: OPTI CAL WAVEGUI DE- FORM NG PASTE COWPCSI TI ON AND
OPTI CAL WAVEGUI DE USI NG THE SAVME BACKGROUND OF THE
"INVENTION 1.- Field of the Invention [00011 The
present invention relates to an optica
wavegui def orm ng paste conposition. Mre ‘
specifically the present invention relates to an
“optical equi de-form ng paste conposition including
: T&%ﬂﬁmﬁgiﬁr%@w A M SUPPRE 8L R raie | FT ICAL
‘dlspersed therein and to an optical wavegui de using
" the conpositi oWAVEGUDBECPEPNFOoREBfSANMRe Rel ated Art
(0002J Past e conpositions including organic
materials such as resins and inorganic particles
di spersed therein and cured materials obtained by
curing such postEGROUVMIDSIH i FTHE mAwvEmmideEl y used for
printing paints, lubricants, cosnetics, adhesives,
1. Fi€l®age genhsencddponents of displays or circuit
boards, and so on. The purposes of dispersing
[gpoginorganic particles in resins include inparting
excel | ent properties such as thernn nmechani ca
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properties, which are not ac |evab
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urlng cost 1ow I'n a tase where the
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articles wth partlcle dlaneters of several tens_to
comp %’v‘%’r%ﬂ IMGeHeTEr 80 BF IR S SFRT TR G0 RBTHUF pBeet e
i nproving the surface flatness or transparency of
part} *F | GrPegEefebPPRYLE Bt 1 BRERE SCHGICHH VRYSAELAR NRERY
of sem conductors or the like in various technica
the gompeitimnyticularly in the field of optical
i nt erconnection technol ogy, there have been
i nvestigations to devel op techni ques for dispersing
inorganic particles with particle dianeters of
2. Degveimtidrens ttbesBeénakdnandneters into resins so
t hat tenperature-dependent changes in the refractive
foookhdex or the dinension of optical waveguide materials
can be suppressed, while the transparency of the
mep £t &l SongRB 1 Be0aBSUA8Tua 0§08 ganic matAriBlBOduERras
di spersing Inorganic particles into a resin includes

resihé ! Sha PLERdNG %a§k§§§é§laﬂsﬁekﬂéathéaéﬂhab&@nguéga
organi ¢ sol vent and inorganic particles wel
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solution wth resin. Conmercially avail able

maeigo{&&ﬁ“fw Itlncél% F.th Meag - PaLLL L] ecfa%mae'{%@ of
veral tens to se e nanometers are often provided
i.n_the f of a onmerat es_(seconda rticles
adnediYRS o ﬁ%éﬁ?%ﬁu égﬁte d|8w€t3% g seﬁ%? thfrgﬁ%rﬁul“
whi ch nd|V|dua articles (pr r rticles) are
boaTii54oPat ofy Hygl GHer BEEHSS TR B TN BB dPETHEnLs
di spersion solution of _inorganic particles with a
Partﬁ‘é%nﬁs paP tTEH YR8 SFPEEVEPEl SEERS Y RRpReAICLes
nanoneters, therefore, the secondary particles should
5u0hb§5dé%@ﬁmﬁﬂﬁﬁ%ﬁ%§}Q%% @ﬁ”@?@ﬁﬁﬁ& selvertonatpesic
di spersion sol ution containing stably dispersed
PrODRFFRHEFY Pod t9Rliesls magpgrisé epr epaield. arpvitierachiigvable
such a case where primary particles have a nean
onlypakthclres thanstret ngfiucdsyg thancbdiant ohcedirspensied
particles may be frequently aggl onerated to nake a
further dispersion processidifficult in many cases,
because the ratio of the surface area to the vol une
of the particles is significantly high. [0004]
Therefore, there is disclosed a nethod that includes
addi ng an organic material having a certain
functional group or the like at its end, called a



preferably represented by the followng foimula (1):
[0020] Formula 1 RL CC O-R2 Ti 0 [0021] In
the foula (1), RA represents a hydrogen atomor a
met hyl group, and R2 represents a bival ent group
represented by any one of the follow ng formulae (2)
to (4): [0022] Fornula 2 [ 0023] In the
formulae (2) to (4), n and in are each an integer of
makifigt 0h8. miffAturing cobh 1he forautasd Whereheéhe resins
pol vieri zabl e group is an acrylate group when Rl is a
usedhydeogererad 0rg. Olnardeddiacyydat o 1greoup hehenb&dn | St tempts
nmet hyl group. The acrylate or methacryl ate group has

to udB wasal shiated eednandphbes el eseyi th Gpahle eOfiiameters
under goi ng radical polynerization upon

of sBIE}QEQU{Eé‘xQé atd %ve&aﬁeaghaaetgest her PEQGRSSi8ks For the
radi cal pol ynerlzatlon u5|ng light, a

purpBE%t gki § @EEEBQ@ ab@c Lf?d%‘tﬂ&s&"@@%a%ép%rlehg{?t of

rough a p otona be pertforned to fol-

mat %E&Er&?dxﬁ%{ingsmg 1&% erl El foIhﬁlé & b 5o g“Bf

aving a 0 'S pre erre use of
her ner.i, abi | i.t .
Sem?ﬁa“fiflg ST i Tea ey 7 ﬁo ﬁ?ﬂa?aale eI,
the | ar ger nunber of % nmeri zabl e
BEL it 1 GO GPOdSE ISP CrTORtRs GHE whi ch
means better polymerizing ablllt and better
te°h¥0§68V3|BP?F%yh%Wetﬁﬁ?nbéFﬁﬁﬁﬁﬁiﬁaFéPéspE?t@%ﬂ%%?P On
the other hand, as the n and m val ues increase, the
techytigives ﬁpﬁdf?hﬁfweﬁﬁgeéﬂmgﬂ%m@awieﬁesd@?@bmtﬁccle
| ocated on the bariumsulfate particles increases so
diameigrst b devpersiiid the cavanch sasereThes efwie, rasins so
and m are each preferably 2, which neans an et hyl ene
- thatgrempelravizng - ¢ependeliocistrygmss  {r002€] refractita dddex or
conmpound represented by the formula (1), Rl is
the pIedersbhy o bydtiegenwatreguigdsdmR2ersale et add Vspressed,
bi val ent group represented by the formula (4). In
whildlitheCas@nsPatendf edera YnZc 0= the:2he8808n slesad | bed
above. Wen such a conmpound is used, higher
roodP] ynerizing ability and higher developablllty can be
provi ded, and better dispersibility of the barium

sulsf aleenpar kbe! 88s5ans Al OLIP&%?H&V& dedwswhbehi@dd OWsresin

a reduction in the nmean particle dianeter of the
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mat er i ed tr parency can be pro
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an op I'ca mave ul propa
S can be talned 0027 f the conpound
ana ;e F0e 4By CLRRETHF Tl £OFHS Eg‘bs“@aﬁ?ﬁ & ERELP! osent
i nvention include HOA-MS (trade nane%zln which R in
N e e e e S el é“ﬂ%?‘éb%n%’f%hﬁ’l Wiy gpPEERnt ed
by the formula (2), and_n and in are each 2, HA-HE
Par?%?%&kﬁ%ﬁﬂﬁ?ﬁ I REWARERTRE Fﬁnﬁhéof%ﬁYﬁH%%~@fﬁoﬁ§t§f5 are
hydrogen atom R2 is represented by the formula (3),
oftemPrPV-ied iandbrRoRompLof t paaéomaRRy ST Nl SAFCERaRY in
the formula (1) is a hydrogen atom R2 is represented
parpycieel WithAd ae@n) paghiich=i Siamedat hohwaeasiutedsbys in
KYCEI SHA' CHEM CAL Co., LTD. [0028] On the
whlemhemdiumﬂnaﬁImar¢@¢peandpﬁimepyeeenttmﬂdgﬁ1ane frodaubaely
(5) belowis also preferably used. [0029] Fornmula 3 O
agghoBefaR4 EnsoRedr [ 003epare a dingdreibar sulac{dm) .of
R3 to Rs each represent a nonoval ent group
represented by any one of the follow ng folLnmul ae (6)
to (10), or a hydrogen atom and R2 to R5 may be the
sane or different, provided that not all of R2 to R5
are hydrogen atons. 14 [0031] Fornula 4 15 /| Rs
H2C QA C 11 RO H2Cr-CQ G 0-R12- H2CG-CH R [ 0032]
In the formulae (6) to (10), R6 to RO each represent



