SPECI FI CATI ON  FLEXI BLE OPTI CAL WAVEGUI DE, METHOD FOR MANUFACTURI NG
SUCH FLEXI BLE OPTI CAL WAVEGUI DE, AND OPTI CAL MODULE 5 TECHNI CAL

FI ELD [0001] The present inventiSRECIFIGAEEON 0 a fl exi bl e opti cal
wavegui de, a production process for the sane and an optical 10
nodul e prepared by using the flexible optical wavegui de. BACKGROUND
ART [0002] In high speed and high density signal transm ssion between
15 el ect r oni FIF&BOE sORMHEADe WAEGU IPE), nMETHAR FORgMANGIALTURING SUCH
transm ssion through conventional electric wirings is restricted in
arise in a speed EAXIBLEcORTHCALIWAVEG 1&n r REP ORVICHHMORHEdUt by
mutual interference and attenuation of signals. In order to break

t hrough such restrictions, investigated is a technol ogy of 20 !
connecting el ectronic devices and printed wiring boards to each

ot her by THEWICBE FIEgM , so-called optical interconnection. Flexible
opti cal mav§8U|des having flexibility are considered to be suited to
the 1ight [®8Chlfromthe V|emp0|nts of easy connection to devices and
substrates and easy handling. 25 OOOSL When a fl exible optical
wavegui de is |HP@gPﬁ?%&qulﬁﬁe%ﬁFOQﬂnééﬁ 22 4o enféexifia 9§theRt d to
turn theminto nposite ,matter, an adQES|ve has to be usedq to

adher e bd’(arYegluﬁgaer%rp%duﬁﬁl‘in ATPSES? iRk TBF 331 SH%HPR RIS
vaveqy oo dlal pha ACLaUnG, o Pkl GLYCARR bR, @ Surface

ar ea “ther
BACKGROUND ART
[0002]
In high speed and high density signal transmission between
15 electronic devices and between printed wiring boards,
transmission through conventional electric wirings is restricted .
in a rise in a speed and a density due to barriers brought about
by mutual interference and attenuation of signals. In oxder to
break through such restrictions, investigated is a technology of
20 connecting electronic devices and printed wiring boards to each
other by means of light, so-called optical interconnection.
Flexible optical waveguides having flexibility are consideréd to
be suited to the light path from the viewpoints of easy
connection to devices and substrates and eaSy handling.
25 [0003]
When a flexible optical waveguide is'integrated with an
electric printed wiring board to turn them into a composite

matter, an adhesive has to be used to adhere both. In general, an



contact with the adhesive can not sufficiently be secured.
Accordingly, an adhesive strength exerted by an anchor effect can 5

not be exbupbétethyedndri d frexdbibl s;it*l‘tcatlowabégfulraea shaengs ,adheshd@ing
property. Al so, when a flexible i cal mavegU|de is turned into a

mul tilayenaler i JHinl §l SERNE 8Ad WPIdueRhcE i 444 ftheae@f RloREhef indd1e
sanme adhesi ve property’is brought about. 10 [0004] A polyner film

optical veygesetiaiits PROPARREIFE Sard e Ehfflamﬂtq | peeacraited®
(e.g.,refer to a patent docunment 1). A polyner mis prepared by

appl yi ng Acs8t-dirY, Ohn dadi i VRS s\?fle:%;thsléhéftféi lygfanséﬂdlﬁ&“eﬁﬂécﬁ h&n

| i ke by spin coating and baking i to forma lower cladding |ayer.

A cores| ayge b& d:@iFRHe®y drite itSagrIIFHiBAle EHGUAEA & SBPgPadhediRe
is formed with a Si- containing photoresist and dry-etched to t her eby

forma copeop@aiy.ern. Thereafter, an upper cladding layer is forned
by the sane nmethod as the net hod by which the | ower cladding |ayer
is 20 formed. FATsd | whehhe fiExi®ak sptviegill daveguinkeliedtaided iagotae
substrate to thereby prepare a flexible optical wavegui de turned
into a fi mxiltilaysar tochighly dntbgravsd layy optikaledisclittora probiém adfe
I's used as the substrate in order to nmake it easy to peel off the
opti cal wahegsamte adhedive medpedty nisvbirohghtealitmtsubstrate i s i mmersed
in hydrofluoric acid is shown as a nethod by which the optical
wavegld de i(80¢Hel ed of f fromthe above silicon substrate after
formng the optical waveguide. [0005] 2 However, in the flexible
optical waveguidepalazeri belin aiptical wavenwide isymopogedars afflekible
cl addi ng | ayer has a high
optical waveguide (e.g.,refer to a patent document 1). A polymer
film is prepared by applying a solution of a polymer on a
substrate of silicon and the like by spin coating and baking it
15 to form a lower cladding layer. A core layer is formed by the
same method, and then a mask pattern is formed with a Si-
containing photoresist and dry-etched to thereby form a core
pattern. Thereafter, an upper cladding layer is formed by the
same method as the method by which the lower cladding layer is
20 formed. Finally, the optical waveguide is peeled off from the
substrate to thereby prepare a flexible optical waveguide turned
into a film. In particular, a thermally oxidized silicon
substrate is used as the substrate in order to make it easy to
peel off the optical waveguide, and a method in which the
25 substrate is immersed in hydrofluofic acid is shown as a method
by which the optical waveguide is peeled off from the above
silicon substrate after forming the optical waveguide.

[0005]



snoot hness, and therefore the adhesive property descri bed above is a
probl emin conmpounding with an electric printed wiring board 5 or

turning a flexi hbwewt,i ¢al th@ G BEe | dHitd ca1 Midvddua Ve’ dedrribedUgbdw)
process for the flexible optical wavegui de described above takes

time for Garsubtér tlagerespefideVef! @l adiing laywRr hes addiigs | ayer, a
core layer and an upper cladding layer, and a liquid material is

appl i ed oBmaothisdd,abAdt ehdrifdra £hd AdheEiee PrivperePUdiribbdtdtovd | M
t hickness is conplicated. In addition thereto, since the resin

coated onikhg srdisilehAtif ESmdduidlfig BEftdr n E1dtHAc phEntRS Wilrihd Woada
the substrate, and it is difficult to maintain an evenness of the

filmtgi cleresarnieaeifleivi ef8ical hgiveghidy intot SatuldiQakeieri al
formis liquid are involved. 15 Further, silicon is used for the
substrate, and Ahstrefuetéoni processofos uideedléribly eguical wavegpideal
wavegui de having a size of 10 cmor nore in a large quantity. Al so,
t he produdesonibgai abese thdessy thwe Hioo\ferind;sg ahdr yespedtiiivg Japgrsvafch
is a high vacuum process, and dry etching has to be carried out for
very 20 | dngeticiaddingr tayen, o apreparlayernand gl eppedeclgddiog| layer,
wavegui de conprising a thick core layer. [0006] Patent docunment 1:
JP 7-23942pd/a RRNOASCLESURE OF IpiEl iekdVENTa Gubst@atg]td fokingat £igm,t he
probl ems descri bed above, an object of the present inventionis to
provi 8§ aspl ehathlaongpel cof they il ddhi®knhss g somptitdtae. | In addition
adhesive property in conpounding with an electric printed wiring
boar d andtheretag sinreekle | resdpt Featied way el Ibstrate alsnlianidykatory
production process for the same _ o

curing, the resin flows on the substrate, and it is difficult to

maintain an evenness of the film thickness. Therein problems

originating in that the material form is liquid are involved.

15 Further, silicon is used for the substrate, and therefore
it is not suited for producing an optical waveguide having a size
of 10 cm or more in a large quantity. Also, the production
process described above has a dry etching step which is a high
vacuum process, and dry etching has to be carried out for very

20 long time in oxder to prepare a multiple mode optical waveguide
comprising a thick core layer.

[0006]

Patent document 1: JP 7-239422 A

25 DISCLOSURE OF THE INVENTION
[0007]
In light of the problems described above, an object of the

present invention is to provide a flexible optical waveguide



and an optical nodule prepared by using the flexible optical 5
wavegui de. [00081 Intensive investigations repeated by the present

I nvent or swhawle iesdckdlent in afli aghddizte phepertyblianBomratidi hg dvitiowe
can be solved by the nmethod described above. That is, the present 10
i nventi onelletat ks prant6é ¥idingwbogrd Bnd eutitirg @l fléxidlexiopkecapt i cal
wavegui de prepared by using a resin filmfor formng an optical
wavegui dewhoeqaidd dasd ammlafilayépywer prefacicicrg prayess forcohe dzmeer
and an upper cladding |layer, wherein a ten point average roughness
(Rz) on aandrémcsptdati hdwbrleopeepdred byhasimywerhec fhetible bpy&caland

t he upper cladding layer is 0.5 pun or nore and 10 pmor less. (2) A
fl exi bbe epvegqaidenavegui de prepared by using a resin filmfor
form ng an optical waveguide for at |east one of a |ower cladding

| ayer, a coeap8layer and an upper cladding |ayer, wherein 20 a ten

poi nt average roughness (Rz) on a surface of either one of the |ower
cl addi ng | ayer Zmtensiyveuppessttlatddong tepeated sby) theppresgntmonvenieksl0
pmor less, and Rz on a surface of the other is less than 0.5 pm

(3) A probaveimeyitedein Fimdiagf thad vhe ppeblesis daseyibafeaboge can be
conprising a |ower cladding |ayer, a core pattern and_an upper

cl addi ng Fayeed Rpibei Bethpd deseepbed akpveh Fhaksisy fthenPFese™or i ng
a cladding |layer prepared on_a substrate havinq a ten point average
r oughk®ssiprgntion gelates fa shenfpllowiagd1itthhcorStéss on a surface
thereof is used, for at |east one of the | ower cladding | ayer and the

upper  cl addi ng‘HayefLEsiBle SRtCah WHaouAe BRRRGHEHLR HFING a Tesin

film for forming an optical waveguide for at least one of a lower

cladding layer, a core layer and an upper cladding layer, wherein

a ten point average roughness (Rz) on a surface of either one of
15 the lower cladding layer and the upper cladding layer is 0.5 um

or more and 10 um Or less.

(2) A flexible optical waveguide prepared by using a resin
film for forming an optical waveguide for at least one of a lower
cladding layer, a core layer and an upper cladding layer, wherein

20 a ten point average roughness (Rz) on a surface of either one of
the lower cladding layer and the upper cladding layer is 0.5 um
or more and 10 um or less, and Rz on a surface of the other is
less than 0.5 um.

(3) A production process for a flexible opticél waveguide

25 comprising a lower cladding layer, a core pattern and an upper
cladding layer, comprising:

a step in which a resin film for forming a cladding layer

prepared on a substrate having a ten point average roughness (Rz)



a step in which the above substrate is then renoved fromthe a 5
resin filmfor formng a cladding |layer. (4) The production process
for a fl exfhl.& pmt braornsnvwadultiqm aecbess rn Bostihfacbahered g Jpsed
wherein the substrate having a ten point average roughness (Rz) of
0.5 pm orfamrar dedst CorEmodr thé ekswean chaddiiricadayehesrebdthiesupperet al
foil. 10 (5) An optical nodul e prepared by using the flexible

optical welaiiindelagexiasc prbpare rarn bpt bl avaiveguide )andwher ei n a
light emtting elenent or a light receiving elenment is |oaded on a
surface od stidghdn whiclofthe hbows atibsddaty isaykenarehavedufipet the a
cl adding layer in which a ten point average roughness (RZ) is 0.5 15
pm or S1oreesaind filmpfowrfdredng 4 GFHindcrayeti.ng t o t he present
i nvention, capable of being provided are a flexible optical
wavegui de whi ch{4)s Thecptddmtipn proresshésr vee fleapble yopti cad nwanagliidg
with an electric printed 20 wiring board and turning flexible optical
wavegui dezsc¢anding tontthe lavpwe, itenpr(@ducvhereipr bhe ssulfstrateehawimng and
an optical nodule prepared by using the flexible optical waveguide.
BRI EF DESGR! PPiok @yerpde DRAGENGS XBz] 00 (. SFin. ox maregandald nap por
expl ai ning the production process for the flexible optical waveguide
accor di ngless oheapseskane thayeof iisha we@ly foilis a drawi ng for
expl aining a corﬁoundi ng, exanpl e of the flexible optical waveguide
of tH® present (MvAatPRH GIdMadule RxepPrred oY msdagvihe fderdate. Fig.
3 is a draw ng_for explaini ng a nmultilayeri r;%oexa_rrpl e ,
optical waveguide as described in the ve item (2), wherein a
light emitting element or a light receiving element is loaded on
a surface of either one of a lower cladding layer and an upper
cladding layer in which a ten point average roughness (Rz) is 0.5
15 um or more and 10 um or less.
{0009]

According to the present invention, capable of being
provided are a flexible optical waveguide which is excellent in
an adhesive property in compounding with an electric printed

20 wiring board and turning flexible optical waveguides into a
multilayer, a production process for the same and an optical

module prepared by using the flexible optical waveguide.

BRIEF DESCRIPTION OF THE DRAWINGS
25 [o010]
Fig. 1 is a drawing for explaining the production process
for the flexible optical waveguide according to the present

invention.



5 of the flexible optical wavegui des of the present invention. Fig.
4 is a drawing for explaining an optical nodule prepared by using the
fl exi bl e opti cHigwaeisliaeiraivihdefqr esphainimgy antoopouridingx pkangite of
of Reference Nunmerals [0011] 1; Substrate 2; Lower cladding |ayer

3; Core |aherflexible Sifrgiceat watedubdeoof atleopeebayterinvent Pbmtandrask 6;
Core pattern 7; Upper cladding |ayer 8; Roughened surface 20 9;
Snoot h sueleritOpriaies wieihqywrartil, El ectric printed wiring board
12; Light emtting elenent or light receiving element 13; Optical
pat h transf or mRigr.par is 2b daSInd/(Fdr e&R1ARHRY NCOMGLTL TEyert hyFé&En@Ne
[0012] Fl exible optical wavegui de and optical nodule: 6 The
enbodisrentf dfhet lidekikehe lopeioal i waateguwhdes widehef prémentpinvention.

i nvention includes, for exanple, an optical waveguide constituted
froma core patRigr.n46isayidrgwindi fgr esplaiting anndeiicala mbduke

cl adding Il ayer 2 and an upper cladding |layer 7 which are 5 having a

| ow r ef r eptepagrednbyxusicgotientlaexxibdn eptigsile wetiegwidenof the present

invention.

10 Explanation of Reference Numerals
[0011]
1; Substrate
2; Lower cladding layer
3; Core layer
15 4; Substrate film for a core layer
5; Photo mask
6; Core pattern
7; Upper cladding layer
8; Roughened surface
20 9; Smooth surface
10; Adhesive layer
11; Electric printed wiring board
12; Light emitting element or light receiving element
13; Optical path transforming part
25
BEST MODE FOR CARRYING OUT THE INVENTION
(0012]

Flexible optical waveguide and optical module:



Fig. 1 (f). The core pattern 6 is formed by exposing and devel opi ng
a core layer 3 as shown in Fig. 1 (c) and (d). The flexible optical
wavegui de of t IThepemsehimentyvefittlen filexiple pmtddal i wavdguliieodf che
material formthereof, by using a film 10 like material for form ng
an opti cagresanegimventijonr éhohidesy, feof cexamhleo as aptrieai nwdvdguiter
form ng an optical waveguide) for at |east one of the |ower cladding
| ayer, theomsaieutedeiromnd ¢t patperncd dudiing & dyisgh refeacdfivehéndex) n
filmfor formng an optical wavegui de nakes it possible to produce a

fl exi bl e adioweal clidddimee jayee Mandhanagireranladdiigdagatr Diwlikch area
wi t hout bringing about problens originating in a liquid formof the

mat er i5al .haMiagr eslow fudfratbivde dmdergaaromiingcad ava\eguptie skswah in t he
present invention is designed so that the resin filmfor formng an
optical \Visihgegdi d€) us@Hefaord patterm 4 dpe fofthet dynakpesiPandf erred to
as the resin filmfor formng a core layer) has a higher refractive
i ndex t hadeveleping & lworeetayer i3 msf shovrorim Aig. ah @)t avdl (davegui de
used for the cladding |ayer (hereinafter referred to as the resin
filmfor forni Theaftexiddiengptigal wavefobdegjof shepradenki birveerdpione ad
wavegui de of the present invention is characterized by that a ten
poi nt avareparedugkindsghthef éd mattesial i@y fhereef adyrusine & didg-t o
definition of JI'S B0601-1994) on a surface of either one of the

| oneOc| dddiendateyial Loy faeninghen oreicaddwayerwide (hsreimafyeror nore
and 10 pmor less. This nmakes it possible to obtain a flexible
optical \eafegupdetavdisch resindddm éar FQrmHRgaamcRticapr BT Rl t Frlan
el ectric printed wiri rjlfg board or _an_adhesive property between
optical \#vé§artedo Pt fBeslasd £13d0ng d WG nelidith §OERT 1avesnhengdsehef

an anchor effec th
upper ciaégkng %ayer. Use of the resin film for forming an

optical waveguide makes it possible to produce a flexible optical
15 waveguide which meets an enlargement of the area without bringing
about problems originating in a liquid form of the material.

The resin film for forming an optical waveguide used in the
present invention is designed so that the resin film for forming
an optical waveguide used for the core layer (hereinafter

20 referred to as the resin film for forming a core layer) has a
higher refractive index than that of the resin film for forming
an optical waveguide used for the cladding layer (hereinafter
referred to as the resin film for forming a cladding layer).

