OPTICAL WAVEGUIDE-FORMING PASTE COMPOSITION AND
OPTICAL WAVEGUIDE USING THE SAME BACKGROUND OF THE
INVENTION 1. Field of the Invention [0001] The present invention relates
to an optical waveguide- forming paste composition. More specifically, the
present invention relates to an optical waveguide-forming paste '
ition ingcl géiln an organic material and barium sulfate particles
G parhh (VR Lo S abTIl AT UiAO R THORORNBSBRLSAL
~ Description of the Re{@%%égtn[)%oo% Paste compositions including

organic materials such as resins a W&rggﬁ% Eles dispersed therein
and cured materials obtained by curing such paste compositions are
widely used for printing paints, lubricants, cosmetics, adhesives, release
agents, components of di A" ircuit_boards, and so on. The
purposes of disper?iﬁ‘g |r¢oréanic S%rtiglré]% i&?ggﬁgﬁ%{ude imparting

1 F%éq@geg%p%ol?gr%%sv ggﬁg as thermo_—mechanlca_ll properties,
electromagnetic “properties, and optical properties, which are not

[00od hievable only with resins, and reducing the content of resins and 1
making the manufacturing cost low in a case where the resins used are
ex%{lgiverén ée%enit ear Ih%re haJ\h/etbeen attempts to use very small
inorgani€ paricles with partiae diamatsrs’ of SefaralP ins ¥ selargouide-

-....hanometers for dispersions for the purpose af improving the surface

o e o1 Fangaaeacy o hat I CoP REStAg TEduTemBR fBF ===nt

inveg cro-mac mﬂ‘? of semlcond%ctorio%the like 1n various technical fields.

ficularly in the figf%l SFe op?'r%aﬁ%?ercor?%%%%ﬁ ec %PE)@?,QtF%?ET\gVe

articularly’in

com %%entinves_ti%at@n to d_evelo techniques, for dispersing.inorganic
P oarticles with partic en%lfrﬁlet(gJ?g%P Several 16ns 16 sev ra?%gggﬁ\e%%fate

[ resins. that t erature-dependent changes in the refractiye index
HDL0, LESINS S ‘
par or tee dirﬁ"e%%s?gr% %??optlceaﬁ ?Nlar\l/e%ﬁf%e%rﬁafaerﬁai) can ésﬂ%ﬁ?&%ﬁ%? usLng

the composition.

2. Description of the Related Art
{00023

Paste compositions including organic materials such as
regsins and incrganic particles dispersed therein and cured
materials obtained by curing such paste compositions are
widely used for printing paints, lubricants, cosmetics,
adhesives, release agents, components of displays or circuit
boards, and so on. The purposes of dispersing inorganic
particles in resins include imparting excellent properties
such as thermo-mechanical properties, electromagnetic
properties, and optical properties, which are not achievabile

only with resins, and reducing the content of resins and



while the transparency of the materials can be ensured. [00031 A method
for dispersing inorganic particles into a resin includes first preparing a
dispersion solution containing an organic solvent and inorganic particles
well dispersed therein and then mixing the dispersion solution with a
resin. Commercially available inorganic particles with a mean particle
diameter of several tens to several nanometers are often provided in the
mak B O Agh SRR GHEBNTAR T patities) with g fifedisSficlieh Gafftdm s
of several tens pm in which individual particles (primary particles) are
useG, 548t SRS Meratdt. TR OFder (8 pr&sare H65Hefoie sBfiEibn Bf bempts
i inorgani?garticles with a mean particle diameter of several tens to.
© UFela mantifetdrst e e Ctid et ofidas paribleRaSid it peliameters
deagglomerated in an organic solvent and a dispersion solution
OF S ifithg SRSly CegtriEd Biniil) PAFIGES shOTId e BraRIGas 0T the
Howevetr, in such a case where primary particles have a mean particle ~
PUrRfSifettr o%‘l‘é’%otﬂéﬂgséfh?n,séﬁc%aé?& $BIPaRftISE mEy B RBGGEE, ©F
t a}ggloinerated to make a further dispersion process difficult in many
matehi8d® pREaISE e huib BT & SRELE a0 hERRIIRE B &g oF
articles lcs significan | hg?hkLOO_(M) Therefore, there is disclosed a
S AR O] TR UHes "R ding Rn Bt XAt TRRR s ARG A certaft S -
unctional group or the_like gt its.end, called a dispersant, so that the
pax Rl b afte o Selsih T o DI CoRRIS o
inorganic particles to inhibit the caontact between the inorganic particles,
el I0tar suBpiebs 1EXG ORIl 6F priry Bafics GRd TnpFove the
dispersibility. As.an _example of this technique, there_is proposed a nicke
oo ol on oA ket SEAE Do Aot b o e e
a1aSi00Cter L2919 40.0m, a noncpolarigh-molecular, piament dispersany.
and an organic Sotven (see for example Bateht Literature 1). Therd fge+ne so
thagfﬁfzc‘?@%sg%em%@gé’n H2ng 2 dispersant to disperse barium sylfate, or

the dimension of optical waveguide materials can be suppressed,
while the transparency of the materials can be ensured.
[0003]

A method for dispersing dAinorganic particles into a resin
includes first preparing a dispersion solution containing an
organic solvent and inorganic particles well dispersed therein
and then mixing the dispersion sclution with a resin.
Commexrcially avallable inorganic particles with a mean
particie diameter of several tens to several nanometers are
often provided in the form of agglomerates (secondary
particles) with a2 mean particle diameter of several tens pm in
which individual particles (primary particles) are moderately

agglomerated. In order to prepare a dispersion solution of
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an organic solvent (see for example Patent Literature 2). 3 [0005]

However, when a cured material is produced by a method including

mixing a resin and a dispersion solution of inorganic particles prepared

with conventionally known dispersants to form a paste composition and

then curing the paste composition to form a cured material in which the
inm:inor anicogartiplis are dispersed, the curing_reaction of the resin by

SR8t r&tAtio 6F Re g is mBre ke 1o B8 SR (HHEMBAE Yhal vHesvsd al

inorganicg]ggtif:l%s are used. Theg—:-fore the resulting cured material may

£ Shale fow thermo? SINARTEA propHtiss Shaddiith, iffgpdary particles

have ow

otolithographjc patterning.is performed on a film produced with a paste
Shou@f)&mttﬁgsiﬁgﬁ %%!ﬁ aﬁ%ﬁﬁ?ﬁ rginicpartitieddhd ﬁ?&gﬁéﬁﬁlya&?raﬁle resin,

dis tggsex IS‘)sed Area may be jcns,uffjcientl cured so, that the composition may
P5& Eiited A0rng tRVeophéntts T8t EPdRcIEaTP FAEEMN R PSIEGH, or
the non-eéposle&l rea may have low. solubility sq that a gﬁste
O

Pt ShBSsition Teddis may BE SiduucEd ARG devRIGpAEnE THRSorgere

rimg@otolitho r.af%)ficalg roduced (%Ptical waveguides may have large optical
P S ohagation 108 | 8&& Fid5RD IRBWh A addifibi? g?ﬁ polymEfsabigan
5o pAroup- contda_\inin%ghoaphori ester monomer in the process of curing a

PTesin can produce an advantagsous efféd s?%%h CAYSHhbravérgntmeRa ted

antistatic, %%r{%rmange or flame retardancg/sa g(fltgﬁ cured material or an
p

o M oGement ihthe TeRSISITY SFoGReRts (Paricres) didferBalh frses

resin (see Patent Litergture 3). [0007] In general, the dispersibility of
beca&a%e%se (ﬁ:aart%é]gs)ogsi&nﬁﬁcfrgfé/%?e%éenag%% wihtet e?th‘é%%i‘é%een?%sga?s

par @Lréloergarilc osrin%rg QICaI’rTl]gierI%..E en among the Inorganic pigments,

however, for examp e,Cbarlur% sulta e'particles significantly differ in
F00 0sz‘ulrface potential, surface smoothness

Therefore, there 1s discleosed a method that includes
adding an organic material having a certain functional group
or the like at its end, called a dispersant, so that the
functional group of the dispersant is located on the surface
of the inorganic particles to inhibit the contact between the
inorganic particles, which can suppress reagglomeration of
primary particles and improve the digpersibility. As an
example of this tTechnigque, there is proposed a nickel cclloid
solution containing nickel colleid particles with a mean
particle diameter of 20 to 40 nm, a non-polar high—molecuiar
pigment dispersant, and an organic solvent (see for example
Patent Literature 1). There is also digsclosed a method of
using a dispersant to dlsperse barium sulfate particles into

an organic solvent (see for example Patent Literature 2).
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or the like from alumina particles, and, therefore, a certain additive
effective in improving the dispersibility of one may reduce the
dispersibility of the other. Patent Literature 3 only discloses that inorganic
pigments may be used and does not specifically disclose the type of
inorganic pigments that can influence the dispersibility as mentioned
above. Patent Literature 1: Japanese Patent Application Laid-Open
LOOPFH-A) No. 2004-124237 (Claims and Examples) Patent Literature 2: JP-A |
No. 2006-106708 (page 18) Patent Literature 3: JP-A No. 2003-146992
(pagd¥® PP ZIMMERY OF THEINPERFTORProb|cpis 58 SoWe b fidrod
___Invention [0008] When barium sulfate particles with a mean particle
1nCYPMA&Er BEFHM of it 18 58Nndor fesPREseY £&0av5 t8mpdhent in
. an optical waveguide-forming paste composition, addition of
LnoggErftionaly kAdwR RFReaRE BHiperaiifen phaiddd idfGaiise an
_insufficient curing reaction of the paste composition upon photoirradiation
A1sBrREAfHFol-May tiude RAffituRPIRRRHorifTy 8B%elbpRientWhERg the
photolithographic patterning is performed on a film produced with the
Pas LB URMTISHH: asCmERTBNEY SBERE (BT TH SHewBf s Fidbldiis
. __with the conventional art, an object of the present invention is to provide
1noZgptiCaPHabdgdfe-Rhfifl SREE TEhposhonIHAL A WWEANabR of the
curing and provides excellent developability. Means for Solving the
e SpRoBinmBR A BT TRE I &R iRFertionid ifededtBh Y to be
. _waveguide-forming paste composition including (A) barium sulfate
trspdkictes it a Hedn PaftitiS BiaMQEFERE AnPGT Mdrtad SREmia8ss,
N S_T? a compound having a polymerizable group and a carboxylaqroup, ora
Thegitd<pioric Biter CoHpGHY 1FEVIT a Polfiferzatheydtdy and ) Hherme -

rganic solvent. The present invention is also directed to an ogtical
mnec &iﬁﬁ epropertles. In addition, when photolithographic

patterning is performed on a fiim produced with a paste
composition containing inorganic particles and an optically
curable resin, the exposed area may be insgufficiently cured so
that the composition may be eluted during development to form
‘an unclearly patterned portion, or the non-exposed area may
have low scolubility so that a paste composition residue may be
produced during development. Therefore, photolithographically

produced optical waveguides may have large optical propagation

loss.
(00061

It is alsc known that addition of a polymerizable group-
containing phosphoric ester monomer in the process of curing a
resin can produce an advantageous effect such as an
improvement in the antistatic performance or flame retardancy
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including a cured material produced by curing the optical
waveguide-forming paste composition. 6 Effects of the Invention [0011]
The optical waveguide-forming paste composition of the present invention
is reliably cured by photoirradiation or heating. When photolithographic
patterning is performed, the optical waveguide-forming paste composition

or SN fIERCL INenion provides ey gogd wrabilty fof ths exposed 1,
| area and very good developability for the non-exposed area. rhe Use o

of pﬁ%m%‘%ﬂ?@' Y?X%@Hi iégﬁm@gs%%;%%l dgegsmﬁgsﬁ%iggo% the present ipventian

ws production of optical wave aving

Lit etgg%elrgt%?-_dependent change rate of refractive index, small coefficient
of linear expansion, and low optical. propagation loss. BRIEF
[000 I%SCRIPTION OF THE DRAWINGS [0138] Fig. 1 is a schematic
iagram showing a channel optical waveguide structure; and Fig. 2 is a

sho . : . . 2!
B R S S L SR s cr o)

. _refer rese re, C ' n.optical
o1 SISO LARLb P ERTRARRE Sof O AR 0 e
orga%%%wsg iges{oming. %Si%f‘?m%‘%?é%orkﬂfoﬁ'{§ Mgecnhieation
ereinafter reférred to as "the paste composition”) inc udes arium

pigmslifle PAMICIES, (B) %O%O'QQQ%CLQ?V‘BQﬁ%%IV%\% izable rg%g x‘?‘é‘ﬂe%b
d rizable

carboxyl group, or a phosphoric ester compound having a‘polyme

51 g PYRANY (Q ARLQrganic sglvent Hereinaffer, unless othenwise o efginess

the term "compound A" refers to the compound having a polymeriza

or 3{QUR AR acarboxyl gropn. grthe;phosphotig ester compgynd havinga .,

polymerizable group.

additive effective in improving the dispérsibility of one may
reduce the dispersibility of the other. Patent Literature 3
only discleses that inorganic pigments may be used and does
not specifically disclose the type of inorganic pigments that
can influence the dispersibility as mentioned above.

Patent Literature 1l: Japanese Patent Application Lalid-Open
{JP-A} No. 2004-124237 (Claims andé Examples)

Patent Literature 2: JP-& No. 2006-106708 {(page 18)

Patent Literature 3: JP-A No. 2003-146952 (page 2)

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0008]
When barium sulfate particles with a mean particle

diameter of 1 nm or more to 50 nm or less are used as a

8



[0013] In the paste composition of the present invention, the compound A
has the function of dispersing barium sulfate particles. The carboxyl
group or the phosphoric ester bond moiety of the compound A interacts
with -barium sulfate particles so that the surface of the barium sulfate
particles can be covered with the compound A. It is considered that the

olymerizable group of the compound A placed over the surface of the,
com L e e e S St Fiom,

aaa 93C SoVen: and.other.qampounds indhe paste compositnealiow .,
the barium Sulfate particles o form & sta:t]e%?spersmn.%o%l Tﬁplehe

a= $OMDEIZEIe gloup oL fhe.compound Ao an orguic. giowp capable of,
allowing pofymerization to proceed through a polyaddition reaction. a

{%digg}nreacti%n or the like auged l3 I'ght or heat. In.the paste
pas B R B e o o RS RN e

oS SRR BT DL gy

he present invention, the conmpound itself is optically

phof}iiqqm?%#%i@e é%dcgq:@:['gga} ni%?t >é£@£$nn|ﬂrg3 %l'xl{eg r%?.ﬁlial'roduced

erefor e compound A use present Invention can function not

w BT Sere s aispersantfor the By shifate ariges but also o

orm a maitrix resin. " If a dispersant having no polymerizable group is used
(o0& disperse barium sulfate into a matrix-forming resin having a
poI]ymerizabIe group, barium sulfate particles may migrate and gather in

the process.of pelvmerization ol matfx (gsin 89, hat el dipnersiviy,

can be reduced. In contrast, when the paste composition € present

o jienten s used.the dispatsinility 9f barum sylfate parficles can. PSJ&'N

high even in the cured material, because polymerization proceéds while

wavRRYMB UG PYTICESs Asgaptured fy the compound A Jnetefpre,

the cured material has a high level of transparency and surface flatness.

curing and provides excellent developability.

Means for Sclving the Problems
[0010]

The present invention is directed to an optical
waveguide-forming paste composition including (A) barium
sulfate particles with a mean particle diameter of 1 nm or
more to 50 nm or less, (B} a compound having & polymerizable
group and a carboxyl group, or a phosphoric ester compound
having a polymerizable group, and {(C) an organic solvent. The
present invention is also directed to an coptical waveguide
including a cured material produced by curing the opticél

waveguide-forming paste composition.



[0016] In addition, the compound A in the paste composition may 9 be

cured by light so that photolithographic patterning may be performed. In

this case, polymerization proceeds, while the barium sulfate particles are

captured by the compound A in the exposed area, so that a strong

network can be formed with the barium sulfate particles serving as

starting points and that. swelling or dissolution of the exposed area can be
EfT RS efted Hurihy @&VetGPment, which leads to the formation of a clear

ttern. [0017] In order to well disperse the barium sulfate particles, the

Lo E lymerizable group of the compound A preferably has a high affinity for
the ghr%anic s_oIL\?/;nt and other con:é)ounds in the paste composition.