The nonoval ent group represented by any one of the
formulae (6) to (9) has an acrylate or nethacryl ate
group and is capabl e of undergoing radica
pol yneri zati on upon photoirradiation or heating. The
nonoval ent group represented by the formula (10) is
capabl e of undergoi ng ionic polynerization upon
photoi rradi ati on or heating. The acrylate group in
inorgiiich rREHiglRS wWith endgiean IDptdgee diemerer priofxavearl
" because of its higher polynerizing ability. [0036]
tens The sawzadr nbhempatiaber tWfemgdidien dahenseconéach pfrtiBlcles
to in the formulae (8) to (10), the larger the
shouldlriee rdsefgdibacpak yarein zabl & grautpsoandnt henphosphori c
ester bond noieties per unit weight, which neans
aisp@edicH SQlotiRhl ZbfitadRidd tyrand, kaldpRrcdaspermdb) ity
of the bariumsulfate particles. As the nunber of
part L& Q0N REAE b'enp%@?QrQé. Rad@vBr, hActRasq dR where
steric hindrance etffect produced by the conpound A
; ri I : td. L.ngre
prlm%%g?;ét?%ei dsN@.aR8r Lum sl L Ale pal dlcd!ﬂg%ﬁk‘ 8; f‘é&sst*%%ne

I soersibility can I ncrease. erefore,

R

represented by .the fornmula (5 t_l.ea one of R3 to
to mpl | e, BT 8F PaR S THOGRSnEPgPEUp C2acs.
represented by the formul a (%% in which RL is npre
becapiettani§ti v APENFURHAT D cErtfont Yriditp VeE Wi ot gthe
carbon atons. In addition, at |east one of R3 to R5
partiplehel § AN S {CHPELE Br®rerably a nonoval ent group
represented by the fornmula (9), and Rthe fornula (9)
{O0CES preferably a bival ent hydrocarbon group of 2 to 3
carbon atons having a hydroxyl group. [0038]
ExBnpteatons. thersodpobhsclosepragerithad hrathéntbndes a
(5) used in the present invention include
addihg GHT - AFMUIAT mePeltAalt hadéngaaedemanuf dttuarcednby group
KYCElI SHA CHEM CAL Co., La (a phosphoric nonoester
or thaviiige afic acty/ leaice geoupd, zLiGBe AR RBd MhGkr ade
nane) manufactured by KYOEI EHA CHEM CAL Co., LTD. (a
funcPhesPNOf+6upn dF €L GBI BEnd DBt Dassydaled FheUBhrface
LI GHT- ESTER P-2M (trade nane) nmanufactured by

of tYOEh S CHEMGAL: GRs, tbTRnnk81PhesdNaid G dl 83k@ken the
havi ng a net hacryl ate group), and RDX 63182

inorgﬁﬂﬂé aﬁ&Hf@l@é’ %igngngggpg%él\yeﬁ&on@ation of

hosphori c di ester having an epoxyacrylate group).
: y . us
prinflg BheEREfol WAP lbrble EOET 8L TR A 1oR0 4D
t enperat ur e- dependent ange.in_the physical -
exempEE LGt t 1355 o TR Sl ed “Ralei P aP BPB0tEcH Ty fE110te
aste . 19  conposi.ti.on the present invention is

SOJ—“@%PS} g%}%?}n;a%’nzfcaﬁ,ele)?gﬁ,élo&g p%g%lcﬂes with a mean

t enperat ure- dependent refractive-index change rate or
partirheaflaRpafsi Oh <betr it8i Bt AsTSRaPPIaD) -Jedesular

used to increase the dispersibility of inorganic
pigmgaEt fEFRSTRAYT i MDA RTEEFIAgSPEXRRT oSt 0T ESERPLA

a paste conposition or increase the
Patepgnpétaraterdepend&hereetf aclsoedisefsecchangethatecdr

| i near expansi on coefficient of a cured nmateri al
usingr eddéegefront at padtspegwrp dsictlivgn sséfahatpafigicles into

properties of the cured material may be degraded. |t
an oltganheenctihenef Dsee preef exbagleh&itbhe Uisgpessant 2).

content should be as |ow as possible. In the present

i nvention, the conmpound A igself, which contributes

to the dispersibility of the bariumsulfate

particles, is polynerizable or curable or can be

i nvolved in the polynerization with a resin as

descri bed later, so that degradation of the

properties of the cured material, such as an increase



The paste conposition of the present invention
contains bariumsulfate wwth a nean particle dianeter
of 1 nmor nore to 50 mmor |ess. As used herein, the
te "nean particle dianmeter” indicates nunber average
particle dianmeter. In the paste conposition, the
barium sul fate particles may exist in the form of
primary particles, which .-are conpletely

~joo6epggl onerated, and in the fot of agglonerates of a-
plurality of primary particles. Therefore, the

panidude-di aeher Qlirddendardium syl E)ﬁﬁﬁu@@ﬂtﬁyflaﬁ%ét@md -
t he paste conp05|t|on is intended to include

lncP@éiﬂd:'nﬁﬂh% E[éesgfé r%x{[k‘gldéqgsg%%ﬁ%%r bed P5h B Y

particles a er O aggl oner at es

inof ad 18 ;{%;I:_Jt”%&%spg #&i&? 14 UL %ntt%o%%?r : a?gWTpaSt €

np05| on ¢ont ng dlsperse bariumsu

. cles wi_th a_nean, particl e dianet f 50 rjm

‘1155 ELET b TREBCRaRET T O TRO BT TmPSG) FRPR PaT 1% e
in WhICh Prlnar articles have a qean_gartlcl

pashp a?@f%’rs%fl‘?@otﬁngSle B M FBERABR the
manuf act ured by SAKAl CHEM CAL | NDUSTRY CO., LTD. (lb

ln°F9%¥%?1Hﬁ¥£+cﬂﬁﬁnﬁF9 Bé???%$%ddl%HQHQEFanaFPéFFé%nt?ﬁethe
requi renent. The nean particle dianeter of the barium

resap| pathRcrireddgtinnt de pratiene opawine sakmhy be be
measured by a nethod that includes directly observing

insufigipeny clédsnwiwhignanSEM ¢ sgamid neprdl isdesonre used.

m croscope) or a TEM (transm ssion el ectron
Thenmefonscope) rastiltdabcolatd ngatdeliaunesr baver age thermo-
particle dianmeters. Wen the nean particle dianeter
mechhni bl hardpapiSwss. at en paidieles, iwvhehh@hpastethographic
conposition is 50 nmor less, inproved uniformty can
patBerPigyi deddalorerehoaf at heipasteacaimasithl @npabdet he

cured material, and Rayleigh scattering of |ight

com@@Hﬁeﬂo@)’c&ﬂ‘ﬁiQﬁfﬂg‘J MhoubbRte particles £ARN heopmibhiny

so that high transparency can be provided. Optica

curWBYEOULAES, Wil é;@us%at aeeg aagpﬂgaiﬁa&él%%n%aﬁ BEred so

produced using such a paste conposition

thaqeéﬂep?&ﬁb& J’.ecl%r;@ 1Yer!)x'a %ﬂﬁgabaﬁwﬁ%%&ﬁ ﬁ)ment 60 form

particle sperse In the paste conpositio

' S C tterln ght ca
an B P Bt B e SpReneh eov%a%%s AR may
duced fro the conposi tion can, be very smal |
havg,? Phar ¥ O haperi &1 Peanee SRFBT L e paiahEymey be
as gh as that of a cured material produced froma
Pmﬁ‘&??ﬁnﬁ%ﬁﬁ%t%e‘fﬁlﬂﬁﬂlﬂné‘ f rERSTONDPORI RO 1@sPreRprhically
wavegui des with very | ow optical propagation |oss can
PrﬂﬁécﬁaoaﬁE%@F%uﬁﬁﬁFQﬁﬁgﬁsamﬁﬁtéﬁvéliaEﬁet?Eﬁ%ﬁ#ﬁquﬂ§ﬁ63+l°n
_ When the bariumsulfate particles have a particle
Lo5@i-ameter of 1 nmor nore, the specific surface area
of the particles is small relative to their volune so
[000kdt the particles can have high dispersibility.
[ 0056] In the present invention, the content :
of theibanlswnisudirattdhapaetiiddltésn nft hepphsterizable group-
conposition is preferably from 30% by wei ght or nore
corita i88%gbyhuepighti ©red wes rasewkronnt kRe pHOLOEs AIf tdi@ing a
solid conponents in the paste conposition, exclusive
res@h ¢ahabib8uEONRO NN tHID RS TR 8r gaBhCasSOhvent .
When the content of the bariumsulfate particles is
imp3@%eh¥n el At n O 2 1 £ hase § it d-hR ndaount £0fnd h:.eetardancy
solid conponents in the paste conposition, a cured
material with reduced tenpe&gture dependent change
rate of refractive index and reduced coefficient of
| i near expansion can be produced fromthe paste
conmposition. The content of the bariumsulfate
particles is preferably 50% by wei ght or nore based
on the amount of the solid conponents in the paste




