cé%i@ﬂﬂ@cﬂltusﬁ1d@m@ epakcal
change of the claddlng | ayer due to water absorption

wavhenede $srhardre onoveiact dhed efrortde Cosmgardltess Bkample.
envi ronnent in which the optical waveguide is used,
it can stably performlight transm ssion. In addition,

INBUSRREAL. 2hppPEEAR R TiPE Cl adding layer can be reduced.

——fﬁﬁﬁ7f—ﬁurrher——rn—rge case where the norbornene-based

[0pOBYyNEr i sIicamposetios] theydmlietdbest gagrdseitudhigntion,
the norbornene repeating units, each of the

thaof batabne lc%b@atlrfngfonmﬁq §fhameng<>1rhér§@b§rbﬁ§édt polymer

Loup i.ncl udi n rizabl rou
25 BB Ry BE ST e REERE  poTSner FIERI Bugrobbehepradcal
wal8@stqa D@rEuB?eEh@anBeguh@§t°£ré§€m@9fbgﬁeﬁngsbgsgg1der
polymer directly or via conpounds of a cross-1inking

tragemént 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 1is hard to occur. Therefore,
regardless of an environment in which the optical waveguide 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 1is 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 is 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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within the cladding layer. In addition, the nol ecul es

of the 148 norbornene-based pol yner and nol ecul es of

the polyner to be used for formng the core |ayer can

be cross-1inked depending on Kkinds of the

pol ymeri zabl e group, kinds of the cross-1|inking

agent, kinds of the polyner to be used for formng the

e  the 1] a_resul it i ossi bl e

o EO Y o Bl e i eRutiing riers PYBE Podgused
foiOfbﬁﬁiﬁgetﬂéh@@t@”l@féﬂegﬁn_béh@r65§dgﬁﬂgeHaM§ﬁeﬁa§ng on

the core layer. [0608] Especially, in the case where
kinde abridoe meneyirasiethb Jpolgmerp,i kicoimpodedhef crokeelii eRing

each i.nc) uding epoxy groups as the polynerizable

295 bups A% OF STisoBST BIEr t°6 Parttest fP R na Ree ssgirelayer
or Sl A& e [0000L FULLDET.; ¢ he, 9ntd 08l MAVeIULIE e st rengen
t he % ntl R tKe

structure o present I nv on’in whic

of comeluct pdd1 @y era yr fiarg@mdE @ toSifereleabdh8a$bnOPEtween
of surfaces of the optical wavegui de can be

the| etadiead | Yayenneted ethe ocetrectapairc conponents usi ng
the conductor layer. This makes it possible to easily
obtain a circuit board in which the electronic

[o&@gponent %ﬁf&ltarlel}/‘)p&hcﬁ'{e cwavegyl fe ¢eexi st 1048 2 sed

t he optical wavegui'de and the optica wavegul de
polymectis ecaipdded pries@leduleentiach haveudadystpbal groups
applicability. 149 What is clainmed is: 1. An optica
as \(d\regoildBe régapresy AP ar dor és| pyesibhelimifngtosreimprove

tn@OULL DS BRED DAV NG &

[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
circuit board in which the electronic components and the optical
waveguide coexist. Thus, the optical waveguide and the optical
waveguide structure of the present invention have industrial

applicability.
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refractive index, and cladding portions each provided
adjacent to the core portions and having a refractive
i ndex | ower than that of each of the core portions,
the core layer having two surfaces; and a cl addi ng
| ayer provided so as to nake contact with at |east
one of the two surfaces of the core |ayer and having a
fracti index .l ower than that of each of the core
Whéguggu%g¥§m?§cgéfadding | ayer forned of a
nor bor nene- based pol yner as a najor conponent
thereof. 2. The optical waveguide as clainmed in claim
1.1, wherephithe wavepoidenecbmsedspoyyner is aﬂ
addi ti on-type norbornene-based polyner. 3. The
optu%alco\%r&vyglg%ﬁed% a8C¢P4ithred Ci%eclré.?ﬁﬂonﬁh@@éahn %@r;g a
e d ac
T R R i e R A R
toOophd Qﬁirey\@\tﬂ@l.ilcﬂﬁ; asdCchavieg & ne&t @ dl ve WHRIS! N oW than
nor bor nene- based pol yner is conposed of nol ecul es each
thﬁﬁc@ﬁdﬁfe‘m@h ad kytthehordotsy R irceyseattingy agrriet $ ayeachagfing two
E al kyl . norbornene repeating units having a
SUELBSEP{ uBRY group including a pol ymerizable group. 5.
The l.ai aed | ai ejn
at T o RS R Pt o (Rl Contaiflien ac
least bonaenge-tias edvpayrcesl 5F ahe eoesslkiyekednyi Bathgg a
ol ymeri zabl e %roups 6. The optical wavegui de as
regFéFﬁéHel%PQﬁ%alﬁwﬁr %héﬁéﬁ?ﬁ%tﬂ? CAGhLOf ridire Clegsedortions,