Example®5fSifeh ¥ poRATabie vt iRk viigiae on of the
methacrylate, epoxyacrylate, epoxymethacrylate, and epoxy groups.

PresfiR of BEEREL e PoRLNEIS o e thd ToRDOIRAE RS AEEROR
roup. The carboxyl group of the compound A interacts with the barium
heat g e DALt B GH AR 106 MG Sara BATECRva hene

.covered with the co ;%ound A and that the barium sulfate particles can be
OPtIG Ao FRYCHHST ‘tfgé SOOI A T (RRPREE EMPolitioh 6t tRE PrEdtnt
, ingention is curceid by light in gh tolithographic patterning, the
inveptIan BrOVAASroqThE Ay FRSad Iy dboaloRity SHRABRE area

non-exposed area can
because the compaund s.a carboxyl group, whose 10 polarity is high
ana e T e e P Pos b Reae R et -
evelopment can be reduced. [0019] The compound A used in the present
S R Rt B e B e e

pregé%ﬁug%&é£tion allows production of optical waveguides

e use

having low temperature-dependent change rate of refractive
index, small coefficient of linear expansion, and low optical

propagation loss.

BRIEF DESCRIPTION OQF THE DRAWINGS

[0138]

Fig. 1 is a schematic diagram showing a channel optical

waveguide structure; and

Fig. 2 is a schematic diagram showing a slab optical

waveguide structure.

DESCRIPTION OF REFERENCE SYMBOLS

[0140]

In the drawings, reference numeral 1 represents a core, 2

a cladding, and 3 an optical signal.

T T



CH2-__ 2 (1} 11 W-[0021] In the formula (1), R1 represents a
hydrogen atom or a methyl group, and R2 represents a bivalent group
represented by any one of the following formulae (2) to (4): [0022]
Formula2 11 -.- CHt-C-U (3) 0-E-j---r  (4) 0[0023] In the formulae
(2) to (4), n and m are each an integer of 1 to 3. [0024] In the formula (1),
the polymerizable group is an acrylate group when R1 is a hydrogen
atom, or a methacrylate group when R'is a methyl group. The acrylate or
BE S‘fngégg%ryﬁaotg gllrou has an unsaturated bond and therefore is capable of

undergoing ra &5 g&yﬁ]eﬂggtigﬁiﬁpmﬁ&%ﬁp%iation or heating. In the

E.OO cess of radical polymerization using light, a photolithographic method
mcluding exposure to light through a photomask may be performed to

form patterned wirings or the like, The acrylate group having a hydrogen
s e S R OE AR S AT R A

12 The,smaller.the n and m values in the_formulae (2) to (4), . the larger
BT GER R HBET BF 1 pDETZABIo SHbuPE ARA TS CAThBRy oA Rer dnit

€ number o
weight, which means better polymerjzing ability and better. dispersihility of
compo Qion u#acgu§%aeéégn ﬁ?%ﬁ& uigg%e rgléﬁ%%ﬁﬁkﬁi a

€ parium e par er hand, as tt?ean an
c(_mﬂincg:re%se}i é@g 1§teric hig rancgie‘g];egigrodyged bg t@e clo(r:neproémd Iog%tued’
8n‘f € barium gul?atg pﬂ(ﬁes mcrease% soutﬁa I% e%spersﬁfﬁ@ Caqh p, or
a pTgé%5%%EQQQ§PQ%'éggggﬂggagggkng a polymerizable group, and
{C)Y an organic solvent. Hereinafter, unless otherwise stated,
the term "compound A" refers to the compound having a
polymerizable group and a carboxyl group, or the phosphoric
ester compound having a polymerizable group.
[0613]

In the paste compesiition of the present invention, the
compound A has the funcition of dispersing barium sulfate
particles. The carboxyl group or the phosphoric ester bond
moiety of the compound A interacts with barium sulfate
particles so that the surface of the barium sulfate particles
can be covered with the compound A. It is considered that the
rolymerizable group of the compound A placed over the surface
of the barium sulfate particles can face outward and be
compatible with the organic seolvent and other compounds in the
paste composition to allow the barium sulfate particles to

form a stable dispersion.

[0014]



preferably 2, which means an ethylene group having two carbon atoms.
[0026] In the compound represented by the formula (1), R1 is preferably a
hydrogen atom, and R2 is preferably a bivalent group represented by the
formula (4). In this case, n is preferably 2 for the reason described above.
When such a compound is used, higher polymerizing ability and higher
developability can be provided, and better dispersibility of the barium
sulfe RGNS AR LETRIRIEF, Vifieh CalReE Yeductordh tREganic
mean particle diameter of the dispersed barium sulfate particles so that a -
group, AYHARETiaP With hsrbu B d RSP SFet’d Thfth e prodfRER SNt B ugbh. a
paste composition. In this case, therefore, an optical waveguide with low
PO LYBOR S deioh168s can BRbiiamedcRB2FPRxaMplest thake caused
compound A represented by the formula (1) 13 used in the present
by lﬂw%ﬁtimiﬁbﬁ?a%Hé&ﬁé@(traa@%%rr@f?ﬁ%%ﬁm AEthEYermRaRs ey fs
. a hydrogen atom, R2 is represented by the formula (2), and n and m are
INVeRIHPS  HENEHEPTRAHE hatne)Tn Which K2 In e RAMMIE TR HLon =0
hydrogen atom, R2 is_represented by the formula (3;% and nis 2, and

Ehat BREH (RBARHafie) W shidl RATRCERGoRABRILY iR hyHRdgep LY -

latom, R2 is represented by the formula (4), and n is 2, each
L0013 hnufactured by KYOEISHA CHEMICAL Co., LTD. [0028] On the other
hand, the compound A represented by the formula‘(}%)tbelow is also

pref&rablifusst $6654) BEARGEST 11 528 | CROBRBT R fHRFAGI(5)5R3

1o RE each re%resent monqvalent _ :
optically or Thermally polymerized to form a matrix resin in a

cured material. Therefore, the compound A used in the present
invention can function not only to serve as a dispersant for
the barium sulfate parfticles but also to form a matrix resin.
If a dispersant having no polymerizable group is used to
disperse barium sulfate.into a matrix-forming resin having a
pclymerizable group, barium sulfate particles may migrate and
gather in the process of polymerization of the matrix resin so
that their dispersibility can be reduced. In contrast, when
the paste composition of the present invention is used, the
dispersibility of barium sulfate particles can be kept high
even in the cured material, because polymerization proceeds
while the barium sulfate particles are captured by the
compound A. Therefore, the cured material has a high level of
transparency and surface flatness.

[0016]

In addition, the compound A in the paste composition may

9



group represented by any one of the following formulae (6) to (10), or a
hydrogen atom, and R3 to R5 may be the same or different, provided that
not all of R3 to R5 are hydrogen atoms. 14 00 311 Formula 4 15 H2C-C

(6) LIO7 H2C--C/(7) IRBH2C=C (9) 00 H2C --1-(10) [0032] 16 In

the formulae (6) to (10), R6 to R9 each represent a hydrogen atom or a
methyl group, R10 and R11 each represent a bivalent group of 1 to 10

be ap %%n%}%‘?@fe?&bl?%ﬁivﬁ%?%?@%ﬁ@@@?&upPéFI%”&B%rB@? be

atoms, more preferably an alkyl group of two carbon atoms, and R12
Perigsetnts Abivdlert GG oP P IS REThASIR BN REARG B hyttdky the

group, preferably an organic group represented by any one of the _
Pariiiibvitg forhiuIR8 tid) 1 57180 SSP EORfitla®y 1 {18) GPowsius theln the

compound A represented by the formula (5), a phosphoric monoester in
eXPGitich &Ry tivo BF RSB RE aPd EARA aPRTHIRGEN SREMAE prefeRed t¥ith the

hospharic diester in which 17 any one of R3 to R5 is a hydrogen atom,
bargg@aﬁﬁgﬁﬁﬁ%nﬂ@FEéﬁles serving as starting points and that

swelling or dissolution of the exposed area can be prevented

during development, which leads to the formation of a clear

pattern.

[0017]

In order to well disperse the barium sulfate particles,
the polymerizable group of the compound A preferably has a
high affinity for the organic solvent and other compounds in
the paste composition. Examples of such a polymerizable group
include wvinyl, acrylate, methacrflate, epoxyacrylate,
epoxymethacrylate, and epoxXy groups.

[0018]

Besides the polymerizable group, the compound A has a
carboxyl group. The carboxyl group of the compound A interacts
with the barium sulfate particles so that the surface ¢of the
barium sulfate particles can be covered with the compound A
and that the barium sulfate particles can be dispersed. When
the compound A in the paste composition of the present
invention is cured by light in photolithographic patterning,
the non-exposed area can be rapidly dissclved in a developing

solution, because the compound A has a carboxyl group, whose

10



further increase the dispersibility of the barium sulfate particles than the
latter. The phosphoric diester is preferred to a phosphoric triester in which
none of R3 to R5 is a hydrogen atom, because the former-can further
increase the dispersibility of the barium sulfate particles than the latter.
[0035] The monovalent group represented by any one of the formulae (6)
to (9) has an acrylate or methacrylate group and is capable of undergoing
polagiical polyrehizatmcup o preisiFadialibs or heatng TRfimokovalent non-
group represented by the formula (10) is capable of undergoing ionic
SXPOSSIgnRFZati N tibBE phOYSIFaBiaeda ofdlealifg FRMBIEESlate group in
which R6 to R9 are each a hydrogen atom is preferred because of its
[ 001figher polymerizing ability. [0036] The smaller the number of carbon
atoms in each of RLO to R12 in the formulae (8) to (10), the larger the
nuhiBér 6PFRCPBR Meiidfe doufsarRitegHospRBAE BsRE bbhd
moieties per unit weight, which means better polymerizing ability and
prefigaaddisgaRibnrgor fe baridheufatklparinesIasTE smuniber of
carbon atoms in each of R10 to R12 increase, the steric hindrance effect
[002%bduced by the compound A located on the barium sulfate particles
increases so that the dispersibility can increase. Therefore, the number of
FormyBork 18 atoms in each of R10 to R12 is preferably from 1 to 4. [0037] In
the compound represented by the formula (5), at least one of R3to R5 is
particularly preferably a monovalent group represented by the formula (8)
in whi€*R10 is more preferably a bivalent hydrocarbon group of 1 to 3
. ____arbori atoms. In addition, at least one of R3 to R5 in the formula (5) is
CHpferbity«GronGyate Rt rrefiiédented Hyithe formula (9), and RL2
in the formulk (9) is preferably a bivalent hydrocarbon group of 2 to 3

carbon atorfi¥ having a hydrélyl group. [0038] Examples of the compound
A represented by the formula (5)

foo021]

In the formula (1), R' represents a hvdrogen atom or a
methyl group, and R’ represents a bivalent group represented by

any one of the feollowing formulae (2) to {(4):

fooz22]

Formula 2
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used in the present invention include LIGHT-ACRYLATE P-IA (trade
name) manufactured by KYOEISHA CHEMICAL Co., LTD. (a phosphoric
monoester having an acrylate group), LIGHT-ESTER P- 1M (trade name)
manufactured by KYOEISHA CHEMICAL Co., LTD. (a phosphoric
monoester having a methacrylate group), LIGHT-ESTER P-2M (trade

- name) manufactured by KYOEISHA CHEMICAL Co., LTD. (a phosphoric
diester having a methacrylate group), and RDX 63182 manufactured by

DAJCEL-€YTEC COM ?ﬁ ' LYD. (a phosphoric diester having an
%&f&%@%& grot ‘)‘é pTOTe types of th&éompound A may be
used in th@prese_  invention. [0%339] The temperature-dependent change
in the physical preperties of the cured material produced from the paste
19 composition of the present invention is very small, and, for example,
the temperature-dependent refractive-index change rate or linear
i ﬁm.th ient.is.small Dispersants used {o increase the
di pers%' ify Of inorgianic particlesymay  inhibit ggjwing reaction of a resin
in a paste composi@n or, »the temperature-dependent

material produced from a as e 'omposition so that the properties of the
cured material may be degraded. It has been therefore preferred that the

dispersant content should be as low as possible. In the present invention,
t%@%@%un' A itsef, whigh cofributes to thé%f’spersibility of the barium

sulfate paHicles, is Woly peri \
polymerization with resiR scribed later, so that degradation of the
properties of the cured matere=5uch as an increase in the
temperature-dependent refractive-index change rate or linear expansion
coefficient, can be prevented. [0040] The paste composition of the
[Ooﬁr@sent invention may also contain any other matrix-forming resin,
although the compound A can be polymerized to form a matrix in a cured

matérial 98 deSEbEPandve) EXanifids of sGdaTeSiRth&aay He dSefoeT

to form a matrix include heat or W curing resins having a
of 1 to 3.

[0G24]

In the formula (1), the polymerizable group is an
acrvlilate group when R* is a hydrogen atom, or a methacrylate
group when R' is a methyl group. The acrylate cor methacryiate
group has an unsaturated bond and therefore is capable of
undergoing radical polymexrization upon photoirradiation or
heating. In the process of radical polymerization using light,
a photolitheographic method including exposure to light through
& photomask may be performed to form patterned wirings or the
like. The acrylate group having a hydrogen atom for R' is
preferred because of 1ts higher polymerizing ability.

[0025]

12



polymerizable group, such as polyamic acid, vinyl resins, norbornene
resins, epoxy resins, acrylate resins, methacrylate 20 resins,
epoxyacrylate resins, epoxymethacrylate resins, cyanate resins,
bismaleimide-triazine resins, benzocyclobutene resins, and siloxane
resins; and thermoplastic resins such as aramid resins, polystyrene,
polyether imide, polyphenylene ether, and thermoplastic polyimide. One
oriBrEBRthesE fdsingmagdbarustilalone brirthey Bppropriate Hfitute (4},
ratio. [0041] For applications requiring heat resistance or the like in the
the pkgEass pbiyimeidne grdup-eenfiningessirableh asdvaat ordy the
curing resins are preferred among the resins listed above. When the
Carhef¥d ntEteHRIS PEtcEd frony fHedpdste vEoradoSitGR S Bssdtfor optical
waveguide-forming materials which require transparency, epoxy resins,
Po Ll ygpeiateltdiid irhefifack et RsHesT cpdrpmrylatel fekiivs, of the barium
epoxymethacrylate resins, siloxane resins, or the like are preferably used.
sulfgisamieled WoTurimPresig arehsrefdiabl) setsctédichdcansd m values
_ patterned optical waveguides can be formed by photolithographic method
1InCRRqRfthe AR 0DESF R IES&MIAY &iDRT thebpsifieeitable gloepsofpound
the heat or UV curing resin may be polymerized with one another, or the
A 1oiiREri£abIE RPo T Bl iHe Kea TGI8V Raitd FsHF nidrheassiymenzadat
with the polymerizable group of the compound A. The polymers formed in
the tﬁé%@?é%ﬁﬁﬂé&éf%ﬁéc‘ééfdiﬁ@?éﬁﬁg Presémamedition. may dndude sagogsch
types of polymers such 21 as (a) a polymer of the compound A, (b) a
pre e¥ oftheVEoRTpOTIRETES afd tIF-FSEHE M dIEP Bih dWaHiéRef Gy t@rbon
resin, and the barium sulfate particles may be dispersed in these
atomivmers. Unless otherwise stated, each of the polymers (a) to (c) in the
cured material produced from the paste composition will be simply
[002&fbrred to as the "polymer." [0043] In the cured material obtained from

the gaste composition,
n the compound represented by the formula (1), R’ is

preferably a hydrogen atom, and R? is preferably a bivalent
group represented by fhe formula {(4). In this case, 0 is
preferably 2 for the reason described above. When such a
compound is used, higher polymerizing ability and higher
developability can be provided, and better dispersibility of
the barium sulfate particles can also be provided, which
allows a reduction in the mean particle diameter of the
dispersed barium sulfate particles so that a cured material
with improved transparency can be produced from the paste
composition. In this case, therefore, an optical waveguide
with low optical propagation losgs can be obtained.