When photolithographic patterning is performed, the
process may include first applying the paste
conposition to a substrate, renoving the organic
solvent, and then applying |ight corresponding to the
curing wavel ength band of the paste conposition
r A that _is._designed to. al.lowlight to . ...
of t%%ég%%ﬁﬁgggﬁ%gj%éc§§g§¥§%%!rﬁW§$%§5f%%§%ﬁH%ﬁ&gﬁfﬁiblllty
certain pattern. The |ight source may be an '
of DIBFFRIH| JROBESIGTE FEeRETPap: Panseo4dege Patent
. halide | anp, a halogen |anp, a heliumneon | aser, a
Liteyagurgsér,. or the like. An exposure system such as an
ultra-high pressure nercury vapor |anp exposure
[000§yst em PEM 6M ( manuf act ured by UNI ON OPTI CAL CO.,
LTD.) nmay be used. When the nechani smof curing of
t henbgeheradnpeskt HeBpksshpdical, Pl yIBRhEAAL QBarticles)
exposure to light is preferably perforned under a
sianhiFh a r 8,5 r adr.cal: t] speci.es
SN R R e e
.0 _ordet Lperease _the.resgl ution of the pattern,
orgapler bt oL nb sl AR kiR as b v L) TR Ot (Lot S Al
. referably have_a high degree of parallelization.
Plgm%PEB; PRvEvEer €67 BATEEIEneDRREIHCREL BFCAPREPACLER
. light caused by the mask, the mask shoul d preferably
- S1ignpgicankskt aEELart hnt Fersapst patentdaly heugdpcbesmeehhness
~the mask and the substrate should preferably be
or thedutkd. ffO073]umina pabuithgsexpodyur eheappbired hi gbttain
can be scattered inside the paste conposition after

addidiyengfsectiaé iheimpabieny eHgedf#dpe£dNpb®ity of one may
distorted. For this case, a UV absorber is preferably

queddes t ; ther past €1 €QNPeSELLO th - ?
re-uabsorberlclgnrabsor%) ?aint P%gﬁ%ﬁggak?%Hkgﬁbgéﬁﬁ;atur@ 3
e e revent.scattering, which can_kee
only R0l Poute  PARNaah BT B LRGP Y B8 68 ga coes
i nside. the paste conposition is mainly caused, by
not %%@?%fb%a%%%xi%ﬁ?%@S?reﬂ?tE%P%a?ﬁuh¥%5$$%%% pigments that
particles. The shorter the wavel ength of |ight, the
can 1npkhienehethe At epengibThivef a¢ erent vneadsabbee .
capabl e of selectively absorbing short-wavel ength .
Patent ghitésa@mliso Dr efapaht ye uBetent Applifat Dot Ulaid-Open
short-wavel ength light nay al so be placed between the
(Tp-A) oW . sporcel et hecT@sks send hatamsaid ering can be
prevented. [0078] In order to allow the curing
Patedi®acid OhtOrd Wi hes_prgseedy @bt g5 e RoS UL Sy the

substrate nay be stored at roomtenper or a

pave T8 o O 0 02 TR T O e

the substrate may be imersed in a devel opi ng
solution so that the paste conposition can be renoved
fromthe non-exposed area. The substrate on which the
SUMMAdst t erned cured material is foi.nLed may be washed
and dried. Heat treatment may be further perfornmed to
Probignsowa e delivegl ngadtheomiscprooeed. [ 0080]
The paste conposition or the cured material according
foood)o the present invention is preferably used to form
opti cal wavegui des. Optical wavegui des are formed on
Ci [ ds.,, f i-cal li,anc :
B e e R R S 5 20
: I mount ed qon the boards. An optica
dlame\%%yggﬁln&e%%n&rugléjsrea%gor e 8 tFansmi S8 &Yl s
and a cl addi ng surroundi ng the core and having a
refractive index |ower thadthat of the core. Figs. 1
and 2 show a channel optical wavegui de structure and
a slab optical wavegui de structure, respectively. The
channel optical wavegui de has a structure including a
linear core 1 and a cladding 2 surrounding the



A paste conposition was prepared by mxing 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

oxi me-type polynerization initiator OXEO02
(nanufactured by Chiba Specialty Chemcals K K. ), and

comsfutal. b Bus obg at o B Rl Bl el R om,
chem cal nane: 3-gl yci doxypropyl trimethoxysilane) in
addlélﬁglenFPPVE?ﬁéo ﬁ#¥nkn8WntﬁéSB§FﬁaﬁF§u Pafidsperse the
particles in the paste conposition was 40% by wei ght
partpgded wavt RauaRoant ippbufhecdehFdcuoapangrestiont hé the
Past e conposition, exclusive of the organic solvent.
past&heohapkimisul fipbe pavtbilkeadiattiba pasheacanposirt nan
had a mean particle diameter of 26 rim The paste

ca'uséo_ﬁpaifth@ﬁlﬁ?S1ﬁp§L3th6r¥nQn§ guaet gpauhst pakg with a
spin coater. The coating was dried 1n air at 80C for

PhOtéE?eHBEE?%HQF-g%e¥89ﬂ§ﬂ9 ng??§feﬁﬁ8ﬁ 58 20:394CpR8hicea

rav t using”an u pressure

. cury vapor |la osure ( PEM 6M

wi e B PP S BR R oot CRE nemgfvgo that the
aste conposition was cured to forma 10 pmt hi ck

[000 gﬂln}shaped cured material. At a wavel ength of 850 .nm
and a tenperature of 25C, the filmshaped cured
mafervaeévwhall sheeprobléne whtlexthé doBBénandnal art, an
t enper at ur e- dependent change rate of refractive index

objeot & phal fref®f87fisclosur@nishecopheribiandn apeuced
material for use in evaluation of |inear expansion

wave§QeHEL 6Bt nYCSa BE OAUERECYSEDINt PRAPAST EorETPESE LH 0B
as described below. A Teflon (registered trademark)

p f f4 inch
Curlﬁ? %%%n %ﬂ s é% Qﬂ%&ﬁé ?%%gfgggb%?ec “of a Teflon
(regi stered tradenark) tube with an inner dianeter of
8 mm was pl aced thereon. The paste conposition
obt ai ned as described above was charged into the
MeangefppnSeteyidt BRedP¥Pad@Rar k) tube in such a nanner
that the liquid level reached 1 mm Thereafter, the
[001phste conposition was dried in air at 80C for 1 hour
usi ng an oven and then exposed to 50 mJ/cnR of
ul Theavpoteint | @hdc Ussuge als udiif@cttm@htcpr@ﬁsupelcal
mercury vapor |anp exposure system (PEM 6M

wave GBI 264kt By Bya SN QPbhd s CALEO ne LB hgSPat hﬁérilﬁ‘tﬁ

paste conposition was cured to forma cured materi al

sulfdid fg%@f’éié’ H afret efe dgﬁ ma]? g &méegpesf 9fn

resulting cure erla was renoved Trom

Tef eqi sf er ed denar and the |jnear

moze gt 0 B et el eht o S DU PAHELEY| l PYLENeTisable
nmeasured in the thickness direction to be 44 ppniC

group yyB|a carboxyh Feelki oft ArPRPTIPRATIGeeeler decpwreund
produced using the paste conposition as described

having|ovpomdridabepoxyorresiand #6I4, amerdact aredlhgnt . The
EPDXY TECHNOLOGY, INC.) was applied to a f4 inch

presail | @icst Mahefe Wd hhBssplireosd®rto e spaldédy wWaseguide
dried in air at 80C for 1 hour using an oven and then

incl g Pyeeat ind il tpegeedd 1P Phg LeROWpt Peal
forma 5 umthick under-cl addi ng.” The re ?ractlve

waveﬁgﬁﬁ%endq%qg%%%%%[rl£%¥% tenpgfgfﬂigdo?tZZC to be

1.502. Thereafter, the paste conposition was applied
with a spin coater to the under- cladding fornmed on
the quartz substrate, and then dried in air at 80C
for 1 hour to foLma 50 pméhick dried paste
conposition film The resulting filmwas exposed to
50 md/cn2 of ultraviolet |ight through a quartz mask
using an ultra-high pressure nmercury vapor |anp
exposur e systen1(PENP6M wanufactured by UNION
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ovvga VI NO Eispersant *HOA- MPL and HOA-HH are
n each a ing a polynerizable group and a
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The optical waveguide-forming paste composgition of the
present disclosure is reliably cured by photoirradiation or
heating. When photolithographic patterning is performed, the
optical waveguide-forming paste compogition of the present
disclosure provides very good curability for the exposed area
and very good developability for the non-exposed area. The use
of the opticél'waveguide~forming paste composition of the
present disclosure allows production of optical waveguides
having low temperature-dependent change rate of refractive

index, Small coefficient

of linear expansion, and low optical propagation loss.

BRIEF DESCRIPTION QOF THE DRAWINGS
[0138]

Fig. 1 is a schematic diagram showing a channel optical
waveguide stgucture; 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.

7
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.The optical waveguide-forming paste composition of the
present invention (hereinafter referred to as "the paéte
composition”™) includes (A} barium sulfate particles, (B) a
compound having & polymerizable group and & carboxyl group, or
" a phosphoric ester compound having a polymeriiable group, and
{C} an organic solvent. Hereinafter. unless otherwise stated,
the term "compound A" refers to the compound having a
rolvmerizable group and & carboxyl group, or the phosphoric
ester compound having & polymerizable group..