[0013]

25 The flexible optical waveguide of the present invention is
characterized by that a ten point average roughness (hereinafter
referred to as Rz according to definition of JIS B0601-1994) on a

surface of either one of the lower cladding layer and the upper



above surface. Rz of 0.5 pmor nore nakes it possible to obtain the
satisfactory anchor effect and secure the adhesive strength. On the
ot her handad@ingf 1dyeyrisoD. § gas arenbresambaespmtor dfess0 iThisenskesy i
t hi ckness of the cladding layer in order to avoid an effect of
transm spasibbestsaitadnby fighblecapt fdlngassguidekemichtigossi bl e
to inprove a bending property of the flexible optical wavegui de.
From t he astc@ipehtt tn des athésivealpavperty with anpebéetirdbl yrimtedl wapieg
of 1to5 pm 15 [0014) If Rz on a surface of either one of the

| ower cl astéividgor| &y erdheiedve herapeiely bétwkingpt dy£l waveGubdesnonr ther e
and 10 Jimor less in the flexible optical waveguide, the flexible
optical amweqsitlfard ibyhmakimy cfifienént nusen oddie sAnchopr epbedty onabhbe
20 prepared, and in the case of an optical nodul e prepared by using
t he fl exiddayeopturtate waveguide, in which a light emtting el ement or
a light receiving element 12 is | oaded, as shown in, for exanple,
Fig. 4, on theRaupfates (Hrhersme¥ed@kesoit tassipperto cikdddnntghe ayer 7
in the exanple of Fig. 4) of the cladding |ayer 25 in the opti cal
wavegui desaddsifppeoryvianchan ebfeatalngasécuner shefadhdsiyeparrength. ot he
above surface 9 is preferably small fromthe viewpoint of reducing
optical ddplother|kans, Reoaftie nn ewpbesa sepoves innnessbbyeof in the
flexible 8 optical wavegui de of the present invention, a ten point
aver dfe InswghAEBRS g Rhjicknesy oL hractadding Layer dime opfler Heo [ayméd an
cladding |ayer and the upper cladding |ayer is preferably 0.5 pm or
nore andifgchnPbrtyansmisgren Rosgn caneed Jif éghofsqatEesing rands mgkes

preferably less than 0.5 pm In_an optical nodul e prepared by ]
it possible to improve a bending property of the flexible optical

waveguide. From the viewpoints described above, Rz falls
preferably in a range of 1 to 5 pm.
15 [0014]

If Rz on a surface of either one of the lower cladding
layer and the upper cladding layer is 0.5 um or more and 10 pm or
less in the flexible optical waveguide, the flexible optical
waveguide which is excellent in an adhesive property can be

20 prepared, and in the case of an optical module prepared by using
the flexible optical waveguide, in which a light emitting element
or a light receiving element 12 is loaded, as shown in, for
example, Fig. 4, on the surface (the surface 9 of the upper
cladding layer 7 in the example of Fig. 4) of the cladding layer

25 in the optical waveguide equipped with an optical path
transforming part, Rz on the aone surface 9 is preferably small
from the viewpoint of reducing optical coupling loss.

From the viewpoints described above, in the flexible



usi ng the above flexible optical waveguide, a light emtting elenent
or alight receiving elenent is preferably |oaded on the surface of

ei ther ong,fcali NGal@Baet b2dthd GrlcdUht ARANRBNUPP&en BbAAM NRbgUer

i n which on a surface is less than 0.5 pm and 10 fromthe

vi ewpoi ntQigHreddciRg) Qpf khal ?&%@ei B8 405y BRe O liie 182%%’%1%%5356

Is nmore prefeerably 0.3 pmor less. [0015] A process for al ni ng

the flexiﬂ}%zoehacahe%;b% u'eﬁgdaafqg 1 BGePr &S pRbrL AN 1008 SRak mgk

specificall’y be restricfed as 15 Ifong"as It 1s a process conprising a

step i n W£h oapRUbf A Of an@i R9&n €A a&dﬁa%e bevEie Ghiddi g | ayer

and the upper cladding layer 1s roughened so that Rz on the above

surfage faldf 19 188038a0f 005 GuPM Bl HPLEE AR HOARTE: rdissa By

met hod for roughehing the above surface i1 ncludes a nethod™ 20 in

whi ch t he,ahQy ehaULBARRE F1axinLeeRedaflwdauial® 4 INhRSemPESRRY | N9
t he optical wavegui de and a nethdod in which the abové surface’is

subj ect edeldnenfUabeni NGHRr PEESSHiMG BlbREntP@PRtEFerd1§ 1684eEdn the
wavegui de. The nethod in which the above surface is roughened at the

25 sane t&uirade BFePitaid ohb o BHeC AbwdR \AGddiRg | NGleidasd at e upperi N
which a resin filmfor formng a cladding | ayer prepared on a

substr at echalding Fayef i Whpth @z @b & aiEate P8 Désd &RHAnO00. 5 pnsubhdace
thereof is used to prepare an optical waveguide in at 9 | east one of

t he lower £xdradtiengidwyeintadd idducipgesptticddicogplimy dosandrz ronmtheh
t he above substrate is then renoved fromthe above filmto thereby
transfer dllwessubfiaee fiey nopé prlefexabiyraie ymootoldédw film This makes
it possible to sinplify roughening 5 processing. In the flexible
optical walp®gtilde of the present
A process for obtaining the flexible optical waveguide of
the present invention shall not specifically be restricted as
15 long as it is a process comprising a step in which a surface of
either one of the lower cladding layer and the upper cladding
layer is roughened so that Rz on the above surface falls in a
range of 0.5 pym or more and 10 pm or less.
A method for roughening the above surface includes a method
20 in which the above surface is roughened at the same time as
preparing the optical waveguide and a method in which the above
surface is subjected to roughening processing after preparing the
optical waveguide.
The method in which the above surface is roughened at the
25 same time as preparing the optical waveguide includes a method in
which a resin film for forming a cladding layer prepared on a

substrate having Rz of 0.5 ym or more and 10 ym or less on a

surface thereof is used to prepare an optical waveguide in at



i nvention, the nethod in which the surface is roughened at the sane
time as preparing the optical waveguide is preferred from the

vi ewpoi nt1 dstSofB! bf lyﬁmg 16hér pé,f&&a&fx%goihye{xo%é] the Qppee &vdudiingt €

descri bed above shall not specifically be restrictéd in a matéri al

t her eof afa)ddN@nadsimaiknt BRe SABdRC SubStrdted iBMEn Pom8vad dfkh RREON
| ess, and it includes nmetal foils such as copper foil, nickel foil,

al um num {idJe F0mt S dHek@by BANSFRLCERe SHEFaRE AOHY JEN¥h&NGubstrate
terephthal ate and the like, 15 polyol efins such as pol ypropyl ene,
pol yethyl e, amd Fihen! i ¥Ris wd®ekamt dSss10h¥Cas RaRpl ¢ ry PbugpRanY ene
ether, polyether sulfide, polyphenylene sulfide, "polyallylate,
liquid Crﬂ%ﬁdﬂssﬁﬁ#Y”&bStheFEﬂé&iBhEOEEtid&Q|%&&é&ﬂid@UbEQEEé prekyat her
et her ket'one, polyetherinide, polyam deimde,” polyimnmde and the
like. 20 Apptibhentnd kethBEadn fWdiikh ele ehesr sl Acughthd® at the
viewpoints of readily preparing the resin filmfor formng a

cl addi ng saperima 88|dreparind|the @gdibaa akivaglifg & pre€agidd Esomt he
support, enabling to renove the substrate by etching after preparing
the opti cethe WHCRPULGE e ifpl Ny iady ané agetuetion. the 25
productivity. Anmong the nmetal foils, a copper foil used for

conventi on@oleprinted wiring boards is nore preferred. An etching

sol ution used when the substrate is a copper 10 foil includes a
ferriim chl ori daheokubstrratea despriled hbove dshaldohat | specifdcal kylbe
etching solution, a hydrogen peroxide etching solution and the I|ike.
Anong t hemstrdietédrin @ ohakeriale thelradf ;s loagpaefRr anl yhesad flacenmis he
vi ewpoi nt of a good etching factor. 5 A thickness of the netal foi
falls pred & al primoxze radga0 ym or less, and it includes metal foils

such as copper foil, nickel foil, aluminum foil and the like,
polyesters such as polyethylene terephthalate and the like,

15 polyolefins such as polypropylene, polyethylene and the like,
polyamide, polycarbonate, polyphenylene ether, polyether sulfide,
polyphenylene sulfide, polyallylate, liquid crystal polymers,
polysulfone, polyether sulfone, polyether ether ketone,
polyetherimide, polyamideimide, polyimide and the like.

20 Among them, the metal foils are preferred from the
viewpoints of readily preparing the resin film for forming a
cladding layer in roll-to-roll, readily obtaining a strength as
the support, enabling to remove the substrate by etching after
preparing the optical waveguide and being advantageous for the

25 productivity.

Among the metal foils, a copper foil used for conventional
printed wiring boards is more preferred.

An etching solution used when the substrate is a copper

10



of 10 to 60 pmfromthe viewpoints of a handling property and
shortening of time for renoving the netal foil by etching. If it is
10 pm or f@ile intaudés = \feliras ¢HltuaengolMtidkl, ea ¢upiandhldgidear e
prevented from being caused. If it is 60 pmor |less, the 10 netal

foil can &slutdenyesn Wlkalchetehiny @otieidn,! aMBydidgsn paeoxide \Wrehihs
descri bed above, a thickness of the netal foil falls nore preferably

in a rangsolftidh &Ad hepMike 00 hbbndhtheiEt hhd fernifei ehldhiiealzotation
surface is roughened after 15 preparing the optical wavegui de

i ncl udes, i @re€eaably, ustdndréh ade vhewseRti BE, aldgoodletbhigg sfaftoas
reactive ion etching and the like and wet etching carried out by

usi ng schem cal xcampokness BfChha@Smet1gEBLL SLll1\vepieferablds inah kedrige
and the like. [0018] 20 The resin filmfor form ng an optical
wavegui deofiSied tbnet hen fromseld virwpbihod adrEphasékimy pesparty and
conposition for formng an optical waveguide, and to be specific, it
I S const i shdxenipgedrdimey £6r aremviagi the agtadi foih byoepchimgg (A)ita
base polyner, (B) a photopol ynerizable conpound and (C) a
phot opol yherlioz am on %, nifaiktsrsuch] 88 IPfoduthagbwsimkiesy im rhandling
used in order to ensure a strength of a cured matter such as a film
when it iard erevdnted fyiom beimg causedpediff itals hamr estidsst etihas
l ong as an object thereof can be achieved, and it includes phenoxy
resi id, eaprbal feilnean benwenyvrd iyl etekinhdn poshenty hamat e From the
pol yal Iyl ate, polyetheram de, polyetherimde, polyether sulfone_and
deri vat i Veewpednbafdestird bsdaleane .has Ehpdmassr of nelle metadefoll dadlsr
in a mxture of two or
more preferably in a range of 25 to 45 pm.
(0017]

The method in which the above surface is roughened after

15 preparing the optical waveguide includes, for example, sand blast
processing, dry etching such as reactive ion etching and the like
and wet etching carried out by using chemical compounds such as
organic solvents, acids, alkalis and the like.

(0018]

20 The resin film for forming an optical waveguide used in the
present invention comprises a resin composition for forming an
optical waveguide, and to be specific, it is constituted
preferably from a resin composition compriéing (A) a base polymer,
(B) a photopolymerizable compound and (C) a photopolymerization

25 initiator.

[0019]

The base polymer (A) is used in order to ensure a strength

of a cured matter such as a film when it is formed and shall not
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nore kinds thereof. [0020] Anobng the base pol yners shown above as
the exanples, the polynmers having an aromatic skeleton in a main
chai n ar espécifiafaaiee f reyvribeed i #3V1engt aofarn dbhjgbt heRreoEs cah anrce,
and the phenoxy resins are particularly preferred. Also, fromthe

Vi ewpoi nt achiewppbhadoit hgiclgdesrsitenctyneesin)alebyxg rassinsi, nked and
enhanci ng a heat resistance, epoxy resins, in particular, epoxy
resi ns whi(métlayarr3atitdrésindopolycheivmeltal, upel{Zhylatee poEfettietdmide,
[ 0021] Further, when the resin conposition conprising the conponents
(A), (B) pbllyétherimiteeddlyethem sulffione and derdnapaves thepbof he Thiel m
Is preferably ensured, and in order to 20 neet this, the base pol yner
has prefeabbly ade gblememaimali bé tysedrvall bné hexr Aok opDttiTer bEabthe or

conpound (B) described later in details. Fromthis point of view,

t he phenonyre dsints ahdréd® (neth)acrylic resins described above are

preferred. In this connection, a (nmeth)acrylic resin means an

acrylic regooednd a 25 nmethacrylic resin. [0022] The phenoxy resin

descri bed above is an anorphous polyner and is represented by the

fol | owi ng For mmerd fhelbase) IREymerREOWBNELGFe @2 thet\ examplesi fhe OH

" polymers having an aromatic skeleton in a main chain are

10 preferred from the viewpoint of a high heat resistance, and the
phenoxy resins are particularly preferred.

Also, from the viewpoint of capable of being three-
dimensionally cross-linked and enhancing a heat resistance, epoxy
resins, in particular, epoxy resins which are solid at room

15 temperature (25°C) are preferred.
[0021]

Further, when the resin composition comprising the
components (A), (B) and (C) is used to form a film, a
transparency of the film is preferably ensured, and in order to

20 meet this, the base polymer has preferably a high compatibility
with the photopolymerizable compound (B) described later in
details. From this point of view, the phenoxy resins and the
(meth)acrylic resins described above are preferred. In this
connection, a (meth)acrylic resin means an acrylic resin and a

25 methacrylic resin.

[0022]

The phenoxy resin described above is an amorphous polymer

and is represented by the following Formula (I).

12



[0024] wherein nis an integer of 1 or nore; mis O or 1; and -Ro- is

a 5 group re esented by the followng Forrmula (11), (I ), or (1V)

or -0-. d@f C R2 10 [0026] R3 R4 O (m R$ RB 1s [0027] R7
ach

0 (1V) Ra Ri o 00 3 20 wherein R1, to RT e are
i ndependently a Nals af—@\i @p,L.@;H gzr esented by
met hyl, trifluor th and wResl i ke. phe y resins

described above, straight chain polyner of d bi sphenol A type
epoxy resin haying a repeating unit represented by the follow ng
Formul a ( 00R4s a hi gh heat 25 resistance and therefore is preferred.

13 [Oozg]wherexn nlls an integer of 1 or more; m is 0 or 1; and -Re- is a

5 group represented by the following Formula (II), (III), or (IV)

or -0O-.
[0025]
Ry
—Cc— ()
|
R2
10 [0026]
R, Ry
- (I
Rs Rs
1s  [0027]
R?
- (V)
RB R10
RQ
[0028]

20 wherein R; to Ryy each are independently a hydrogen atom or an
organic group represented by methyl, trifluoromethyl and the 1like.
Among the phenoxy resins described above, a straight chain
polymer of a bisphenol A type epoxy resin having a repeating unit
represented by the following Formula (V) has a high heat

25 resistance and therefore is preferred.

13



O COCH-CHCH2 (V) CH3 OHn 5 [0030] wherein n is the sane as
descri bed @bov . In general, the phenoxy resin of the straight chain
d be

pol ymer
bi sphenol
reaction

and bi sphenol

exanpl es
Kasei Co.

d above is produced by a single step nmethod in which
A and epichloropﬁdrin are subjected to pol ycondensation 10
or at S it Rod—\n whi ch a | ow ol ecul ar epoxy resin
Aég?e\§u eetad po PotGHeaBHr BT eactvon.  Specific

t her eol\ i ncTude CH$P-50" ('t r adeOHane)/n manuf act ured by Tohto
, Ltd. and resins described in Japanese Patent Application

Lai d- Open No. 4- 120124, Japanese 15 Patent Application Lai d-Open
No. 4- 22714(ﬁgﬂ Japanese Patent Application Laid-Open No. 4-339852.

[0031]° Fuf?

Formul a (
pol ynmer s

In addition to the phenoxy resins represented by

|) described above, al K h ' 20
BEETTLR B9 S0 AD SR RORESRRRRCt | onal epoxy 1 esi s

phenoxy restns {3 5arEeL FHCRPERERY ERpoRt LK Popehont et Shme
d JP-B-§- 9+ Risphenol A/ bisph : I
asi ns (JoRATReEoaPRTY T Lre R B A il B el o e BRRRY

2799401),
Appl i cati

s T R e e

: . e | fo :
hopl | ot | Eanatent o MO SO CRELANn 18 YRLAP S 160 moaktRARe EeERY ol on
Lai d- Openy Mot vl Lnd02 3dier1d al Bfe | ddifiected to polyaddition reaction.

15

20

25

Specific examples thereof include "YP-50" (trade name)
manufactured by Tohto Kasei Co., Ltd. and resins described in
Japanese Patent Application Laid-Open No.4-120124, Japanese
Patent Application Laid-Open No.4-122714 and Japanese Patent
Application Laid-Open No.4-339852.

[0031]

Further, in addition to the phenoxy resins represented by
Formula (I) described above, also known as phenoxy resins are
polymers obtained by subjecting various difunctional epoxy resins
and bisphenols to polyaddition reaction, for example, brominated
phenoxy resins (Japanese Patent Application Laid-Open No.63-
191826 and JP-B-8-26119), bisphenol A/bisphenol F copolymer type
phenoxy resins (Japanese Patent No.2917884 and Japanese Patent No.
2799401), phosphorus-containing phenoxy resins (Japanese Patent
Application Laid-Open No.2001-310939), high heat-resistant
phenoxy resins in which a fluorene skeleton is introduced

(Japanese Patent Application Laid-Open No.11-269264 and Japanese

14



[ 0032] The phenoxy resins shown bel ow represented by the bi sphenol

Al bi sphenol F copol yner type phenoxy resins described abqove are 5

sui t abl y BRERNHAPPRECREIRIbASAE-0Ren NG - LAa3 R YSdnend ks tiibR: That

i's, the phenoxy resin contains as structural units of the copolyner
conponent,[Q%ﬁﬁ) at | east one sel ected from bi sphenol A  bisphenol A
type epoxy conpounds and derivatives thereof and (a- 2) at |east one
sel ect ed fron1Hngbﬁﬁﬁﬁpx¥irﬁﬁ¥§§héﬁgﬂl#Eﬂfﬁer%ﬁﬁﬁéfniedd%hﬁﬁﬁhHéSBPRP°1
derivatives thereof. [0033] Use of the resin conpositjon for formng
an opt i caP/PisRhHGLJE ERPQlYBeE okyRM ORENPRY refinsndessiidessabeee g€ n
conprising the conponent (a-1) and the conponent (a-2) as the 15
copol yrer FRhRARLY: 8§68 nahttdhengRERonant,) das ¥ &heo Pragely dnyspbion. That
i nterlayer adhesive property between the cladding | ayer and the core
| ayer andif: pig é’ihﬁng’&’ NS F?nﬁ%?péﬁs?mage't“@\%"é’n ofi RhB® |ines

or narrow lines) in formn core ttern of the tical .wavegui de
and nakesc??g]p%%eé“i EP@p?%erfrgr F{]eatggﬂaéltngmﬁa% %gdzgr%ﬁﬁsl’?‘gﬂ%f A,
width and_a small. |Lipe space. 0034]. Bi sphenal t he .bi spheno

type epoxt 3 ¥ Ry e TRpI o 0B (HATaSR ST hierePh TR 2
tetrabro I sphenal. A, tetrabrogobi sphenol A e QX oppounds
and the F?Eee}tpg'!?aﬁﬁr?ﬂ%rs,eﬁﬁfzgﬁﬂe m %gsPﬁ%n%]T p%gﬁ%ﬁ’e}?ﬁf‘%%e%eofyoxy
conpoynd t deri vati ves. thereof suitably include
tetra%?orrﬁ%‘?é%ﬁle%oFn&%eﬁlé’ta?égé%%kfﬁrgﬁ énol F type epoxy conpounds
and the Iiﬁ% 3 [ 0035] 15 The base polynmer (A) of the present

I nvention nc% ddes, as

Use of the resin composition for forming an optical
waveguide as the component (A), which contains the resin
comprising the component (a-1) and the component (a-2) as the

15 copolymerizable components makes it possible to improve more an
interlayer adhesive property between the cladding layer and the
core layer and a pattern formability (responsiveness between fine
lines or narrow lines) in forming a core pattern of the optical
waveguide and makes it possible to form fine patterns having a

20 small line width and a small line space.