thgoéyggdi S féﬁ? ormed _éeCU|e%orne%e based polymer as a

major component thereof.

2. The optical waveguide as claimed in claim 1, wherein the
norbornene-based polymer is an addition-type norbornene-based

polymer.

3. The optical waveguide as claimed in claim 1, wherein the
norbornene-based polymer 1is composed of molecules each

including alkyl norbornene repeating units.

4. The optical waveguide as claimed in claim 1, wherein the
norbornene-based polymer 1is composed of molecules each
including alkyl norbornene repeating units, each of the alkyl
norbornenerepeatingunitshaving&asubstituentgroupincludiﬁg

a polymerizable group.

5. The optical waveguide as claimed in claim 4, wherein at

least a part of the molecules of the norbornene-based polymer
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represented by the following fornula 1 as a major
conponent thereof: [formula 1] Pg R (CH2)a O
(CH2)b O wherein Ris an al kyl group having a carbon
nunber of 1 to 10, "a" is an integer of 0 to 3, "b"
is an integer of 1 to 3, and "p" / "q" is 20 or |ess.
7. The optical waveguide as clained in claimb®,
rein at_,least_a _part of the ecul es of the
P herRehtrbaded Ror Paeko VL ER= T CUERTRE by the
formula 1 are cross-linked via the epoxy groups each
being a polynmerizable group. 8. The optical wavegui de
6.as clte med licqalckaiveglidehes eilmiared avec hgemthi ekeessin the
of the cladding layer is 0.1 to 1.5 tines an_ average
NOFRPERARRSPRFCE hePLHYRET aylet . @MPRfEDpOifcamongFEgasdecach
Loed_jn aj rej core_layer is
re e S Rl grf e neCbapls] S PrbEE P E e B¥Ron fmgonent
th@péyper -having a refractive 151 index, a nononer
havi ng conpatibility with the polyner and a
refrbbeimeld nbdex different fromthat of the polyner, a
first, substance that is activated by being irradi ated

wi thagti m & \radi afipon, a second substance that is
activeted Py heati and

R (CHZ)a
/
O\
(CHa)y

6]
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” / “q” is 20 or less.

7. The optical waveguide as claimed in claim 6, wherein at
least a part of the molecules of the norbornene-based polymer
each represented by the formula 1 are cross-linked via the epoxy

groups each being a poclymerizable group.

8. 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.

9. The optical waveguide as claimed in claim 1, wherein the
core layer is formed through the steps:

forming a layer containing a polymer having a refractive
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can react nol ecul es of the nononmer due to activation
thereof, wherein activation tenperature of the second
substance is changed under action of the activated
first substance; irradiating selectively the actinic
radi ation onto the |layer, so that the first substance
is activated within irradiated regions of the |ayer

._qQnto ich the actinic radiation .is irradiated, to
inBRk? ByhERRREE TR B o0 it S Chpirat i & Pk and o

reg$@6endveubstiancei Bpdetnt herartion: of s the hivaheds first
first, substance within the irradi ated regi ons; and

subabpecti hpjat hes | ayetvdoed hedie itredtmenti aatecdsudithaactinic
%eggerature t hat any one having a | ow activation
ra é