[0627]

Examples of the compound A represented by the formula (1)

13



one or more of the polymers (a) to (c) may exist alone or in combination
depending on the components of the paste composition, such as the
compound A, the resin, and a polymerization initiator. [0044] For
example, when the polymerizable group of the compound A and the
polymerizable group of the resin are each an acrylate group, a relatively
large amount of the compound A exists in the vicinity of the barium
useqyfRte PLtiOEsSeRd, ITEreRnrdoR rélRf/aiitargeantturit 'of a8 paimse 1in
. (a) exists in the vicinity of the barium sulfate particles, a relatizvely large
wiighqintigt thEpohARBMET ekisis hsa fedigitaREET fEATtheRDadim
sulfate particles, and the polymer (b) exists in an intermediate region
reppeffderrthery. IhshdtRe plé}a @hedinaefalindkelifpte 2, HOA-HH
polymers (a) and (c) may be produced from the paste composition
(LT 86RtalfNG the- BolfipbtRdBA R&Vig 8n BRFIkSgrblip dsithe hiydrogen atom,
, polymerizable group and a 22 resin having an epoxy group as the
R™ IolyrReTAHe gRoupY ABfativeRi diffefeht re§iRe iay-Be tise@Ph S MPL
a case, for example, the compound A having an acrylate group as the
(ETBERNTERREbIe ot YeBin H&viﬁﬁ%n%%%éryfétg gtSup alYtHeogen atom,
, polymerizable group, and another resin having an epoxy group as the
R b%lyﬁ?&%ﬁé‘%?&&%a?ﬁe GSEA 8 thé thre@Eompbhents MaFhe
copolymerized to form the pol meprébg. [0045] When the polymer in the
manb‘%‘aiiﬂﬁfe‘?‘ia’f’ﬁcmﬁ%éﬂﬁ AtinvBntiorREs a refractive index
close to that of the barium sulfate particles, the Rayleigh scattering of
00%} in the cured material is low so that the cured material can have high
transparency. For transparency requiring applications such as optical
matéﬁ‘a@,h(ﬁe%ﬁ‘g aRdMixing G SRR RS ourerR 2RRtRE r83in the
preferably determined so that a polymer having the desired refractive
forgeg cég bebsrbtiticed. B BERTHSARAE MR refractive index of 1.6,
the resulting polymer preferably has a refractive index close to 1.6, more
[6G %I]erably a refractive index of 1.6, in order to

Formula 3

O0—R (5)

{0030}

In the formula (5}, r® to R® each represent a monovalent
group represented by any one of the following formulae (6) to
{10), or a hydrogen atom, and R®* to R® may be the same or

different, provided that not all of R’ to R® are hydrogen atoms.

14



provide high transparency. [0046] The polymer is produced from
components of the paste composition other than the barium sulfate
particles, such as a dispersant and the resin. Therefore, the type and
amount of each material to be mixed are preferably determined so that 23
the resulting polymer can have a refractive index close to 1.6. When
different materials having different refractive indices are mixed to form a
wwﬂ)élymer having a certain refractive index, it is preferred that each material
should have a refractive index close to the desired refractive index so that
Formgidiyimer with small variations in refractive index can be easily
produced. [0047] The examples of the compound A listed above,
HOA-MS, HOA- HH, HOA-MPL, LIGHT-ACRYLATE P-IA, LIGHT-ESTER
P-1M, LIGHT- ESTER P-2M, and RDX 63182, have refractive indices of
1.46, 1.48,1.52,1.47,1.47,1.47, and 1.54, respectively. For optical
material applications such as optical waveguides, HOA- MPL or RDX
63182, of which refractive index is close to that of barium sulfate, is
preferably used, because a cured material with good transparency can be
easily produced from the paste composition containing it. [0048] When
the cured material produced from the paste composition of the present
invention is used for optical waveguide materials requiring heat
resistance and transparency, the polymerizable group of the heat or UV
curing resin is preferably an epoxy, acrylate, methacrylate, epoxyacrylate,
or epoxymethacrylate group. When an epoxy resin or the like is
cationically polymerized, the activated cations may adsorb to 24 the
barium sulfate particles to slow down the polymerization reaction.
Therefore, acrylate resins, methacrylate resins, epoxyacrylate resins, or
epoxymethacrylate resins are preferred, because they are suitable for
radical



polymerization. Optical interconnection materials should preferably have
a refractive index close to that of the barium sulfate particles as described
above. Examples of such materials include an acrylate resin represented
by the formula (11) below (1.55 in refractive index) and an epoxyacrylate
resin represented by the formula (12) below (1.56 in refractive index).
When photolithographic patterning is performed using the paste
composition, the resin represented by the formula (11) below is preferably
selected so that the residue in the non-exposed area can be reduced
during developm 2 The resin represented by the formula (12) below is
: ected so that a cured material with low

Ledgse aendent change rate of refract[gér ndex and small
coeff|C|ent of lineag-expansion can be produce m the paste
composition. [004 ] Formula625rr r C) 11uu 0=0f=c o0 ft tf
C7-it UC) {ellEX UC~O C7T~, U=D t’7|flf

O

Ezgm Cf . {_7 ),

R@
H?:@"*C (8)
%mewﬁm
)
] §
H r::r-»-wc‘"’R
N C—0—R12— (@)
oo
O
O
Hch \CH RH (10
00321
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pyCf N V 4:.? 26 [0050] The amount of the compound A in the paste
composition of the present invention is preferably from 5 parts by weight
or more to 20 parts by weight or less, based on 100 parts by weight of
the barium sulfate particles. The compound A in an amount of 5 parts by
weight or more based on the amount of the barium sulfate particles can

incrgase the-disparsifility of the Rarym sykfate payticles.and.reduce the

size of the dispersed barium sulfate particles so that a cured material

nyarW§Bimpreved.kansRAUCAGY Car heProguced from the.naste -compasition,

of the present invention. In this case, optical waveguides with low optical

bivaRPasHENHssECcan bg optaingdy Gonsidering the differense between ; o«

the refractive indices of the compound A and barium sulfate, a cured

hyar iSRRI Wit dnproyeditranspareney-eah be praducegframdhe Maste s v an

composition containing the compound A in an amount of 20 parts by

alkyWeighigp less Rared-an-Him amasnk of Biedasum siliale particlesy s n
case, optical waveguides with low optical propagation loss can be

groupbtined. {8051 The-preferiedrenicatohthe.Lcamgpoud A igRaste
composition of the present invention (based on the total amount of the

pre RSB GPMROSHYNMAY gﬂt%g)eﬁeg%%%%? phesa a RelxMeE ofQaly
the compound A is produced by curing and the case where a polymer of

follthpicompeund Aand a tasipds (Zkproduced by curing. For example,
when the compound A alone is polymerized to form a cured material in -

[ oo 3the mode (a), the content of the compound A is preferably, but not limited
to, from 20% by weight or more to 70% by weight or less, based on the

Form@n@upt of the solid components in the paste composition, exclusive of
volatile components such as the organic solvent. When the content of the
compound A is 20% by weight or more based on the amount of the solid
componerﬁ%ﬁﬁl the paste

~CH,~CH—CH,— (18)
O
—CH,—CH—CH;—CH,— (14)
OH
—CH,—CH— (15)
f0034]

As the compound A represented by the formula (5), a
phosphoric monoester in which any two of R’ to R® are each a

hydrogen atom is preferred to a phosphoric diester in which

17



composition, exclusive of volatile components such as the organic
solvent, the resulting cured material can have improved cracking
resistance and adhesion to substrates and high resistance to cohesive
fracture. The content of the compound A is more preferably 30% by
weight or more based on the amount of the solid components in the paste
composition, exclugive of volatile components such as the organic '
any BRfentt 58 thiPire efféc® R BPEfRatee WGP ateSCoritBft ShBer can
compound A is 70% by weight or less based on the amount of the solid
T B GHETES e TRt LR PESB LtduSe bR P EBmiBBHERES
such as the organic solvent, the resulting cured material can have low
Par tdfib&ratiRelei8fertt thange ik FROFRINE H0EL 8RGSalF Preferred
oefficient of linear expansion, The content of the compound A is more
r&YRPART 8095 by WSO AbrEbEEEd BTtfe AMmdtintet the dotic®

comé)onents in Rge aste composition, exclusive of volatile components

hydg s srgAREESHIFerit 5o HRATIHE efBls TN EnflnEsf oy the

to %

st
. J0052] On the other hand, when the polymer (b) or (c) is produced to form
dis erSlglrrnla ﬁaﬁ%et%?al%gﬁfeﬁlo fﬁjef%gﬁlpéﬁﬁ AR tPRRinRe latter.

cure

[Ogggﬁﬁerably 20% by weight or more, more preferably 30% by weight or
niore, based on the amount of the solid components in the paste
con]ﬂgsitiogﬁexclfg%/ of volatile com one{lts such as the organic
solveht THE VA E8nte AT S e COMMPEUHY A Anb%h8FEsiRTE pPafelitly
70% by ight or, less, more preferably 50% by weight or less, based on
for%%{gr%osgﬁo ttfﬁe{sg‘iﬂsidhc%srn&gne%% ?ﬁit% “padte &5 ASHOhE R and
of volggl_lee %Oggoéé%nts such agége organic solvent, The reason why the

s Fapa SHHHE SBthe S LTy 2B 5ve 6t the mEEET). The

rarfge is preferre
mixing ratio of the compound A and _the resin may be determined as
howyng % % nd th
Phofeaded %Sgﬁ&%goo%t %a%&rrﬁgosmoneraﬂg%?Yr%S&§n%$%¥?h§ epresented

b %%mpgund an(i ?j resin to be produced. In this case, the c,ocntent of the
Y cor%poﬁﬁﬁ% s P {é g)raf%lfl 195 %&gﬁ%ﬁrﬁ rrﬁ%{raer 5358 of the amount of

oL e 3 20 DL PR O R IR P R B e
group in which R® to R® are each a hydrogen atom ls preferred
because of its higher polymerizing ability.
[0G36]

The smaller the number of carbon atoms in each of R to
R'? in the formulae (8) to (10), the larger the number of the
polymerizable groups and the phosphoric ester bond moieties
per unit weight, which means better pelymerizing ability and
better dispersibility of the barium sulfate particles. As the
number of carbon atoms in each of R'® to R'? increase, the
steric hindrance effect produced by the compound A located on

the barium sulfate particles increases so that the

dispersibility can increase. Therefore, the number of carbon
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[0053] When the polymerizable group-containing resin is used, the
polymerization properties of the compound A and the resin should
preferably be taken into account when the mixing ratio between them is
determined. Specifically, the mixing ratio of the compound A and the resin
may differ between the case (b1l) 29 where the compound A and the
atomEO'XWeéi,%é‘g'e %rolgpr'c gta}i{mm%sr es@a%’exea C_tl] in%%%]dlengx 4
polymerized, the case b2) where the po ymerl‘z'fable group-containing
[003“??"‘ is polymerized from a molecule of the compound A as a starting
point into a chain, and the case (b3) where the compound A and the
poly{pe{ggbl roUR;gont inin re: in are alternat olymerjzed. In an
example of t gr%%skjéq} 3)r,t e %%%g%%ﬁd%ﬂ{ h%\%ﬁgeéﬁpnégg%yé@@datg - least
greupsas the, polymeri nd an epoxy .resin may be alterpatel
one polymer?z(]%a';}.2 Int is%églsag%]%&%%%eg%?ﬁé;rgéi%earizrgg eoéfr%%%rslgh%ﬁ}édu P
repr@@&‘[@gy %}?t %a@SrR%%eWOtEnm%gggﬁ' 954%:nm%rrdee rio eferably
accelerate thie polymerization of the compoun and the resi, Thé past%
a piSAMEAYIURY SLIEPISSENE IYGNUOR may Also contain,a polymerizafion
initiator capable of producing an active species such as a racrilllcal, cation
aai®; gpion, There are different qu%eriﬁatigg inci jators capable . of being
@ lacltivafer(qjaby p%oto{frraglfation or heat treatment,ha%dgst rgg/%%%y(t?’e) séldcted
£ Hsed depsndipg outhe datsnded yse, When ihe, paste camposition |
pre formedglﬁto a film and then dsubjecteé?o %ﬁotoﬁ%%ge?ﬁprﬁ%%%rgﬁ?ﬁg,aa {59) !
and @9%’@%”@{@ Ne Jﬁlﬂﬂg E.C"i\@%b I.GLQ fﬁ%@e@‘%%ﬁf da%?@%@érzﬂ%d Iﬁ%'? r:rl*ocarbon

should be used. For example, oxime, benzophénone, triazine, or

getiazgle pobmerizatgn niliatols £aB PLOdRE adleals, upen UV
gro#jreadiation. Phosphonium, sulfonium, or i('?do%ﬁiu#c%% p Iyms%rié)laJE on
[ oo dRifiators can produce cations upon UV irradiation. [0055) The paste

composition of the present invention contains

Examples of the compcund A represented by the formula (5)
used in the present invention include LIGHT-ACRYLATE P-1A
{trade name) manufactured by KYOEISHA CHEMICAL Co., LTD. (a
phosphoric monoester having an acrylate group}, LIGHT-ESTER D-
1M (trade name) manufactured by KYOEISHA CHEMICAL Co., LTD. (a
phosphoric monoester having a methacrylate group), LIGHT-ESTER
P-2M (trade name) manufactured by KEOEISHA.CHEMICAL Co., LTD.
{a phosphoric diester having a methacrylate group), and RDY
63182 manufactured by DAICEL-CYTEC COMPANY LTD. {a phosphoric
diester having an epoxyacrylate group). One or more types of
the compound A may be used in the present invention.
i0039]

The temperature-dependent change in the physical

properties of the cured material produced from the paste
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barium sulfate with a mean particle diameter of 1 nm or more to 50 nm or
less. As used herein, the term "mean particle diameter" indicates number
average particle diameter. In the paste composition, the barium sulfate
particles may exist in the form of primary particles, which are completely
deagglomerated, and in the form of agglomerates of a plurality of primary
articles. Therefore, the particle diameter of the barium sulfate particles in
ComRRE hEER cSthpbBifioRTERtE ded {6 Helde the paitidie Yiarhbterttdne o
non-agglomerated primary particles and the particle diameter of
&% foméfited BPRAE Pttty PEREIEETH of§ertd prddice 8 Pakighange
composition containing dispersed barium sulfate particles with a mean
TataPiicld HRREET O BB T br O™ IS nEBSsshPy fade barliRGame ts
articles in which primarg_particles have a mean_particle diameter of 50
“Segrﬁ& [RET B8P Bx Bl BHRAE ShBhdratlur8l bl SARRFERENHTCAL L es may
. . INDUSTRY CO., LTD.rénlo nm in_ mean primary particle diameter) satisfies
IRnHR te flifdHemte ThE 2R barticld d?a%%éférb‘?ﬂ?e BATHA stifgResition or
, articles in the paste corrllpos'tion may be measured by a method that
TR CHEG est%?regﬁy Bﬁggﬁ\:}ilngetﬁeeﬁ)aerﬂggg%viﬁefgﬁ%% Canhiiy 8leCHioRe®
Micros Q%e) ora TEM transmissigg electron microscope) and 31

rateaRlila i%lge[ﬁle: numoer agv%rﬁaé:é) 6 pgl“r it fatetérs CWiich AT R

3mgartic&e ctiiracr)netgr 01;L tshgebarg%“m ggljt%tf O%artigle%ilrg the aste com osition -

PLOEE Am o1 less, Ristoved URRGMity an B. provided for BEEROf S ©
paste compasition and the cured material, an leigh scattering of_light

e S RE oSS (i HEGaEE bel e S YRS mGHEF SEobs

anspaye can.be provided. Optical wavequides wijth low optical
pregso%rfeg%(atigﬁ%gssgggn & sp%ag l']s(?edtuéf ot 6 %sﬁ%% a"ggla%‘tléT Qco% m poassitif)lr?wgn

postshfbrfeean Q%rtiﬂ? diameteer ch the barrriéu_m sulf%tﬁeparticles ﬁ%ﬂeﬁ[se% in

|
paste cbmposmoﬁ i€50 T orllrelgéa, é“y?&gh scattéjr?ﬁné) 3 t tatised fs

wn1 08 Rarium, slfatg paiicles inthe C”é%‘it%atfe“c?} pradyced TOm e cuirate
paste composition can be very small SO thal tjhe cured material can

per T S ARSI EL P08 <.
the polymerization with a resin as described later, so¢ that
degradation of the properties of the cured material, such as
an increase in the temperaturemdependent refractive-index
change rate or linear expansion coefficient, can be prevented.
[0040]

The paste composition of the present invention may also
contain any'other matrix-forming resin, although the compound
L can be polymerized to form a matrix in a cured material as
described above. Examples of such a resin that may be used to
form a matrix include heat or UV curing resing having a
polymerizable group, such as polyamic acid, vinyl resins,

norbornene resins, epoxy resins, acrylate resins, methacrylate
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Optical waveguides with very low optical propagation loss can be
produced using such a material. On the other hand, when the barium
sulfate particles have a particle diameter of 1. nm or more, the specific
surface area of the particles is small relative to their volume so that the
particles can have high dispersibility. [0056) In the present invention, the
resi%osnterét of thgcblar%m% sulLfgte, %rticles in the % ste com%osition IS
preferaBly oM~ 30% By welght or niote 1o 80% B Weightoriggd Bised

on.the 32.amount, of tgfes:gug gn](:[)ojr]ents in trrlgégaste c%r%]805|tlon,

cyana ﬁjre51 2ﬁﬁ%$ﬁ%8utene

PS Ilsm I A a.ZJtﬁle Y]

exclusive of vdlatile'compaonénts such as the organic Zolv

resiSoNteNt of the barium sulfate particlesis 30% b er%;ch,t or more based on
thé ‘anount of the sofid componentain thapastE t8mposition: Atréd e 2s
material with reduced .temperature-dependent change rate. of refractjve

e R GO of aa S bes B bB IR CE e
the pasé]e m ositilf_)n. he content of the barium sulfate particles is

ther, .