[0034]

Bisphenol A, the bisphenol A type epoxy compound and the
derivatives thereof suitably include tetrabromobisphenol A,
tetrabromobisphenol A type epoxy compounds and the like.

25 Further, bisphenol F, the bisphenol F type epoxy compound
and the derivatives thereof suitably include tetrabromobisphencl
F, tetrabromobisphenol F type epoxy compounds and the like.

[0035]

15



descri bed above, particularly preferably bisphenol the A/ bisphenol F
copol yner type phenoxy resins, and, for exanple, a trade nane
"Phenot oht o YP-Thg" baagpelymeredhbyoT¢heopresaiit coventsiqn dnciydes, as
avail able therefor. [0036] Next, the epoxy resin which is solid at
room t enpégsanibed SR, parFieeRrlyopr 1y bisphsnedotha t ype epoxy
resins such as "Epotohto YD 7020, Epotohto YD-70.59 and Epotohto
YD- 70. 57"A/luisphendd haapolynentiviet phenoxy reshns, labhi £0p. exampde, add
"Epi coat 10.50, Epicoat 1009 and Epi coat 100B" (trade nanes
manuf act urxafe pamgapRireretokio RS9 wanufaatyrefooB 7Johta Kaseic doar
wei ght of the base polynmer (A) is preferably 15 5,000 or nore,
furthér pkededsbhryatip@otberedn®e and particularly preferably 30, 000
or nore in terns of a nunmber average nol ecular weight fromthe
vi ewpoi nt t49361capabl e of being formed is even a resin filmfor
form ng an optical wavegui de having_ a thickness of about 50 pm which
i s required to Nl cBlire vRRAyuFEeinatdrhals §UAd8t ofRaTt &pmperature
interconngft%ﬁnu An upper_ limt of the nunber_average nol ecul ar
wei ght sh&#? Hotnspadss i £9F| B LeesPEFRIGRPL AntYRE SPOXYp¥eFidisafhgh
1, 000, 000 or_ less,. more preferahly 500, 000 or |ess an particularly
pr ef er abl 3 J5®60BER YH-d920+ r ERAtAREC, YRSt §n§fEI§Pt° ﬁpg?im'%i7t'y
wi th _the photopol ri zabl.e co nd_(.B) and the 25 _exposing_and
Gleverd: nE BRGSOt aRDErSh oo, T dReetl G+ Etgnens SR oarbe
det erm ne asur gel r.neaf i Lchromat ogr aphy ( GPC)  and
cal cul ati g%%n%?ﬁ?%%bgnaﬂq %lﬁﬁgsf%eeng?rg%[ §I ndraizecdiéa
by Japan Epoxy Resins Co., Ltd.
[0037]
A molecular weight of the base polymer (A) is preferably
15 5,000 or more, further preférably 10,000 or more and particularly
preferably 30,000 or more in terms of a number average molecular
weight from the viewpoint that capable of being formed is even a
resin film for forming an optical waveguide having a thickness of
about 50 um which is required to optical waveguide materials for
20 optical interconnection. An upper limit of the number average
molecular weight shall not specifically be restricted, and it is
preferably 1,000,000 or less, more preferably 500,000 or less and
particularly preferably 200,000 or less from the viewpoints of a
compatibility with the photopolymerizable compound (B) and the
25 exposing and developing property. The number average molecular
weight is a value determined by measurement gel permeation

chromatography (GPC) and calculation in term of standard

polystyrene.
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A bl endi ng anount of the base polyner (A) is preferably 5 to 80 nass
% based on the whol e anount of the conponent (A) and the conponent
(B). 5 |If td988kbove bl ending anbunt is 5 nass %or nore, it is easy
to forma filmfromthe resin conposition containing the

phot opol yner i zad@bkdepdim® arpuaB) ofirithepbose edlymerxi fA) i ioh preferabiy 5
(©. In particular, when formng the resin filmfor formng an
optical wewetfuimdes % tbdsedroneths etholebinoury epfsthe anmpepent s(Alcando
even a filmhaving a fil mthickness of 50 pmor nore can readily be
formed. Crhe leompohent hidld, if the above bl ending anmount is 80 nmass %
or less, a pattern formability of the resin conposition is inproved,
and t e phot ocuifi iffer @beve diepdineatountf i$ G ewassy? wemores 1orid ng
the optical wavegui de. Fromthe above viewoints, a blending anount
of the ba@@sypctpy%em(a\)fiilg fivere theetresiib| gomposibioy Foriainipg the391
Next, the photopol yneri zabl e conpound (%% shall not 20 specifically
restri ct eehewpodygertzakle) soppeunder(P) cand® photenel ymerdgakieon nifaator
such as a Wray and the_like, and it_ includes conmpounds having an
et hyl eni cfly TRRATFiguéar griigy fAraingshecreeln tfgg@oﬁo%rﬁ?%ﬁﬁo@hds
having two or nore epoxy groups in a ng#ec%le t hereof. 25 Anon

t hem thepQﬁﬁﬁﬁ&uHﬁgeékﬁﬁénglﬁn 2 MRFeeRF e TaP LY AL dR3fiSa e 8T JRYH SHRCS
nol ecul e t hereof_  ar referr from._ viewpaint of a reactivity to

T Ghtld TR ndiih RAViRE Pt HHOBLCHREh o P)I HP & TorRy P aRadiLy
hal i des, vinyl ether, vinylpyridine, 17 vinylphenol and the |ike.
Armpng the?ﬁrﬁﬁﬁgeeneth)acrylates are

On the other hand, if the above blending amount is 80
mass % or less, a pattern formability of the resin composition is
improved, and the photocuring reaction proceeds sufficiently when
15 forming the optical waveguide. From the above viewpoints, a
blending amount of the base polymer (A) is more preferably 20 to
70 mass %.
[0039]
Next, the photopolymerizable compound (B) shall not
20 specifically restricted as long as it is polymerized by
irradiation with light such as a UV ray and the like, and it
includes compounds having an ethylenically unsaturated group in a
molecule thereof and compounds having two or more epoxy groups in
a molecule thereof.
25 Among them, the compounds having an ethylenically
unsaturated group in a molecule thereof are preferred from
viewpoint of a reactivity to light. To be specific, it includes

(meth)acrylates, vinylidene halides, vinyl ether, vinylpyridine,
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preferred fromthe viewoints of a transparency and a heat

resi stance. Any of nonofunctional, difunctional and tri- or nore 5
pol yf unctviondphénel Brat thieal Eee c admdyeg whed, f the t (methhattylakesyarnt es.
In this connection, (nmeth) acrylate nmeans acrylate and nethacryl ate.
[0040] Tineefieomwefufiotn dhel viewsddindesr 9f ad ecrianspadescyl@nd a heat

met hoxypol yet hyl ene gl ycol (nmeth)acryl ate, phenoxypol yethyl ene

gl ycol (mediskangeate, |auryl (nmeth)acrylate, isostearyl
(meth)acrylate, 2-(meth) acryl oyl oxyet hyl succinate,

par acuny| phenoanyt b | morefyingt dongdvetdi fanctyiaiad, aBd tsi+ arydenpyr anyl
(meth)acrylate, isobornyl (neth)acrylate, 15 nethyl (neth)acrylate,
et hyl 5 mepdilyfemgtacmyl bmeyh) {emtlatasr gamate, usbdnfgrt theet h) acryl at e
and the |like. [0041] Also, the difunctional (nmeth)acrylate includes
et hoxyl at éeetin ageyhgties)., 3Iprtdisnedimdctdicfme{mgtivagrylate meapent vyl

gl ycol 20 di (neth)acryl ate, 1,6-hexanediol di(neth)acrylate,

2- met hy| -acxylaget ap@ dievhagryhatieh) acryl ate, 1, 9- nonanedi ol

di (nmeth)acrylate, 1,10-decanediol di(neth)acryl ate, ethoxylated

pol ypropy! 19401 gl ycol di (neth)acryl ate, propoxyl ated ethoxyl ated

bi sphenol A diacrylate, ethylene %col di (met h) acryl at e,

triethyl ene gl y&§l MoBofNGHERRACMAY acrylateadnryrdee gl ycol

di (net h)acryl ate, . pol yet hyl ene gl ycol di (neth)acryl ate,

pol y FlopyTRSgPy L et nilepRe e hyardr y NSt acnaks | enaPcavERheridyLane

5 Tohek A oG e PN BT 2
(meth)acrylate, 2-(meth)acryloyloxyethyl succinate,
paracumylphenoxyethylene glycol (meth)acrylate, 2-
tetrahydropyranyl (meth)acrylate, isobornyl (meth)acrylate,

15 methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate,
benzyl (meth)acrylate and the like.
[0041]
Also, the difunctional (meth)acrylate includes ethoxylated
2—metﬁy1—1,3-propanédiol di (meth)acrylate, neopentyl glycol
20 di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, 2-methyl-1,8-
octanediol di(meth)acrylate, 1,9-nonanediol di (meth)acrylate,
1,10-decanediol di(meth)acrylate, ethoxylated polypropylene
glycol di (meth)acrylate, propoxylated ethoxylated bisphenol A
diacrylate, ethylene glycol di(meth)acrylate, triethylene glycol
25 di(meth)acrylate, tetraethylene glycol di(meth)acrylate,
polyethylene glycol di(meth)acrylate, polypropylene glycol
di (meth)acrylate, ethoxylated bisphenol A di(meth)acrylate,

tricyclodecane di(meth)acrylate, ethoxylated cyclohexane
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met hacryl oxypr opane, 2-hydroxy-1, 3-d inethacryl oxypropane, 9, 9-
bi s[ 4[ (2- acryl oyl oxyet hoxy) phenyl ] fl uorene, 9, 9-bi s(3-phenyl -4-

acryl oyl peiephseionody Jidti) aesl atnoeyhidedhi)-ackytyiag gt a 5
bi sphenol A type, a phenol novol ak type, a cresol novolak type and a

gl yci dyl ‘ﬁé&}ﬁcr?slbt driee bikpirdx§0423 - duethaeryidigplrbpan®) 9yBLe
ne

pol yfuncti onal acrylate 1ncludes ethoxylated isocyanuric acid

tri (meth)Bgs d ge aci?l@lfwy)é{:ﬁéﬂﬂ cHeNgET fTudriehe 1ed /9-3a kY B apitenyl -4 -
r

trimet hyl ol propane i'(nmeth)acryl ate, ethoxylated trimethyl ol propane

tri (et h) agrylfl@ol peabeardiokd N idicdenke!, i é )@@t} &:85lates of a
pentaerythritol tetra(meth)acrylate, ethoxylated pentaerythritol

t et r a(sret by ssHetcat 8, typsepax phénsid reeblaeriypy,i Aotrddpl novolak type
tetra(neth)acrylate, ditrinethylol propane tetra(neth)acrylate,

capr ol act ane-arerdiyti agll ditthermeybey laridpehpalike.et r a( et h) acryl at e,

di pentaerythritol hexa (nmeth) acrylate and the |ike. They nmay be

used al one[@x42]n conbi nation of two or nore kind thereof. Anong the
above conpounds, at |east one di- or nore 20 pol yfuncti onal

(et h) acryl at e Bwertpeef etlabltyivsed msret polybupdrienal (gth) ponyldiz

vi ewpoi nt of capable of curing with the base polynmer being entangled
t her ewi t hinotwles ehheerlditednisomanurécwacid tstilwethlesrylateced by

pol ymeri zation. [0043] 25 Also, epoxy (neth)acrylate is preferably
used k5 t aehoxiilpgrdt ghycsaripner hinathy parylateont rivetiydwdorepanchat a
transparency can be consistent with a heat resistance. Representative

epoxy ( neER) eatfy) arsylatd uetBorrkvednbrimethydodprsgangcr yl at e

represented by the follow ng Formula (VI).
tri (meth)acrylate, pentaerythritol tri(meth)acrylate,

pentaerythritol tetra(meth)acrylate, ethoxylated pentaerythritol
tetra (meth)acrylate, propoxylated pentaerythritol

15 tetra(meth)acrylate, ditrimethylolpropane tetra(meth)acrylate,
caprolactone-modified ditrimethylolpropane tetra(meth)acrylate,
dipentaerythritol hexa(meth)acrylate and the like. They may be
used alone or in combination of two or more kind thereof.

Among the above compounds, at least one di- or more

20 polyfunctional (meth)acrylate is preferably used as the component
(B) from the viewpoint of capable of curing with the base polymer
being entangled therewith into a three-dimensional network
structure produced by polymerization.

[0043]

25 Also, epoxy (meth)acrylate is preferably used as the
difunctional (meth)acrylate from the viewpoint that a
transparency can be consistent with a heat resistance.

Representative epoxy (meth)acrylate includes bisphenol A

19



Bi sphenol A epoxy acrylate has an excellent conpatibility with a
phenoxy resin and can achi eve a high transparency, and therefore it

I's a verYyepgu:§f ataplerevepies@ited dyUsRe fdllowdy ForRian (WE) t he
conponent (A) and bi sphenol A epoxy acrylate as the conponent (B).

The above bi spipiapheRoEIOXpoRPT ¥dBil@teShas GiTekebdlént @ompheididiay
EA- 1020 (trade name, manufactured by Shin-Nakanura Chem cal Co.,

Ltd.). [OfH a pheRoxy rdeé@ntind-@nCiéhi{dveCl2hyK transparency, and
OCH-CHCH-OCGCHCHs OOH CH3 OH O 10 [0045] Further, acryl

(met h) acryhedeFore st YerygsheFerhbte amvaenent tduskr Qn%
viewpoint of a transparency, and particularly when a (net )acryllc

resins s xissich ag the pafnt (a)( Ahdl PissHEbonah | &bbxy bckfladeaer trd
in terms of an effect thereof. 15 Acryl (meth)acrylate shall not

speci fi catdnipdpentesBy | ctrré, aboviedbi sphendls Raepdxyd RicayDete b addi ng
nonof unctional (meth)acrylate to a polyner of glycidyl acrylate. The
above noemingieiadbplavaitbb)aciy FaA-e02mc{tdde nameé 0 wdnafasturadd bist

i ncludes, for exanple, (neth)acrylic acid and the same ones as 20
shown as Sl -Nazapbes Giemtibel nngf Godt) onal (nmeth)acrylate. In this
connection, (neth)acrylic acid nmeans acrylic acid and nethacrylic
aci d. [004BYj044When form ng the optical waveguide, the core |ayer has
to 25 be designed so that it has, as descrlbed Iater a hi gher 20

refractive i ndex than that of th
HaC=HC-C—0 —-CHz—-CH~ H,—0 \ / \ / -—CHZ—CH-CHZ—-O——C-CH_CHZ
o) o

- (VD

10 [0045]

Further, acryl (meth)acrylate is suitably used as the
component (B) from the viewpoint of a transparency, and
particularly when a (meth)acrylic resin is used as the component
(A) in combination, it is preferred in texms of an effect thereof.

15 Acryl (meth)acrylate shall not specifically be restricted,
and it is usually obtained by adding monofunctiocnal
(meth)acrylate to a polymer of glycidyl acrylate. The above
monofunctional (meth)acrylate includes various ones, and it
includes, for example, (meth)acrylic acid and the same ones as

20 shown as the examples of the monofunctional (meth)acrylate. In
this connection, (meth)acrylic acid means acrylic acid and
methacrylic acid.

[0046]
When forming the optical waveguide, the core layer has to

25 Dbe designed so that it has, as described later, a higher

20



phot opol yneri zabl e conpound (B) preferably contains fluorene

di (nmeth)acrylate as a constituent considering a high refractive

i ndex in gddrd¢tive AndeRi thar thAS PO ahey claddiirgh 1apet. r eRést ance 5
and a conpatibility with the conmponent (A). In particular, fluorene
di (et h) aphytepEl yiet 2abTd efbnpyuhd e(H)obrefériblyocoht &ing ¥luprése
preferably contained as a constituent. [00471 10 O-OpX~-O O . . .
(W [0043) (nbgieicryXate d£pr eonst tthehy tbfsiddriaw &chikhr teEradtivel ) ;
Y is a hydrogen atomor nethyl group; and p and q each are an

i nteger ofindéxtin 2ddipiéh efcall High trinepareriy,l at Bidglk.hebt KOSHNaradl
R24 * | X R22 R23~ R20 |- R26 X= Rte R26 (17Q RI18 R71 R17 | (
R12 20 RafdRd onphtiBiZity AQ5H) thdetomipbnéitl () .R2h gaehicelrmsent

i ndependently a hydrogen atom an al kyl group having 1 to 12 carbon
at ons, an fahkoene glidmpthpecnyjate trepreseatbdrbyatthesfollvwinigokyoarlzony|
group having 2 to 7 carbon 25 atons, an aryl group having 6 to 10
carbon at dVEIbrimmpraferdyly cpnbapnérhasng Fonsti%uemtbon atons; R19 to
R26 each may be present in any position of the benzene rings, and X
i s connect €804 oxygen atons in the skeleton of the Fornula (VI1) at
sites (marks "*" in

10 Y?\O‘(\/O);x’(o\/)q‘o_j\f < (D

[0048]
wherein X is represented by the following Formula (VIII); Y is a
hydrogen atom or methyl group; and p and q each are an integer of

1 to 20, preferably an integer of 1 to 10.