&PBt UF S BRWEBRSERBCEetlom isuBStANaE 2dny theating and
caﬁefgggt ﬁ-}fg)fé &5 ng_;O%%e ﬁ?hg%ﬂg% 'hcgtget e ecrtl%tv%rtelfolnts rt](}eiereof ,

changed 1s activated, so &5 ecul’es o

whBRBOAB R A& At eteihd hd tled t Ber thle sddddi 8t8dtance is
regions or non-irradi ated regions onto which the

chapoedi gndadi ackoani sfnohei pradivated, fiosthenbbyavaase
a refrag%ive i ndex di fference therebetween due to

react TERCHF T HAR SHOPectiiesy ot'% i ohdmer dhiterdbynéRe the
la9ErEth5rE%%%atggﬁrQthﬂ§ s@ggt%g%enofélrgé¥yég€%% “within

fegions becomes the core portions and the other -
irregiansdhecnngnd be telatigyag opeotwionsh the. aen upthadhktion:
. waveguide as claimed in claim9, wherein when the
1St ot &t et horekul@wnsfe the aohbrieripr dgmesyegure of

within .one of the irradiated region d the, :
Shions PP PAdT 40 PV EG BT e O CELIES OF PHGLABRGHef 15T
suMBt§hcar fienanhatned; kpathgcohihet i bRYL 0fgqand have not

been reacted are diffused to the one 152

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 1is 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-irradiated regions becomes the core portions and

the other regions become the cladding portions.

10. The optical waveguide as claimed in claim 9, wherein when
the reaction of the molecules of the monomer progresses within
one of the irradiated regions and the non-irradiated regions,
the molecules of the monomer which are contained in the other

regions and have not been reacted are diffused to the one
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regions. 11. The optical waveguide as clained in

claim9, wherein the first substance contains

conmpounds that produce cations and weakly

coordi nating anions by being irradiated with the

actinic radiation, and the activation tenperature of

the second substance is changed under action of the
re&ggggy coordi nating anions produced. 12. The optica

vegui de as clained in claim9, wherein the '

activation tenperature of the second substance is

| onered under the action of the activated first
1lsubstancmt iarall wWheegedoiedas substeeten sladcii Yatweddsyin the

.heating at a tenperature higher than that of the heat
LirPEafhRAt 2RFENGAP L RLPEIFATPRYNERe thEti ParddcCeashitAPRs and

[,at - . T [ uj de . as, chai.ned i n L
B A R T N
ra@0HPOUAJS Lachthepr gsent£di by thepdQlduaw ngsf arfall 8econd
(la): (E(R 3) 2Pd (Q 2 ... (la) wherein E (R 3 is
supstpoap 15 eleanged widet ragt donwf lthgameéaklF icsoaninating
el ement aele ted fromthe group conprising el enents of
an&BapPis B?eghe Periodic Table, Ris one of a hydrogen
atom an isotope thereof and a hydrocar byl '
group-containing noiety, and Qis an anionic |ligand
12sel ethedfriaml havegaupecospflisingy ieaebaxyl @t @herein the
t hi ocarboxyl ate and dithiocarboxylate. 14. The optica
achaveguPad s adadivradof - hd aparnd sukltidragiae L hel owsatgshdnder

subst ance copt ai ns, conpoynds _each represented by the
th?o??éﬁ?ﬁgogoghﬁl3CEFB?.e8 glrsg sugsgance, and ¥he second
substance is activated by heating at a temperature higher than
that of the heat treatment without irradiating the activated

actinic radiation.

13. The optical waveguide as claimed in claim 12, wherein the
second substance contains compounds each represented by the
following formula (Ia):

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

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 a hydrogen atom,
an isotope thereof and a hydrocarbyl group-containing moiety,
and Q is an anionic ligand selected from the group comprising

carboxylate, thiocarboxylate and dithiocarboxylate.

14. The optical waveguide as claimed in claim 12, wherein the
second substance contains compounds each represented by the

following formula (Ib):
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153 L (E(R)3)aPd(Q- (LB)b]p[WCA]r (Ib) wherein E (R} 3
is a Goup 15 neutral electron donor ligand, E is an
el enent selected froin the group conprising el enents
of Goup 15 of the Periodic Table, Ris one of a
hydrogen atom an isotope thereof and a hydrocar byl
group-containing noiety, Qis an anionic |ligand

sel e room.t u rising rboxyl at e,
thio gﬁﬁ%&ﬁ)lag@égzr@%gr’Fﬂnﬁ%r‘boxyl 8T B is a Lewis
baseyh A h & (&) Waakh Y Ay dbnatidih 1881 8Bt rof 'ddrv@0igand,
integer of 1 to 3, "b" is an integer of 0 to 2, a
E iptal ehembet oflé¢ated dmbit bhei gréup c@ypmaiadirip'e lamgnts of
“r" are pntegers for maintaining balance between an
Gr@P@cf? ot R FEY WA R edifumsc &ficoR fardhydrogen atom,