© ep;:refearg y%b%g%?/pwg@ t6r %%&rg %%é% on té%ea%%u“ﬁ?%%th% solfgese

resGOMNPANE t%iqltshee pa tencgmdprosit;?n. \I{Vheap th% cgm%a@é orR:tLhetbarium .
Sulfate Har ICles is%o% o%y Weighf'L or 58 FRRBE DB the-amBunt ofthe ™ 210

(0040 id components in the paste composition, cracking resistance and
adhesion to substrates can be improved, and high resistance to cohesive

fraciure can be provided. When.such a material is used, a cured materjal. .
W B b A o B SERARL e eTaBTE St The Like in

rhe WaVeguides with optical.propagation._loss can be obtained. The
o T B SUTEAd P B ErGTABI O B BTy =2

hea‘ée%srb%%?dcggfp% %r%g%gtsozﬁS%%SF%gde %r}p ggeggcjggt;%l?gs'[eesins listed

composition so that the resi In the non-exposed area during

apoiEvelgpbEntean eeduged e pracess AL POIOROYANE, o o
patterning. [0057] The paste composition o ‘%he present mventn%n contains
comﬁg%ition is used £for optical waveguide-forming materials
which reguire transparency, epoxy resins, acrylate resins,
methacrylate resins, epoxyacrylate resins, epoxymethacrylate
resing, siloxane resins, or the like are preferably used. In
particular, UV curing resins are preferably selected, because
patterned optical waveguides can be formed by
photolithographic method using them.
(0042}

In the present invention, the polymerizable groups of the
heat or UV curing resin may be polymerized with one another,
or the polymerizable group of the heat or UV curing resin may
be polymerized with the polymerizable group of the compound A.

The polymers formed in the cured material according to the

present invention may inciude wvarious types of polymers such
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an organic solvent. Examples of the organic solvent include
N,N-dimethylacetamide, N-methyl-2-pyrrolidone, dimethylimidazolidinone,
dimethylsulfoxide, y-butyrolactone, ethyl lactate, 1-methoxy-2-propanol,
1-ethoxy-2-propanol, ethylene glycol mono-n-propyl ether, diacetone
alcohol, and tetrahydrofurfuryl alcohol. [0058] The paste composition of
éhi present invention preferably contains a silane coupling agent. When a
25 Lftdné cBApFIS ag&it G SPTRANMG Jrpebiing df AP aeRe@ Hoklth in
an eéposed area and cracking can be reduced and suppressed in the .
CompOSRs ST orPHbtitRogfaphit pAREninG 'sFtHRP LFEPhaRtEri tin Hae Tesin,
df%rme and that th %esidue left in the non-exposed area can be further
and e T YBn B AR PP Sy Y aRPK IR TS BE et gee
limgrovingt?d esion hetween inor%anic and organic materials. In the
PO~ PEsent invention: the “Safeduplifg 8Gentid Bxpalieth® RPfEEHS i) to
(c)irggro,é/}ilneg adrhegion betw,eeéjnthe resin component and the inorganic
component it the E5hasifion BF 3HMEE6h bERTeerPthePREHP cERTRMRAETon
wiinthe %oirpﬁnggsitign gnd an.inorganic substrate such as a silicon wafer and
effective inretluting erasking And® tifiiing BP p&8fity of a patterned
[00 %grtion in an exposed area in the process of photolithographic patterning.
|§ also considered that the residue in the non-exposed area can be

effectively reduced in the process, of photolithographic 34 patterning, for =
T e uregeﬁ‘%%?c‘)’?v{iﬁagvh%%ta &él\?e‘%oﬁ gTsoitffo? BSthBugRfARF L tion.,

the reason descri

contact with the non-exposed area, the resin and the compound A are _
Oneeﬁ’ffﬁegfoa{:ned '31% k%]r?u %%’i%efé' %a?tﬁ:?estgaphﬁlw theéxé“ogﬁpg&ﬁalﬁ &e 0

comglfgaejtitgd. déés thnedccr)}mpglﬂn%ﬁ is gci)srgogiat%d from_the barium sulfate
particles UI‘II’]QF the é]“e\?elopmente procegs,ntﬁe Bﬁriﬂﬁw S8 aﬁgrﬁcles

it ed surfaces can agglomerate, wjth each other along with the
com e%%ﬁ%?ﬁe’liligﬁﬁhgsvigﬁﬁy oogé?%ug%e%élo%erﬁ%%ﬁm. Cthd

pol sence of silflngtcioéj&llgg agent, however, the binding force between

e compound A (an organic component) and the barium sulfate particles

[0o@

For example, when the polymerizable group of the compound
A and the polymerizable group of the resin are each an
acrylate group, a relatively large amount of the compound 2
exists in the vicinity of the barium sulfate particlés, and,
therefore, a relatively large amount of the polymer (a) exists
in the vicinity of the barium sulfate particles, a relatively
large amount of the polymer {c) exists in a region distant
from the barium sulfate particles, and the polymer (b} exists
in an intermediate region between them. In another example, a
cured material including the polymers (a) and {(c) may be

produced from the paste composition containing the compound A

having an acrylate group as the polymerizable group and a
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inorganic component) is made stronger by the silane coupling agent so
that the dispersibility of the barium sulfate particles can be maintained
during the development, while the composition can be rapidly dissolved,
and as a result, the residue is less likely to form. [0059] Preferred
examples of the silane coupling agent include 3-

_glycidoxypropyltrimethoxysilane, 3- glycidoxypropyltriethoxysilane, 3-
rem%eﬁ&é%x%oﬁ?ﬁﬁ%eéﬁﬁ?ﬁilgﬁe, 2 EHAER Iy pRSHY trigfitiR silane,
Al te¥£% a&nin ethyI%3H,L- aminoFFropyltrimethoxysiIane, N- 2(aminoethyl)3-

ARToprSpyitrictidXyRlighe, 3o anBRrdt IRk hoxySafechfy case.

3-isocyanatopropyltriethoxysilane. The content of the 35 silane couplin
£OT SHEME e pRSCCIRGEN Aot 14 BRERIELRF BRFE 194 By HGR: GEmbRe

to 10% tg/ weight or less based on the amount of the solid components in
PO LY =3E E8mpositBn, %xchifiVe BAVOHfe ToNfRMERESSYIPSS i oup as
fnic solvent., When the content of the silane c_ouplin%a entis 0.1% by

the \%rglg%T BF hiotR Hasdd Yt Mo aRTIIRE sHRE EBPBYERE AttHPpATe

com%o%%nt, thelsilane,co%ﬂ;ng agent can sufficiently produce the above
ILOUBHER. Cofmcn ETsHe-&8UpihgT AgBRtsTRdILbR g 1RES 1iSRT dbtve TS

refractive indices of 1.45_or less, which are significantly different from that
compGEHTE A a RO TREMb(G, H0F Borktaft BPETETar®) -

[004 pling agent should preferably be 10% by weight or less based on the
amount of the solid components in the paste composition so that

Rayleigh scattering can_be redyced and that transparency can_he

impﬁg\%d. g6 e [e)gst:l(i:-nco%ﬁoscffli'!‘é:r?3 of fﬁ%tﬁéggﬁ’t RYERTSH-Rdy s Pe

contain_a dispersant other than the cam oun%A. The amount of the i

pres(%gnt 1nv 0 nha re@r c(f#xi"gp%& %Blﬁerf%%%tﬁar@ﬁ of the |

Fn 1 f?'l 51 =}
persant other than the conmipoun
\weight or.more to or less hased on, 100

o etk TS s AT BLE S ATey A or it 1o
the‘%%%%&agygggggfﬂy@efgﬁnQ%U@ﬁét the cured material can havs
high transparency. For transparency reguiring applications
such as optical materials, the types and mixing ratio of the
compound A and the resin are preferably determined so that a
pelymer having the desired refractive index can be produced.
Since barium sulfate has a refractive index of 1.6, the
resulting polymer preferably has a refraétive index close to
1.6, more preferably a refractive index of 1.6, in order to
provide high transparency.
i0046]

The polymer is produced from components of the paste
composition other than the barium sulfate particles, such as a

dispersant and the resin. Therefore, the type and amount of

each material to be mixed are preferably determined so that
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can be significantly effective in improving the dispersibility of the barium
sulfate particles. When the amount of the dispersant is 20 parts by weight
or less, a cured material 36 with low temperature-dependent change rate
of refractive index and small coefficient of linear expansion can be
produced from the paste composition. [0061] Next, methods for producing
the paste composition of the present invention are described in detail
the e 1l Sa RAgSERplio 73 gEN Df Melifods6i pIodutiHtEH dishR&iote 1-6-
solution of barium sulfate particles in an organic solvent. [0062] Barium
Wher, fte FatitlesTRORERNG s‘%%ﬁ&éfry%ja?%&é&%%drgﬁéﬁfé}%s}%h%s
mean primary particle diameter of 50 nm or less, the compound A, and an
are Jpg&mic sbRrehtZhdopidiaiartadditishat réSih Fa b Aditsaig Jgent 238 -
. polymerization inhibitor, or the 'like are mixed in a specific proportion and
1t GhrREChimeathe St Ihe MRhgTiHR! sERese-6f fitbarfurh etfaktive
. articles may be covered with_an air layer so that the barium sulfate
1ndeR Qs fraybe s ificthty wetieh i e orgdhit Sivéitas idcrgdamer
.. the viscosity. In such a case, the mixture is preferably stirred with a
w1 tho iRy bidde PR P areHREN Sy RS Hntifheifarkit Shkate
articles are completely wetted with the organic solvent. [0063] In the
PTOGPSESLs of mixing the barium sulfate particles, the whole amount of the
(00 res;in necessary for the production of 37 the desired cured material or a
ﬁ)g tial amount thereof may be added. The resin and the barium sulfate
particles can be more niforml%/ mixed when the resin is_.added before a

disperSioR “FBRAES tPan WhENTRETREUA T AddedFafsr &' persibh® 5 HOA-
HEH p{;%czxe-sb%PWheﬂIth}ei Tr_?ii” is addedpb_e_fore the dis grsiqn rocess, )

’ however,It‘he ws%osny ok %%A&]Epersﬁo}h’sc}ﬁt%ﬁ m%%ﬁé{')e%sy{tb fetfcide
ESTHEE%w£ﬁpcgggﬂg%gsgg§%3qpggﬁgst%%ggﬂfive indices of 1,46,
1.48, 1.52, 1.47, 1.47, 1.47, and 1.54, respectively. For
optical material applications such as optical waveguldes, BOA-
MPL or RDX 63182, of which refraciive index is close to that
of barium sulfate, is preferably used, because a cured
material with good transparency can be easlly produced from
the paste composition containing it.

[o048]

When the cured material produced from the paste
composition of the present invention is used for optical
waveguide materials reguiring heat resistance and transparency,
the polymerizable group of the heat or UV curing resin is
preferably an epoxy, aérylate, methacrylate, epoxyacrylate, or

epoxymethacrylate group. When an epoxXy resin or the like is

cationically polymerized, the activated cations may adsorb to
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the dispersion process, the dispersion solution may have low storage
stability. All the necessary amount of the compound A may be added
before the dispersion process, or part of the necessary amount may be
added before the dispersion process, and the remainder may be added
after the dispersion process. Alternatively, the compound A and other

the PHtedalssnaybeadsied: gradually owbileineadsepsity-anshayethes statsn
of the dispersion solution are measured during the dispersion process.

reacf00fd] A pelyreerizadiondaitiaioita defamiag agenh An-Ankiexidagh és,
polymerization inhibitor, a plasticizer, a silane coupling agent, or any

epoxgtherynatesiabaeaessanyior dbe xpradustion-githedesiedaureg gaterial
may also be added. In view of the storage stability of the dispersion

prefsalttion, acpelymerization mitateuarthellikeshoulchpraterably be added
immediately before the preparation of the paste composition is

polymempleted of065)38ikhe barita:stifate-partiele sriinchiding secortany
particles and agglomerates), the compound A, the organic solvent, and

prefetheib Necrasaryanatefialsonaydeimixed alo stirred, and theyrtheraum i um
sulfate particles may be subjected to the dispersion process using a

sulfdispersing device. 4806R]Foramxampinthe disparsing devise mayhe a
bead mill such as ULTRA APEX MILL (trade name) manufactured by

ma teKOANGEBKE INRUSIREES €IQ 1+ & TP 01 S TAEp Mk (ifade BaM&le formula
manufactured by ASHIZAWA FINETECH LTD. The beads used in the

{11)boad mill {(refcrably havera ateareparticlexdiameteraf :9b #ira Ofyareto
0.5 mm or less. When the beads have a mean particle diameter of 0.5

resimnreplesse thesBatiym isuifatepariithke s (Canbe doespently Hsought into
contact with the beads in the bead mill so that a sufficient dispersing

ref reffedtwanibe obtainetih dvhemtheoheadshavepd trearapagicte: digmeier of
0.01 mm or more, each bead can have large momentum so that sufficient

perfshmmihgistiess carebe abtaineddgradidparsion afihe resin represented

by the formula (11) below is preferably selected so that the
residue in the non-exposed area can be reduced during
development. The resin represented by the formula (12) below
is also preferably selected so that a cured material with low
temperature-dependent change rate of refractive index and
small coefficient of linear expansion can be produced from the
paste composition.