-{0013]

In the paste composition of the present invention, the
compound A has the function of &ispérsing harium sulfate
particles. The carboxyl gxroup or the phosphoric ester bond
moiety of the compound A interacts with barium sulfate
particlas go that the surface of the barium sulfate particles
can be covered with the compound A. It is considered that the
polymerizable group of the compound A placed over the surface
of the barium sulfate particles can face outward and bs
compatible with the organic solvent and other compounds in the
paste composition to allow the barium sulfate particles to
form a stable dispersion.

[0014]
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- KEMED 3 oEQhZLAdBble group of the compound A is an organic

group capable of allowing polymerization to proceed through:a
polvaddition reaction, a radical reaction, or the like caused
by light or heat. In the paste composition of the present
invention, the compound A is involved in polymerization so
that curing can be allowed to proceed rapidly and reliably.
T00151]

In the present invention., the compound A itself is
opticaelly 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 particles but alse to form a matrix resin.
If a2 dispersant having no polymerizable group is used to
disperse barium sulfate'into 2 matrix-forming regin having a
polymerizable group. barium gsulfate 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
digpersibility of barium sulfate particles can be kept high
even in the cured material, because polymerization proceeés
while the barium sulfate particles are captm:ed 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
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be cured by light so that photolithographic patterning may be
performed. In this case, polymerization proceeds; while the
barium sulfate particles are capturedrby the compound A in the
exposed area., so that a strong network can be formed with the
harium sulifate partiples serving as starting points and that
swelling or dissolution of the expcséé area can be prevented

during development, which leads to the formation of a clear

pattermn,

{00171

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 pélymerizable group
inciude vianyl, acrylate, methacrflate, epoxyacrylate,
epoxymethacrylate, and epoxy groups.
o018l

Besides the polymerizable group, the compound A has &
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 2
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 dissolved in a developing

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

10
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The compound A used in the present invention is

preferably represented by the following formula (1)

[0020]

Formula 1

zzi
o =
Cﬁgﬁﬂ“ﬁ%ﬁ“&—lﬁm%we}ﬁ RS

[0021]

in the formulq (1), rR* represents a hydrogen atom or =&
methyl group, and R? represents a bivalent éroup represenfed by
any one of the foilowing formulae (2} to (4):
foc2z]

Formula 2

il
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(33

—{CHy—0 (8)

O=0)

f0823}

In the formulae {2} to (4), n and m are each an integer
of 1 to 3.

[0624]

In the formula {1}, the polivymerizable group is én
acrylate group when R' is a hydrogen atom, or a methacrylats
group when R is a methyl group. The acrylate or methacrylate
group has an uvnsaturated bond and therefore is capable of
undergoing radical polymerization upon photoirradiation or
heating. In tThe process of radical polymerization using light,
a phofolithographic method including expo%uxe to light through
a photomask may be performed to form patterned wirings or the
like. The acrylate group having a-hfdrogen atom for R* is
preferred because of its higher polymerizing ability.

foo25]
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The smaller the n and m values in the formulae (2} to (4),
the larger the number of the polymerizable groups and the
carboxyl groups per unit weight, which means better
polymerizing ability and better dispersibility of the barium
sulfate particles. On the other hand, as the n and m values
increase, the steric hindrance effect produced by the compound
A located on the barium gulfate particles increases so that
the dispersibility can increase. Therefore, n and m are each
preferably 2, which means an ethylene group having two carbon
atoms,
100261

In the compound represented by the formula {1), R* is
preferably & hydrogen atom, and R? is preferably a bivalent
group represented by the formula (4). In this case, § is
preferably 2 for the reason described above. When such a
compound is used, higher polymerizing ability and higher
developablility 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 pbarium sulfate pariticles so that a cured material
with improved transparendy.can be produced from the paste
composition. In'this case, therefore, an optical waveguide
with low opftical propagation loss can be obtained.
[0c27}

Examples of the compound A represented by the formula {13}

13
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represented by the formuia (2}, and n ‘and m are each 2, HOA-HH
{trade name} in which rR! in the formula (1) is a hydrogen atom,
R? is represented by the formula (3), and n is 2, and HOA-MPL
(trade name) in which R'! in the formula tl) is a hydrogen atom,
R® is represented by the formula {4), and n is 2, each
manufactured by KYOEISHAE CHEMICAL Co., LTID.
[0028]

On the other hand, the compound A represented by the
formula (5) below is also preferably used.
166291

Formula 3

O
L3, o 4 -
R'—O0—P—0—R"” (5)

[0030]

In the formula (5}, R to R’ each represent a moncvélent
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.

i4
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FIiSold thsay U1S01:1 Dispersion Sql ution Anount (o)
hydrogen atom or a methyl group, R*® and R each represent a

bivalent_grouprof 1 to 10 carbon atoms, preferably a bivalent
hydrocarbon group of 1 fo 10 carbon atoms, more preferably an
alkyl group of two carbon atoms, and RY represents a bivalent
group of 1 to 10 carbon atoms having a hydroxyl group.
preferably an organic group represented by any one of the
following fprmulaa (13} to {15):

{00331

Formula 5

Ol
—CH,—CH—CH;— 1)

OH
”—QE%Q_“EE%*“EEEf_“ﬁgifNH (i4)

1:%

"iﬁ%ﬁ £$£ ' iﬁﬁ)
[0034]
As the compound A represented by the formmla (5), a
phosphoxic moncoester in which any two of R’ to R° are each a
hydrogen atom ls preferrad fto a phosphoric diester in which

17
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The monovalent group represented by any one of the
formulae (6} to {%) has an acrylate or methacrylate group and
is capable of undergoing radical polvmerization upon
photoirradiation or heating. The monovalent Jgroup re@resented
by the formule (10} is capable of undergoing lonic
polymerization upon photoirradiation or heating. The acrvlate
group in which R® to R® are each a hydrogen atom is preferred
because of its higher polymerizing abillty.

100636]

The smaller the number of carbon atoms in each of RY to
R in the formulae (8) to (10), the larger the number of the
pelymerizable groups and the phosphoric ester bond moieties
per unit weight, which means better pelymerizing ability and
better disperzibility of the barium sulfate particles. As the
number of carbon atoms in each of R™ to R' increase, the
steric hinéﬁance effect produced by the compound A located on
the barium suifate particies increases so that the

dispersibility can increase. Therefore, the number of carbon

18
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. Th the QoRpoun& Pptésdliddd by the formula {5), at least
one of R® to R® is particularly preferably a monovalent group
represented by the Fformula (8) in which R*® is more preferably
a bivalent hydrocarbon group of 1 to 3 carbon atoms. In
addition, at least one of R’ to R® in the formula (5) is
preferably a monovalent group represented by the formula {9),
and R** in the formula {9) is preferably a bivalent hydrocarbon
group of 2 to 3 carbon atome having a hydroxyl group.
[o038]

Examples of the compound A represented by the formula (5)
used in the present invention include LIGHT-ACRYLATE P-1A
{(trade name) wmanufactured by KYOEISHA CHEMICAL Co., LID. (&
phosphoric monoester having an acrylate group), LIGHT-ESTER P-
1M {trade name)} manufactured by KYOEISHA CHEMICAL Co., LTD. {a
phosgphoric monoegier having a methacrylate group), LIGHT-ESTER
P-2M (trade name) manufactured by EYOEISHA CHEMICAL Co., LTD.
(a2 phosphoric diester having a methacrylate group), and RDX
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.
f003%]

The temperature-dependent change in the physical

properties of the cured material produced from the paste

19
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composition of the present invention is very small, and, for
example, the temperature-dependent refractive-index change
rate or linear expansion coefficient is small. Dispersants
used to increase the dispersibility of inorganic particles may
inhibit 2 curing reaction of a resin in a paste compogition or
increase the temperature-dependent refractive-index change
rate or lLinear expansion coefficient ¢of a cured material
rrofuced from a paste composition so that the propérties of
the cured material may be degraded. It has been therefore
preferred that the dispersant content should be as low as
vrossible. In the present invention, the compound A itself,
which contribuftes to the dispersibility of the barium sulfate
particles. 1ls polymerizable or curable or can be involved in
the polymerization with a resin as described later,rso that
degradation of the properties of the cured material, such as
an increase in the temperature—de@enéant 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, altbough the compound
A can be polymerized to foxrm a matrix in a cured material as
described above. Examplies of such & resin that may be used to
form a matrix include heat or UV curing resins having a
polymerizable group, such as polyamic acid, vinyl resins,
norbornene resins, epoxy resinsg, acrflate resins, methacrylate
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resins, and siloxane resins; and thermoplasitic resins such as

aramid resing, polystyrene, polyether imide, polyphenyliene

ether, and thermoplastic polyvimide. One or more cof these

resine may be used alone or in any appropriate mixture ratio.