§Eﬁ9§i r fot coqrdinati .aniaon, .
a“?%s e 5g¥$ggfg§£§é%uu éﬁgghé3§]%§8%Fn%€Pg%&$?E% moiety,
Q Weergi mrgiadt c of i gandapd1ettels firdaepandent dyp Sebagt€ding
froman integer of 1 or 2. 16. The optical wavegui de
capghoxyaihed thietarhr9ylaherend dhehicorebbaykates LB is a
obt ai_ned ﬁ subjecting the | ayer to _a heat  freatnent
Leds Pagse dRe bertbaFatYe I Ghia t Hih2DRED of 1 hé Hbapteger
oftfaﬁgWﬁnbﬁﬁfﬁgraEhEHEQQErt5§a@m§QRL'%1%%E%}eQU%% r bf-van
The optical waveguide as clained in claim16, erern
andie” der @ ta@yer ahs obt aimed rbyasehjrecddag tthe haygtali®ing
a heat treatment_at a third tenperature higher than
baiprce dradpen anpet at biF en af tdra 19fe cheatParled dhcaitd on and
ancgiéégd out at the gecond tepperatu
i ca

%5. l?. The .
op OURY egiT HES aQT cF AT BT FhY o QPR T2 T LR r 2R hoR:
15. The optical waveguide as claimed in claim 14, wherein each

cf “p” and “r” is independently selectea from an integer of 1

or 2.

16. The optical waveguide as claimed in claim 9, wherein the
core layer 1is 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.

17. The optical waveguide as claimed in claim 16, 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.

18. The optical waveguide as claimed in claim 17, wherein a

difference between the second temperature and the third
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di fference between the second tenperature and the
third 154 tenperature is 20C or higher. 19. The

opti cal waveguide as clained in claim9, wherein the
nononmer contains a cross-linkable nmonomer. 20. The
opti cal waveguide as clained in claim9, wherein the
nononer contains a norbornene- based nononer as a nmmj or

ergoef. 21, . opti cal wavegui de as

te@?%?%@%?%niglgﬁn§18% Qﬁéggfh the nononmer contains a

nor bor nene- based nononer as a nmj or conponent

thereof, and further contains dinethyl bis(norbornene
19 et hbixy ordiilcanle wvayeghe der @s s>ld imeablie@ abadme?,. wh22ein the

The optical ,waveguide as clajmed in claim9, wherein
MORRREL nSPYRBF NP sA coRpPDS eyl B RbPeBAN88SEach i ncl udi ng a

mai n chain and cl eavabl e groups each branching from

the main chain and having a chem cal structure in

20whi chhatodtgast]l aapagtiial dHelLhedd 6al c34iMC URBeG@Nn the
be cl eaved and renoved fromthe main chain under the
moReRebn GInthienyucta vaprslornese-babstansenomend erer @i nmajor
when the actinic radiation is selectively irradiated
COBRY B et??Fﬁaiated regions of the layer, the ' '
cl eavabl e groups of the nol ecules of the polyner are
cleaved therewithin. 23. The optical wavegui de as
21cl ai Tresl oipit icladi wa2@guiMiersa albhredfin 8l asmbsd ARCGR rein the
contai ns conpounds that produce cations and weakly _
MORSBE A RN Ry Hhi dnsPByPBENAGerPrEEHatNGNEH tAfe a major

cogﬁéﬁgﬁg r%ﬂé%gb%?' a%%d further contains dimethyl

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

22. The optical waveguide as claiméd in claim 9, wherein the
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 under the action of the activated first substance, and

wherein when the actinic radiation 1is selectively
irradiated onto the irradiated regions of the layer, the
cleavable groups of the molecules of the polymer are cleaved

therewithin.