[0049]

Formula &



agglomerated barium sulfate particles. [0067] Ceramic beads, glass
beads, metal beads, or the like may be used. Examples of the material of
beads include soda glass, quartz, titania, silicon nitride, silicon carbide,
alumina, zirconia, zirconium silicate, steel, and stainless steel. In
particular, zirconia beads are preferably used, because of 39 their high
hardness. [0068] Dispersion with a bead mill may be performed in a
single process using small beads or performed while the size of beads is
changed stepwise. For example, a dispersion process using beads with a
particle diameter of 0.5 mm may be performed first until the particle
diameter of the dispersed barium sulfate particles reaches about 100 nm,
and then another dispersion process using much smaller beads may be
performed. [0069] The time to be spent for the dispersion process may be
apprépriately determined depeneﬁwg on the type and composition ratio of
the cdinponents of the dispersiofsolution, such as the barium sulfate
particles, the compound A, and the organic- solvent. A sample may
prefefably be taken from the disg&rsion solution at regular intervals to
deterfhine the mean particle diameter of the barium sulfate particles in the
dispersion solution so that chan%s in the dispersion state can be
monitpred over time and the time:ito end the dispersion process can be
deterpiaed. The particle diametenaithe barium sulfate particles in the
dispetsion solution may be measjred with a dynamic light scattering
metef?such as Zetasizer Nano 2§ (trade name) manufactured by Sysmex
Corpefation. N 1 description 48 given of methods of producing the
pastet-compos Yy mixing the'dispersion solution obtained as 40
descr'ge)g above-with th%esin and sg-on. However, when all the

matenats Becessary fortie produetio of the cured material are mixed to
form tge dispeysi 3uti

CHj

LA

e

CH—{CH

aoH

{:.__.
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G

=CH—
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dispersion solution obtained by the method described above corresponds
to the paste composition of the present invention. [0070] When the resin
is added to a dispersion solution of the barium sulfate particles, the type
and the amount of the resin to be mixed should be selected depending on
the components of the dispersion solution, such as the compound A.
{005\1)\/ en the paste composition containing dispersed barium sulfate
particles according to the present invention is used for the production of
an.gp ical waveguide, the polymer produced fr the compound A and
the re%inarr?r%%?gb?y hatgg rgﬁé&?v%%gdgx léfos%g]o A 5P tHeOPRRTA tLon of
f rticles (1.6) so that an_ pptical waveguide with low optical
the ffalep '
© %’ropagat]?onl ?&%%a}hz)ge lpsrogﬁgg(gﬁﬁ%fﬁ”g p?%%%fgs O BA%inG tﬁg weight or
di@gerfj.pn lution and the resin, the dispersion solution may be added to
: morethe resin 8%%#6‘15 s%gciwg éﬁ%cun %s };Le%scﬁéd, grst‘ﬁ% r%rslingrél%y REdddet to
. e qﬁpeLr i0 sq_l tion until a specific amount is reached. The compound
Welg% may be%r?ﬁgk éluLé&éInedg %ﬂa%]ﬁgt tﬁg%%ﬁ:;%%ﬁibne@vﬁlecﬁgﬁéls%{n B°In an
campesition is prepared, [0071] The paste composition produced b
amoumixing spe%ﬁc a?no t%%ﬁg% d?s%e%sf%ﬁ scg u |%(ri§a%ra t Eéeregfﬁor%g& b%f the
varsWPiggiedloa glirpeassusing apalinilor aoll milso.thal i can be

spersib of
more homogen ous. en alr pu es are mcorporatleoplnf:o tjhe Pa l’Ve

the mmﬂ%ﬂk%"gﬁ%% &Ceedésa@& ai gubbles, should be remaved by

standing, placing under reduced pressure, or using a mixing Qefoarnier so

a1 sgbakingomoration g&;a_;t%ab%b@ggg}j%gg%sd matenal produced from the

paste composition can be avoi h order t6 a‘é}%ﬁé? e wscos@iL

witrOT A8 PASISCYPRRSon. fhe, Qmi%aolgnenot nay pedurther added, or an

I & Pas
adequate amount of the organic solvent may be removed by héating or

compdider seducad pressyre. the palymerization reagfion of the _compound A,
or the resin may also be allowed to moderately proceeg by%eaﬁng%r
W&Vé&ﬁﬁ@ggdgﬁ@ﬁ'low optical propagation loss can‘be obtained,
Considering the difference between the refractive indices of
the compound A and barium sulfate, a cured material with
improved transparency can be produced from the paste
composition containing the compound A in an amount of 20 parts
by weight or less based on the amount of the barium sulfate
particles. In this case, optical waveguides with low optical
propagation less can be obtained.
[0051]

The preferred content of the compound A in paste
composition of the present invention (based on the total
amount of the paste composition} may differ between the case
where a polymer of only the compound A is produced by curing

and the case where a peolymer of the compound A and a resin is
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[0073] The paste composition produced as described above may be
cured to form a cured material containing the barium sulfate particles
dispersed in a polymer. [0074] Next, a description is given of some
examples of the method for curing the paste composition of the present
invention. First, the paste composition may be applied to-a substrate and

read jnto a film or strings, poured.into a, mold, or subjected to gny other .
DO oGBS, Shd (o6 tHE TN SGN oy KE-TIRAOUSY o (RE® Le

om e
po1:A3518 comppsition by 42 #&%gﬁe%tgke%i%ia@e'i%%.%%E?gd?at?f the
removing the organic solvent includé heating and drying in-an oven or on

contRlQt BIAE,VACULM ArYiRg ma”ij?h%aéié‘get%ya%'fg”og‘%”EH% %E’:%%F%%C*Lo,
as Infrared rays or microwaves. If the organic solvent is nsufficiently

fror&e%%/egﬁiniy?ﬁ%@c%?’ré%(‘.n‘cge)gocu&iqg BLOCESS MY BIOACER 1acea on

thert
composition In uncured state or with poor ther o-mechanical

tne PARRSHIESJOO7RL Afle the rganic salvent s, ramoved A guring teaction .,

o
e paste composition is allowed to proceed yeﬁe%t treatmert,

exc RROITadiation arthe like, according to Qhec@%%hae}l%mo%%% UM% ent .

compound A or the resin in the paste composition used. Inthis case,

wnedliMIENLRIACERSES May, De camuinedinorder i, allgw the curing f9. 1 o
% mp e,% y ﬁ}i

completely proceed, for exa eat treatment may be pe ormed after

bas@fomiradiation. \n,an gpvirgnmentat 400G or higher, heat freatment is

preferably performed under an inert atmosphere such as nitrogen so that

comgé@l%ygeraf the: polymer.can:be, iphibited. Alsgwhen the camy 024%70'{&?&

cured by photoirradiation using a polymerization initiator capable of

orgRfaquang tadicals whose aghuvity/yay. pe guepched by,oxygen, lhe

treatment is preferably performed under an inert atmosphere such as

impPBU&H”@EQ&Q%H@eﬂé&&@@ﬁﬁ@@"&ﬁ@Oédﬂ@QESH-$@79Lbstrates and

high resistance to cohesive fracture. The content of the
compound A is more preferably 30% by weight or more based on
the amount of ﬁhe s0lid components in the paste composition,
exclusive of veolatile components such as the orxganic solvent,
so that the effects can be enhanced. When the content of the
compound A is 70% by weight or less based on the amount of the
solid components in the pasite composition, exclusive of
volatile components such as the organic solvent, the resulting
cured material can have low temperature-dependent change rate
of refractive index and small coefficient of linear expansion.
The content of the compound A is more preferably 50% by weight
or more based on the amount of the solid components in the
paste composition, exclusive of volatile components such as

the organic solvent, sc that the effects can be enhanced.
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43 When photolithographic patterning is performed, the process may
include first applying the paste composition to a substrate, removing the
organic solvent, and then applying light corresponding to the curing
wavelength band of the paste composition through a mask that is
designed to allow light to pass through a necessary portion corresponding
to a certain pattern. The light source may be an ultra-high pressure
[005ghkrcury vapor lamp, a metal halide lamp, a halogen lamp, a helium-neon
laser, a YAG laser, or the like. An exposure system such as an ultra-high
préfRutd RS dpdr famplekpddtfe BPSEREPEMSMPEIMASUfadfired
by UNION OPTICAL CO., LTD.) may be used. When the mechanism of
Prodffffl SPthEPERtE BIMSEsifie iiadical pBnietizatiofcagsssure o the
light is preferably performed under a nitrogen atmosphere so that radical
compaktiofh spREiestanins preveht&r fEMIFERG dactivEtefeBywbLidatomage -
order to increase the resolution of the pattern, light applied in the
MOTeoiesstpE 3G4Bnr SRold  ProtefabyPRaReCa higHdsgréedt perdlicpansit. of
Also, in order to reduce the influence of diffracted light caused by the
the GgdfkdheMase ehdfid ttefdrébhIetiA COATRS SHRiPR - SERIAIE 1aiethet
ap between the mask and the substrate should preferably be reduced.
volaqbi9] SANRGRRBBSLEEPpAET R RRIBCARRAE Tide Frepdqbal
composition after drying so that the pattern edge 44 can be distorted. For
contpftcide BROVENYRMHEKs hréRfati adietit the REkL eainpoEitidASoPY
_ that the UV absorber can absorb faint light leaking from the exposed area
welglthBeritS Satt@iftif VIHIER EaRREED ?I’?é?" paferftedie-sRplafer based
drying, scattering inside the paste composition is mainly caused by
on A SPREEAHEAN G RBNTe ShrtiTBaRAER tariBle$FPh@aRdRepBPOS 1 L 10N,
wavelength of light, the larger the scattering. Therefore, a UV absorber
excihbbfe Bfsdig %Es%‘?&ﬂﬁ%%%ﬁ-\ﬁé\’r’g}eﬁﬁthfl@ﬁt Rr48G Hreferapignt -

used. A filter to cut short-wavelength light may also be placed

The reason why the range 1s preferred is the same as described
above for the mode (a). The mixing ratio of the compound A and
the resin may be determined as needed depending on the
composition ratio of the polymer of the compound A and the
resin to be produced. In this case, the content of the
compound A is preferably 1% by weight or more based on the
amount of the barium sulfate particles so that the
dispersibiliity of the barium sulfate particles can be improved.
[0C53]

When the polymerizable group-containing resin is used,
the polyvmerization properties of the compound A and the resin
should preferably be taken into account when the mixing ratio
between them is determined. Specifically, the mixing ratio of

the compound A and the resin may differ between the case (bl)
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between the light source and the mask so that scattering can be
prevented. [0078] In order to allow the curing reaction to further proceed
after the exposure, the substrate may be stored at room temperature for a
certain period of time, or heat treatment may be performed. [0079] After
the exposure process, the substrate may be immersed in a developing
solution so that the paste composition can be removed from the

whene ERRn GUPRRA The Tihstrafe BF WHRGthE 2pdtePEIRIIEe Maenany
is formed may be washed and dried. Heat treatment may be further

e {5 R ok PB IR Hn BB BRICERR [00B0] 285 Phd padtavbere
composition or the cured material according to the present invention is

the Referlfl1kR016 6T OPTEar ittBdtites Wpficat vRehiffssiaed from a
formed on circuit boards for electrical appliances and so on and have the

molaGhdiforPst aRsMBRG Ohfick d6ndts DERTIPE PRt 5R the chain,

boards. An optical waveguide includes a core to transmit optical signals

and e E%ﬁ?iingb rrSUHRfiRg TS cORMBRIPRSIdY AP feiReiveiaBe o b Le
than that of the core. Figs. 1 and 2 show a channel optical waveguide

IO CRIE AR 8l ab Ot af SFavEhttfe G fttdreP PesPstivE§ I Thet a0
channel optical waveguide has a structure including a linear core 1 and a

exambsficg 2 Sfr ot g the perighery SRR e 4. gl’ﬁ%“sﬁ’é’o Bptical
wav%gl]uide has a structure including a layer core 1 and layer claddings 2

EPOTH A TR e UDPBP aRb IGWEr BT BRI BE1 BFOEBVERY. FheSPOXY

aste cog%osPieEon of the present invention may be used to form both or
o]

TS Bhe6tn & B LA B YDE8 1135t ternily 59 bhofARSdialiBh iSumber

with the te composition of the present invention. Therefore,

or PR L R O R B R P 0 sedine

between both materials.

[0054]

In order to accelerate the polymerization of the compound
A and the resiﬁ, the paste composition of the present
invention may also contain a polymerization initiator capable
of producing an active specieg such as a radical, caticn or
anion. There are different polymerization initiators capable
of being activated by photoirradiation or heat treatment, and
they may be selected and used depending on the intended use,
When the paste composition is formed into a £ilm and then
subjected tc photolithographic patterning, a polymerization
initiator capable of being activated by photoirradiation
should be used. For example, oxime, benzophenone, triazine, or
benzotriazole polymerization initiators can produce radicals

upon UV irradiation., Phosphonium, sulfonium, or iodonium
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core-forming material so that various shapes of optical waveguides can
be easily produced. There is preferably a large difference between the
refractive indices of the core and the cladding, so that the transmitted
light-trapping effect can be 46 high. [0082] The refractive indices and the
thicknesses of the cladding and the core in an optical waveguide may be
arbitrarily selected depending on the design of the optical waveguide. In
Polyprdsse oot miftirhdde DpficAdRa R MRS Gt iSeappdpriakOthalthe
~difference between the refractive indices of the core and the cladding
irragisifid B -large and that the core should be made thick. In the case of a
single mode optical waveguide, the difference between the refractive
L005Rdices of the core and the cladding should be small, and the core should
be made thin so that single mode transmission can be achieved. [0083]
' For&fafpRt theRRtTet bhtiRaRtatdtfide Ats e TRASHALRReGDYIREDS
_method described below. The paste composition for forming an
barigmeittdddifg ¥e Appeditfd fbstrhfe-sudhia8a giasSSubstPateq more
silicon wafer, a glass epoxy substrate, or a plastic film. The coating is
to S§idand cffed to fbfin EFEThRGTEAdtingG Prne pA8te ®rAFoRaG fgrLe
. __forming a core is then applied to the under-cladding, and the coating is
diangisfio fb?rﬁ%ﬁﬁﬁ’-%h&H@@%Hr&%ﬁﬂﬁ-%@Wi@r@%ﬁﬁ%ﬁ%tterﬁ@d the
into a waveguide. When the paste composition for forming the coreis
Pas Y| GIBR2ED by “Bhotbittadidtidnih& Paftéiind iay e perBitedByst in
photolithographic method. Alternatively, when the paste 47 composition
the BPidinfitg He Boretis iymErsst by RSt tiF atemRng idy be
performed by reactive ion etching or the_like. The paste composition for
deagg hame et 6%r-a88dig iSPheh UPpIed 16 9L O8RT 8hathe todtiRg rality

dried and cured, tqQ form an over-cladding. [0084]
of primary particles. Therefore, The particle diameter of the

barium sulfate particles in the paste composition is intended
to include the particle diameter of the non-agglomerated
primary particles and the particle diameter of agglomerates of
the primary particles. In order to produce a paste composition
containing dispersed barium sulfate particles with a mean
particle diameter of 50 nm or less, it is necessary to use
barium sulfate particles in which primary particles have a
mean particle diameter of 50 nm or less. For example, BF-40
manufactured by SAKAI CHEMICAL INDUSTRY CO., LTD. (10 nm in
mean primary particle diameter) satisfies the reqguirement. The
mean particle diameter of the barium sulfate particles in the
paste composition may be measured by a method that includes
directly observing the particles with a SEM (scanning electron

microscope) or a TEM (transmission electron microscope} and
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Examples of the method for forming the coating film include, but are not
limited to, methods using a spinner, screen printing, a blade coater, a die
coater, or any other coating devices. EXAMPLES [0085] The present
invention is more specifically described with some examples below which
are not intended to limit the scope of the invention. Some chemical
compounds used in the examples are abbreviated as follows: DMACc,
calrpkaditfghyateRIRE T AFAT a8t aRfddRr fukpldc sHoinFie propeiesn the
of each of dispersion solutions of barium sulfate particles, cured materials
meaR  SdetFEmOIaEte (@impdsitidits, R iomicarwivdguines vepdes in the
measured by the methods described below. [0086] Method for Measuring
pasiife REMRREVE Hexist ClretmMEerd§ ProdidePiiem Masigormity can be
Compositions 48 The refractive index of a film-shaped cured material
Progisififtettfofarfaste coffpRIftitwasSBRASHiided ushg Fism cesafler

2010 manufactured by Metricon Corporation at a wavelength of 850 nm
matgndatieniétaRAE W7 o6, TFRTERRLIE FRdedwhs afewRAshiediWifh
this equipment at 40C, 60C, 80C, and 100C. The slope of the four points
PaTHaR SHtaRbP &HEASHSFATEE nhsth68:3dnd & SeripefatiifeSBependent
change in the refractive index (temperature dependency of the refractive
LT ARRRST WHSCACRafR. RSB fréthodiBi Mk uNAy TSpitaepropdatibaw
Loss of Optical Waveguide The measurement was performed by the
OPT LGEHad RRANGE R orfifS tCHHe PECRIANESE using such a paste
gPQA-_PE02-05-018-2004). Multimode optical fibers each with a core
COMBRAREEPBf 50 ardt s Miffdi @A abéRufe HED8 FeTeUsetich g iun

input and output sides. The measurement temperature was 23C, and the

SULGAbEIeRRt oF theSmEASHERRSH light SRFcBIECesPRRLS1tion 1s 30 nm

or less, Rayleigh scattering of light caused by the barium
sulfate particles in the cured material produced from the
paste composition can be very small so that the cured material
can exhibit transparency as high as that of a cured material
produced from a barium sulfate particle-free composition.
Optical waveguides with very low optical propagation loss can
be produced using such a material. On the other hand, when the
barium sulfate particles have a particle diameter of 1 nm or
more, the specific surface area of the particles is small
relative to their volume so that the particles can have high
dispersibility.
[0056]