[0041]

For applications reguiring heat resistance or the like in
the process, polymerizable group-containing resins such as
heat or UV curing resins are preferred among the resins listed
above. When the cured material p:oauceé from the paste
composition is used for optical waveguide-forming materials
which reguire transparaﬁcy, epoxy reging, acrylate resins,
methacrylate resins, epcxyacryla_fe resins, epoxymethacrylate
resins, siloxane resinsz, or the like are preferably used. In
particularf 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 pelymerizable group of the heat or UV curing resin may
be polymerized with the pelymerizable group of the compound A,
The polymers formed in the cured material according to the

present invention may include wvarious types of polymers such
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as (a) a polymer of-the compound A, (b) a polymer of the
compound A and the resin, and (¢} a polymer of only‘tha resin,
and the barium sulfate particles may be éispersedlin these
polymers. Unless otherwise stated, each of the polymers {a) to
{(c) in the cured material produced from the paste composition
wili be simply referred to as the "polymer.®
[0043]

In the cured material obtained from the paste composition,
one or more of the polymers (a} to (¢) may exist alone or in
combination depending on the components of the paste
composition, such as the compound A, the resin, and a
polymerization initiatox.

[0044}

For egample, when the polymerizable group of the compoqnd
A and the polymerizable group of the resin are each an
acryliate group, a relatively large amount of the compound A
exists in the vicinity of the barium sulfate yarticlés, and,
therefore, a relatively large amount of fthe 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 lntermediate region between them. In another example, &
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 &
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resih @ERHOMR03poxy group as the polymerizable group.
Alternatively, different resins may be used. In suéh a case,
for example, the compound A having an acrylate group as the
pelymerizable group, & resin having an epoxyacrylate group as
the polymerizable group, and another resin having an epoXy
group as the polymerizable group may be used, and the three
componants may be copolymerized to fo;m the polymer {b}.
[0045]

When the polymer in the cured material according to the
present invention has a refractive index close to that of the
barium sulfate particles, the Rayleigh scattering of light in
the cured material is low so that the cured material can have
high transparency. For transparency reguiring applicatiogs
such as optical materials, the types and mixing ratic of the
compound A and the resin are preferably determined so that a
polymer having the desired refractive index can be produced.
Since barium sulfate has a refractive index of 1.6, ths
regulting polymer preferagbly has a refraétive index close to
1.6, more preferably a refractive index of 1.6, in order to
provide high iransparency.

[0046]

The polymer is produced from components of the paste

composition other than the barium suifate particles, such as a

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

each material to be mixed are preferably determined s¢ that
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the resulting polymer can have a refractive index close to 1.6.
When different materials having different refractive indices

are mixed to form & polymer having a certain refractive index,
it is preferred that each material should have & refractive
index close to the desired refractive index so that a polymer
with small wvariations in refractive index can be saslly
produced.

[0047]

The examples of the compound 2 listed above, HOA-MS, HOA-
HH, HOA-MPL, LIGHT-ACRYLATE P-1A, 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 bariuvm sulfate, is preferably used, because a curad
material with good transparency can be easily 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 epoxy resin or the like is

cationically polymerized, the activated cations may adsorb to
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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-axposed 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
gsmall coefficient of linear expansion can be produced from the
paste composition.

[0049]

Formula &
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| 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 p&rticles can increase the dispersibility of
the barium sulfate particles and reduce the size of the
dispersed barium sulfate particles so that a gured material
with improved transparency can be produced from the paste
composition of the present invention. In this case, optical
waveguiées with low optical propagation loss can_be obtainad,
Considering the difference between the refractive indices of
the compound A and barium sulfate, a cured material with
improved transparency cah be produced from the pagste
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, opitical waveguides with low oplical
propagation loss can be obtained.
{00511}

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

and the case where a polymer of the compound A and a resin is
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polymerized to form a cured material in the mode {a), the
content of the compound & 1is preferably, but not limited to,
from 20% by weight or more to 70% by weight or less, based on
the amount 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 components in the paste
compoéition, 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 compeonents in the paste composition,
exclusive of velatile components such as the organic 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 paste compesition, exclusive of
volatile components such as the organic solvent, the resulting
cured material can have low temperaturs-dependent change rate
of refractive index and small coefficient of linear expansilon.
The content of the compoundé 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

+he organic solvent, so that the effects can be enhanced.
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[0052]

On the other hand, when the pelymer (b) or (c} is
produced to form a cured material, the total contenf of the
cémponnd A and the resin is preferably 20% by weight or more,
more preferably 30% by weight or more, based on the amount of
the so0lid components in the paste composition, exciusive of
volatile components such as the organic solvent. The total
content of the compound A and the resin is preferably 70% by
weight or less, more preferably 50% by weight or less, based
on the amount of the solid components in the paste composition,
exclusive of volatile components such_as the organic solvent.
The reascn why the range is preferred is the same as described
above for the mode (a). The mixing ratic of the compound A and
the resin may be determined as needed depending on the
composition ratio of the polymer of the compound 2 and the
resin to be produced. In this case, the content of the
compound A is preferably 1% by weight oxr more based on the
amount of the barium sulfate particles so that the
dispersibility of the barium sulfate particles can be improved.
[o053]

When the polymerizable group-containing resin is used,
+he polymerization properties of the compound A and the resin
shounld preferably be taken into account when the mizxing ratic

betwean them is determined. Specifically, the mixing ratio of

the compound A and the resin may differ between the case {pl)
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where the compound A and the polymerizable group-containing
regin are each independently polymerized, the case (b2} where
the polymerizable groupvcontaining resin 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 polymerizable
group-containing resin are alternately polymerized. In &n
example of the case (b3), the compound A having an
epoxyacrylate group as the polymerizable group ang an epoxy
resin may be alternately polymerized. In this case, the number
of the polymerizable groups should preferably be the same
between both materials.
[0054]

In order to accelerate the polymerization of the compound

A and the resin, the paste composition of the present
invention may also contéin a polymerization initiator capable
of producing an active species such as a radical, cation 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 film and then
subjected to photolithographic patterning, a polymerization
initiator capable of being activated by photoirradiation
should be used. For example, oxime, benzophenone, triazine, or
benzotriazole polvmerization initiators can produce radicals

upon UV irradlation. Phosphonium, sulfonium, or iodonium
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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 particies. Thereforef the particle diamster 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. TIn order to produce a paste composition
containing dispersed barium sulfate particies with a mean
particie diameter of 50 nm or less, 1t is necessary to use
barium sulfate pariicleg in which primary particles have a
mean particle diameter of 50 mm or less. For example, BF-40
manufactured by SAKAT CHEMICAL INDUSTRY CG., LID. (10 nm in
mean primary particle diameter) satisfies the requirement. The
mean particle diameter of the barium sulfate particles in the
paste composition may be measured by a method that includes

directly cbserving The particlies with a SEM (scanning electron

microscope) or a TEM (transmission electron microscopel and
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provided for each of the paste composition and the cured
material, and Rayleigh scattering of light caused by the
barium sulfate particles can be small so that high
transparency can be provided. Optical waveguides with low
optical propagation loss can be produced using such a paste
composition. When the mean particle diameter of the barium
sulfate particles dispersed in the paste composition is‘BG nm
or less, Rayleigh scattering of light caused by the barium
sulfate particles in the cured material produced from the
paste compesition can be very small so that the cured materigl
can exhibit transparency as high ag 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 particies 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
digpersibility.
L0056}

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

30% by weight or more to B0% by weight or less based on the
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When the content of the barium sulfate particies is 30% by
weight or more based on the amount of thersolid components in
the paste composition, a cured material with reduced
temperature-dependent change rate of refractive index and
rednced coefficient of linear expansion can be produced from
the paste compesition. The content of the barium sulfate
particles is preferably 50% by weight or more based on the
amount of the solid components in the paste composition. When
the content of the barium sulfate particles is 80% by welght
or less pased on the amount of the solid components in the
paste composition, cracking resistance and adhesion to
substrates can be improved, and high resistance to cohegive
fracture can be provided. When such a material is used, &
cured material with high transparency can be obtained, and,
+herefore, optical waveguides with low optical propagation
loss can be obtained. The content of the barium sulfated
particles is preferably 70% by weight or less based on the
amount of.the solid components in the paste composition so
th;t therresidue left in the non-exposed area during
development can be reduced in the process of photolithographic
patterning.

f0057]

The paste composition of the present invention contains
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an organic solvent. EXamples of the organic solvent include
N,N-dimethylacetamide, N-methyl-2-pyrrolidone,
,dimethylimidazoliﬂinone, dimethylsulfoxide, y—butyrplacfone,
etﬁyl lactate, l-methoxy-2-propanol, l-ethoxy-2-propanol,
ethylene glycol mono-n-propyl ether, diacetone alcohol, and
tetrahydrofurfuryl alcchol.