23. The optical waveguide as claimed in claim 22, 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
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wherein the cl eavabl e groups are aci d cl eavabl e groups
155 that can be cl eaved under action of the cations.
24. The optical waveguide as clainmed in claim 23,
wherein each of the acid cleavable groups includes at
| east one of a chem cal structure of -0-, a chemca
structure of -Si-aryl and a chenical structure of
-0-9L-.,25 h pt,| egu clainmed in claim
ehgh bl R FRE O lpARe, PELERNGEE Bherka Bl er i o
| owered due to cleavage of the cleavable groups of
the nol ecul es thereof. 26. The optical wavegui de as
24¢| ai Fed opt idadi wa Pegu iMie eei ol 2acdd 1of cldem @Reavtadt&in each
roups , |ncludes at | east one of a chem cal structure
of e Spid PHRANAD Hh G TRUPRehi e dRt Afct @R et gine of a chemical

str9c§ rgl R) n)\{é]ere A H]%?nl%%tl Cﬂrg\@é{&‘géjl g% A% § cl alyrie a?<nd a

in c i hic Fadiat-on has

ché@i@b@ngtBubﬁuk@eofangeSQt.200 to 450 nm 28. The
opti cal waveguide as clained in claim9, wherein an
‘exposure dose of the actinic radiation is in the range
of 0,1 to .9 J/cnR. 29. The optical wavegui de as

252 ai Haa G5t i HAEEI AR &l CLRGMEACH e Hher atd 4 the

remegh%eﬁn@& dfe he,d %mte f%gb gkd%%% cl'%%vage of

optical wavegui as alne in cl erein

theayeeafraplbegreaptabBstas aeneCoxe§|Zhegeagent. 156
31. The optical waveguide as clainmed in claim?9,
wherein the

26. The optical waveguide as claimed in ¢laim 25, 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.

27. The optical waveguide as claimed in claim 9, wherein the
actinic radiation has a peak wavelength in the range of 200 to

450 nm.
28. The optical waveguide as claimed in claim 9, wherein an
exposure dose of the actinic radiation is in the range of 0.1

to 9 J/cm®.

29. The optical waveguide as claimed in claim 9, wherein the

actinic radiation is irradiated onto the layer through a mask.

30. The optical waveguide as claimed in claim 9, wherein the

layer further contains an anti-oxidizing agent.
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| ayer further contains a sensitizing agent. 32. The
optical waveguide as clained in claim9, wherein the
pol ymer contai ns a norbornene-based pol yner as a maj or
conponent thereof. 33. The optical wavegui de as
clainmed in claim 32, wherein the norbornene-based
polymer is an addition-type norbornene based pol yner.

34. v _i e_as d.in clal 1
31mherghﬁ %ﬁ; fgbﬁg%ﬁ % |§Sf%r%% hroulﬁlPhe Wherein the

la&@k|@ﬁk@ﬁe%t@Bﬁtaﬁﬁé”bngeﬁsH@XQEnéoabéhﬁlng a
substance that is activated by being irradiated with

actinic radiation, a polyner conposed of nolecules

each_including a main chain and cl eavabl e groups each
32pr anthe rﬂftflr%ﬂ% PRy AR Rl aHE havi Rgaalichemb@eqein the

pofhhiE! LS, i i ch gerb%g% B%rstedOfp{ngmgpergcala major

ructure can be cleave rennved
cofpahentndrerac€ion of the activated substance; and
irradiating selectively the actinic radiation onto the
| ayer, so that the substance is activated within

t f the layer onto which
330t HRE A AV S e R iééaegnwm@la Shvdterein the

nOQEQHHénQﬁbBEQdQ91 ﬁg iso£ntggﬁl e@ﬁgrgb§ﬂ¥ﬁg—based
of t sub &

under the action e activate ance

polheeetw thin, to thereby cause a refractive index
di fference between the irradiated regions and
non-irradi ated regions onto which the actinic
radl | Hp i rradi,ated due to, cleaya