In the present invention, the content of the barium
sulfate particles in the paste composition is preferably from

30% by weight or more to 80% by weight or less based on the

32



[0088] Method for Measuring Mean Particle Diameter of Raw Barium

Sulfate Particles Agglomerated before Dispersion Solution Preparation

The measurement was performed using an optical microscope as shown

below. The particles were placed on a transparent plate such as a glass

plate, and the transparent plate on 49 which the particles were placed was

mounted on the observation stage of the optical microscope. Light was
amougsnidd b HehéStHPRRPARDFert’bldR STRE HaASAAMRP fdittiftages

of the particles captured through a CCD camera ADP-240M
exclyfaigiaeturgd by FeVELRONETE) siathetSinsRadBidiPeye S8AT Rt

an optical microscope were stored as digital images in a computer. The
Wheng dihe CRY HppFomatéP phAtieBiafttéRd vt ARF5BSTRAHDOITERS

_ were determined using an image processing software FIvFs .

welglhhaRitalRired BFTIOVEL 8. 1 tath thelfufiBé i Svéragranatide in

diameter was calculated therefrom. [0089] Method for Measuring Mean
the pafticfe BARERT bt BAriufh Gififfe Baftftledn BispérsTsif8okition A

drop of the dispersion solution was put on a carbon- evaporated collodion
LempRiR Wi tHERERARE faShBRBRetBy® dRAind the DAkt sdifdehaifides

were observed using a transmission electron microscope H-7100FA
redugRihtgeitdd by litacthi 113§ At af3REBRIAM AR ST REITRE N

observed images were stored as digital images in a computer. The

the JIRTRaFCEBBrOXIhETed paRtfclE Biahfdtérst aiyP oBREEE F3b-Hartles

were determined using an image processin%software FIVFs
partifififadtirdt 6y BESVEL €5, PY DY 4 th8mUMbEr Qidiade Partdie
diameter was calculated therefrom. When_primary particles were _

amotHyIGmetitedSti'So FRMRE Gihfeté® dftfie BEGiomEAROFEF-On -  When

measured. [0090] Method for Measuring Mean Particle Diameter of
the é&ﬁﬁﬁnt ¢f the barium sulfate particles is B0% by weight

or less based on the amount of the solid components in the
paste composition, cracking resistance and adhesion to
substrates can be improved, and high resistance to cohesive
fracture can be provided. When such a material is used, &
cured material with high transparency can be obtained, and,
therefore, optical wavegulides with low optical propagation
losg can be obtained. The content ¢f the barium sulfated
particles is preferably 70% by welght or less based on the
amount of the solid components in the paste composition so
that the residue left in the non-exposed area during

development can be reduced in the process of photolithographic

patterning.
[0057]

The paste composition of the present invention contains
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Sulfate Particles in Paste Composition A drop of the paste composition
was put on a carbon- evaporated collodion film. After the solvent was
removed by drying, the barium sulfate particles were observed using a
transmission electron microscope H-7100FA (manufactured by Hitachi
Ltd.) at an accelerating voltage of 100 kV. The observed images were
stored as digital images in a computer. The spherically approximated
an Qagfdld UidiReters bf anf<8B8REd A0 RALAESIEE deterrifingd tambnde
an image processing software FIvFs (manufactured by FLOVEL CO.,
N, Nﬁ'ﬁ‘.‘ﬁ%&ﬁ ARE hEMHLT avBrattparicd dameR fePealculated
__therefrom. When primary particles were agglomerated, the particle
dimeTAREdidPs R aGd BRI ated WRE B ARrEA b0 1] MdtHOF FstLactone,
- Measuring Coefficient of linear Expansion of Cured Material Produced
SThYHm BEEEEC omdRRIgHPTHE 2aRAPRERIhA! prodtiERa iom thE pRaRO1L
co$osition was measured for dimensional change under an indentation

SO Bf SOHIRUSNG A FVRTABE TRIARS6180FahReLFEE IS and

Nano Technolog¥ Inc. in the irocess of heating it from room temperature

teLES S HE Ut theh codTinG SR8 room temperature in a nitrogen

00atmosphere. The average coefficient of linear 51 expansion during
[ ﬁ%éting and cooling between 50C and 70C was calculated. In order to
elimipate the temperature history of the coefficient of linear expansion,
the RESRT 518 CEOTIRG Frocess R SBEUBTRIG Epd HERRATR ERRER20LY
C:On%es‘ult of the ,iecond measurement was used as the displacement value.

T PrefaratiBh ot ti8perdbn®S6ititions Bisfergioh (RORRg-prS agent
. were prepared as described_below. Barium sulfate secondary particles
Lo HEehy R P edn SEohiRr BArEic AR 10RRA i foat? =0
rimary particle diameter, manufactured by SAKAI CHEMICAL '
o RO P L TE 2 Biep S A G e CoRBRPRERS e the
in the respective amaqunts shown in Table 1, and the mjxture was
PO tsded I8 HOMOYSI R CEL HUTO He Fanmig - ciear patterns

can be formed and that the resgsidue left in the non-exposed
area can be further reduced. In general, silane coupling
agents are known to be effective in improving adhesion between
inorganic and organic materiais. In the present invention, the
silane coupling agent is expected to be effective in improving
adhesion between the resin component and the inorganic
component in the composition or adhesion between the regin
component in the composition and an inorganic substrate such
as a silicon wafer and effective in reducing cracking and
thinning or peeling of a patterned portion in an exposed area
in the process of photolithographic patterning. It is also
considered that the residue in the non-exposed area can be
effectively reduced in the process of photolithographic
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manufactured by NIHONSEIKI KAISHA LTD. at a rotary blade end
peripheral speed of 5 m/second for 1 hour, so that the barium sulfate
particles were dispersed. [0093] The homogenized dispersion solution
was subjected to a dispersion process using a bead mill ULTRA APEX
MILL UAM-015 (trade name) manufactured by KOTOBUKI INDUSTRIES
CO., LTD. The beads were made of zirconia and had a mean particle
pattdiamiatgr. of @05 hwn (¥FZBalldmanufbctutedoydNIKKAEOR a developing
CORPORATION). The beads were charged in an amount of 400 g. The
solupdripheral $peeditof thertatocofithedieadirnill ias Orom/segonsiednd thee
52 feeding pressure was 0.1 MPa. The dispersion process time was 10
the hwwstorddperstoneirohand:1dmoar (Andispersond tiadteb e um
dispersion process was completed, the liquid was collected so that the
sulf@ispersionsolltien ofivivadurnysuifate pantistesid@as olstained. stalédted.
also shows the mean particle diameter of the barium sulfate particles in
As The dispersiod salutiondt slveend vt theCdispersion process. {009 te
Table 1, HOA-MPL (trade name) and HOA-HH (trade name)
parthasefactnedry K¥OESHAIOHEMICArGos+TD. Bachhsethas gulfate
dispersant are compounds each having a polymerizable group and a
partcarbexywiotp eXNSHEE STER Pcids (trade agradpranefactureth byach
KYOEISHA CHEMICAL Co., LTD. and RDX 63182 (trade name)
othenapdfectured By DAKCEER-CYIT EC COMPANE LTD. Hre phibsphdrityedter form
compounds each having a polymerizable group, and Disperbyk-111
a dgwadenrend) maauficturediby BYK-Chemi@Sgparf KK isial pheosphodc- ing
ester compound having no polymerizable group. [0095] Table 1 [0096]
agerRxarhpleel Apastéeompodition Was prepaedibgmiking $:6mpofithé 2 (an
dispersion solution A, 5 g of a resin represented by the formula (11), 0.1 g
orgagticuvoaaratable oXide e Sarium sulfate particles (an

inorganic component) is made stronger by the silane coupling
agent so that the dispersibility of the barium sulfate
particles can be maintained during the development, while the
composition can be rapidly dissolved, and as a result, the
residue is less likely to form.

{0059]

Preferred examples of the silane coupling agent include
3-glycidoxnypropyltrimethoxysilane, 3-
givcidoxypropyliriethoxysilane, 3-
methacryloxypropyltrimethoxysilane, 3-
methacryloxypropyitriethoxygsilane, N-2{amincethyl)}3-
aminopropyltrimethoxysilane, N;z(aminoethyl)Bm
aminopropyltriethoxysilane, 3-lsocyanatopropyltrimethoxysilane,

and 3-isocyanatopropyltriethoxysilane. The content of the
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polymerization initiator OXE02 (manufactured by Chiba Specialty
Chemicals K.K.), and 0.2 g of a silane coupling agent KBM403 (trade
name, manufactured by Shin-Etsu Chemical Co., Ltd., chemical name:
3-glycidoxypropyltrimethoxysilane) in a ball mill. The content of the
barium sulfate particles in the paste composition was 40% by weight
based on the amount of the solid components in the paste composition,
silaxelusiuepdfitite exganic solvehk The basiuavsyltade pasticles inpthemasie 1y
composition had a mean particle diameter of 26 nm. The paste
f£romopositlon was epplied tonampiatiz SLbstrate witi arspicopéers Thesed on
coating was dried in air at 80C for 1 hour using an oven and then
the eaposed t@50 thdcw2lofdiltaviptet dights usingareulirashigh pregsitketion,
mercury vapor lamp exposure system (PEM-6M, manufactured by
excUNION OHT IGALAC Ol el Tonson ¢hdt the pasteccompesiboyumscused i@nt .
form a 10 pm-thick film-shaped cured material. At a wavelength of 850
Whennthrd o tdrapératdretdie? 3G, ke dilmshaped gusertbmateralthatka by
refractive index of 1.556 and a temperature-dependent change rate of
welgbffactiverindex b5t PpoCLiG0 I @Omthecothehlane la durscmpatesiat s in
for use in evaluation of linear expansion coefficient was produced using
thetlympastecoomposition ashgesciibaddetowpA Tefion fregistered
trademark) tape of 10 mm x 10 mm was attached to a f4 inch silicon
suf ddreahdn revdorg thepiteewf acfsitontb4 (eosteredstrddemanddupling
tube with an inner diameter of 8 mm was placed thereon. The paste
ageptmpositibndbnginebeseddsctibed aboveewasvhargetriat tiresTeflohi ces of
(registered trademark) tube in such a manner that the liquid level reached
1.4% mm. Thercafidrittle paste compositioanwdsydded reaieat 80€dor that of
hour using an oven and then exposed to 50 mJ/cm2 of ultraviolet light
theydipganrulralfigh pressure pieeury Vagore faoms expbsuressystert of the
(PEM-6M, manufactured by UNION OPTICAL CO., LTD.) so that the
s 11pasteCURMIdSIToREAS tusb@ o forpre fared Matbdal Mith lbowehght or
diameter of 8 mm and a thickness of 1 mm. The resulting cured material
lesgyabasmdved fiogpe tanount of the solid components in the paste

composition so that Rayleigh scattering can be reduced and
that transparency can be improved.
[00560]

The paste compesition of the present invention may also
contain a dispersant other than the compound A. The amount of
thé dispersant other than the compouﬁd A is preferably from 5
parts by weight or more to 20 parts by weight or less based on
100 parts by weight of the barium sulfate particles. At least
5 parts by weight of the dispersant other than the compound A
can be significantiy effective in improving the dispersibility
of thé barium sulfate particles. When the amount of the

gdispersant is 20 parts by weight or less, a cured material
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Teflon (registered trademark) tube, and the linear expansion coefficient of
the cured material was measured in the thickness direction to be 44
ppm/C. [0098] In addition, an optical waveguide was produced using the
paste composition as described below. A liquid epoxy resin (#314,
manufactured by EPOXY TECHNOLOGY, INC.) was applied to a f4 inch
silicon wafer with a spin coater. The coating was dried in air at 80C for 1
withhdgmudirgaavenranditrendaat bphegingimbdtrofjemaf 180Cifoe 1index
hour to form a 5 pm- thick under-cladding. The refractive index of the
and ghRgerl clrirififgwasmeadurédng arwavengih of 868mrharpiraduced from
temperature of 25C to be 1.502. Thereatfter, the paste composition was
the pgsifee] wRRBXSHIT E6ater to the under 55 cladding formed on the quartz
substrate, and then dried in air at 80C for 1 hour to form a 50 pm-thick
[006drled paste composition film. The resulting film was exposed to 50
mJ/cm2 of ultraviolet light through a quartz mask using an ultra-high
pré¥stite meediry dapbramp @¥pesng sikenpéREM-eMprahbfastured the
by UNION OPTICAL CO., LTD.). The quartz mask had a 50 gm-wide, 9
- Pres@itoAd SRt Bhetheé porissethtpefanithedsiadds o swckingdight. Afeer
the exposure, the substrate was immersed in a developing solution P-7G
descraRiufastuted By VEOKYD BHRAKOEYD Sordurdndors diinntesssen
that the non- exposed film was removed. As a result, a 50 pm-wide 9
solughaBng§ fedre TasormbEa AfteP i deVieisprivenethe paaadfedssorient .
had a clear rectangle shape with no cracking. No residue was observed
L0084 khe non-exposed area, and the developability was good. [0099] The
same material as for the under-cladding was further applied thereto with a
spiRbAtEY. THe £BABnE Wasidriarat( soCTBirhear spdahéaturahbyicles
heating in nitrogen at 150C for 1 hour to form a 5 pm-thick over-cladding,
and ﬁﬁﬁﬁ]a?‘ﬁﬁréﬁﬁc%] v%%uﬁjérﬁﬁ§ dBF&ﬁ-ﬁ@(ﬂ[OP@G)ticj%e diameter of 50

nm or less, the ‘compound A, and an organic sclveni, and
optionally an additional resin, a pH adjusting agent, a
polymerization inhibitor, or the like are mixed in a specific
proportion and stirred. Immediately after the mixing, the
surface of the barium sulfate particles may be covered with an
air laver so that the barium sulfate particies may be
insufficiently wetted with the organic solvent to increase the
viscosity. In such a case, the mixture is preferably stirred
with a rotating blade or the like for a relatively long time
until the barium sulfate particles are completely wetted with
the organic solvent.
[0063]

In the process of mixing the barium sulfate particles,

the whole amount of the resin necessary for the production of
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Both ends of the optical waveguide together with the substrate were cut

using a dicing machine, and its optical propagation loss was measured to

be 0.3 dB/cm. 56 [0101] Examples 2 to 290 Each of the paste

compositions of the formulations shown in Tables 2 to 31 was prepared

by the same method as that in Example 1 and then used to form a cured

material for use in evaluation of physical properties and to form an optical
the Waigtide, axcept tiat thelsdmpound Perdeidatfb farpuhs dispersidh may be

solution was further added in place of the resin in the process of
addgsiepating the phsteaesmpositibrii aactrof Exeenples 209 16 226aThee more

results of the evaluation are shown in Tables 2 to 31, in which the resins
uniZozpd B Areepradaned sy trstormibkeddpand¢L2) eegpatiivelr ahdn

the chemical name of the silane coupling agent KBM503 (trade name)
proegasufabRire ¥ PGSHIREISIE SHendigalc@deitcei§8r a dispersion

methacryloxypropyltrimethoxysilane. [0102] In some examples, a thin
Profiffidike Msifuctiwas presnt o atdqdfdeeioiike shbstfdterintisdon process,
non-exposed area after the development in the process of forming the
howeptigal Wavedlige InstichthseBethd pameabTreside presemal increase
non-exposed area” is entered in the section of Developability in Tables 2
to ¥eOUCH $o1heTxEhPIER W CIREkER PoRITPGILSGraBn P RePe SShserPed fit- e
the core after the development in the process of forming the optical
the \yh/epaiR AP SBEIPEESES, tRERofrTarRT Thadking bR Edfa igeHtdradsn Low
the section of Developability 57 in Tables 2 to 31. [0103] Table 2 [0133]
storgftpdrafbé Exampled dlaride PRPESTIRE PaSROSGHPOSitiGHS of figpound A
formulations shown in Tables 32 and 33 was prepared by the same
mayiahédasdnhehore the dispersion process, or part of the
necessary amount may be added before the dispersion process,
and the remainder may be added after the dispersion process,
Alternatively, the compound A and other materials may be added
gradually, while the viscosity and any other state of the

dispersion sclution are measured during the dispersion process.