15 [0049]
Ra1 Rog
*(\l"'l'\‘,\Rzz Rza'\"'l'\“/)"
<L
RQ6AE
X= (VD)
R17
20 Rig
[0050]

wherein R;; to Ry¢ each represent independently a hydrogen atom, an
alkyl group having 1 to 12 carbon atoms, an alkoxy group having 1
to 6 carbon atoms, an alkoxycarbonyl group having 2 to 7 carbon
25 atoms, an aryl grou;p having 6 to 10 carbon atoms or an aralkyl
group having 7 to 9 carbon atoms; Rys to Ry each may be present in
any position of the benzene rings, and X is connected to oxygen

atoms in the skeleton of the Formula (VII) at sites (marks "*" in
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21 Formula (VI11)) to which the above substituents are not bonded.
Compounds in which Y is a hydrogen atomand R11 to R26 each are

hydr ogen RéfEaanuIpr)i)s tb ahtlcly the abbve Rl uénfd Jarantof \Bidrded. can
be obtained as a comercial product (trade name "A-BPEF', 5

manuf act ursbdindshin-wiglkcamyr 8s Ghaiideageaton bfd) Ry, The Hyl wakchngre

di (nmeth)acryl ate descri bed above and a conpound having at |east one
(et h) acryyfdntgedr @tigms and poieculad feieof i@ARofmsIa @ INFednd i (VIII)
conbi nati on as the conponent (B). [0051] 10 The compound having two

Or NOre e@axbedbbifindd) ad HOCESRMEreial heredicti Metade hamko"heBPRIRGI fi C,
di functional aromatic glycidyl ethers such as bisphenol A type epoxy

resing, trdraceuped IphShoh-Ni&kdmipa epeicalegons, idd.gpher fluby@te

epoxy resins, bisphenol AD type epoxy resins, naphthal ene type epoxy

resi ns andi {nexh) akeyldte kdektribat abowal arsd @rebmpogid tiathphg edthdreassuch

as phenol novol ak type epoxy resins, cresol novol ak type epoxy

resins, aoheymethpatadioyiegptramaln typeleqpdey theseofs,can also be used

t etraphenyl ol et hane type epoxy resins and the like; difunctional

al i phat i cimglopmbdpéaticgt leer $he ucdnpamepdl Y@ hyl ene gl ycol type epoxy

resins, 20 pol ypropyl ene glycol type epoxy resins, neopentyl glycol

type epoxhPd5d$in, hexanedi ol type epoxy resins and the |ike;

di functional alicyclic glycidyl ethers such as hydrogenated

bi spAénol A t yJ&eepongounss haying dtWch o] nRxe gREKY| FLeNRs dhaf molecule

aliphatic glycidyl ethers such as trimethylol propane type epoxy 25

resins, serarecdl ingbudashoky bPesnesifyey ctifunctjpral parpatbe | Flycidny

the like; difunctional aromatic glycidyl esters such as diglycidyl

pht hal at eeth@Fst Ruchiac pigrhemel iPofdPe Pt keeing) \katapbrene heneh

as diglycidyl tetrahydrophthal ate, . . :
A type epoxy resins, bisphenol F type epoxy resins, bisphenol AD
type epoxy resins, naphthalene type epoxy resins and the like;

15 multifunctional aromatic glycidyl ethers such és phenol novolak
type epoxy resins, cresol novolak type epoxy resins,
dicyclopentadiene-phenol type epoxy resins, tetraphenylolethane
type epoxy resins and the like; difunctional aliphatic glycidyl
ethers such as polyethylene glycol type epoxy resins,

20 polypropylene glycol type epoxy resins, neopentyl glycol type
epoxy resin, hexanediol type epoxy resins and the like;
difunctional alicyclic glycidyl ethers such as hydrogenated
bisphenol A type epoxy resins and the like; multifunctional
aliphatic glycidyl ethers such as trimethylolpropane type epoxy

25 resins, sorbitol type epoxy resins, glycerin type epoxy resins
and the like; difunctional aromatic glycidyl esters such as
diglycidyl phthalate and the like; difunctional alicyclic

glycidyl esters such as diglycidyl tetrahydrophthalate,
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22 diglycidyl hexahydrophthal ate and the |ike; difunctional aromatic
gl yci dyl am nes such as N, N-di gl ycidylaniline, N N

di gl yci dysiidliydidelonekdnydaapht hel fed ahtiethd Rakerudii fndtébhanadromatic
aromatic glycidylam nes such as NN,N ,Nl-tetraglycidyl-4,4 5

di am nodi ghggidyrainhaee , subh3abi 8N diglgtyayldiagheprmeyl ) cycl ohexene,
N, N ,Otriglycidyl-p-am nophenol and the |ike; difunctional

al i cycl i cabgiyad dygsrislwirometBylalildyel and dinep dXie patilak fuatt el c
di epoxy adi pate, alicyclic diepoxy carboxylate, vinyl cycl ohexene

di oxi de aafbridtd d gkgeidl atiihescsudinaks N A'Qoy stetrayigiidyess s such
as diglycidyl hydantoin and the like; multifunctional heterocyclic

epoxy g esdiumiridéphanyIndtihyie] dy)3-biecwamur ate and the |ike; and
di functional or nmultifunctional silicon-containing epoxy resins such

as or gangbydiiilbmxacmetinge cephohexaaei, NS, Mno-tieéglydkielyl1p- avliaihehibe
above conpounds having two or nore epoxy groups in a nolecule
t her eof uamdlthe Rake; alifuinetiideal \ediightlid epo@yt veLir30Guchnas e
preferably 150 to 1,000, and the conpounds which are liquid at room
t enper at uabicydd isudi ey asetial Trd iapolic chepourdadiratebeal Peyalsed
al one or in conbination of two or nore kinds thereof. Further, they
can be uséierexywehrboxyladehi vinybreywilohexaree diophde apd yher ikl e
conpounds. A nol ecul ar weight of the photopolynerizable 90¢Eound (B)
can 0@ nedsfunetippald lgrtenosynbic epoxy nesinss suchrasetiglyckdyhod. 25
[0053] A bl ending amount of the photopol ynerizable conpound (B) |
descri bedhydanteinsapd dthe dbke: Jo1ktd fupchienali hghererysd ichepemo wesins
amount of the conponent (A) and the conponent 3&. I f the above
such as triglycidyl isocyanurate and the like; and difunctional
or multifunctional silicon-containing epoxy resins such as
organopolysiloxane type epoxy resins and the like.
15 [0052]
The above compounds having two or more epoxy groups in a
molecule thereof usually have a molecular weight of 100 to 2,000,
more preferably 150 to 1,000, and the compounds which are liquid
at room temperature are suitably used. The above compounds can be
20 used alone or in combination of two or more kinds thereof.
Further, they can be used as well in combination with other
photopolymerizable compounds. A molecular weight of the
photopolymerizable compound (B) can be measured by a GPC method
or a mass spectrometric method.
25 [0053]
A blending amount of the photopolymerizable compound (B)
described above is preferably 20 to 95 mass % based on the whole

amount of the component (A) and the component (B). If the above
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23 bl ending amount is 20 mass % or nore, it is easy to cure with the
base pol yner being entangl ed therewith, and provided is the

advant agepididing BRI Nl 0b"Rddd isf ¥l fofNaRCeH dAP thheus@h@th the
pattern is formdd in formng the optical wavegui de. "On the other 5

hand, if jisd SSeifPent £85ted thifeRBdy, bAAT OFViRE L8
addi ng theéscéo%p?gggﬁtﬁ (A)ﬁ.)gOFurther, {thg bl endi ng a?rfount S p% erably
90 mess Y% &fart@ge £AOMNd PRLYEANPRIAEDLE Mty tiRe chhhfed @hEAGLKe |RFEE
thickness is readily formed. Fromthe viewpoints described above,
the bl endbfig 2048t rOfmdd8nPROLRIRG ¥ABT bpdilklad WEvEQMRRUNGDH Bhel Stiay €
preferabﬁ% 30 to 80 mass% [0054] The gﬁ%iopolynerization Initiator
(O shal Indwd, igpeeiid o dsseptdd akad, ast 1i@Ngady td fotma COMP B
whi ch pol yneri zes the phot opol yneri zabl e conpound (B) by irradiating
15 Wi th aaddidy theClomfonenY (AY. Fartiexgmehe bIdiRling SeoRAIAG havi ng
an ethylenically unsaturated group in a nolecule thereof is used for
the conp eraBly bHandd0t0opp| WEY ifzehi the viewpeimt tha€) thecdiudes
aromati ¢ ketones such as benzophenone, N, N
t et r anet ydvihgt'a- Uatge nolierRnegh einpreadM ¢ Hceed . k@tronethe Nrildwpo2fts
tetraet hyl -4, 4" -di am nobenzophenone, 4-net hoxy-4'-
di net hy| agesmtidedoabersnehe?bbeniiylg- 2meirie tdfy khai pleotoppdymerizable
nor phol i nophenyl ) - but an-| - one, 2, 2-di net hoxy-1, 2-di phenyl et han-1 -
one, 1 hycsmpounyic (Bheky Imogrkepye f dembbdpe30 2=d\Bor mays2- net hyl - | -
phenyl propan-1-one, 1-[4-(2-hydroxyethoxy)phenyl]-2-hydroxy-2 25
met hyl - | - pfo®dah- | - one, 1, 2-met hyl -1-[4-(nethyl thi o) phenyl ] - 2-
nmor phol i nopropan-1-one, 1-[4-(phenylthio)phenyl]-1,2-octadione-2-
benzoyl oxi ne arithet pbotoaElymeri natnisn dndhiator?-(€) hghalhk mokqui none,
phenant hr enequi none, 2-tert-butyl ant hraqui none,

specifically restricted as long as it is a compound which

polymerizes the photopolymerizable compound (B) by irradiating

15 with a light such as a UV ray. For example, when a compound
having an ethylenically unsaturated group in a molecule thereof
is used for the component (B), the photopolymerization initiator
{C) includes aromatic ketones such as benzophenone, N,N'-
tetramethyl-4,4'-diaminobenzophenone (Michler's ketone), N,N'-

20 tetraethyl-4,4'-diaminobenzophenone, 4-methoxy-4'-
dimethylaminobenzophenone, 2-benzyl-2-dimethylamino-1-(4-
morpholinophenyl) -butan-1-one, 2,2-dimethoxy-1,2-diphenylethan-1-
one, l-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-
phenylpropan-1-one, 1-[4-(2-hydroxyethoxy)phenyl] -2-hydroxy-2-

25 methyl-1-propan-1l-one, 1,2-methyl¥1—[4-(methylthio)phenyl]-2-
morpholinopropan-1-one, 1-{4-(phenylthio)phenyl]-1,2-octadione-2-
benzoyloxime and the like; quinones such as 2-ethylanthraquinone,

phenanthrenequinone, 2-tert-butylanthraquinone,
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24 oct anet hyl ant hr aqui none, 1, 2-benzant hr aqui none, 2, 3-
benzant hr aqui none, 2-phenyl ant hraqui none, 2, 3- di phenyl ant hr aqui none,
1- chl or oasdtiameghy Tantthrazuinetdy |15 2t herzprithraquidornte ,n2pAt hoqui none,

9, 10- phenant hr aqui none, 5 2-net hyl -1, 4- napht hoqui none,

2, 3- di neterzanthraguiinonee 2Ashdryd anthkasquimenzoi 2, 3t her conmpounds such
as benzoin nethyl ether, benzoin ethyl ether, benzoin phenyl ether

and t he |diphenbtaathraquiaopeundshdoebarthdaepinome, 2et hyl benzoi n,

et hyl benzoin and the |I|ike; benzyl derivatives such as benzyl

di net hyl netthyllannirddienbiel | ket -rapht beduirmngl, i 8 Haphesadtmaagisona, as
2- (o-chl orophenyl ) - 4, 5-di phenyl i m dazol e di ner,

2- ( 0- &hl -otdgy ). ; 4-riaphdhéawidomey pR edndinetrhghant leradfuisone and the

2- (o-fluorophenyl)-4,5- diphenylimdazol e diner,

2- ( 0- met hiodisephbapizdint eShedi pdrpoundsi gactolas deneein methyl ether,

2- (p- met hoxyphenyl )-4,5 15 di phenyli m dazol e di ner and the |ike;
phosphi necendodaseshyth edberbisfrzoincphenyie Eeithebeand hephékyi Feogphnne
oxi de, bis(2,6- dinethoxybenzoyl)-2,4,4-trinethyl pentyl phosphi ne

oxi de, 2,Zpmpounds nsudly Aisehenzdidi,phehlyBtrizohnncetdhitldenzain tand [thre;
acridine derivatives such as 9-phenylacridine, 1,7-bis(9,9" 20

acri di nyl)¥kest haezyh deghwatrives sNuchhasefaydi guretydhkalayiangd ghe
derivatives; counarin-based conpounds and the |ike. Further, in_the
2, 4, 30 r i Hikelii #v a3 dirdagyhipidazgdeodimers suchr 3% i 3ri (@asBlexcnhgpyhive

t he same substituents on the aryl roups .t hereof to provide the
symmet ri & SorpBheRy Biidagoha Ainey, 7 1 ferdHerepbarYuénPs on the aryl
groups thereof to provide the _asymretric conpound. As_is the case
with comfin@etsaxprhenydt AR eafiMBTe 201 L4RARRNEENM rbiRmzoi ¢

aci d, thioxanthone conpounds and tertiary
diphenylimidazole dimer, 2- (o-methoxyphenyl)-4,5-

diphenylimidazole dimer, 2- (p-methoxyphenyl)-4,5-

15 diphenylimidazole dimer and the like; phosphine oxides such as
bis (2,4, 6-trimethylbenzoyl)phenylphosphine oxide, bis(2,6-
dimethoxybenzoyl) -2, 4, 4-trimethylpentylphosphine oxide, 2,4,6-
trimethylbenzoyldiphenylphosphine oxide and the like; acridine
derivatives such as 9-phenylacridine, 1,7-bis(9,9'-

20 acridinyl)heptane and the like; N-phenylglycine; N-phenylglycine
derivatives; coumarin-based compounds and the like.

Further, in the 2,4,5-triarylimidazole dimer, two 2,4,5-
triarylimidazoles may have the same substituents on the aryl
groups thereof to provide the symmetric compound or may have

25 different substituents on the aryl groups thereof to provide the
asymmetric compound.

As is the case with combination of diethylthioxanthone and

dimethylaminobenzoic acid, thioxanthone compounds and tertiary
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25 am ne conpounds may be conbi ned. They can be used alone or in
- conbi nation of two or nore kinds thereof. Anong them the aromatic

ket ones aadlind edrpoande tayovedesmbidied . pritfegr tan e asetingl sneewroint of
enhancing a transparency of 5 the core layer and the cladding | ayer.

[0055] Vberbaiatdpaxyst e bri foks adinBier théyeqranponent (B), the
phot opol yneri zation initiator (C) includes, for exanple,

aryl di azoni um saidriy $HeR, ahe) afBhaOXY ketsnes driy @éhe Uphddphine oxides
hexaf | uor ophosphate and the |ike; diaryliodoniumsalts such as

di phenyl i gelerprapehesal f 1 ehaosphvpting 628l dnhashicpheny |tiradepatency of -
hexaf | uoroanti nonate and the like; triarylsulfoniumsalts such as
tri phenyl shé f eodel Malex adddiahe pbsdtioni Layewl t, triphenyl sul f oni um
hexaf | uor oanti nonat e, di phenyl-4- thi ophenoxyphenyl sul foni um 15
hexaf | uor optasgihoni um sal t, di phenyl - 4-t hi ophenoxyphenyl sul f oni um
hexaf | uor oanti nonat e, Bi phenyl -4-t hi ophenoxyphenyl sul f oni um

pent af | uor ohydriéheranrni epogt ecesid ifeaidedk prt thenldopberdérsndB) untheal t s
such as triphenyl sel enoni um hexaf | uor ophosphoni um sal t,

t ri phenyl phoeoppiiymar bzatfdnu ani tatan i(fheinydlswlesnofidbrexagple,

hexaf | uoroanti nonate and the |ike; dial kyl phenacyl sul fonium salts
such as denpididzonéumcsdlhd soahas Perethogrhenzenadiraanium

di et hyl phenacyl sul f oni um hexaf | uor oanti nonate and the |ike;

di al k3@ - 4h laopoprbesphaief anfiuthe diike; sdbaryddodonium salts such as
hydr oxyphenyl di met hyl aul f oni um hexaf| uoroanti nonate, 4 25, i

hydr oxyph@ighersiiedfpiwy hexpf Suexnphesphenist sasti ndihieayahederHam

| i ke; and, sulfonic acid esters _such_as a- . .

hydr oxymebPe¥a bateroppsimanate: aed theJdkexyirkadydart fonipmssalts such as

sul f onyl oxyket one, p-su] fonyl oxyketone and the |jke. They can .he
y t%iphenfisu?fon{um h%xaf uorophosphonium salt, triphgnyfgulfonium

hexafluoroantimonate, dipheny1-4-thiophenoxyphenylsulfoniﬁm

15 hexafluorophosphonium salt, diphenyl-4-thiophenoxyphenylsulfonium
hexafluoroantimonate, diphenyl-4-thiophenoxyphenylsulfonium
pentafluorchydroxyantimonate and the like; triallylselenonium
salts such as triphenylselenonium hexafluorophosphonium salt,
triphenylselenonium borofluoride, triphenylselenonium

20 hexafluoroantimonate and the like; dialkylphenacylsulfonium salts
such as dimethylphenacylsulfonium hexafluoroantimonate,
diethylphenacylsulfonium hexafluoroantimonate and the like;
dialkyl-4-hydroxyphenylsulfonium salts such as 4-
hydroxyphenyldimethylsulfonium hexafluoroantimonate, 4-