] f the,
cIeavd%?&tf%a YagPIPAEeDP & %Q§Qﬁukﬁ¥ g§|&ﬁ€WFf%lnthe

gro
conbergbyr osergfnthechrbaghatrd £69i00SngNdLLpS:

non-irradi ated regions

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
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
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 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
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157 becones the core portions and the other regions
becone the «cladding portions. 35. The optica

wavegui de as clained in claim34, wherein the core
| ayer i s obtained by subjecting the |ayer to a heat
treatnment after the actinic radiation is irradiated
thereonto. 36. The optical wavegui de as cl ai ned in

be?hg%g1§g %retp nthe  substance contains co

0
proguce Srvs 9Aid UEAKTYS coorﬁlﬁ%?lﬁn a eSﬁge the

leMdbﬁgngokE&@ﬂgated wth the actlnlc radlatlon and
wherein the cl eavabl e groups are acid cl eavabl e groups
t hat can be cl eaved under action of the cations. 37.
The ogtlcal wavegui de . as clainmed in cIa|n136 wher ei n

35 each! NOPRHEHCFaVEPBATE 2 CdRATSS M ddds3 étlw*@a%qm the
coPQel%f s Eﬁe”b @glng{jr%&dl&ﬁ)j‘% tB’lqdl gh%rugyé% to? a heat

structure |-ary emdc ure

treftfent SBerTRBeoptt Ol c WaVAGHidR a5 hr@idRtddtabakBhto.
34, wherein the refractive index of the polyner is

| onered due to cl eavage of the cleavable groups of
the ﬂglecules thereof . 39. The  opti cal mave ui de as

Sel ai HRo 9B G HRE8IULAEIT AlEAERY bR AlRetFdavdiikein the
suEE@HRée' 881'199?1?5 L o hSASH o QNG P ;?ro‘?ﬂ%@ %%lt L UEHULE a1y

- di phenyl and a cheni cal Uctur e of
coeBdSnadmberayiLorﬂaO bFheeaply cat raaveged deias clrad Medcinic
in claim34, wherein the actinic radiation has a peak

ragagklehgt Afn the range of 200 to 158

wherein the cleavable groups are acid cleavable groups

that can be cleaved under action of the cations.

37. .The optical waveguide as claimed in claim 36, 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-.

38. The optical waveguide as claimed in claim 34, wherein the
refractive index of the polymer is lowered due to cleavage of

the cleavable groups of the molecules thereof.

39. The optical waveguide as claimed in claim 38, 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.

40. The optical waveguide as claimed in claim 34, wherein the

actinic radiation has a peak wavelength in the range of 200 to
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450 nm 41. The optical waveguide as clained in claim
34, wherein an exposure dose of the actinic radiation
isin the range of 0.1 to 9 J/cnR. 42. The optica
wavegui de as clained in claim34, wherein the actinic
radiation is irradiated onto the layer through a mask.
43. The optical wavegui de as clained in claim34,
45wh§&ein the layer further contains an anti-oxidizing
agent. 44. The optical waveguide as clainmed in claim
34, wherein the layer further contains a sensitizing
agent. 45. The optical waveguide as clained in claim
4134, Wheraiti ddile wapekyriele gontla itseed imocbheimede, bdsacdtin an
ol ymer as a major caonponent thereof. 46. The optica
ex&aééﬁﬁi%@P%éﬂéﬁ£%n9§ﬁlﬁl€|é?ﬁﬂ&E}OﬁhéFe+%'¥ﬁérange of 0.1
tongr QEHepe-based polynmer is an addition-type
nor bor nene- based polyner. 47. The optical wavegui de
as claimed in claim11, wherein each of the core
portions is formed of a first norbornene-based
42 pat efhaloptdadadgraveeghidetdyelpnterd brs cdanmj 3, wherein the
_conponent. t hereaf , . ang.eac of the claddi ng portions
acf EnF or il AL O SEcbRASC hoF BOr e bas cayRRLdH Qiah a mask.
having a refractive index ower than that of the
first norbornene-based nmaterial as a maj or conponent

43t hereod opt5248watbguoptixmkl1vanegui tle 1asnch aj Re@ ddin the
claim47, wherein each of the first and second
layeF bbrrkher bageta kat e afBt Eopkaflhzang agent.

44 . The optical waveguide as claimed in claim 34, wherein the

layer further contains a sensitizing agent.

45. The optical waveguide as claimed in claim 34, wherein the
polymer contains a ncrbornene-based polymer as a major

component thereof.