[06058]

The paste composition of the present invention preferably
contains élsilane coupling agent. When a silane coupling agent
is used, thinning or peeling of a patterned portion in an
exposed area and cracking can be reduced and suppressed im the
process of photolithographic patterning so that clear patterns
can be formed and that the residue lsft in the non-exposed
arsa van bé further reduced. In general, silane coupling
ragents are known to be effective in improving adhesion between
inorganic and organic materials. In the presenit invention, the
silane coupling agent is expected to be effective in improving
adhesion batweén +he resin componenit and the inorganic
compbneat in the composition or adhesipn between the resin
component in the composition and an inorxrganic substrate such
as a gilicon 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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patterning, for the reason described below. When a develceping
solution is brought into contact with the non-exposed area,
the resin and the compound A are eluied, and the barium
sulfate particies capﬁUred by the compound A are alsc eluted.
As the compound A is dissociated from the barium sulfate
particles during the development process, the barium sulfate
particles with exposed surfaces can aggiomerate with each
other along with the resin or the like in the vicinity te form
a2 development residue. In the presence of & silane coupling
agent, however, the binding force between the compound & (an
organic component) and the barium sulfate particles {(an
inorganic component} is made strangér by the silane coupling
agent so that the dispersibility of the barium sulfate
particles can be maintaiﬁed during the development, while the
composition can be rapidly disselved, and as a result, the
residue is leszs likely to form.

[0059]

Preferred examples of the silane coupling agent include
3-glycidoxypropylirimethoxysilane, 3-
glycifoxypropyltriethoxysilaene, 3-
methacrylicxypropyltrimethoxysilane, 3-
methacryloxypropyltriethoxysilane, N-2{aminoethyl}3-
aminopropyltrgmethbxysilana, N;Z(aminoethyl)B—
aminopropyltriethoxysilane, 3-~isocyanatopropylitrimethoxysiliane,

and 3-isocyanatopropyltriethoxysilane.  The content of the
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Whegllhe content of the silane coupling agent is 0.1% by
weight or more based on fhe amount of the solid components in
the paste component, the silane coupling agent can
sufficiently produce the above effect. Common silane coupling
agents including those listed above have refractive indices of
1.45 or less, which are significantly different from that of
the barium sulfate particles. Therefore, the content of the
silane coupling agent should preferably be 10% by weight or
less basaed on the amount of the solid components in the paste
composition so that Rayleigh scattering can be reduced and
that transparency can be improved.
[0060]

The paste composition of the present invention may alse
contain a digpersant other then the compound A. The amount of
thé dispersant other than the compound 2 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 welght of the dispexsant other than the compound A
can be significantly effaective in improving the dispersibility

of the barium sulfate particles. Wwhen the amount of the

dispersant is 20 parts by weight or less, a cured material
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[0061]

Next, methods for producing the paste composition of the
~ present invention are described in detail below. First, a
description is given of methods for producing a dispersion
solution of barium sulfate particles in an crganic sclvent.
{oo62]

Barium sulfate particles (containing secondary particles
and agglomerates) with & mean primary particle diameter of 50
nm or less, the ‘compound A, and an organic solvent, and
optionally an additional resin, a pH adjusting agent, a
polymerization inhibitor, or the like are mixed in a specific
proportion and stirred. Immediately afier the mixing, the
surface of the barium sulfate particles may be covered with an
air layver so that the barium sulfate particles 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 l1ike 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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added. The resin and the barium sulfate particles can be more
uﬁiformly mizxed when the resin is added before a dispersion
process than when the resin is added aftef a dispersion
process. When the resin is added before the dispersion process,
however, the viscosity of the dispersion sclution may increase
to reduce the efficiency of the dispersion process, or after
the dispersion process, the dispersion solution may have low
storage stabiiity. 411 the necessary amouﬁt of the compcund 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 materials may be added
gradually, while the viscosity and any other state of the
dispersion solution are measured during the dispersion process.
F00641

A polymerization initiator, a defoaming agent, an
antioxidant, a polymerization inhibitor, a plasticizer, a
silane coupling agent, or any other material neceséary for the
production of the desired cured material may aléo be added. In
view of the storage stability of the dispersion solution, a
polymerization initiator or the like should preferably be
added immediately befoe the preparation of the paste
composition is completed.

{0065]
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The barium sulfate particles (including secondary
particles and agglomerates), the compound A, the organic
solvent, and other necessary materials may be mixed and
stirred, and then the barium sulfate particles may be
subjected to the dispersion process using a dispersing device.
[0066]

For example, the dispersing device may be a bead mill
such as ULTRA APEX MILL (trade name} manufactured by KOTOBUKI
INDUSTRIES CO., LTD. or STAR MILL {(trade name) ménufactured by
ASHIZAWA FINETECH LTD. The beads used in the bead mill
preferably have a mean particle diameter of 0.0l mm or more to
0.5 mm or less. When the beads have & mean particle dlameter
of 0.5 mm or less, the barium sulfate particles can be
freguently brought into contact with the beads in the bead
mill éo that a sufficient dispersing effect can be obtained.
When the beads have a mean particle diameter of 0.01 mm ox
more, each bead can have large momentum so that sufficient
shearing stress can be obtained for dispersion of the
agglomerated barium sulfate particles.
iooe7]

Ceramic beads, glass beads, metal beads, or the like may
be uged. Examples of the material of beads include soda glass,
quartz, titania, silicon nitride, silicon carbide, alumina,
zirconia, zirconium silicate, steel, and stainless steel. In
particunlar, zirconia beads are preferably used, because cf
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their high hardness.
[poe8]

Dispersion with & bead mill may be performed in & single
process using small beads or performed while the size of beads
is changed stepwise- For examplse, a disgpersion process using
beads with a particie diameter of 0.5 mm may be performed
first until the particle diameter of the dispersed barium
sulfate particles reaches abouit 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 Getermiped depending on the type and composition
ratic of the components of the dispersion solution, such asg
the barium sulfate particles, the compound A, anﬂ the organic
soclvent. A sample may preferably be taken from the dispexrsion
solution at regular intervals to determine the mean partiéle
diameter of the barium sulfate particles in the dispersion
splution 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 solution may be measured with a
dynamic light scattering meter such as hetasizer Nano IS
{trade name)} manufactured by Sysmex Corporation. Next, a

‘géescription is given of methods of producing the paste
composition by mixing the dlspersion solution obtained as
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described above with the res;n and s0 on. However, when all
the materials necessary for the production 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 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 4. When the
paste composition containing dispersed barium sulfate
particles according te the present invention is used for the
production of an_optical waveguide, tThe polymer produced from
the compound A and the resin praferably 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 solntion and
the resin, the dispersion solution may be added to the resin
until a specific amount is reached, or the resin may be added
To tﬁe dispersion solution until a specific amount is reached.
The compound A may be further added to adjust the composition
while the paste composition is ﬁrepared.

[GOTL]

The paste composition produced by mixing specific amounté

of the dispersion solution and the resin may be subjected to a
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process using a ball mill or a roll mill so that it can be
more homogeneoué‘ When air bubbles are incorporated into the
éaste composition in the mixing process, the air bubbles
should be removed by standing, placing under 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 adijust the viscosity of the paste composition,
the organic selvent may be-further added, or an adeguate
amount of the organic sclvent 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.

{06731

The paste composition produced as described above may be
cured to form a cured material corntaining the barium sulfate
particles dispersed in a polymer.
{00741

Next, a description is given of some examples of the
method for curing the paste composition of the present
invention. First, the paste compesition may be applied to a
substrate and spread into & £ilm 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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solvéﬁi Jiélué% heating and drying in an oven or on a hot
plate, vacuum drying, and heaiing by electromagnetic waves
guch as infrared rayvs or microwaves. If the organic solvent is
insufficiently removed in this process, The next curing
process may produce a composition in an uncured state or with
poor thermo-mechanical properties.

{0075]

After the organic solvent is removed, a curing reaction
of the paste composition is allowed to pﬁoceed by heat
treatment, photoirradiation or the like, according to the
mechanism of curing of the compound A or the resin in the
paste composition used. In this case, different processes may
be combined in order to allow the curing to'completely procesd,
for example, heat treatmenf may be performed after
photoirradiation. In an environment at 100°C or higher, heat
treatment is préferably performed under an inert atmosphere
such as nitrogen so that oxidation of the polymexr can ha
inhibited. Also when the composition is cured by
photoirradiation using a polvmerization initlator capable of
producing radicals, whose activity may be guenched by oxygen,
the treatment is preferably performed under an inert
atmosphere such as nitrogen, sc that the polymerization is not
inbibited.

[O0761
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pProcess may 1nclude flrs% appf%lng 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 porfion corresponding to & certain
pattern. The light source may be an ultra-high pressure
mercury vapor lamp, a metal haliﬁe lamp, a halogen lamp, a
helium-neon laser, a YAG laser, or the like. An exposure
gsystem 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. Also, 1n
order to reduce the influence of diffracted light caused by
the mask, the mask should preferably be in contact with the
substrate, or the gap between the mask and the subsirate
should preferably be reduced.
{00771

During exposure, applied light can be scattered inside
the paste composition after drying so that the pattern edge
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can be distorted. For this case, a UV absorber is preferably
added to the paste composiition seo that the UV abgsorber can
absordb faint light leaking from the exposed area to prevent
scattering, which can keep the pattern edge sharp. After
dryving, scattering inside the paste compesition is mainly
caused by Rayieigh scattering £from the barium sulfate
particles. The shorter the wavelength of light, the larger the
scatiering. Therefore, a UV absorber capable of selectively
absorbing short—wévelength light is alsc preferably used. A
filter to cut short-wavelength light may also be placed
between the light source and the mask so that scattering can
bé prevented,

[6078]

In order to allow the curing reaction to further proceed
affter the exposure, the substrate may be storsed at room
temperature for a certain periocd of time, or heat treatment
méy be performed.