25 hydroxyphenylbenzylmethylsulfonium hexafluoroantimonate and the
like; and sulfonic acid esters such as «a-
hydroxymethylbenzoinsulfonates, N-hydroxyimidosulfonates, a-

sulfonyloxyketone, B-sulfonyloxyketone and the like. They can be
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26 used alone or in conbination of two or nore kinds thereof. [0056]
A bl endi ng anobunt of the photopol ynerization initiator (C) described
above i s peefiealdiey off. intapmbinabien pef tevoper mbde kisds thepaofs of the
total amount of the conponent (A) and the conponent (B). if the above
bl endi ng afmesd] is 0.5 mass part or nore, the photosensitivity is
satisfactory. On the other hand, if it is 10 nass parts or |ess,
absorpti on on aastltdndiiagl ayrmtobft tiee ghoabpskEymErtizaeisesinitiator (C)
conposition does not grow |large in exposure, 10 and photocuring is

pr onot ed deséribeenbbyve Niaprefsrasly teseod .10 Maskhparts persiog massan
optical wavegui de, transm ssion |oss caused by influence of |ight
absor pt i opabys tde thel yoedl zabunt of rdhei admporientel(f) | andidhel conEaead,
and it is suited. Fromthe viewooints described above, a bl ending
anmount of (Bhe IF phetapoleybitendialg emoumt tisalof s partoee mmref, ethdl y
0.2 to 5 nass parts. [0057] In addition to the conponents (A), (B)
and (C) dpbeordspnsitabbve, isssatisfactaxydi tOny gbe soheradandneif sl ds 10
rel easi ng agents, 20 antioxidants, yellow ng preventives, W

absor bent B2s§| RAniISe OF | bﬁ?ﬁsfalﬁbéﬁﬁpwgﬁm@én@ ssuxseicer lﬁmﬂ%@éntbe
plast|C|zers stabilizers, fillers and _the |ike may be added, if
necessaryP PEP%QH?lﬁéKPnreS%ﬁnﬁ@@P@$¥ﬁ$°Po@°¢%nﬂﬁtngrgﬂ IRF9ECAR SIRASYERde
in a froportlon in which adverse_influence is not exerted to the
ef f ect® ofNEHRNOLEPCYXERG niS |H’F9@ﬁ¥$%rFUffELGB‘§‘B‘]1YTH§ %swléﬁnﬁ’é%lqufon
for formng an opt.ical waveguide is _designed so that the resin
Conposi t i gﬁrFQﬁrﬁ(&PnPﬂtP%u?SOBPlEEﬁlcal wavegquide, transmission loss

caused by influence of light absorption by the polymerization
initiator itself is not increased, and it is suited. From the
viewpoints described above, a blending amount of the
15 photopolymerization initiator (C) is more preferably 0.2 to 5
mass parts.
[0057]
In addition to the components (A), (B) and (C) described
above,‘so—called additives such as inner mold releasing agents,
20 antioxidants, yellowing preventives, UV absorbents, visible light
absorbing agents, coloring agents, plasticizers, stabilizers,
fillers and the like may be added, if necessary, to the resin
composition for forming an optical waveguide in a proportion in
which adverse influence is not exerted to the effects of the
25 present invention.
[0058]
The resin composition for forming an optical waveguide is

designed so that the resin composition for forming an optical
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27 wavegui de used for the core layer (hereinafter referred to as the
resin conposition for formng a core layer) has a higher refractive
i ndex thagaveqiidy usBé f&sSitheCoop®siadyedn (hareinafiendrefdireftteas the
wavegui de used for the cladding |ayer (hereinafter 5 referred to as
the resi nresimasdnipogiition ficar Fongimy @ addé MayedrdyRas .a AigRern
conposition which can forma core pattern by an actinic ray can be
used as t hefr&stiivecanpesitiapnthat dOthengesin @omposyiRn fapdf@rming

| ight-sensitive resin conposition can suitably 10 be used. To be
speci fi c, aht optSicalr @aveqeideasedi foir Whiecbladdingi hayert hheeehpaftat S
(A), (B) and (C) described above and which contains, if necessary,

t he op$i orakeres) areas stlitke yestihecomdosieion [ £435 Fprmiveg resiladding
conposition for formng a cladding |layer shall 15 not specifically
be restridageras long as it is a resin conposition which has a | ower
refractive index than that of the resin conposition for formng a
core |layer and Riredin sooposition whightcaor ftemta cand pattern by an

| i ght-sensitive resin conposition or a heat- curing resin conposition
can suit abeyibic usgdcal codaisefess fie resir(ampogitesni forofpusing an
whi ch contains the conmponents (A), (B) and (C) described above and
whi ch contcar@slayer, nar@ss drightt sensigiveonesinc eoppatitiond egar Sbid@bly
above. [0060] The resin filmfor formng an optical wavequjde used in
the 38 pPesésednvEpthosreshpit sdsd ihea reesin eompassitipBnwhinh CoRRRiRF
an optical wavegui de descri bed above, and it can readily be produced
by di ssol ¢hRgCARBENES cBpodPl i ¥rd cEht desrridachabevsdebich A),  (B)

and (C) described above in a solvent to prepare a resin |
contains, if necessary, the optional components described above.

[0053]
The resin composition for forming a cladding layer shall
15 not specifically be restricted as long as it is a resin
composition which has a lower refractive index than that of the
resin composition for forming a core layer and which is cured by
light or heat, and a light-sensitive resin composition or a heat-
curing resin composition can suitably be used. To be specific, it
20 1is a resin composition which contains the components (A), (B) and
(C) described above and which contains, if necessary, the
optional components described above.
[0060]
The resin f£ilm for forming an optical waveguide used in the
25 preset invention comprises the resin composition for forming an
optical waveguide described above, and it can readily be produced
by dissolving a resin composition containing the components (A),

(B) and (C) described above in a solvent to prepare a resin
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28 varnish, coating it on a substrate by a spin coating nethod and
the Iike and renoving the solvent. A coating machi ne used for

coating th&rmist, nceatinghitsbal & sistzpesi by calsbynbeodtasior metias andnd
an applicator, a spin coater and the |like can be used. A 5 coating
machi ne whhe N iken afi@nEdniidngl yheorsuiveata RAesbating machingnefed &bty
used fromthe viewpoint of a productivity. The above coating nachi ne

i ncl udes, cétirX@nBl fesiviValrfOsH athallVt bt dpuitiFacille bebyestridfited,
Tecseed Co., Ltd. In this regard, the solvent used shall not

speci fi cabhd e appliefsdd,i at Q?il@scda@_ég a5d ittheC ankéli Gfipbeeubd@. afjove
resin conposition, and capable of being used are, for exanple,

sol verg s &6t rids madh&he Rhi chetdry | cpiththok€ltyd R odt®é hy lresehl HEIM de,
et hyl cell osolve, toluene, N, N-dinethylforman de,

N, N- di net hyéfaelayi deed fropythaeviayippint cbropeEbaYEt Bliter, Theoppbene
gl ycol mononethyl ether 15 acetate and the |like and m xed sol vents
t her eof . évapitie mechine dinclodesrefidyy exatpby, Muétiteatiexr AMeMer abl y
used fromthe viewpoint of obtaining a filmhaving an excel | ent
snoot hnessamufartuesd oy HirbaoeTedseedsCde, rIebder se t o t he substrate.
Usual ly, a content of solid conponents in the resin solution is
preferably 30 tin 8hi80regessl,¥the| €6l6kht Lisedradi@dli not tdpeaidscally be
varni sh descri bed above, it is mxed preferably by stirring. The
stirrithg nesthwidtedads hoig aspéti tamalisgobeer tiwt rabovedresind composhoibn,
using a propeller is 25 preferred fromthe viewoint of a stirring
ef fi ci encynd Aapabaei of) bedpgedsed anee feoputampleshadlvenss spelids cal |y
be restricted, and it is preferably 10 to 1,000 rpm nore preferably
50 to 800a¢ghAneanmephyl ietilvar ketonef aesby) deblaselBeo ephl cemleselve,
vi ewpoi nts of
w toluene, N,N-dimethylformamide, N,N-dimethylacetamide, propylene
glycol monomethyl ether, propylene glycol monomethyl ether
15 acetate and the like and mixed solvents thereof. Propylene glycol

monomethyl ether acetate is preferably used from the viewpoint of

obtaining a film having an excellent smoothness on a resin

surface of a side reverse to the substrate. Usually, a content of

solid components in the resin solution is preferably 30 to 80

20 mass %.
[0061]

In preparing the resin varnish described above, it is mixed
preferably by stirring. The stirring method shall not
specifically be restricted, and a method using a propeller is

25 preferred from the viewpoint of a stirring efficiency. A rotating
speed of the propeller shall not specifically be restricted, and
it is preferably 10 to 1,000 rpm, more preferably 50 to 800 rpm

and particularly preferably 100 to 500 rpm from the viewpoints of
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29 sufficiently m xing the conponents contained in the resin varnish
and inhibiting air bubbles produced by rotation of the propeller
from bei ngufif Xeitkritdy niveirgi ithei agnpdneatshabntaimedspecidfd eakliy wemnish
restricted, and it is preferably 1 to 24 hours fromthe viewoint 5
of the m anddinghridypeihy aind Bubbles quboducad ef frotaehoy .ofl vder pEdpeller
varni sh prepared is preferably filtrated through a filter having a
pore di améret fingOmpredrin.esthe Istidrpod ecimeédi ahel Emotf speeifidaidy bs
50 pmor less, large foreign nmatters are renoved, and cissing is not
caused i nresetidted, hand aithiishprdfefanif Lheo aoheuys efyami the wigwpodnt
dianeter of the a filter is nore preferably 30 pmor |ess,

parti cel abfythy efiaiadl yrddenapn and | dss prodivet iioes efif vétaericsh prepared i s
pref erabl y defoaned under reduced pressure. The defoam ng net hod

shal | not speciThe aldsinbearniadi pirepaxkd dsdpae fomblyaf i brrarfedathesugim
punmp and a bell jar and 15 a deform ng apparatus equi pped with a
vacuum dewi €&lteard hiakréng | &k parandbametsedofis5Q hen opetess c EXaapes. The
pressure in the reduced pressure shall not specifically be

restrict ediameiepofs he ef iditerwhé cH0 ams ok vigss c darge nfakeignt hatbexs n
varnish is not boiled is preferred. The tinme for reducing pressure
shal | not aspexgnidved) | @ Tissingsis ingtegaused! int cpatineftheavaynish.o 60
m nutes fromthe viewoints that air bubbles dissolved in the resin
var ni 3h aFeom ridep pbgvaridiawpeint hea osirgeAianetempibihed fidhebeishgore
vol atili zed. [0062% The substrate used_in a step for producinq%%Pe
resin fil BreDerady BBrwd my de88r arhjicnlanky [Presferabbe 10 val ¢y lass.
restricted in a material as |long as it is a support for supporting
the resin fil nfi®resdrnYaishc prerargfeds prefe@blycietramed, pger v

pol yesters such_as pol yet h)ﬁlleene t erepht hal ate (PET) and the |ike
reduced pressure. defoaming method shall not specifically be

restricted, and a combination of a vacuum pump and a bell jar and
15 a deforming apparatus equipped with a vacuum device and the like
can be used as the specific examples. The pressure in the reduced
pressure shall not specifically be restricted, and pressure at
which a solvent contained in the resin varnish is not boiled is
preferred. The time for reducing pressure shall not specifically
20 be restricted, and it is preferably 3 to 60 minutes from the
viewpoints that air bubbles dissolved in the resin varnish are
removed and that the solvent is inhibited from being volatilized.
[0062]
The substrate used in a step for producing the resin film
25 for forming a core layer shall not specifically be restricted in
a material as long as it is a support for supporting the resin
film for forming a core layer, and it includes suitably

polyesters such as polyethylene terephthalate (PET) and the like
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30 and pol yol efins such as pol ypropyl ene, polyethylene and the |ike
fromthe viewpoints that the above substrate is readily peeled off

| at er fromnd Relyedefhins |swchoas frolyiprgpylens.e phayetrhylieset And thehdyke
have a heat resistance and a solvent resistance. 5 Further, a

fl exi bl e Exdsstthet viewpaintisghhat diwpabevie supssrate iw akedily ypasded
fromthe viewpoint of enhancing a transm ssion factor of a light for
exposur e offl lageucErem rheghesimfidm fox Errmingl & efre Rayevrancddhasr n.
The substrate of a high transparent type has a haze val ue of

pr ef er abl they firye adkeat mesdspandecead] § salveny, sesistaancgnd
particularly preferably 2 %or |ess. The haze value is neasured
according to JIF9rkhens, a digxible ssulistratasef el hiph) ranspagent fiype is
exanple, a comercially available turbidineter such as NDH 1001DP

( manuf act prefersplNi p@@% fivens Hok wiewposnt i ofs entlancing @ Framgeissione
substrate is available as a commercial 15 product including trade
narmes " CobaFshifiea Aiimht fandexmmsiws awh radusingoroushening ien &csifed
by Toyobo Co., Ltd. "Cosnmp Shine Al1517" has the advantage that a gap
to the maddkll PfekpBsenke PattewRiucehe abstrate (ofhér hpght Fransparene
formed. [00631 20 A thickness_of the above subsirate falls

pr ef er abl {WEe 1S pabrge yelye;of Ryefsrably iy % orslesd.omoxg Rrefarably

oo i Sesd B0 S Srud 1Sy PR S 0 B e e

Can be 1 OFHEIF 35 BRE s, PRECE SHRb o LS ol R Mo SeP| Bedesbies o

t hi ckness, of the gbove substrate falls in ran f npr ef erably

10 to 40 PHMEFE Phortoh SREMELT y = SOMBSTtially Ayt lehls, ERER dimey e

preferabl guchzgst Bbﬁplé)()TDP (manufactured by Nippon Denshoku Industries
Co., Ltd.). The above substrate is available as a commercial

15 product including trade names "Cosmo Shine Al1517" and "Cosmo
Shine A4100" each manufactured by Toyobo Co., Ltd. "Cosmo Shine
A1517" has the advantage that a gap to the mask in exposure is
reduced and that finer patters can be formed.

[0063]

20 A thickness of the above substrate falls preferably in a
range of 5 to 50 ym. If it is 5 pm or more, the advantage that a
strength of the support is easily obtained is provided, and it is
SO pum or less, the advantages that a gap to the mask in forming
the core pattern is reduced and that finer patters can be formed

25 are provided. From the viewpoints described above, a thickness of
the above substrate falls in a range of more preferably 10 to 40
um, further preferably 15 to 30 um. It is particularly preferably

20 to 30 pm.
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31 [0064] A thickness of the resin filmfor formng a core | ayer
shall not specifically be restricted, and it falls preferably in a
range of 1000641100 pun in terns of a thickness after drying. If 5 it
is 10 pmor nore, provided is the advantage that a coupling tol erance
with |ight emnitAibhdckness iafhttheeresin ifglel fmerfiosmingan caxet layer f i ber
can be expanded, and if it is 100 plmor less, provided is the
advant ageshallt retcepptifigadfiiyibe orespricted, iaghdt it efallis pyefenchbliyghn
receiving elenents or an optical fiber is 10 enhanced. Fromthe

vi ewpoi nt 3 xhewgger ioffetlo abwv®0 amt in demassobfa tthe ckadsw afitierndfwinss i If a
range of nore preferably 30 to 70 pm Fromthe sane vi ewpoints as
descri%heditibie/d,0 pheor tnmineknpseeiriast ishthe @dyahtigge thad sheowlimg
pattern fall in a range of preferably 10 to 100 pm nore preferably
30 to 70 peleranse] wiEs|liphE ewmbthing andsbighth rgcetrelng edepenfst @mgn
the resin film_ for formng a cladding |ayer includes the substrates
descr i bedopltnale fiihextfrath bRzexvpandesr pad elft Hér é6f 190G M SYpAeSF. nore
and 10 pmor less. Anong them the nmetal foils are preferred from
the 20 sBRevideshpsithe adyaptage el abedwpling efEiqiencypwetlypiiickh
wavegui de of the present invention, _when produced is, for exanple,
the flexi8TEtdpg el Lkagiraeiying fheRentS BnanhePifelafibef ishe

| ower_cl addi ng layer is 0O nore and 10 pmor less and in

.5 pm or, )
whi chtRz eRPakedsurfralie the YIRWeRIngy rigscaiihadi Mypveay ér thickness phathe
0.5 pm a substrate_in which Rz on _a surface is |ess than 0.5 pun is
pr ef er abl ?b%‘?e(frlig‘ faels dinat Faree efetiors Rusderelly 3% or 88U ng t he

resin filmfor _form ng an upper claddi ng | ayer.. The abgye substrate
shall not From t egsame 1gwpo£hts as escfg%ed aﬂov , %ﬁe

thicknesses of the core layer and the core pattern fall in a
range of preferably 10 to 100 pym, more preferably 30 to 70 um.
15 [0065]

The substrate used in a step for producing the resin film
for forming a cladding layer includes the substrates described
above in which Rz on a surface thereof is 0.5 um or more and 10
pm or less. Among them, the metal foils are preferred from the

20 same viewpoints as described above.