46. The optical waveguide as claimed in claim 45, wherein the
norbornene-based polymer is an addition-type norbornene-based

polymer.

47, The optical waveguide as claimed in claim 1, wherein 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.
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i denti cal norbornene-based pol yner having a refractive
index and a reaction product of nolecules of a

nor bor nene- based nononer having a refractive index
different fromthat of the. norbornene-based pol yner,
and wherein the refractive indexes of the first and
second norbornene-based materials are different from
each other due to a difference between anmounts of the
reaction products of the. nolecules of the

48no0r bor8enpe-ikasesh PRHEIBE ac0Nt Al el ihher£iM47,4%he ddEh each
optical waveguide as clained in claim48, wherein the

ofreletliorsproduestcoodt ap nso aneheasa s ehandkiqw 34 ectrgdin an
. fromthe roug conpri si ng folyneric_nnlecules each
1dBBFy Bl 2P RGP ReNC R 88 % I R YREE MR Hdt b 6 k&feAsad@g index

anf8010 eTﬂ§$%SS%%+@§é?gofc %qk%ﬁhe%tQH?tgrgggggg ene-based

Cr 0Sss- ecul es of the "norbornene-base

mof6h¥FEhavang Hrodnehd Ogi ehemdal StIHditeSrathat of the
branching fromthe nol ecul es of the norbornene-based

nopbbynene-s@sefhpodpnical andvegui de as clained in claim
48, erein the norbornene-based pal yner i s conposed
of nBietutRstEactt it Ut r@cger’%ﬁ%(ﬁg orbdrréheand second

notBBEALLBOLHBLELSnaPdri INE OPL 1 £t r AMBOUI e, S ¢ BliRd que
(0]

in claim48, wherein the norbornene-based polynmer is
toconpdsedeatennd eced eareacht s bAclhuliregchenayproducts of the

nor bornene repeating units. 52. The optical wavegui de
mogcri aFnell 1 1A USRS h momemerggontained therein.

nor bor nene- based pol yner is conposed of nol ecul es each

i ncl udi ng phenyl ethyl norbornene repeating units.

49. The optical waveguide as claimed in claim 48, wherein the
reaction product contains at least one kind selected from the
group comprising polymeric molecules each polymerizing the
molecules of the norbornene-based monomer, 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.

50. The optical waveguide as claimed in claim 48, wherein the
norbornene-based polymer 1is composed of molecules each

including aralkyl norbornene repeating units.

51. The optical waveguide as claimed in claim 48, wherein the
norbornene-based polymer 1is composed of molecules each

including benzyl norbornene repeating units.

52. The optical waveguide as claimed in claim 48, wherein the
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53. The optical waveguide as clainmed in claim48,
wherein the norbornene-based polynmer is conposed of
nol ecul es each including a main chain and cl eavabl e
groups each branching from the main chain and having
a chemcal structure in which at least a part of the
chem cal structure can be cleaved and renoved from
in _ghain, and wherein the refractive indexes of
no A8 PE 8 BARat BB ™ For bor T EitEa Yt BFISY e each
indihiengnpnEhom eapl10hBerodHenet ecpedififhigr gREEsbet ween
the nunbers of the cl eavabl e groups, that have not
been cl eaved, in the nol ecul es of the
nor bor nene- based pol yners: contained therein and a
23di f f Ehemid 156 KeERIPhEC b GARIMEF th&lrddet Poritherein the
noBbBAHELSBhLAC JOI Ghles s ol e, ol barheng Basad.  cach
nononer s cont ai ned erein. é?. e optical wavegui de
inasu@hiagneaain €haiMadd c WLy &b Ne ¥ udOEBER NENETARSRA from
pol ymer i s conposed of nol ecul es each including
thdinphienghapptdnd hagiboraehenicpdast ngcunresin bichhe least
optical wavegui.de_as clained in claiim 48, wherein the
2 R b8 rid ngg‘é&aﬁoﬁ/ﬁé‘?t%‘e CERpS &d- SGFV Sitb R BE L o veest hrom
thkngLydi kyLgorbornene repeating units. 56. The
th%pt%caleaESEQU%ag as clained in claim48, wherein the
nor bwh@eaen biaise d- ool yETvd sircpased ehanzlieetl eandeacBond
i ncl udi ng hexyl norbornene repeating units. 57. The
nogpereancnaeegdi Betasiel aiaee 9t dzam 48 omieaci nthke  due
to S TaDPEBOLNEDE, BASEE, DAY TRl 20 AL LOTUBSe 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.