[00679]

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

[0080]
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The paste composition or the cured material according to
the present invention ig preferably used to form optical
waveguides. Optical waveguides are formed on circuif boards
for electrical appliances and so on and have the function of
transmitiing optical signals belween IC§ mounted on the boards.
An eoptical waveéuide includes a core to transmit optical
signais and a cladding surrbunding the core and having &
iefractive index lowexr than that of the core. Figs. 1 and 2
show & channel optical waveguide structure and a slab optical
waveguide siructure, respectively. The channel optical
waveguide has a structure including a2 linsar core 1 and a
cladding 2 surrounding the periphery of the core 1. The slab
optical wavegulide has a structure including a layer core 1 and
layer claddings 2 with which the upper and lower sides of the
sore 1 are covered. The paste compesition of the present
invention may be used to form boéh or one of the core and the
cladding.

o081}

Patterning by photoirradiation is pessible with the paste
composition of the present inventiorn. Therefore, the paste
compesition of the present invention is preferably used as a
core-forming material so that various shapes of optical
wavegiides can be easily produced. There is preferably a largs
difference between the refractive indices of the core and the
cladding, so that the transmitted light-tfrapping effect can be
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arbitrarily selected depending on the design of the optical
waveguide. In the case of a multimode optical waveguide, it is
appropriate that therdifferenca between the refractive indices
of the core and the cladding ghould be large and that the core
should be made thick. In The case of a single mode optical
waveguide, the difference between the refractive indices of
the core and the cladding should;be-small, and the cores should
be made thin so That singlé mode transmission can be achieved.
[0o083]

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
gsubstrate such as a glass substrate, a silicon wafer, a glass
epoxy substrate, or a plastic £ilm. The coating is dried and
cured to form an uvnder-cladding. The paste composition fox
forming a core is then applied to the under-cladding, and the
coating is dried to form a film-shaped core. The f£ilm-shaped
core is then patterned into a waveguide. When tThe paste
composition for forming the core is poiymerized by
photeizradiation, the patterning may be performed by

phofslithographic method. Alternatively, when the paste
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compped@ipoofor forming the core is polymerized by heasat, the
patterning may be performed by reactive lon etching or thé
like. %Yhe paste composition for forming an over-cladding is
then applied torthe core, and the coating is dried and cured
to form an over-cladding.
[0084]

Examples of the method for forming the coating £ilm

include, but are not limited to, methods using a spinner,

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

coating devices.

EXAMPLES
[0085]

The present invention 1s more specifically described with
some examplies below which are not intended to limit the scope
of the invention. Some chemical compounds ugsed in the examples
are abbreviated as follows: DMAc, N,N-dimethylacetamide; THFA,
tetrahydrofurfuryl alcohol.

The properties of each of dispersicn sclutioﬁs cf barium
sulifate particles, cured materizls produeced 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
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produced from a paste composition was determined using Prism
Coupler 2010 manufactufed by Metricon Corporation at a
wavelength of 850 nm and a temperature of 25°C. The refractive
index was alsc 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.
[00B7]

Method for Measuring Optical Propagation Loss of Optical
Waveguide

The measurement was performed by the cut-back method
according to the JPCA standard (JPCA-PE02-05-015-2004).
Multimode optical fibers sach with a core diameter of 50 pm
and a 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.

[oosea]

Method for Measuring Mean Particle Diameter of Raw Barium
sulfate Particles Agglomerated before Dispersion Sclution
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
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stage of the optical microscope. Light was applied from
beneath the transparent plate. The transmitted light images of
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
processing software FlvFs (manufactured by FLOVEL CO., LTD.)},
and the number average particle diameter was caloculated
therefrom.
[0089]

Method for Measuring Mean Particle Diameter of Barium
Sulfate Particles in Digpersion Solution
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 micreoscope H-7100FA {manufactured by
Hitachi Ltd.) at an accelerating voltage of 100 kV. The
observed images were gtored as digital images in a computer,
The spherically approximated particle diameters of any
observed 100 particles were determined using an image
processing software FlvPFs (manufactureé by FLOVEL CO., LTD.),

and the number average particle diameter was calculated

therefrom. When primary particles were agglomerated, the
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particie diamete#s of the agglomerates were measured.
(00801}

Method for Measuring Mean Particle Diameter of Barium
Sulfate Particles in Paste Composition

A drdy of the paste compeosition was pnt on a carbon-
evaporated collodior film. After the scolvent was removed by
drying, the barium sulfate particles were observed using a
transmission electreon microscope ¥-7100FA {manufactured by
Hitachi Ltd.)} at an accelerating voltage of 100 kV. The
observed images were stored as digital images in a computer.
The sphaiically approximated partiéle diameters of any
chzerved 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
particle diameters of the agglomerates were measured.
{6051}

Method for Measuring Coefficient of linear Expansion of
Cured Material Produced from Paste Composition

The cured materizl produced from the paste composition
was measufeé for dimensional change under an indentation load
cf 50 mN using & TMA meter TMA/SS56100 manufactured by S8 Nano
Technology Inc; in the process I heating it frcom room
temperature to 120°C and then cooling it to room temperature
in a nitrogen atmesphere. The average coefficient of linear
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the coefficient of linear expansion, the heating and ceoling
process was saguentiallf repeated twice, and the result of the
second measurement was used as the displacement value.
[o092]

Preparation of Dispersion Solutions

Dispersion solutionsg A fo P were prepared as described
below. Barium sulfate secondary pafticles BF-40 (1% nm in mean
secondary particle diameter, 10 nm in mean primary particle
diameter, manufactured by SAKAT CHEMICAL INDUSTRY CG., LTD.},

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

[0DY3]

The homogenized dispersion sclution was subjected to a
dispersion process using a bead mill ULTRA APEX MILL UAM-015
{trade name)} manunfactured by KOTOBUKI INDUSTRIES CO., LTD. The
beads were made of zirconia and had a mean particle diameter
of 0.05 mm (¥YTZ Ball manufactured by NIEKXATO CORPORATION). The
peads were charged in an amount of 400 g. The peripheral speed

of the rotor of the bead mill was 8.5 m/second, and the
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10 hours for dispersions A to O and 1 hour for dispersion P.
After the dispersion process was completed, the liguid was
collected so that the dispersion solution of the barium
sulfate particies was obtained. Table @ alsc shows The mean
particle diameter of the barium sulfate particles in the
dispersion solution at the end of the dispersion process.
100941}

In Tabie 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, LIGET-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 polymexrizable group, and Disperbyk-111
{trade name) manufactured by BY¥K-Chemie Japan KK is a
phosphoric ester compound having no polymerizable group.
[0085]

Table 1

[G0%6]
Example 1

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

formula (11}, 0.1 g of a UV-activatable oxime-fype
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polymerization initiator OXEOQZ (manufactured by Chibse
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-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 selid components in the paste composition, exclusive of
the organic solvent. The barium sulfate particies in the paste
composition had a mean particle diameter of 26 nm. The paste
composition was applied to a guartz substrate with a spin
coater. The coating was dried in air at B0°C for 1 hbur using
an oven and then exposed to 50 mJ/cm’ of ultravioclet light
using an ultra-high pressure mercury vapor lamp exXposure
‘gystem {PEM-GM, manufactured by UNION OPTICAL CG., LTDE.)} so
that the paste composition was cured to form a 10 mm-thick
film-shaped cured material. At a wavelength of 850 nm and a
temperature of 23°C, the film-ghaped cured materisal hagd 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
traﬁemark) 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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(registered trademark) tube with an inner diameter of B8 mm was
placed thereon. The paste composition obtalned as dasc:ibed
above was charged into the Teflon (registered trademark) tube
in such a manner that the liguid level reached I mm.
Thereafter, the paste composition was dried im air at 80°C for
1 hour using an oven and then exposed to 50 mI/cm’ of
ultraviolet light using an ultra-high pressure mercury vapor
ilamp exposure system (PEM-6M, manufactured by UNION OPTICAL
CO., LTD.) so that the paste composition was cured to form &
curad material with a bettom diameter of 8 mm and a thickness
of 1 mm. The resulting cured material was removed from the
Teflon (registered trademark)} tube, and the linear expansion
coefficient of the cured material was measured in the
thickness direction te be 44 ppm/°C.