In the flexible optical waveguide of the present invention,
when produced is, for example, the flexible optical waveguide in
which Rz on the surface of the lower cladding layer is 0.5 pm or
more and 10 ym or less and in which Rz on the surface of the

25 upper cladding layer is less than 0.5 uym, a substrate in which Rz
on a surface is less than 0.5 pm is preferably used as the
substrate used in the step for producing the resin film for

forming an upper cladding layer. The above substrate shall not
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32 specifically be restricted in a material as long as Rz on the
surface is less than 0.5 pun, and it includes suitably polyesters
such as pesgitfighbhy ke meskrheted dnapdvatrripilkas alengasyBeedn fdhe such
as pol ypropyl ene, polyethylene and the |ike fromthe 5 viewpoints

t hat the sibdfiacesiBsiess dhas f eadim.y apdeltednslpdestsuitaplypelrestertn
filmfor formng an upper cladding |layer and that they have a heat

r esi st anceucih@sapsbysidinlenesterenphtbalate ransk sheslikg apdepahylefins
substrate falls preferably in a range of 5 to 100 If it is 5 pmor
nmor e, thesu@y ast pgtyprenylens: reqlyethylene antotbapbidia firometlks | y
obtained is provided, and if it is 100 Jimor |I|ess, the advantage

t hat the YieWwOoigtpropat thhei abpye pashgatads repdiln keedef| ofbrlates
enhanced is provided. Fromthe viewpoints described above, a

t hi cknessfzm the zesine Ldpsfentformingsan imperr ghaddisg Asyer mnst &habl y
10 to 80 pm further preferably 15 to 50 15 Jim [00661 A thickness
of the re<hsy tRVe adieatorREhgtance aBdi AFqlyest refiatanggt A thickness

specifically be restricted as Long as it is possible to shut uF a

| i ght and®®nihed 2PREe cHREETREE f%llfsalpl@fﬁ%'%"?]éf&ﬁi ¢ FROGF pacd rahgel®? W
to 500 pmjin ternms of a thickness after drying. If it [sS in or
nore, a thr AndSsoof™ 9% ARTE} Jhf RGVRRTRFE iR ha@trqng&hi ?gotli?eor
shutting up a Light can be,secured, and jf jt ig BOOQ. pmor less, it
o ey St 5 oAmiat SPREAS et BRI Poh ooy 0Bl AEs
descri bed, abov hed hi knes%‘aof he abﬁive film 2? falls in a r%?lge of
nore pref ‘?sfdlg {0 SRt ie ZEFHRY PAPPST Y orhPREPAR b e al

raveaul ee ARPCCECLan, 4015 SHUSHLALSS U ObARe 050 HAP Y Btee
prOtECtiVgééééigégagbégé, a thickness of the above substrate falls in a
range of more preferably 10 to 80 um, further preferably 15 to 50
15 pm.
[0066]
A thickness of the resin film for forming a cladding layer
shall not specifically be restricted as long as it is possible to
shut up a light and embed the core, and it falls preferably in a
20 range of 5 to 500 pm in terms of a thickness after drying. If it
is 5 pm or more, a thickness of t the cladding layer which is
required for shutting up a light can be secured, and if it is 500
um or less, it is easy to evenly control the film thickness. From
the viewpoints described above, a thickness of the above film
25 falls in a range of more preferably 10 to 100 um.
The resin film for forming an optical waveguide provided on
the substrate thus obtained can readily be stored by, for example,

reeling in a roll form. Further, a protective film can be
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33 provided, if necessary, on the resin filmfor formng an opti cal
wavegui de. The substrate and the protective filmmy be subjected to
anti st at i pravigedpenf neressdey. tan riieeresirefdymt fopelsirming ameoptiesiln
filmfor formng an optical waveguide later. 5 [0067] A thickness of

t he cl addvanedudder (Thieesubstmabearndothe Iprotappizre didudinay Heaabjeeted
the |l ower cladding |ayer) may be the sane or different in the | ower
cl addi ng tayantighatic itrehitment froorddratel make dppeasyitadpeal dffyshe
for enbedding the core 10 pattern. Al so, a thickness of the upper

cl addi ng ¥esigr fiidm foefforabhg amrapsdicahawaveauhidekbatayr.of the core

| ayer in order to enbed the core pattern. Fromthe viewpoints that
the wiol e B671of the flexible optical waveguide is reduced in a

t hi ckness and that nore 15 excellent flexibility is exhibited, when a
t hi ckness of t He thdcknegmtafetthef @ladding layem&hef whole @arboophrishe
descri bed above, a thickness of the cladding |layer in the whole part
of the flénpeyn €lagding dlaygavandithe flaves bpgblayem mayadpgydhef 30
to 400 pm a thickness of the upper c|ladding_layer falls preferably

in a rangeam® o3t d2bfexentpdnphhe Jkqvex chaddings dayer tvwhidhoher fiystddi ng
| ayer falls preferably in a range of 10 to 100 pm,k Further, when a

t hi cknessteFmad,angdothe pppesr aladding iLaver (forgembedding §heocer® whi ch
is a preferred range, a thickness of the cladding |Jayer in the whole
part X% tPREYSTEK t#‘e’*oopf‘i eickpese af ddis MPPET F HiBE| {2YRF il§ a range
of 60 to 130 a thickness of the upper claddin | ayer  fall

b of er abl B THRDMHAFGR 5590 R SOHGHTORn Pt R ERTR S8 YE5! 1R RFdesuER
cl addi ng “@¥§{ alls preferably in a range of 20 to 50 pm A

t hi cknesseH?e4 uﬁ%@éjpéltgﬁﬁ?ng | ayer is a value froma

From the viewpoints that the whole part of the flexible

optical waveguide is reduced in a thickness and that wmore

15 excellent flexibility is exhibited, when a thickness of the core
pattern falls in a range of 10 to 100 ym described above, a
thickness of the cladding layer in the whole part of the flexible
optical waveguide falls preferably in a range of 30 to 400 pm; a
thickness of the upper cladding layer falls preferably in a range

20 of 20 to 300 ym; and a thickness of the lower cladding layer
falls preferably in a range of 10 to 100 ym. Further, when a
thickness of the core pattern falls in a range of 30 to 70 um
which is a preferred range, a thickness of the cladding layer in
the whole part of the flexible optical waveguide falls preferably

25 in a range of 60 to 130 um; a thickness of the upper cladding
layer falls preferably in a range of 40 to 80 ym; and a thickness
of the lower cladding layer falls preferably in a range of 20 to

50 um. A thickness of the upper cladding layer is a value from a
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34 boundary between the core pattern and the | ower cladding |ayer to
an upper face of the upper cladding |ayer, and a thickness of the

| ower cl athdindaiabetween achaalcoeef pairheanband ddrey 1lbeenesladdiagchayer to
pattern and the | ower cladding |ayer to an under face of the 5 | ower
cl addi ng bayepper [fa@686f | the pper scladddnmyokayergnahdra firikkngssirof the
optical waveguide or the resin filmfor formng an optical wavegui de
descri bed loaénveladdingr talyeratisea tdibreedfroinas hnuatiarplbetweenopihe carel 0
transm ssion loss of 0.5 dB/cmor |ess fromthe viewooint of

i nhi bi ti npaatenduwrid chei Tower ichaéding W agbr atd raan sndesi faces ofj nicie

whi ch is brought about by optical loss. In this regard, the optical

t ransnb ssilowet ocskadding Vayere neasured by a prismcoupler type
optical characteristic neasuring apparatus (SPA-4000, 15 manufactured
by SAI RON TEGHNOLOGY, Inc.). [0069] Production process for flexible
optical wavegui de: A production process for the flexible optical
wavegui de of tHe fhegesiniermmesichon sfoxr Frowing iapnopkberls yaveguide
flexi ble 20 optical waveguide conprising a |lower cladding |ayer, a
core pat O&r Bhecesdn Gpperfan Zeuring lagy epticald wavegyide slesguiiredn
process for a flexible optical waveguide conprising a step_in which
a resin faPAYEora fyrRAnmRE e Sharerf hapeProfeysdlydan PRE1Cadbst r at e
having a ten point, average roughness (Rzi of 0.5 gnlon 25 nore and 10
pun of9| e$¥aBEmissions 4e%S t9fe Oebf dB dless fgom Ebetvieypeipt dhe

opt cal nAPBUBHHBER A AT o B CtEHEL Bbores SERRTHASoR<S HEn
renoved f%ﬁ?&ﬁkﬁﬁ'ﬁighghéiiﬂgﬁio féﬁé?éyg ?oss. In this regard, the
optical transmission loss is a value measured by a prism-coupler
type optical characteristic measuring apparatus (SPA-4000,
15 manufactured by SATRON TECHNOLOGY, Inc.).
[0069]
Production process for flexible optical waveguide:
A production process for the flexible optical waveguide of
the present invention is a production process for a flexible
20 optical waveguide comprising a lower cladding layer, a core
pattern and an upper cladding layer, and it is a production
process for a flexible optical waveguide comprising a step in
which a resin film for forming a cladding layer prepared on a
substrate having a ten point average roughness (Rz) of 0.5 um or
25 more and 10 pm or less on a surface thereof is used for at least
one of the lower cladding layer and the upper cladding layer to
prepare an optical waveguide and a step in which the above

substrate is then removed from the resin f£film for forming a
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35 cladding | ayer. According to the above process, the surface form
of the above substrate can be transferred onto the filmby renoving

the subst pah@aidpmahe. r axcbrdiddNtcrBHe tARhRS pEEcédls thEr s@Efacel fbAR
cl addi ng | ayer conprising the above filmcan be 5 roughened at the

same timeofstié efvengubdterte! car! bavarabyEeered TALs tRKES 1int by
unnecessary to carry out separately roughening processing and nakes

it possi blembPirgd Mblel EMbétiate! EPom | thel Resph OFiNG, | 8AA SttRireiforet tie
flexi bl e optical waveguide, a substrate is necessary as a support

for the | euefacd afdithg dlhdaEvaer 1a£@lr epeUdEid ahe &Bowvd Falmsesh ag a
substrate for subjecting to roughening process to thereby nmake it

possi bt e troughermgd ialty thé esfidet pimé T Nprepayimyibienbpthslr waedgatine,
the resin filmfor formng a cladding | ayer prepared on the
substr at e Thils wmdkedh iBzZudedessui{ at® dasry. Sup Beparavery athghénimy or
| ess is used 15 preferably at |least for the |ower cladding |ayer. The
mat er i al s ptesessied anfonskes datupessilde tbeswldifyatiee istepahi ch Rz on
a surface is 0.5 pmor nore and 10 pun or less. Anong them the
metal foils arelprtdfeeprodudtriom shep viawtbenfietiide dpeicalesamefriida,
for formng a cladding |ayer can readily be prepared 20 and that a
sat i sf act er gusstratgt hst herasshrysas = wuwpooert dwt the lgweadgdedding are
obtai ned. [0070] A process shown in Fig. 1 shall be described in
det ai 18 adayenaansk&hgl substnate pe kst used @ @esybsbratiendor| exi bl e
optical 25 waveguide of the present invention. First, a resin film
for form fyPIeCmaEltagrovghanipgepeeeass 68 thexehyt make it poseibkl thy a
light or heating in a first step to forma |ower cladding |ayer 2
(Fig. 1 (8VPlikY tthesstere, From the viewpoint described above, thie resin
film for forming a cladding layer prepared on the substrate in
which Rz on a surface is 0.5 ym or more and 10 ym or less is used
15 preferably at least for the lower cladding layer.

The materials described above are used for the substrate in
which Rz on a surface is 0.5 pm or more and 10 ym or less. Among
them, the metal foils are preferred from the viewpoints that the
resin film for forming a cladding layer can readily be prepared

20 and that a satisfactory strength thereof as a support and the
productivity are obtained.
[0070]

A process shown in Fig. 1 shall be described in details as

one example of the production process for the flexible optical
25 waveguide of the present invention.
First, a resin film for forming a cladding layer prepared

on a substrate 1 is cured by a light or heating in a first step

to form a lower cladding layer 2 (Fig. 1 (a)). In this case, a
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36 substrate in which Rz on a surface (a surface on which the
cladding layer is to be forned) is 0.5 pmor nore and 10 pan or |ess
I S used fsubstwatziiat whAich Rz bn & hanffaret (steprfhoe édorwhich the | ower
cl adding layer 2, 5 when a protective filmis provided on a side
opposi t e thaddihg Saletribs ed bentotmddleisesif yn b hore fandniogum or
cladding layer, the resin filmfor formng a cladding layer is cured
by a |ighllesorideseldngonftiler substyitet active filmis peeled off to
formthe |ower cladding layer 2. 10 An irradiation dose of an
actinic ray in forithengitbe dtmpeforctfadnggth@yRiwe? tlafditigelapéy D, 1
to 5 1/cn2, and the heating tenperature is preferably 50 to 130C,
but t hesewhendi tpratecsive | £ilmol s spesiiiedabn \a l3d deesppasitredto[ e/ 1]

15 Next, aresin filmfor formng a core layer is |lamnated on the

| oner cl addbsirdtaydil® im theseesiv Siflepfoo faming gorladdingrlayex,Fi g.
1 (b)). Inthis second step, the resin filmfor formng a core |ayer
i s bondedtbe reémircifidui for [faywing alededibngl layeveis umkad byead suirghtby
heating to thereby | am nate the core layer 3 20 havi ng a hi gher
refracti veri heriinghaftendiheobropectived i by i%}@@lﬁledlﬂﬁgﬁ ffosform the
connection, the lam nate nethod includes a nethod carried out by
means of aower|clasidingtbayasr 2a flat plate-type laninator, and

lami nation is carried out preferably under reduced pressure fromthe
vi ewpt® nt of a M ghragdpeion desesofiran ackdniewm fipt forming che lower
particular, the resin filmfor form ng a core |ayer i% Eﬁeferably

| ani nat edCiAdIng daueEd? preSEaFeraREahstR > JHEmf) #0d phatheatype
KURSTAWIRTLN S R U TR TEN L S NEL
not specifically be restricted.
[0071]
15 Next, a resin film for forming a core layer is laminated on
the lower cladding layer 2 in a second step to form a core layer
3 (Fig. 1 (b)). In this second step, the resin film for forming a
core layer is bonded on the cladding layer 2 described above
under pressure by heating to thereby laminate the core layer 3
20 having a higher refractive index than that of the cladding layer.
In this connection, the laminate method includes a method carried
out by means of a roll laminator or a flat plate-type laminator,
and lamination is carried out preferably under reduced pressure
from the viewpoint of a tight adhesiveness and a followability.
25 TIn particular, the resin film for forming a core layer is
preferably laminated undef reduced pressure by means of the flat
plate-type laminator. In the present invention, the flat plate-

type laminator means such a laminator having a pair of flat
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37 plates between which materials to be | am nated are sandw ched and
press-bonded to each other by applying a pressure to the flat

pl at es. Fplasipteecern widchumaperiedsr eothpdaminated aremaunteiched and
suitably used as the flat plate-type lamnator. In this regard, 5 the
heat i ng tpresey-dionded i to waeheotldry By0applyiiy @ paasiksurdee toboheli flgt
pressure is preferably 0.1 to 1.0 MPa (1 to 10 kgf/cnR), but these
condi tionslated. Pod exprplé) cahagulve presisuret egbe laf@n2toBefayr bet he

| am nati on procedure using the vacuum pressure- 10 type | am nator,

t he resi nshitabliyotusédras ntheaflat oladpetypelamdnapse!l | MImthiy regard,
attached onto the I ower cladding layer 2 using a roll lamnator. In
t hi s Gasethd nwatihe vémperatnore 1 prefegdibly adhesi yEn'ess anddtlse
followability, the prelimnary attachnent between the resin film and
t he | owerbohdichdi pgessiyey iissppefdmtdlyl 9. 1% aanduMPad( ol 20 kgf/cm?) ,
press-bonding these |ayers to each other. The press-bonding may be
per f or medbwihitheskeatndid opsushapl adtaspecifcalhpvberestiréatedg rol | .
The | am nate tenperature falls preferably in a range of room

tenperat ur®q723C) to 100C. If it is room tenperature or higher, a

ti ght adhesi veness between the | ower 20 cladding |ayer 2 and the core
| ayer 3 is inprRafeye thel jaminatien pregedare |usied, thé evamuenressuyne-

t hi ckness is obtained without allowing the core layer 3 to flowin
rol | 30 wyRe damipptey + the vesipdiidmsfgestonming atenke laver way Bst e
tenperature falls nore preferably in a range of 40 to 100C. The

pressur e Preliminariby \atiached ontq the\fawer, ¢dadging Jayest & ¥WHaWdai s
preferably 0.1 to 3 mmnute, but these conditions shall not
speci fi caFP}t H@mipakexri cfRdthimeapesifram ther siewrsiRtAh T &i8htayer
s easilyaggggibggess and a followability, the preliminary attachment
between the resin film and the lower cladding layer is preferably
15 conducted while press-bonding these layers to each other. The
press-bonding may be performed while heating by using a laminator
having a heating roll. The laminate temperature falls preferably
in a range of room temperature (25°C) to 100°C. If it is room
temperature or higher, a tight adhesiveness between the lower
20 cladding layer 2 and the core layer 3 is improved, and if it is
100°C or lower, the needed film thickness is obtained without
allowing the core layer 3 to flow in roll lamination. From the
viewpoints described above, the laminate temperature falls more
preferably in a range of 40 to 100°C. The pressure is preferably
25 0.2 to 0.9 MPa, and the laminate speed is preferably 0.1 to 3
m/minute, but these conditions shall not specifically be

restricted.