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 48, wherein the
norbornene-based polymer 1is composed of moclecules each

including alkyl norbornene repeating units.

56. The optical waveguide as claimed in claim 48, wherein the
norbornene-based polymer 1is composed of molecules each

including hexyl norbornene repeating units.

57. The optical waveguide as claimed in claim 48, wherein the
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58. The optical waveguide as clainmed in claim47,
wherein the core layer is forned of a

nor bor nene- based pol ynmer as a nmmj or conponent

t hereof, and the norbornene-based pol yner is conposed
of nol ecul es each including a main chain and cl eavabl e
groups each branching fromthe main chain and having

m.cal . tructure .in_which at |east a part of the
noBREFELE ba s s R Y EIHLE {4 ML Bon e BB b based
pogggegain chain, and wherein the refractive i ndexes of
the first and second norbornene-based materials are
different fromeach other due to a difference between

t he nunbers of_ the cl eavabl e _groups, that have not
>8peenT i ERfF 2] HaVREVABPRTICEs 15E S hR claim 47, wherein the

coBQr POYDENEs NARGHL Dol UCK S0P 2L0%E LORLEL 12D o T e sor

optic wavegu. |l ae as C alrmed rnc m erern

cofipbhenBeanashasedapaloHEeno t150 EQ8REsESs 8f palaey £8 c8ARsed
i ncl udi ng di pheny.| nethyl norbornene repeating units.

ofgoolahel eptéact iwedewglirde aamachachedn iand|cdieavea®le groups
erein nor bor nene- based pol ynmer is conposed of

h 0
cang| ST lg%%:h.mfl‘n&bﬁdiﬂﬁglfm% 1hofBer rEtte- YeprafhRgical.
stY0kt8rebin Jﬁﬁcﬁpstcgéagﬂ@vae%tap@ afst%'ea'cmi'cglcgﬁwature
58 e ase

) ereint nor nor nene- polyner IS conpose

canf baoteecules eaahremBokbudiEprgmhexyl maonbenaenAs and
repeating units. 62. The optical waveguide as clai ned
in cVaphe 58, thperef raethive nigrboteremd based ipsityapd pscond

an _addition-type_norbornene-bas % 162 pol yner., 3.
oo AP Rk O0r BB 81 T et il KTy S oo other due
to a difference between the numbers of the cleavable: groups,
that have not been cleaved, 1in the molecules of the

norbornene-based polymers contained therein.

59. The optical waveguide as claimed in claim 58, wherein the
norbornene-based polymer is composed of molecules each

including diphenyl methyl norbornene repeating units.

60. The optical waveguide as claimed in claim 58, wherein the
norbornene-based polymer is composed of molecules each

including alkyl norbornene repeating units.

61. The optical waveguide as claimed in claim 58, wherein the
norbornene-based polymer 1is composed of molecules each

including hexyl norbornene repeating units.

62. The optical waveguide as claimed in claim 58, wherein the

norbornene-based polymer is an addition-type norbornene-based
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t he optical wavegui de defined by claim1 and having
two surfaces; and a conductor |ayer provided on a
side of at l|east one of the two surfaces of the
opti cal wavegui de. 64. The optical wavegui de structure
as clainmed in claim63, wherein a ratio of an average
t hi ckness of the conductor layer wth respect to an
verage thickness of the optical waveguide. is in the
poigﬂaé'bf 10 to 90% 65. The optical wavegui de
structure as clainmed in claim®63, wherein the
conductor |ayer is forned using at |east one nethod
63sel ekh edpf roml t heveuoige coupucsing, acomyr psahdg ng
met hod, a wet _ plating nethod and a nethod of bonding
a conde@RVexhadvamhser defdnerebrt claddtl ol dpvilng two

subPQ-syLfaggs. 163

a conductor layer provided on a side of at least one of

the two surfaces of the optical waveguide.

64 . The optical waveguide structure as claimed in claim 63,
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%.

e5. The optical waveguide structure as claimed in claim 63,
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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