[0098]

Iin addition, an optical waveguide was proéuced using the
paste composition as described below. A liguid epoxy resin
(#314, manufactured by EPOXY TECHNOLOGY, INC.} was applied to
a f4 inch silicon wafer with a spin coater. The coating was
dried im 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 pm-
thick uvnder-cladding. The refractive index of the under-
cladding was measured at a wavelength of 850 nm and a
temperature of 25°C to be 1.502. Thereaftex, the paste
composition was applied with & spin coater to {he under-
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claégigg formed on the guartz substrate, and then dried in airn
at 80°C for 1 hour to form a 50 umjthick dried paste
composition £ilm. The resulting film was exposed to 50 mJ/om’
of ultraviclet light through a guartz mask using an ultra-high
pressure mercury vapor lémp exposure system [PEM-6M,
manufactured by UNION OPTICAL CO., LTD.)}. The guartz mask had
a 56 m-wide, 9 cm-long slit, and the portion other than the
glit was for blocking light. After the exposure, the substrate
was imnrersed in a developing scolution P-7G (manufacturedé by
TOKYD OHEKA KOGYO CO., 1TD.) feor 5 minutes so that the non-
exposad film was removed. As a result, a 50 pm-wide 9'cm;long
core was Tormed. After the development, the patterned portion
nad a clear rectangle shape with no cracking. Ko residoe was
ocbserved in the non-expesed area, and the developablility was
‘good.
[0098]

‘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 to fdrm a 5 mm-thick over-cladding, so that an
optical waveguide was cobtained.

[6100]
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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Example 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 ¢f the resin in
the process of preparing the paste composition in each of
Examples 209 to 226. The resulis of the evaluation are shown
in Tables 2 to 31, in which the resins A and B are reprasented
by the formulae (11) and (12), respectively, and the chemical
name of the silane coupling agent KBM503 (trade name)

. manufactured by Shin—Etsu.Chemical Co., Ltd. is 3-
methacryloxypropyltrimethoxysilane.

10162}

In some examples, & thin film-like residue was present dn
the surface of the substrate in the non-exposed arsea after the
development in the process of forming the optical waveguide;
In such cases, the comment "residue present in non-exXposed
area” is entered in the section of Devel opabmilty in Tables 2
to 31. In some examples, a cracked portion or pertions were
observed in the core after the development in the process of
forming the optical waveguide. 1In such cases, the comment
"cracking of core® is entered in the section of Desvelopability
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Table 2

f0133]
Comparative Examples 1 and 2

BEach of the paste compositions of the formulations shown
in Tablag 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
e%aluatian of physical properties and fto form an optical
waveguide. The resulis of the evaiuation are shown in Tablesg
32 and 33. The resulting cured materials were soft because of
insufficienf polymerization, and 1t was Iimpcessible to evaluate
the reiractive 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
mingotes, 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 patterneg optical waveguide in the exposed area had
a gentle convex shape. The measurement of optical propagation
loss was attempted but failled, bsecause the loss was so large
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that the propagated light intensity was below the detection
limit.
{0134]
Comparative Examples 3 and 4

Each 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 cure& material for use in
evaluation of physical properties and to form an optical
wavegunide. The results of the evaluation are shown in Tables
32 and 33. The temperature-dependency of the refractive index
and the linear expansion coefficient were both relatively'
large. The non-exposed area was whitened during the
development in the process of forming the optical waveguide. A
several um-thick £ilm was left in the non-sxposed 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.
{01351
Comparative Examples 5 te 10

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 préperties and to form an optical
waveguide. The results of the evaluation are shown in Tables
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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 optical
interconnections and other components to transmit information
between LSIs on circuit boards which ﬁay be used in
information-processing devices tTo make high-spesd signal
transmission, such as personal computers, hard-disc recorders,

DVD recorders, game machines, and cellular phones.
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poofi poen Residue present in non-exposed area
Resi due present in non-exposed area, Cracking of core
poo6 poo8 poo5 poo5 ----peon poo6 poob6 Resi due
_ present in non-exposed area, Cracking or cOe
Resi due present |In non-exposed area, Cracking of core

poo6 poon pooli -6¢ -E-.20 --- co<l3cot .5 '2 Es
--E- aCDXa0..1.1 00P 2.4r 9P ZZ 9 L EP 49 as
LEEZL av P 317 Ls L9 96 |I. 117 Tenperature

GEgpendenc of the Refractive Index (PPrnrC) 49 vs VS
What 3¢ £3oE8%%98° 99 Llit' OCPC39 r as P. 49 ss
99 EP 1E 43

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

(A)-barium sulfate particles with a mean paztible
diameter of 1 nm or more to 50 am or less;

(B) a compound having é polymerizable group and a
carboxyl group, or a phosphoric»ester compound héving a
polymerizable group; and

{C) an organic solvent.

2. The optical Waveguidenforming 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):

gi
] |
CHy=C—(—0—RZ—C—0H (1)
B i
. | 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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270 Exanpl e 271 Exanple 272 Exanple . 273 | pig

ei aLusxa 9/.3 alcluesxi - gig eiolwex3 1  r
Exanple 277 r----- Exanpl e 278 Exanple 2791 d Cl W 3XI
19c eldwax9 1 ! 93 ejdwex3 cgc ei cnuex34 493

e¥ﬂ§%{g§%§~L§f i,tzgz%;n 2)

O
""{'Cﬂg‘i};;{)“‘”% (3)
0
¢CH, y—0—C (4)

in the formulae (2) to {4), n and m each represent an integer

of 1 to 3.

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

hvdrogen 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 l,-wherein the phosphoric ester compound
having a polymerizable group comprises a compound represented

by the formula (5):
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i
O—R* (9

R0 P
O
L

in the formula (5}, R® to R® each repreéent a monovalent group
represented by any one of the Ffollowing formulae (6} to (10)
or a hydrogen atom, and ®? to R’ may be the game or different,

provided that not all of R® to R° are hydrogen atoms:
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i
@
) E{?
Hzg;gx (7}
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- &
H CMC’R '
T N | (8)
\flcie—-@—*ﬁm-
O
R®
H,o=C |
2 l‘k:““{}*“iiiz"* {Eﬂ
i
9
,{}'
E{g(fimfézggﬁ__iaiimmn {1G)

in the formulae (6) to (10) R® to R® each represent a hydrogen
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(%Err&ﬂé)optia§§‘wggégggdeléhrﬁiﬂ§3§éé%é composition
according to claim 4, wherein at least onme of B’, R‘ and R’ in
the formula (5) is a monovalent Qroup represented by the

formula (8).

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

resin having a polymerizable group.

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

{12}
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according to claim1, wherein the conpound having a
pol yneri zabl e group and a carboxyl group conprises a
Qonpqﬂmd represented by t#le fornula (1): R CH2-CG G
11 Opin the formula (1)L Rl represents a hydrogen

atomir a nethyl group, @&pd R2 represents a bival ent
grougirepresented by anyidne of the follow ng ,
formulae (2) to (4): § inthe formulae (2) to

(4), @W=&nhd m each repres&it<an integer of 1 to 3.
3. Thg optical wavegui dexform ng paste conposition
accorgding to claim2, whedrein RI in the formula (1)

is a #ydrogesratom R2 i $¥a bi val ent group

repre Fhe formuls (4), and nis 2.
4. Th at-\wavegui de-£0rp1 ng paste conposition
accor cl alcdl, wh ih t he phosphoric ester

rent ed

. opti
conpo@pd hé@ing po3. ynetj zabl e group conprises a
conpofhd represented by tHe formula (5): O
0-P-04R4(5) 0 1 Inthe 1 Qijuula (5), R3 to R5 each
repreépnt a nonoval ent grgup represented by any one
of thd following fornulaej(6) to (10) or a hydrogen
atong"@Rd R3 to R5 may ke "the sane or different,

i to R5 are hydrogen atons:

=0
OH

C=0

cgzzCHMﬁ“D“QH;W?H“CHQ“G

OH

b
¥

0
Q

c*ﬂg.:.(:ﬂ”(gfwﬂ"cﬂz”?ﬂmﬁﬁfQO—
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RO il2C=CQ C -R12-(9) in the fornulae (6) to (10) R6
to RO each represent a hydrogen atomor a nethyl
group. RI and RIl each represent a bival ent group of
1 to 10 carbon atoms, and RI-2 represents a bival ent
group of 1 to 10 carbon atons having a hydroxyl
gr oup. 5. The optical avegui de-foim ng paste
conposition according to clain14 wherein at'Ieast
% nd RS in thg 2y )CO ion
?%rﬁpiﬁc pWF36?%§%%te%FTﬁP3I? S ornu ﬁﬁ
6. The opti cal wavegui de- foI mng, te osltlon
aGCO%QiﬂﬂwﬁonﬁnVoo%ﬁyoi) Gf"Sc Laiths 11 téké% grsing a
_ conprising a resin having a pol ynerizabl e group. '
silame cppldpdi egewavegui de-f or mi ng paste conposition
according to claim®6, wherein the resin having a
pol ymeri zabl e group conprises a resin represented by
“"the formula (11) or (12): 8. The optica
wetv.e g depfiorali ngvpgstide conpeptisionn &ccordinge tarialy
one of claims 1 to 7, further conprising a silane
prode@aiploynguagest the opticad. whvegptiideatomaireywotppsition
conprising a cured material produced by curing the

accofPids alo Waveahs der f@rdiintg camp@si tion accordlng to
any one-of clains 1 to 8.
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