[0064]

A polymerization initiateor, a defoaming agent, an
antioxidant, a polymerization imhibitor, a plasticizer, a
silane coupling agent, or any other material necessary for the
production of the desired cured material may also be added. In
view of the storage stability of the dispersion solution, a
polymerization initiator or the like should preferably be
added immediately befofe the preparation of the paste
composition 1s completed.

[0065]
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Example 1 and then used to form a cured material for use in evaluation of
physical properties and to form an optical waveguide. The results of the
evaluation are shown in Tables 32 and 33. The resulting cured materials
were soft because of insufficient polymerization, and it was impossible to
evaluate the refractive index and the linear expansion coefficient. In
addition, the non-exposed area was whitened during the development in
th& prodezsiofforpming ate opacdlwdvguiden cThe hog-agosedarrta was
not removed by the immersion for 5 minutes, and it was removed by
partigakifgand saBstaBaERrLe Shintes irrtenimmeérsion lvtess JARNRIA
film-like residue was present on the surface of the substrate in the
solVABhK-exposel taiRh. TREPUtRTT N BpEEH Wavcgaidchf théxsposad area
had a gentle convex shape. The measurement of optical propagation
stirprd wasattEpled bet faned BeciusEahe |axnvas s6%afRr-Pthat the
propagated light intensity was below the detection limit. [0134]
subJephfaraflvé ERafbieeT aney PRRFOF hé'gdstd contposnfsisisithdevice.
formulations shown in Tables 32 and 33 was prepared by the same
L006mbthod as thatin Example 1 and then used to form a cured material for
use in evaluation of physical properties and to form an optical
waleguREaTReGesiRCofthe REAFIRDNHE SROWREH Tablés BREnd 331
The temperature-dependency of the refractive index and the linear
suchegfa gk todfiErentWere bbHPASaMAN? Jaffeb FheFior-exbdseFareaBUK T
was whitened during the development in the process of forming the
INDUSTHCH wafeguider A- several i XHiék-filnt Wadde Aithe ASHBXpEdeFed by
area even after the shaking for 20 minutes in the developing solution.
ASHIFhU Indadifré ettt BFGpticadltftopagationivss was difinpreath®ifalled,
because the loss was so large that the propagated light intensity was
prefigdaiiheiotactbMifr. BE35LESmFades Exaftiplés B1o™D Baciere to

the paste compositions of the formulations shown
0.5 mm or legs. When the beads have a mean particle diameter

of 0.5 mm or less, the barium sulfate particles can bhe
frequentiy brought into contact with the beads in the bead
mill so that a sufficient digpersing effect can be obtained.
When the beads have & mean particle diameter of 0.01 mm or
more, each bead can have large momentum 30 that sufficient
shearing stress can be obtained for disgpersion of the
agglomerated barium gulfate pariticles.
{00671

Ceramic beads, glass beads, metal beads, or the like may
be used. Examples of the material of beads include soda glass,
guartz, titania, silicon nitride, silicon carbide, alumina,
zlrconia, zirconium silicate, steel, and stainless steel. In
particular, zirconia beads are preferably used, because of
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in Tables 32 and 33 was prepared by the same method as that in
Example 1 and then used to form a cured material for use in evaluation of
physical properties and to form an optical waveguide. The results of the
evaluation are shown in Tables 59 32 and 33. [0136] Table 32
INDUSTRIAL APPLICABILITY [0139] The optical waveguide-forming
paste composition of the present invention is suitable for use in forming
the Dptisaksintareoanastons and other components to transmit information
between LSIs on circuit boards which may be used in
[ 0o@"@rmation-processing devices to make high-speed signal transmission,
such as personal computers, hard-disc recorders, DVD recorders, game
machises: mntoce | kiarrphornesa@0f. L1 mnkiE deMpeChbeheN- hCh @ngle
00)0O0) avNMNNNMNNMNNNM7V NQC 0ODOIULOO
profei6 016 Ory0H5ud DI0 Be@ds Qe Gé N T REANWRL LG L O:-zk @F Vbeads
NOLOOLoOCNn)AN 0100~ OMMMEaOCUJCn QaO)r c3d
is changed stepwise. For example, a dispersion process using
beads with a particle diameter of 0.5 mm may be performed
first until the particle diameter of the dispersed barium
sulfate particles reaches about 100 nm, and then another
dispersion process using much smaller beads may be performed.
[0069]

The time to be spent for the dispersion process may be
appropriately determined depending on the type and composition
ratio of the components of the dispersion sclution, such as
the barium sulfate particles, the compound A, and the organic
solvent. A sample may preferably be taken from the dispersion
solution at regular intervals to determine the mean particle
diameter of the barium sulfate particles in the dispersion
solution so that changes in the dispersion state can be
monitored over time and the time to end the dispersion process
can be determined. The particle diameter of the barium sulfate
particles in the dispersion sclution may be measured with a
dynamic light scattering meter sguch as Zetasizer Nano 28
(trade name) manufactured by Sysmex Corporation. Next, a
description is given of methods of producing the paste

composition by mixing the dispersion solution obtained as
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CONCDOONCDOONCDOOOOO COO)N-OO1nmw4h.D)C
ahrO)n >ENNNNNNNNNNNNNNNNOQCnO CCvlLL
LLWLLLLAQQQQQLL 0SS2=SZSS_CO aacoOOGNmMm
a00co-OoWC0Ocot0O0OO00 "Oco.~NFMCDcoCDMCD
MMM O0O mQ.N.OOD-NEOWNO CUaOlIc4-0E-Oa. E
SNWOOSN~O-rrrr -LCLQE0Q-CJJJIJrSSSWCQSTr
desotribaaChubl itha theMib £0r0 40 QP &0 Quvwatye W XvRed 02 1

NNESS=1=SSS{~f{"aS =d50CO'O0"___=ScrixpU
the @EKRGCS febdbxarQ.. foPQQO B8 Gon of the cured
material are mixed to form the dispersion solution, the
dispersion solution obtained by the method described above
corresponds to the paste composition of the present invention.
[0070]

When the resin is added to a dispersion sclution of the
barium sulfate particles, the tvype and the amount of the resin
to be mixed should be selected depending on the components of
the dispersion solution, such as the compound A. When the
paste composition containing dispersed barium sulfate
particles according to the present invention igs uszed for the
production of an.optical waveguide, the polymer produced from
the compound & and the resin preferably has a refractive index
close to that of the barium sulfate particles (1.6) so that an
optical Waveguide with low optical propagation loss can be
produced. In the process of mixing the dispersion solution and
the resin, the dispersion solution may be added to the resin
until a speclfic amount is reached, or the resin may be added
to the dispersion scolution until a specific amount is reached.
The compound A may be further added to adjust the composition
while the paste composition is ﬁrepaxed.

[0071]

The paste composition produced by mixing specific amounté

of the dispersion solution and the resin may be subjected to a
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LLO=-Jz0a. CCCCCCCCCCCCCCCCO0O00000O0
00000000 0000000000000 00O00a)coU)U)co
C)U)C/HC)coU)CDCDcoWU) SCCCCCGCCCGCCCmOO
000'00'002000000 FtlJU)<n .N .NI%ltn .NNN .L .N ‘tntnN<n C) Q)

profd{d N6y &) Hd (U MLIN -CH QA S 018 8 360 +183 A0 RaR BB
Cl).C)) .CDCoInU)SONCOULCoUYNC)OO0Q~~~A~<-DDOc

mord Bdngeresr:Q Nike® &)ild' Bubil AiOL L NI WLRHAd GRdI the
MtrOmcoOLOrCO0) COnNCaTtoWN-mNr()COrChrrN

pasOD boGh M1 AP ErCOnY #3009 3hE0ELs8 E @1eCh i CRuBLiEL
OR:t0OOONOOO0O(OOO000CO0000 ONONCOVN

shoGICE:Cadmdvie® GO aoriMCiy N 6) &Og=khddr reduced pressure,
or using a mixing defoamer so that incorporation of air
bubbles into a cured material produced from the paste
composition can be avoided.

[0072]

In order to adjust the viscosity of the paste composition,
the organic solvent may be'further added, or an adeguate
amount of the organic solvent may be removed by heating or
under reduced pressure. The polymerization reaction of the
compound A or the resin may also be allowed to moderately
proceed by heating or photoirradiation.

[0073]

The paste composition produced as described above may be
cured to form a cured material containing the barium sulfate
particles dispersed in a polymer.

[0074]

Next, & description is given of some examples of the
method for curing the paste composition of the present
invention. First, the paste composition may be applied to =&
substrate and spread intc a film or strings, poured into a
mold, or subjected to any other forming process, and then the
organic solvent may be removed from the paste composition by
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insufficiently removed in this process, the next curing

process may produce a composition in an uncured state or with

pocr thermo-mechanical properties.

[0075]

After the organic solvent is removed, a curing reaction
of the paste composition is allowed to proceed by heat
treatment, photoirradiation or the like, according to the
mechanism of curing of the compound A oxr the resin in the
paste composition used. In this case, different processes may
be combined in order to allow the curing to completely proceed,
for example, heat treatmenf may be performed after
photoirradiation. In an environmentit at 100°C or higher, heat
treatment is preferably performed under an inert atmosphere
such as nitrogen so that oxidation of the polymer can be
inhibited. Also when the compesition ig cured by
photoirradiation using a polymerization initiator capable of
producing radicals, whose activiiy may be guenched by oxygen,
the treatment is preferably performed under an inert
atmosphere such as nitreogen, so that the polyvmerization is not
inhibited.

[0076]
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patéérn. The light source may be an ultra-high pressure
mercu;y vapor lamp, a metal halide lamp, a halogen lamp, a
helium-neon laser, a YAG laser, or the like. An exposure
system such as an ultra-high pressure mercury vapor lamp
exposure system PEM-6M (manufactured by UNION OPTICAL CO. .,
LTD.) may be used. When the mechanism of curing of the paste
composition is radical polymerization, exposure to light is
preferably performed under a nitrogen atmosphere so that
radical reaction species can be prevented from being
deactivated by oxidation. In order to increase the resolution
of the pattern, light applied in the exposure system should
preferably have a high degree of parallelization. B&Also, in
order to reduce the influence of diffracted light caused by
the mask, the mask should preferably be in contact with the
subgtrate, or the gap between the mask and the substrate
should preferably be reduced.

[0077]
buring exposure, applied light can be scattered inside
the paste composition after drying so that the pattern edge
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scatfldyhhly NWhACN AL keep the pattern edge sharp. After
drying, scattering inside the paste composition is mainly
caused by Ravieigh scattering from the barium sulfate
particles. The shorter the wavelength of light, the larger the
scattering. Therefore, a UV absorber capable of selectively
absorbing shortmwévelength light is also preferably used. A
filter to cut short-wavelength light may also be placed
between the light source and the mask so that scattering can
be prevented.
[0078]

In order to allow the curing reaction to further proceed
after the exposure, the substrate may be stored at room
temperature for a ceriain period of time, or heat treatment
may be performed.

[0079]

After the exposure process, the substrate may be immersed
in a developing solution so that the paste composition can be
removed from the non-exposed area. The substrate on which the
patterned cured material is formed may be washed and dried.
Heat treatment may be further performed to allow the curing
reaction to proceed.

100801
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traﬁH&itting optical signals between ICs mounted on the boards.
An optical waveéuide includes a core to transmit optical
signals and a cladding surxbunding the core and having a
ﬁefractive index lower than that of the core. Figs. 1 and 2
show a channel optical waveguide structure and a slab optical
waveguide structure, respectively. The channel optical
waveguide has a structure including a linear core 1 and a
cladding 2 surrounding the periphery of the core 1. The slab
optical waveguide has a structure including a layer core 1 and
layer claddings 2 with which the upper and lower sideg of *he

core 1 are covered. The paste compesition of the present

invention may be used to form both or one of the core and the

cladding.

[ocgl]

Patterning by photoirradiation is possible with the paste
composition of the present invention. Therefore, the paste
composition of the present invention is preferably used as a
core-forming material so that various shapes of optical
waveguides can be easily produced. There is preferably a large
difference between the refractive indices of the core and the
cladding, so that the transmitted light-~trapping effect can be
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should be made thick. In the case 0of a single mode optical

waveguide, the difference between the refractive indices of

the core and the cladding should be small, and the core should

be made thin so that single mode transmission can be achieved.

[0083]

For example, the channel optical waveguide may be

manufactured by the method described below. The paste

composition for forming an under-cladding is applied to a

substrate such as a glass substrate, a silicon wafer, a glass

epoxy substrate, or a plastic f£ilm. The coating is dried and

cured to form an under-cladding. The paste composition for

forming a core is then applied tTo the under-cladding, and the

coating is dried to form a £ilm-shaped core. The film-shaped

core is Then patterned Into a wavegulde. When the paste

composition for forming the core is polvmerized by

photcirradiation, the patterning may be performed by

photolithographic method. Alternatively, when the paste
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include, but are not limited to, methods using a spinner,

screen printing, a blade coater, a die coater, or any other

coating devices.

EXAMPLES

10085]

The present invention is more specifically described with
some examples below which are not intended to limit the scope
of the invention. Some chemical compounds used in the examples
are abbreviated as follows: DMAc, N,N-dimethylacetamide; THFA,
tetrahydrofurfuryl alcohol.

The properties of each of dispersion sclutions of barium
sulfate particles, cured materials produced from paste
compositions, and optical waveguides were measured by the
methods described below.

[0086]

Method for Measuring the Refractive Index of Cured

Materials Produced from Paste Compositions

48



VMIWAAINtLUWLUANU)NLUMULUNNW 16'0iUIU N IU tU
if) t1) IU)UtUNM)U I tUt<1tUmmInNtoNIUMLUOtUm wG 16
HME-MV (1) (O1~-MO)OrNMVU mmn~Q)0~NMVtUNDrw
0) NNNNNNNMMMMmMnMMMMVVCVdVCVV<mmm
mmmmmmmmmmmmmmmmmmmmmmmmm aaaaa
aa1aaaeaaaeaasziaaiiaa61aa EEEEEEEEEEEEEEEEE

E%E{E#w%%v%vx% R AR WA SRR
0'0CQOCc 3ctofOt~

proaed %4 RUSE 1 U 1E MR KO LOTT KD PPN 1 R

gt Fuslisel iy MR W ow

wave(%XQQh o%7§§80nm an a é%mperature of 25°C. The refractive
index was also measured with this eguipment at 40°C, 60°C,
80°C, and 100°C. The slope of the four points was obtained by
a least-sguares method, and a temperature-dependent change in
the refractive index (temperature dependency of the refractive
index) was calculated.

[0687]

Method for Measuring Optical Propagation Loss of Optical
Waveguide

The measurement was perfoxmed by the cut-back method
according to the JPCA standard {JPCA-PEG2-05-015-2004).
Multimode optical fibers each with a core diameter of 30 pm
and & numerical aperture of 0.28 were used on the input and
output sides. The measurement temperature. was 23°C, and the
wavelength of the measurement light source was 850 nm.