The resin film for forming a core layer is easily handled
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38 and therefore preferred as long as it is prepared on a substrate
film4 for a core layer. Further, the core |ayer 3 can be forned as
wel | by aamdtthetdeforsiprdfedre@sas longpasi it ds peepdredriongaasulsstrate

| ayer is dissolved in a solvent to prepare a resin varnish 5 and in
whi ch it f£slmapplfoedaororiendalerer Fakahst ngheagere 2dygra3d cam oec datmed)
met hod and the like, followed by renoving the solvent. [00731 Next,
t he core aawesll3bysa anguired ihowlsidh ghteain aepekbpish £ forwiridhiar d
step to forma core pattern 6 of an optical waveguide (Fig. 1 (c¢) and
(d)). To terspieyeti ts dissadvedi in raagoilsent rocagirapare ia) rasinneyarilshk e
manner through a photo mask 5. A light source for the actinic ray

i ncl udes, ahdrirewatdpheit pubbpplied lomothel 1gWer staddasy Mayeh 2 by a
effectively radiate a Wray such as a 15 carbon arc lanp, a nercury
vapor ar cspanmoasing tmethodghngrtss dike, nBrlduwwed| bypremoviinghther essur e
mercury |lanp, a Xenon lanp and the like. In addition thereto, |ight
sources weovendf.f ectively radiate a visible light such as a fl ood
bul b for photography , a sunlight lanmp and the |Iike can be used as
well. An itd0¥@lati on 20 dose of the actinic ray is preferably 0.01 to
10 J/cn2. If it is 0.01 /cn2 or nore, curing reaction proceeds
sufficiently, a¥ektyhthecenre gayveerh iiss eppeseddio pylighiwang feveloped
devel oping step described later. If it is 10 /ant or |ess, the core
pat t ekth i 0 Pprdisdt sked tomigrdve rpreapaetemsy 6ef s WEIS3Lreavagydde
fine 25 patterns can suitably be forned. Fromthe viewpoints

descri bed(Fihove (] hang r (& di- atTokedereciffdic) san rpgtindggeavfismor e
preferably 0.05 to 5 J/ant, particularly preferably 0.1 to 2 J/cn®.
Sui t abl y 1efiasedi Hy am imagadl Hie swnges csoughyve relietionmegk Fanbe

light source for the actinic ray includes, for example, publicly
known light sources which effectively radiate a UV ray such as a

15 carbon arc lamp, a mercury vapor arc lamp, a ultra-high pressure
mercury lamp, a high pressure mercury lamp, a Xenon lamp and the
like. In addition thereto, light sources which effectively
radiate a visible light such as a flood bulb for photography , a
sunlight lamp and the like can be used as well. An irradiation

20 dose of the actinic ray is preferably 0.01 to 10 J/cm®. If it is
0.01 /cm* or more, curing reaction proceeds sufficiently, and the
core pattern is not lost by flowing in a developing step
described later. If it is 10 /cm® or less, the core pattérn is
prevented from growing larger by excess exposure, and fine

25 patterns can suitably be formed. From the viewpoints described
above, the irradiation dose falls in a range of more preferably
0.05 to 5 J/cm®, particularly preferably 0.1 to 2 J/cm’. Suitably

controlling an irradiation dose of a UV ray in the range
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39 descri bed above nmakes it possible to reduce a line width and a

| ine gap of the core patterns, and controlling an irradiation dose
of a WV rdgstoibddrbevanmkes Gt2pdé<iid emhkesediicepaspide evidoh dmd
fine patterns having a line width of 50 pmand a line gap of 5 75
pm [0074]lindleydn ofhéehet drexres pastemise, fandnrdntfmyllangoare irapdiatsomi ns,
t he above substrate is peeled off, and then unexposed parts are
renoved bylosetofley&@Vopagnto,orfotrhexdnke,t 0.2 aTfon® ovdkedevie| ppssilile t6
whereby a wavegui de pattern is formed. In the case of wet

devel opnefibrmdéired pareatns dmviiagcar kined wadth yf &0ppl ard v Rinemngap of
met hod such as spraying, shaking imersion, brushing, scrubbing and
the like asimg. an organi c sol vent base devel oper which is suited to
t he conposition of the filmdescribed above. 15 The organi c sol vent
base devel opa@T4li ncl udes, for exanple, acetone, nethanol, nethyl

et hyl ketone, nethyl isobutyl ketone, cyclohexanone, butyl acetate,
ethyl |actate, ¥exut phehathembstrateyiilyel| ovlaycoret lygyer aematasve,
butyl cell osol ve, propylene glycol nononethyl ether, propylene

gl ycol nohbfeabgye suhetrar dsepaeted fifueprd thEnenmexposed parts are
N, N-di met hyl formam de, N, N- di met hyl acet ami de, N-methyl pyrrolidone
and the | rREovegtar wet deyediaprghpt yorddedlike £ gagey oPutl deyebopwands %
to the above organic solvents in order to prevent ignition. The
abovel®r g¥hereby @ vaveguidm PeEtasedisformedr IR Eharviass PEWeF two or
nore kinds 25 thereof. The specific exanples_of the devel oper

sui tabl y PR¥eleRNent; odevslopfiest gam be gagried all by PUbHSiY riRe®)
of N, N dinetq¥lacetanide and propyl ene gl ycol nononet hyl ether

acetate PEERRYE YK BRPIPTRYINHat ShHE P dBISHHORY PRRSIHE%: 2 FFFERPIG

and the like using an organic solvent base developer which is
suited to the composition of the film described above.

15 The organic solvent base developer includes, for example,
acetone, methanol, methyl ethyl ketone, methyl isobutyl kefone,
cyclohexanone, butyl acetate, ethyl lactate, y-butyrolactone,
methyl cellosolve, ethyl cellosolve, butyl cellosolve, propylene
glycol monomethyl ether, propylene glycol monomethyl ether

20 acetate, toluene, xylene, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methylpyrrolidone and the like. Water is
preferably added in a range of 1 to 20 mass % to the above
organic solvents in order to prevent ignition. The above organic
solvents can be used alone or in combination of two or more kinds

25 thereof. The specific examples of the developer suitably include,
for example, a 2 : 8 mixed solution (mass ratio) of N,N-
dimethylacetamide and propylene glycol monomethyl ether acetate

from the viewpoint that the development can be carried out
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40 wi thout causing peeling of the core patterns. The devel opi ng
met hod i ncludes, for exanple, a dipping nethod, a puddl e nethod, a

spray UEthﬁdhéﬁ@fbéﬁ%i@gh'é@uiﬁ?e&ﬁutﬁé cireapatldhed, brushing,
scrubbing and the I|ike. [ 00751 The core patterns in the optical

wavegui de may benyeghied opingthadiodenhcRidedy, de¥edgnpRB, Qyaipping t he

organi ¢ sol vent shown above. The organic sol vent base washi ng

sol ution imaehddesa pgudtle lifetcdIPhespALE ieBBod MMidhaas! a ieidipREssure
i sopropanol, ethyl acetate, butyl ‘acetate, ethyl |actate,

y- but yr ol agi-apemetid)y bréshims okeeubbRiduhdcehd asgeve, butyl
cel | osol ve, propyl ene glycol nononethyl ether, propylene glycol
nononeshyl [ebter acetate, toluene, xylene and the |ike. Anong them
met hanol , et hanol, isopropanol and 15 ethyl acetate are preferably
used fromthe vireepedrd patté@msdnubhéidpticalr widguildeopap e dlashed as
preferably used fromthe viewpoint that devel opnent can be carried
out W t houtlreptRehic idfg erd@svd lepmagt 6y i ag. thiéicigands Sslvimteghown a
range of 1 to 20 nmass % to the above organic solvents in order to
prevent i @hotteon. 20 The organi c sol vents descri bed above can be used
alone or in conbination of two or nore kinds thereof. The washing
nmet hod 1 ncl udesThé cwrgaxdrpsel ventdicppe gastehosoluta gnuddebudest, hdidy a
spray nmethod such as a high pressure spray nethod, brushing,
scr ubbbng exaupidée ddetone 2 métiancdr eetgmniod; nisagrapanobptetdntl waeeafie de
may be cured, if necessary, further nore by carrying out heating of
60 to 250bubyl acgieden eebliyld lactata pOopbuiyratiackone r dugthwit ceilagolve,
devel opi ng and washi ng
ethyl cellosolve, butyl cellosolve, propylene glycol monomethyl
ether, propylene glycol monomethyl ether acetate, toluene, xylene
and the like. Among them, methanol, ethanol, isopropanol and
15 ethyl acetate are preferably used from the viewpoint of a
solubility. Further, isopropanol is preferably used from the
viewpoint that development can be carried out without producing
developing residues. Water can be added in a range of 1 to 20
mass % to the above organic solvents in order to prevent ignition.
20 The organic solvents described above can be used alone or in
combination of two or more kinds thereof.
The washing method includes, for example, a dipping method,
a puddle method, a spray method such as a high pressure spray
method, brushing, scrubbing and the like.
25 The core patterns of the optical waveguide may be cured, if
necessary, further more by carrying out heating of 60 to 250°C or
exposure of 0.1 to 1000 mJ/cm’ as treatment after developing and

washing
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41 [0076] Subsequently, a resin filmfor formng a cladding |ayer for
enbedding a core pattern 6 is lamnated and cured in a fourth step
to forman(ogper cladding layer 7 (Fig. 1 (e)). In this 5 regard, a

t hi ckness of the upper cladding |ayer 7 is preferably larger, as

descri bed abovegub entl cknessnofilleEcroEerizid & BladdirgiNaperi for
carried out by a light or heat in the same manner as descri bed

above. Thembeaditaf & @Bt80shtiterhhe {®Uaminsted dndcudesd im EeiEbagch 10
carried out by nmeans of a roll lamnator or a flat plate-type

| ami nat or stapded rfvhn AR whswhelaldig daveght @dlResivedess, If this
followability and a flatness, the resin filmfor formng a cladding
| ayer §s peghedabl whiakhesd f undelpgeaduteddiiedayee, 7 ais prefehsblsase
with the second step, by neans of the flat plate-type 15 | am nator,
sui tably thegencusndpsesibad® abppe, | dmnmat thickresshbs the gard, patieern
heating tenperature is preferably 50 to 130'C, and the bonding
pressure ies phefiagabs yedrrietioodt byVRalidhtt @wrlleakgin diie) sabe tmanneseas
conditions shall not specifically be restricted. 20 [0077] Curing in
t he fourt kdestejbed abavei ed out, as is the case wth the first step,
by a light and/or heat. An irradiation dose of an actinic ray in
form ng the upp®re daadoahg thethod injthe fioukthadtiepr Gnecludess@ hethed 25
When a support filmfor the resin filmfor formng a cladding |ayer
descr 1bedcabvied iaitPEY, meang ofadi sellodandnaterf cana &tat mleteayyps
preferably 0.1 to 5 J/crn2. If an irradiation dose of a Wray falls
in the radgeingtys.i bad Ebow dhecvuiewrpizgnof a tight adhesiveness, a

followability and a flatness, the resin film for forming a
cladding layer is preferably laminated under reduced pressure, as
is the case with the second step, by means of the flat plate-type ‘
15 laminator, suitably the vacuum pressure type laminator. In this
regard, the heating temperature is preferably 50 to 130°C, and
the bonding pressure is preferably 0.1 to 1.0 MPa (1 to 10
kgf/cm?), but these conditions shall not specifically be
restricted.
20 [(0077]

Curing in the fourth step is carried out, as is the case
with the first step, by a light and/or heat. An irradiation dose
of an actinic ray in forming the upper cladding layer 7 is
preferably 0.1 to 30 J/cm’.

25 When a support film for the resin film for forming a
cladding layer described above is PET, an irradiation dose of an
actinic ray is preferably 0.1 to 5 J/cm®’. If an irradiation dose

of a UV ray falls in the range described above, curing can
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42 sufficiently be carried out. Firmcuring can be carried out, and
an effect of reducing an optical |oss of the optical wavegui de can be
obt ai ned byuféboaientillyt bg esarriedadutt i hrdoserivly aalVbecaraiedfaut, and
exanple, 2 J/cn2. Fromthe viewpoint described above, the 5

irradi ati an dbfect ofrmeduqiref @anabpyidhls lbss 5ol /tie? ppphedl cualvagliide
preferably 1 to 4 J/Cn2. On the other hand, when the above support
filmis pahybéhgthtenmedappt daitaiod 1ingl granirdedipoion dode, of a UV ray to,
pol yam dei mi de, polyetherim de, polyphenyl ene ether, polyether

sul fide, [folryekimplel02sa)émme, Fyonl yhel ¢iawpodnt t desddibed alwve) khedl y
allow an actinic ray having a short wavel ength such as a Wray to
pass t &rougiradsat cangdasedisvnidrePhfeferabliyher eftay & ayich,r pdiratdwmrdgse
of an actinic ray is preferably 0.5 to 30 J/cnR2. If it is 0.5 J/cnR
or nore, prefengblheactbos Pfardeeds sufficiently, and if it is 30
J/cnm2 15 or less, longer time is not required for light irradiation.
From the viewponntle deberi bal,abbes, théaboveagippantn fibseid s nore
preferably 3 to 27 J/cnR, particularly preferably 5 to 25 J/cnR2. In
order to eepweriylensr naphthalatea polyrmddeaceokimidengrokwamidaimide,
whi ch both faces can be irradiated with an actinic ray 20 at the
sane ti ne Pealfebeexiside. Fpelymhenylene dtheronpolyathey gelfifde Palyethier
be carried out while heating. The heating  tenperature during and/or
af t er 19 r slienen Relysubfong omither bike i yhielthargdlyyabiow grpeotinist
these conditions shall not specifically be restricted. 25 [0078] A
film prepdP¥dhaving fuBsbe¥htvavied epgel of gs 3l 7Yt e Passsithrewgimas
for formng a cladding |ayer in the present step from the viewoint
of easi er FERATeH FithnPER| andgéberefare ag fryadiption dose of an

actinic ray is preferably 0.5 to 30 J/cm®. If it is 0.5 J/cm® or
more, curing reaction proceeds sufficiently, and if it is 30 J/cm?
15 or less, longer time is not required for light irradiation. From
the viewpoints described above, the irradiation dose is more
preferably 3 to 27 J/cm?, particularly preferably 5 to 25 J/cm’.
In order to expedite curing more, a double face exposing
machine in which both faces can be irradiated with an actinic ray
20 at the same time can be used. Further, irradiation with an
actinic ray may be carried out while heating. The heating
temperature during and/or after irradiation with an actinic ray
is preferably 50 to 200°C, but these conditions shall not
specifically be restricted.
25 [0078]
A film prepared on a substrate is preferably used as the
resin film for forming a cladding layer in the present step from

the viewpoint of easier handling. In this case, the resin film
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43 for formng a cladding layer is lam nated on a core pattern 6
side. In this regard, a substrate in which Rz on a surface (a

surf ace orfowhfoimirie ackddddirgy llayer is Yamiinetedion @ Bopenmattesrnes and
10 pin or less is used as the substrate to form an upper 5 cladding

| ayer 7, a&@idet ham thes absyeardsuassulsdtrate irnhiet, Rzwherelyriatd efd bl e
optical waveguide in which Rz on the surface of the upper cladding

| ayer 7 i sutfacenmwwhiehetlas dlhddpng Olaye@Sss famdd) R epss @th a8 merd .
Further, the upper cladding |ayer 7 can be fornmed as well by a

met hod i n anddi €D j1am reaslessoihgpasield an flor sibstoate e foem addiuppekayer
I's dissolved in a solvent to prepare a resin varnish and in which it
I s appbi eatlayidang playezodt i axgd rebiehothhe Gbaviee stibdtesatieo ik oxvestbvied,
renoving the solvent and curing the resin conposition. [00791 15
Ther eaf t emherrhby sallfSliexabee loptsiedli wavdmifder $n Whigh Rg on griey edrfacen
fifth step (Fig. 1 (f)). A roughened formon the substrate is
transferr ef bherewped wdad@ing Jlayera? eisl 0.5ndmaor fiiczei 8hé Mhwmcar less
wavegui de havi ng a roughened formsurface 8 on the | ower cladding

| ayer 2 c&anpbepprgrared. agowel lyet usthesy thewpey chaddimgsiayer 71 can
shall not specifically be restricted, and when the above substrate |
is a nmetde formedias wghlbly @amerbddoin wWinicht2 Hfefjnafempesition for
advant ageous for the productivity. According to the production
procedf8 ddsemingr Hedding lay®rt Lexdiisolypti trla velught do PACPAYE ah

I mproved adhesi ve property  which has so far been a target can be
obt ai ned. MERANPYaRigh and in which it is applied by a spin coating method

or the like, followed by removing the solvent and curing the

resin composition.

[0079])
15 Thereafter, the substrate 1 used in the first step is
removed in a fifth step (Fig. 1 (f)). A roughened form on the

substrate is transferred by removing the substrate 1, and a
flexible optical waveguide having a roughened form surface 8 on
the lower cladding layer 2 can be prepared.

20 A method for removing the substrate 1 shall not
specifically be restricted, and when the above substrate 1 is a
metal foil, it can be carried out by etching and is advantageous
for the productivity.

According to the production process described above, a

25 flexible optical waveguide having an improved adhesive property

which has so far been a target can be obtained.

EXAMPLES
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[ 00801 The present invention shall be expl ained below in further
details with reference to production exanpl es and exanples, but the
present inv@osopn shall by no neans be restricted by these 5
production exanpl es and exanples. Production Exanple 1 (preparation
of a resin varniThe ppesentcdheentith ahalade Axpeained GeEloqi in durither
formng a core layer and a resin conposition for form ng a cl addi ng
| ayer wer edguadfar eilth refeltbacs tol produpnisn egamshenvandnedaiples], band
40 mass parts of nethyl ethyl ketone based on the whol e anmobunt was
added t hertgieo paesents cirivent ion Himldobytn® means beixgsedicted byt dRese®ut h
pl astic bottle and stirred for 6 hours on the conditions of a

t enper &t urpragfuc2hol exangblesr aiditexagpdeeed of 400 rpm by neans of a
mechani cal stirrer, 15 a shaft and a propeller to prepare a resin

var ni sh f drraiuctien dixhmpdecl athrepaeatidtheofr asresiravarshshaforf il tore ed
under pressure through a polyflon filter having a pore dianmeter of 2
Ji m (tradeanchamela®F020, manufactured by Advantec Toyo Kaisha, Ltd.)
and a nenbrane filter having a pore dianeter of 0.5 pm (trade nane:
20 JOSOA, manuf &crasérl ¢ampagybbor CoFo formins laacore dlayegnanfiea resin
conditions of a tenperature of 25 C and a pressure of 0.4 MPa, and
it was furedmmosdgbioaniar frueing edgdaddinedayrt weiie PFeRR¥RA 48 aohlentk
condition of a vacuum degree of 50 mm by means of a vacuun1Equ
and a el |cqmposition HhawRe kA TMs0dit 46hBaps iRREES PAHTREhYL eRay

bl endi ng amounts_ of a base pol yner (A) and a__photopol yneri zabl e
conpound (HtomeebaseivehFhradoln BRSO Jes pdedrdiereifvdhid SPLVERE-
conponent (A) and the conponent_(B), and a bl endi ng appunt of a

phot opol y FAPBHOR Masi Yedghgd)in & Wifigyfousl plastic bottle and

stirred for 6 hours on the conditions of a temperature of 25°C
and a rotating speed of 400 rpm by means of a mechanical stirrer,

15 a shaft and a propeller to prepare a resin varnish for a core and
a clad. Then, the resin varnish was filtrated under pressure
through a polyflon filter having a pore diameter of 2 um (trade
name: PF020, manufactured by Advantec Toyo Kaisha, Ltd.) and a
membrane filter having a pore diameter of 0.5 um (trade name:

20 JO0SOA, manufactured by Advantec Toyo Kaisha, Ltd.) on the
conditions of a temperature of 25°C and a pressure of 0.4 MPa,
and it was further defoamed under reduced pressure for 15 minutes
on the condition of a vacuum degree of 50 mm Hg by means of a
vacuum pump and a bell jar. In the blend composition shown in

25 Table 1, the blending amounts of a base polymer (A) and a
photopolymerizable compound (B) are shown by mass % based on the
whole amount of the component (A) and the component (B), and a

blending amount of a photopolymerization initiator (C) is shown
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by a proportion (nmass part) based on the whol e anount 100 nass parts
of the conmponent (A) and the conponent (B). [0081] Table 1

Phot opol yray iaz pkbpERetP Qg 88 rpaat) i Based tdincBasehdldl whBtnt A)oe mass
conpound ( initrator (C) A-BPEr Irgacure 819*5 For Phenotohto
YP-70n (3% t¥06s She (cbmpBienta(A)) an€otle (cdRpdnéms sE) . EA- 1020" 3