[coss}

Method for Measuring Mean Particle Diameter of Raw Barium
Sulfate Particles Agglomerated before Dispersion Solutilon
Preparation

The measurement was performed using an optical microscope
as shown below. The particliles were placed on & transparent
plate such as & glass plate, and the transparent plafte on
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the particles captured through a CCD camera ADP-240M
(manufactured by FLOVEL CO., LTD.) attached instead of an eye
lens to an optical microscope were stored as digital images in
a computer. The spherically approximated particle diameters of
any observed 100 particles were determined using an image
processging software FivFs (manufactured by FLOVEL CO., LTD.)},

and the number average particle diameter was calculated

therefrom.
[00891

Method for Measuring Mean Particle Diameter of Barium
Sulfate Particles in Dispersion Solﬁtion

A drop of the dispersion solution was put on a carbon-
evaporated collodion film. After the solvent was removed by
drying, the barium sulfate particles were observed using a
transmission electron microscope H-7100FA {(manufactured by
Hitachi Ltd.) at an accelerating vqltage of 100 kV. The
observed lmages were stored as digital images in a computer.
The sphericelly approximated particle diameters of any
observed 100 particles were determined using an image
processing software FlvFs (manufactured by FLOVEL CO., LTD.),
and the number average particle diameter was calculated

therefrom. When primary particles were agglomerated, the
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drying, the barium sulfate particles were observed using a
transmission electron microscope H-7100FA {manufactured by
Hitachi Ltd.) at an accelerating voltage of 100 kV. The
observed images were stored as digital images in a computer.
The spherically approximated partidle diameters of any
observed 100 particles were determined using an image
processing software FivFs (manufactured by FLOVEL CO., LTD.},
and the number average particle diameter was calculated
therefrom. When primary particles were agglomerated, the
particlie diameters of the agglomerates were measured.
[0081]
Method for Measuring Coefficient of linear Expansion of
Cured Material Produced from Paste Composition
The cured material produced from the paste composition
was measured for dimensional change under an indentation load
of 50 mN using a& TMA meter TMA/SS56100 manufactured by SSI Nano
Technology Inc. in the process of heating it from room
temperature to 120°C and then cooling if to room temperature
in a nitrogen atmosphere. The average coefficient of linear
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[0092]

Preparation of Dispersion Solutions

Dispersion solutions A to P were prepared as described
below. Barium sulfate secondary particles BF-40 {15 pm in mean
secondary particle diameter, 10 nm in mean primary particle
diameter, manufactured by SARKAI CHEMICAL INDUSTRY CC., LTD.),

a dispersant, and an organic geclvent were mixed in the
respective amounts sheown in Table 1, and the mixture was
processed in a homogenizer EXCEL AUTO {trade name)
manufactured by NIHONSEIKI KAISHA LTD. at a rotary blade end
peripheral speed of 5 m/second for 1 hour, so that the barium
sulfate particles were dispersed.

[0083]

The homogenized dispersion soclution was subjected to a
dispersion process using a bead mill ULTRA APEYX MILL UBM-015
(trade name) mannfactured by KOTOBUKI INDUSTRIES CC., LTD. The
beads were made of zirconia and had a mean particle diameter
of 0.05 mm (YTZ Ball manufactured by NIKKATO CORPORATION). The
beads were charged in an amount of 400 g. The peripheral speed

of the rotor of the bead mill was 9.5 m/second, and the
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After the dispersion process was completed, the liguid was
collected so that the dispersion scolution of the barium
sulfate particies was obiained. Table 1 alsoc shows the mean
particle diameter of the barium sulfate particles in the
dispersion solution at the end of the dispersion process.
[0094]

In Table 1, HOA-MPL (trade name) and HOA-HH (trade name)
manufactured by KYOEISHA CHEMICAL Co., LTD. each used as a
dispersant are compounds each having a polymerizable group and
a carboxyl group, LIGHT-ESTER P-1M (trade name) manufactured
by KYOEISHA CHEMICAL Co., LTD. and RDX 63182 {trade name)
manufactured by DAICEL-CYTEC COMPANY LTD. are phosphoric ester
compounds each having a polymerizable group, and Disperbvk-111
(trade name) manufactured by BYK-Chemie Japan KK is a

phosphoric ester compound having no polymerizabie group.

[0095]

Taple 1

[0096]
Example 1

A paste composition was prepared by mixing 9.8 g of the
dispersion solution A, 5 g of a resin represented by the

formula (11), 0.1 g of a UV-activatable oxime-type
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Co., Ltd.. chemical name: 3-glyvcidoxypropyltrimethoxysilane)
in a ball mill. The content of the barium sulfate particles in
the paste composition was 40% by weight based on the amount of
the solid components in the paste composition, exclusive of
the organic solvent. The barium sulfate particles in the paste
compesition had a mean particle diameter of 26 mm. The paste
composition was applied to a gquartz substrate with a spin
coater. The coating was dried in air at 80°C for 1 hour using
an oven and then exposed to 50 mJ/cm’® of ultraviolet light
using an ultra-high pressure mercury vapor lamp exposure
system (PEM-6M, manufactured by UNION QOPTICAL CO., LTB.} so0
that the paste composition was cured to form a 10 pm-thick
film-shaped cured material. At a wavelength of 850 nm and a
temperature of 25°C, the film-shaped cured material had a
refractive index of 1.556 and a temperature-dependent change
rate of refractive index of 51 ppm/°C.

[0097]

On the other hand, a cured material for use in evaluation
of linear expansion coefficient was produced using the paste
composition as described below. A Teflon {(registered
trademark) tape of 10 mm x 10 mm was attached to a £4 inch

silicon wafer, and a 5 mm-long cut piece of a Teflon
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ultraviolet light using an ultra-high pressure mercury wvapor
lamp exposure sysiem (PEM-6M, manufactured by UNION OPTICAL
CO., LTD.) so that the paste composition was cured to form a
cured material with a bottom diameter of 8§ mm and a thicknéss
of 1 mm. The resuliting cured material was removed Ffrom the
Teflon (registered trademark) tube, and the linear expansion
coefficient of the cured material was measured in the
thickness direction teo be 44 ppm/°C

{oo9s]

In addition, an optical waveguide was produced using the
paste composition as described below. A liguid epoxy resin
(#314, manufactured by EPOXY TECHNOLOGY, INC.) was applied to
a £4 inch silicon wafer with a spin coater. The coating was
dried in air at 80°C for 1 hour using an oven and then cured
by heating in nitrogen at 150°C for 1 hour to form a 5 am-
thick under-cladding. The refractive index of the under-
cladding was measured at a wavelength of 850 nm and a
temperature of 253°C to be 1.502. Thereafter, the paste
composition was applied with a spin coater to the under-
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of M!¥¥a@18f€%r%gggtE%%E%ugh a guartz mask using an ultra-high
pressure mercury vapor lamp exposure system (PEM-6M,
manufactured by UNION OPTICAL CO., LTD.}. The guartz mask had
a 50 pm-wide, 9 cm-long sglit, and the portion other than the
slit was for blocking light. After the exposure, fthe substrate
was immersed in a developing scolution P-7G (manufactured by
TOKYO OHKA XOGYO CG., LTD.) for 5 minutes so that the non-
exposed film was removed. As a result, & 50 pm-wide 9 cm-long
core was formed. After the development, the patterned portion
had a clear rectangle shape with no cracking. No residue was

observed in the non-exposed area, and the developability was

good.

[0099]

"The same material as for the under-cladding was further
applied thereto with a spin coater. The coating was dried at
80°C for 1 hour and then cured by heating in nitrogen at 150°C
for 1 hour %o fbrm a 5 pm-thick over-cladding, so that an
optical waveguide was obtained.

[0100]
Both ends of the optical waveguide together with the
substrate were cut using a dicing machine, and its optical

propagation loss was measured to be 0.3 dB/cm.
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Each of the paste compositions of the formulations shown

in Tables 2 %o 31 was prepared by the same method as that in
Exampie 1 and then used to form a cured material for use in
evaluation of physical properties and to form an optical
waveguide, except that the compound A used to form the
dispersion solution was further added in place of the resin in
the process of preparing the paste composition in each of
Examples 209 to 226, The results of the evaluation are shown
in Tables 2 to 31, in which the resins & and B are represented
by the formulae {11) and (12), respectively, and the chemical
name of the silane coupling agent KBM5032 (trade name)
manufactured by ShinmEtsu‘Chemical Co., Ltd. is 3-
methacryloxypropyltrimethoxysilane.

10102}

In some examples, a thin film-like residue was present on
the surface of the substrate in the non-exposed area after the
development in the process of forming the optical waveguide;
In such cases, the comment "residue present in non-exposed
area” is entered in the section of Developability in Tables 2
to 31. In some examplies, a cracked portion or portions were
observed in the core after the development in the process of
forming the optical waveguide. In such cases, the comment
“cracking of core" is entered in the gection of Developability
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[0133]
Comparative Examples 1 and 2

Each of the paste compositions of the formulations shown
in Tables 32 and 33 was prepared by the same method as that in
Example 1 and then used to form a cured material for use in
evaluation of physical properties and to form an optical
waveguide. The results of the evaluation are shown in Tables
32 and 33. The resulting cured materials were soft because of
insufficient polymerization, and it was impossible to evaluate
the refractive index and the linear expansion coefficient. In
addition, the non-exposed area was whitened during the
development in the process of forming the optical waveguide.
The non-exposed area was not removed by the immersion for 5
minutes, and it was removed by shaking the substrate for 20
minutes in the immersion process. A thin film-like residue was
present on the surface of the substrate in the non-exposed
area. The patterned optical waveguide in the exposed area had
a gentle convex shape. The measurement of optical propagation
loss was attempted but failed, because the loss was so large
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C)Qé%é)of the paste compositions of the formulations shown
in Tables 32 and 33 was prepared by the same method as that iﬁ
Example 1 and then used to form a cured‘material for use in
evaluation of physical properties and toc form an optical
waveguide. The results of the evaluation are shown in Tables
32 and 33. The temperature-dependency of the refractive index
and the linear expansion coefficlient were both relatively
large. The non-exposed area was whitened during the
development in the process of forming the optical waveguide., A
geveral pm-thick £ilm was lef{ in the non-exposed area even
after the shaking for 20 minutes in the developing solution.
The measurement of optical propagation loss was attempted but
failed, because the loss was so large that the propagated
light intensity was below the detection limit.

[0135]
Comparative Examples 5 to 10

Each of the paste compositions of the formulations shown
in Tables 32 and 33 was prepared by the same method as that in
Examplie 1 and then used to form a cured material for use in
evaiuation of physical prépexties and to form an optical
waveguide. The results of the evaluation are shown in Tables
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INDUSTRIAL APPLICABILITY
[0139]

The optical waveguide-forming paste composition of the
present invention is suitable for use in forming optical
interconnections and other components to transmit information
between LSIs on circuit boards which may be used in
information-processing devices to make high-speed signal
transmission, such as personal computers, hard-disc recorders,

DVD recorders, game machines, and cellular phones.
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g2
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4
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290
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Organic Solvent

THFA
THFA
THFA
THFA
DMAc
DMAC
DMAC
DiMAC
DiMAc
DMAcC

Material
THFA
THFEA
THFEA
THFA

Components of Dispersion Solution

Amount
(@)
30

8
14
60

0

8
14
80
30
8
14
60

30
0

DMAC
THFA

10
30

Material
HOA-MPL.
HOA-MPL
HOA-MPL
HOA-MPL
HOA-HH
HOA-HH
HOA-HH
HOA-HH
LIGHT-ESTER P-1M
LIGHT-ESTER P-1M
LIGHT-ESTER P-1M
LIGHT-ESTER P-1M
RDX 83182
Disperbyk-111

carboxy! group, LIGHT-ESTER P-1M and

RDX 63182 are phosphoric ester
compounds each having a polymerizable

each having a polymerizable group and a
group. {Compound A)

*HOA-MPL and HOA-HH are compounds

Dispersant

Barium
Suifate
(9)
200
200
200
200
200
200
200

0C
200

Amount of
200
200
200
200
200
200

Table 1

Dispersion Solution A
Dispersion Solution B
Dispersion Solution C
Dispersion Solution D
Dispersion Sclution E
Dispersion Solution F
Dispersion Solution G
Dispersion Sclution H
Dispersion Solution |

Dispersion Solution J

Dispersion Solution K
Dispersion Solution L.
Dispersion Solution M
Dispersion Solution N

Disperbyk-111
HOA-MPL

200

Dispersion Solution O
Dispersion Solution P
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What is claimed is:

1. An optical wavegulde-forming paste composition,
comprising:

(A} barium sulfate particles with a mean particle
diameter of 1 nm or more to 50 nm or less:

(B} a compound having a polymerizable group and a
carboxyl group, or a phosphoric‘ester compound having a
polymerizable group; and

(C) an organic solvent.

2. The optical waveguide-forming paste composition
according to claim 1, wherein the compound having a
polymerizable group and a carboxyl group comprises a compound

represented by the formula (1):

E}
R
QE{EWCWE‘“{}*RZ""C"GH (1)

I
O O

in the formula (1), R' represents a hydrogen atom or a methyl
group, and R* represents a bivalent group represented by any

one of the following formulae (2} to (4):
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O
(4}
in the formulae (2) to (4}, n ahd m each represent an integer

of 1 to 3.

3. The optical wavegulde-forming paste composition
according to claim 2, wherein R' in the formula (1) is a

hydrogen atom, R’ is a bivalent group represented by the

formula {(4), and n is 2.

4, The optical waveguide-forming paste composition
according to claim 1, wherein the phosphoric ester compound
having a polymerizable group comprises a compound represented

by the formula (5):
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RS

in the formula (5), R’ to R’ each represent a monovalent group
represented by any one of the £following formulae (6} to (10)
or a hydrogen atom, and R’ to R® may be the same or different,

provided that not all of R* to R® are hydrogen atoms:
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UUUOUUOUOOU 93 Whatis claimed is: 1. An optical
waveguide-forming paste composition, comprising: (A) barium sulfate
particles with a mean particle diameter of 1 nm or more to 50 nm or less;
(B) a compound having a polymerizable group and a carboxyl group, or a
phosphoric ester compaund having a polymerizable group; and (C) an
organic solvent 2. Ttﬁ%ptlcal waveguide-forming paste composition
accordi e to claim ¥, wherein the compound having a polymerizable
group Worsige, yl group comprises a compouz% epresented by the
formula (1) 0142 U-g=L-C:OH (1) 11 in the form ?1), R1 represents a
hydrogen atom or a thyI group, and R2 represents a bivalent group
represented by any afe of the following formulae (2) to (4): 94 -(-H-, O-
-EcH2L (2) 0Ointhe tSenulae (2) to (4), n and m each represent an integer

of 1to 3.
7
2 AN
8
H chﬁ |
7 \C—- _.-‘le} (8)
il |
8]
E%g
H,C=C]
I "
O
H,C CH—RI (10)

in the formulae (6) to (10) R® to R® each represent a hydrogen
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3. The optical waveguide-forming paste composition according to claim 2,
wherein R1 in the formula (1) is a hydrogen atom, R2 is a bivalent group
represented by the formula (4), and n is 2. 4. The optical
waveguide-forming paste composition according to claim 1, wherein the
phosphoric ester compound having a polymerizable group comprises a
compound represented by the formula (5): 950 11 in the formula (5), R3
atoml®R5 LaRBIEPIESEAL AINOREValRIY GrOUPJERIESERRG DY ARY ONe: Ylatien «
following formulae (6) to (10) or a hydrogen atom, and R3 to R5 may be
groutheciame gf difterent-pyovideskihat nolalkot R3toR3are bydragehaient
atoms: 96 --C\'1 0 H2C==C (7) PO 10 0~1 0) in the formulae (6) to (10)

grouBbde R each repsaseiia BydiRgen-94 AP OrpdPeiyt 9g3R,R10 and

R11 each represent a bivalent group of 1 to 10 carbon atoms, and R12
represents a bivalent group of 1 to 10 carbon atoms having a hydroxyl
group. 5. The optical waveguide-forming paste composition according to

claim 4,-whergiratdeastaRegliR3e Rt anf Ruying thecforauia, ()¢ fon

monovalent group represented by the formula (8). 6. The optical
accodavemyide-farming paste,aaRpesitign aceEdingte apy affe okelaims ktoin
5, further comprising a
the formula (5} is a monovalent group represented by the

formula (8).

6. The optical waveguide-forming paste composition
according to any one of claims 1 to 5, further comprising a

resin having a polilymerizable group.

7. The optical waveguide-forming paste composition
according to claim 6, wherein the resin having a polymerizable
group comprises a resin represented by the formula (1il) or

{12):
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resin having a polymerizable group. 7. The optical waveguide-forming
paste composition according to claim 6, wherein the resin having a
polymerizable group comprises a resin represented by the formula (11) or
(12):98rc ~Tvw U=0(G(=t QQUfaoMCOFLydO 41COItl4+
El v=0 cs ~i Er 99 8. The optical waveguide-forming paste composition
according to any one of claims 1 to 7, further comprising a silane coupling
agent. 9. An optical waveguide, comprising a cured material produced by

curing the optical waveguide-forming composition according to any one of
claims 1 to 8. 100

= CH=CH,  (11)
CH=CH, (12)
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8. The optical waveguide-forming paste composition
according to any one of claims 1 to 7, further comprising a

silane coupling agent.

9. An optical waveguide, comprising z cured material
produced by curing the optical waveguide-forming composition

according to any one of claims 1 to 8.
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