I rgacure 2959 (39.8 mass (1 mass part) For Phenotohto YP-70f1

KRM 2110' 4 (988170 cladd in (35.7 mass) (64.3 mass 1) (2 nass parts)
5 [0082] *1: Phenotohto YP-70; bisphenol A/ bisphenol F copolynmer type
phenoxy resin (mmgagtured by Tohto Kasei Co., Ltd.) *2: A-BPEF;

9, 9- bi s[ 4~(2=acnytr oyt oxXyetnoxy) phe 5@& %

Shi n- Nakalrm-_real /Chemaf;al p&yn}?rl_ht(ﬂ)) %Oﬂ}b [}8&.‘; b| S,F?%ghgiat;qx){-} (été'lon
epoxyacr Wate—{Hanrutact ured—by hi-re1SSERREY ef-cat 4
KRM 2110; o‘% i cyclllmc di e oxygg_%ro@lo yl ?ggA'e(Wf a;:t uf ed S(zy[gamélt)
Cor porat i T *5: o8 mass % mass par

bi s( 2, 4, g-aqtenet hy| lﬂéﬁz@yﬂ%ﬁl’fényl phospERn202a% oxi ge (Fegasuzet 29%)° by
Ci ba Spedialty Chem cals K K ) *6] | (gacRimasa95D:; (1 mass part)
1-[ 4- ( 2- hyrbroxyet ho%%g phe 2 ydr OX%IF% rreL,hyI - - pr opane- I - Qne
(manuf act wjmdb) Chem C 3: Y. SF 1 ]6' 70
triphenyl|syld on| um HdRa I"i?tﬁsdéntl fondft-3 ﬁ‘ﬁ‘t?t?f Attujed (2355 RIELS)

Cor por at i on)
5 [0082]

%1: Phenotohto YP-70; bisphenol A/bisphenol F copolymer type
phenoxy resin (manufactured by Tohto Kasei Co., Ltd.)
¥2: A-BPEF; 9,9-bis[4-(2-acryloyloxyethoxy)phenyl] fluorene
(manufactured by Shin-Nakamura Chemical Co., Ltd.)
10 %3: EA-1020; bisphenol A type epoxyacrylate (manufactured by
Shin-Nakamura Chemical Co., Ltd.)
¥4: KRM-2110; alicyclic diepoxy carboxylate (manufactured by
Adeka Corporation)
%5: Irgacure 819; bis(2,4,6-trimethylbenzoyl)phenylphosphine
15 oxide (manufactured by Ciba Specialty Chemicals K.K.)
*6: Irgacure 2959; 1-[4-(2-hydroxyethoxy)phenyl]-2-hydroxy-2-
methyl-1-propane-l-one (manufactured by Ciba Specialty Chemicals
K.K.)
%7: SP-170; triphenylsulfonium hexafluorocantimonate (manufactured
20 by Adeka Corporation)
[0083]
Production Example 2 (preparation of a resin film for forming a

core layer)
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[ 0083] Production Exanple 2 (preparation of a resin filmfor formng
a core layer) 46 Aresin filmfor formng a core |ayer was prepared
by applying tha resim fidmnfah flormiag corarebilayse dasn pPepatret ibyn
Exanpl e 1 described above on a PET film (trade nanme "A-4100", .

t hi cknessap@byjmy tiRe fasintvaatiel Sor faaceye dbthimed itwakmwwiucaten 5
non-treated surface, manufactured by Toyobo Co., Ltd.) by neans of
an appl i c&xample YIBAledétribed whavtuore  BETYAsn nitradeSaatke “@3410011d.)
and drying the solvent at 80C for 10 minutes and then at 100C for 10
m nut es. thitkness:a2s, pm, tRe dhoassredtedheur fsceg) f 0l. I ph oredatedi farex
core layer could optionally be controlled in a 10 range of 5 to 100
pm by sonnoaltreurenl gapfade t anafattuaidoby Boybbd CowasLidit byl heahs n
the present production exanple so that the filmthickness after
curing wasf5énppplida8dt (‘T¥RAG4C| i mamiEaztpled Iy MoshimitswiSedki aCo. ,
resin filmfor formng 15 upper and |ower cladding |ayers) A resin
filmfor flodm repddryppgrthd addivent |aty &0 ° Gafor pirle panute s \argp phemn raf
the resin varnish for a cladding obtained in Production Exanple 1
descri bed 18Bo%efem 0hmimetes.i | (ks sase, & thdckueshad bevegsim fike
same manner as described above. A 20 thickness of the resin filmfor
form ng afouppermidicagdrare |layer conkd spticpakly e cant¥rlledhdpr #and,
aresinfilmfor formng a |ower cladding |ayer was prepared by

appl ythg &RBIE RF F Far Pag%wm &y sonralddngga ofmiate §he AIRIGFaERY orpnd
Exanpl e 1 described above on a 25 gl ossy surface of a copper foi
(trade nafs wqgfgqyyrplgﬁ@dghégg;present production example so that the

film thickness after curing was 50 pm.
[o084]
Production Example 3 (preparation of a resin film for forming
15 upper and lower cladding layers)

A resin film for forming an upper cladding layer was
prepared by applying the resin varnish for a cladding obtained in
Production Example 1 described above on the PET film (the same as
described above) in the same manner as described above. A

20 thickness of the resin film for forming an upper cladding layer
was set to 80 pm.

On the other hand, a resin film for forming a lower
cladding layer was prepared by applying the resin varnish for a
cladding obtained in Production Example 1 described above on a

25 glossy surface of a copper foil (trade name “GTS-35”, thickness:
35 pm, Rz (glossy surface): 2.1 pm, manufactured by Furukawa
Circuit Foil Co., Ltd.) and drying the solvent at 80°C for 10

minutes and then at 100°C for 10 minutes. A thickness of the
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35 pm Rz (glossy surface) : 2.1 pm nmanufactured by Furukawa

Crcuit Foil Co., Ltd.) and drying the solvent at 80C for 10 m nutes
and t hen absif0filmoifotOf tiniitoea. 1dwdhiclkddsng dfayeewad setetbon3 6 i jinm
for formng a | ower cladding |ayer was set to 30 pm (0085] A
refractivef[omgBix of the resin filmfor formng an optical waveguide
In the present production exanple was neasured 5 (measuring

wavel engt h: 830Artefraey iveairsdedf of thé HusiauUpLBl fd¥bdelmimPd0) optical
manuf actured by Metricon Corporation to find that a refractive index

of the rewhbtediide figr therpid@nt ?ﬁd&dbdt&bﬁr ex@fplel wasmédhiriedat a
refractive index of the resin filmfor formng a cladding | ayer was

1. 550. 510 (neQS&tiricx aapeerdgtnr 630 Chim)obyofie@nd | iabpeiamtdoupller (Model
wavegui de) Forming step of a | ower cladding |ayer: The resin film
for form 292a) Imamifactadel gy Mayeicqr doapedation tbe finmdphatf ai |
(substrate 1) which was obtained in Production 15 Exanple 3

descri bedralipactirves indeadatthe wesin £\ &yr (ferwmahgngtdnre3dayer igasat
an intensity of 1 J/cn2 by neans of a W exposi ng equi prent

(EXM 11721 . s Hrat tthat da bye f2RCE iva uirsdetu o nthe @Gesinlfiln) fior forming a
| ower cladding layer 2 (Fig. 1(a)). [0087] 20 Form ng step of a core
pattern: Réaddindhdayeyiwas/ dr.358h for forming a core |ayer obtained

i n Production Exanpl e 2 descri bed above was | aninated on the | ower
cl additg | &9@8612 by neans of a vacuum press on the conditions of a
pressure of 0.5 MPa, a tenperature of 50C and a _25 pressurization
time of 36xawrbhds (Profivgtihan edre flaxibles ¢rtigFal waveguide)

Forming step of a lower cladding layer:
The resin film for forming a lower cladding layer prepared
on the copper foil (substrate 1) which was obtained in Production
15 Example 3 described above was irradiated with a UV ray
(wavelength: 365 nm) at an intensity of 1 J/cm® by means of a UV
exposing equipment (EXM-1172, manufactured by ORC manufacturing
Co., Ltd.) to form a lower cladding layer 2 (Fig. 1(a)).
[0087]
20 Forming step of a core pattern:

Next, the resin varnish for forming a core layer obtained
in Production Example 2 described above was laminated on the
lower cladding layer 2 by means of a vacuum press on the
conditions of a pressure of 0.5 MPa, a temperature of 50°C and a

25 pressurization time of 30 seconds to form a core layer 3 (Fig.
1(b)). Subsequently, the core layer was irradiated with a UV ray
(wavelength: 365 nm) at an intensity of 1 J/cm’ through a photo

mask 5 by means of the UV exposing equipment described above (Fig.
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1(b)). Subsequently, the core layer was irradiated with a Wray
(wavel ength: 365 nm) at an intensity of 1 J/cnR through a photo mask
5 by neand (e ) t hahdhexgios iDET €4Lm p(atal sdpscrddecedidiod efdrFithe ddre
1(c)). Then, the PET film (the substrate film4 for the core |ayer)
was peel edagét) wael gele@edOd £ painbetRe Geores paevetm [Be dad sdexi:loped using
N, N- di met hyl acet am de as a solvent (Fig. 1(d)). Methanol and water

wer e used N, a-divesthylg cavanidd esdavebDirait (Fi§00B@) ) ForNgthgnsl egndf an
upper cladding |layer: Next, the resin filmfor form ng an upper

cl addi ng lwayer wertd aise@dfop wisddugt awdy Ehenpeeelpgéescri bed above was
| am nated on the sane conditions as that on which core |layer 3

f or medsand [p0ggYradiated with a Wray (wavel ength: 365 nnm) at an
intensity of 1 J/cnR, and the PET film (the substrate filmfor the
upper cl addming | stegr pfwas ygelredladdingllegerheat treat nent was
carried out subsequently at 160C for one hour to form an upper

cl addi ng | ayer Néx{ Fitthe ¥esin.fillm [f6088)rnRewpan ngppere glafiding dpyer
foil: Finally, the copper foil which was a supporting substrate for
t he resi ndothimédrind @rodngt forl Gremple &l desgribsdrrbage wak slsolinatiediidrh
a ferric chloride aqueous solution (trade nane "H 20 20L",
manuf act urtde bams gundiisionCay that combitdich aofé ehayekre3 Hpiriedahnd
wavegui de (Fig. 1(f)). [0090] A surface roughness of the above
fl exi BPe dprhadiatedhwdghi dclV way riwavelengthy 3&amm)oftaan uirtepeity of
roughness nmeasuring equipment 25 (trade name " SURFCORDER SE- 2300",
manuf act urled/8%° Kgsdkehe PET film (the substrate film for the upper
cladding layer) was peeled off. Then, heat treatment was carried
out subsequently at 160°C for one hour to form an upper cladding
layer 7 (Fig. 1(e)).
15 [0089]
Removing step of a copper foil:
Finally, the copper foil which was a supporting substrate
for the resin film for forming a lower cladding layer was
dissolved with a ferric chloride aqueous solution (trade name “H-
20 20L”, manufactured by Sunhayato Corp.) to obtain a flexible
optical waveguide (Fig. 1(f)).
[0090]
A surface roughness of the above flexible optical waveguide
was measured by means of a surface roughness measuring equipment
25 (trade name “SURFCORDER SE-2300”, manufactured by Kosaka
Laboratory Ltd.) to find that Rz at a lower cladding layer side
was 3.0 um and that Rz at an upper cladding layer side was 0.3 um.

[0091]
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Laboratory Ltd.) to find that Rz at a |ower cladding |ayer side was
3.0 pmand that Rz at an upper cl adding | ayer side was 0.3 pm

[0091] 49 A trafstransndssionslags pfiethe diexiblemptisalwwaeemiide thus
prepared was neasured using VCSEL (FLS-300-01-VCL, nanufactured by
EXFO Cor pprephved wis 8saswradaisingi GYPHELs d BE8e3 thd 1aVCL gmanufectuxedig
sensor ((@@B2214, manufactured by Advantest Corporation) 5 by a

cut - back et B¥EO (Crapouat hopwafe §65 dam lasngt hights sogrcamh® acdight nput
fiber: A-50.525 nultinode fiber (NA = 0.20), output fiber:

Sl - 114/ 12Fe¢alivind seRpprt (R§3214 , t hanufactuged oyl AdBAphest (IRPrawioen)
adhesive film (brand name "Hi attach HS-230", thickness: 10 25 pm
manuf aBt ubydabgutihaskhmethedi tegasaoing Ivavepguhde lengfhss an Jdieensi ecm,
to adhere a | ower cladding |ayer side of the flexible optical |
wavegui de ippupafiderab6¥e59 F2nmwletnade: fHbert O v £ AQ) « suikpdt 1fiber:
(brand nane "MCL-E-679F", manufactured by H tachi Chem cal Co.,
Ltd., an STedit/BR5Hr(MAtad® wdingocfindiithafoit (vas 018 4B/ai | able) in
a formshown in Fig. 2. As a result thereof, the flexible optical
wavegui de ¢889%) be adhered to the electric printed wiring board 11.
Further, the above adhesive filmwas used to carry out adhesion

bet ween the | owBR dhesdvegtily cibrapderans “HaattaqtkHra30%o thicknass:
wavegui des prepared in a formshown in Fig. 3. As a result thereof,
adhest®n Bét WReMawfartured by Hptrehi Chebegrt & khd: hoes Heed as an

| NDUSTR AL APPLLCABI LU, 25.1,0093], The 1 X001 &, 9 L5 et e O

optical waveguide prepared above to an electric printed wiring
board 11 (brand name “MCL-E-679F”, manufactured by Hitachi
Chemical Co., Ltd., an electric printed wiring circuit for test
15 1is available) in a form shown in Fig. 2. As a result thereof, the
flexible optical wavequide could be adhered to the electric

printed wiring board 11.
Further, the above adhesive film was used to carry out
adhesion between the lower cladding layer sides of the flexible
20 optical waveguides prepared in a form shown in Fig. 3. As a
result thereof, adhesion between the flexible optical waveguides

was possible.

INDUSTRTIAL APPLICABILITY
25 [0093]
The flexible optical waveguide of the present invention is
excellent in an adhesive property. According to the present

invention, a flexible optical waveguide which has a good
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excellent in an adhesive property. According to the present

invention, a flexible optical wavegui de which has a good 50

product i vipkpdadi vityesagl i erixcenlant agheasi ¥éhddidRepi¥p&ty kan be
produced. This makes it easy to turn flexible optical waveguides

into a mibrbhayal. amkis aEredndt idasyt tB el faekible iptilcad whvddid.des
board and makes it possible to apply the flexible optical 5 wavegui de
of the presaestainMeALEP8 tahd comBeurid Gltdwstlt lard®le@pti€ Printed wiring
interconnection and the like. 51 CLAIMS 1. A flexible optical

wavegui de bpae@adrell maked Sith poxsiBié Ntd iappliothd aneExnylanmiicagal
wavegui de for at |east one of a lower 5 cladding |ayer, a core |ayer

and ans Upﬁbﬁbe?&ﬁ@idfgthéyﬁesd\ﬁﬁeﬁ.ﬁ‘ir&ti@nt €6 Paiide EYEIAGShOHGhNesS
(Rz) on a surface of either one of the |ower cladding |ayer and the

upper cl adgtngal ayflercsnfedtidm aff Ay @igsd 10 pmor less. 10 2. A
flexi bl e optical wavegui de prepared by using a resin filmfor
formng an optical waveguide for at |east one of a |ower cladding

| ayer, a core layer and an upper cladding |ayer, wherein a ten point
aver age roughness (Rz) on a surface of either one of the | ower

cl addi ng | ayer and the upper cladding layer is 0.5 pm 15 or nore and
10 pun or less, and Rz on a surface of the other is less than 0.5
pm 3. A production process for a flexible optical wavegui de
conprising a |lower cladding |layer, a core pattern and an upper 20
cl adding layer, conprising: a step in which a resin filmfor formng
a cladding |layer prepared on a substrate having a ten point average
roughness (Rz)
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of 0.5 pmor nore and 10 pmor less on a surface thereof is used for
at | east one of the |ower cladding |ayer and the upper 25 cl addi ng

| ayer to prepare an optical wavegui deapsisa step in which the above
substrate is then renoved fromthe resin filmfor formng a claddi ng
| ayer. 52 4. The production process for a flexible optical waveguide
according to claim3, wherein the substrate having a ten point

average roughness (Rz¥16ki¥Led opliedl Wvegaide KrepEY8d by &ESingNa dresin
surface thereof is a netal foil. 5 5. An optical nodul e prepared by

usi ng the fil@xiEbk eforiidhgCah oppieaul d@vét_{ix_i@és €6t had leBs€! gdNot, a lower
wherein a light emtting element or a light receiving elenment is

| oadedson cAladalihg algyedf, &1 édd 189erOin@ drovppet | Alddidifig| BysRir , alHePelin

upper 10 cladding |ayer in which a ten point average roughness (Rz)

on a surfacent peimofaviesafe Srdiihpesso(Rz)add 4 Osyfate bEssitHe? one of
the lower cladding layer and the upper cladding layer is 0.5 pm

or more and 10 pm or less.

10 2. A flexible optical waveguide prepared by using a resin
film for forming an optical waveguide for at least one of a lower
cladding layer, a core layer and an upper cladding layer, wherein
a ten point average roughness (Rz) on a surface of either one of
the lower cladding layer and the upper cladding layer is 0.5 um

15 or more and 10 pym or less, and Rz on a surface of the other is

less than 0.5 pm.

3. A production process for a flexible optical waveguide
comprising a lower cladding layer, a core pattern and an upper
20 cladding layer, comprising:
a step in which a resin film for forming a cladding layer
prepared on a substrate having a ten point average roughness (Rz)
of 0.5 pym or more and 10 pm or less on a surface thereof is used
for at least one of the lower cladding layer and the upper
25 cladding layer to prepare an optical waveguide and
a step in which the above substrate is then removed from the

resin film for forming a cladding layer.
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4. The production process for a flexible optical
waveguide according to claim 3, wherein the substrate having a
ten point average roughness (Rz) of 0.5 pm or more and 10 pum or

less on a surface thereof is a metal foil.

S. An optical module prepared by using the flexible
optical waveguide as described in claim 2, wherein a light
emitting element or a light receiving element is loaded on a
surface of either one of a lower cladding layer and an upper
cladding layer in which a ten point average roughness (Rz) on a

surface thereof is 0.5 pm or more and 10 pm or less.
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