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SPECI FI CATI ON ADHESI VE COVPOSI TI ON FOR OPTI CAL WAVEGUI DE, ADHESI VE

FI LM FOR OPTI CAL WAMEGUI DE AND ADHESI VE SHEET FOR OPTI CAL WAVEGUI DE
5EACH USI NG THE SAMVE, AND OPTI CAL DEVI CE USI NG ANY OF THEM BACKGROUND
OF THE | NVENTI ON [ 0001] The presentsb§&§p&hga Eﬁlates to an adhesive
conposition 10 for an optical wavegui de, an aa esive filmfor an
optical wavegui de and an adhesive sheet for an optical wavegui de

whi ch are prepared by using the sanme and an optical device prepared

by usi n%ﬂﬁ;ﬂfsgﬁ?pﬂdwéoﬂ%ég?gonggﬁEb@:f%PAﬁRﬁAb%%bE,efuenél s'I@EhiEgEM FOR
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such restrictions, investigated is a technol ogy of connecting
el ectronic devices and printed wiring boards with each other 25 by

neans<gAé¢éK5UN§q5 a+ﬁ dlﬁgﬁﬁﬁﬁ Ninterconnection. [ 0003]

Adhesi vesTor an optical wavegui de which are used for the above
opticalddge¥connection have invol ved problens of controlling a film
thickne%s of° an adhesi ve | ayer, a handling

The present invention relates to an adhesive composition

10 for an optical waveguide, an adhesive film for an optical
waveguide and an adhesive sheet for an optical waveguide which
are prepared by using the same and an optical device prepared

by using the above matters.

15 RELATED ART
[0002]

In high speed and high density signal transmission
between electronic devices and between printed wiring boards,
it is observed that transmission through conventional electric

20 wirings 1is being restricted in a rise in a speed and a density
due to barriers brought about by mutual interference and
attenuation of signals. In order to break through such
restrictions, investigated is a technology of connecting
electronic devices and printed wiring boards with each other

25 by means of light, so-called optical interconnection.

[0003]



property and a flexibility in addition to a transparency, a 5 high
Heat resistance and a high reliability. For exanple,

fluori ne-containing epoxy resins are proposed (refer to, for exanple,
a patent docunent 1). wever, the re inferior jn heat resjstan
Sohtnet sol diThGsil e herhar Sh | PEL VAL BRBRORI 89| MhAFH, 28 Bhed tor Lhe
difficult to control a filmthickness 10 theregf nd hgﬁ%le t hem

Fur t her2PRYasePEL AdYul PLEREPRBECALE hREK Caf PEP VG e T ORHEMS ©
flexibilities thereof are inferior as well, so that they are not _,
sat i sf KABYFOhLIRAh_sF V&8 FBECkReSHt PEaPPWAGREEIAE. 1pO6E4] 215 3P5HmI
docunent 1: Japanese Patent No. 2618682 DI SCLOSURE OF THE | NVENTI ON
[0005] RE¥PREHRY RdtRel bebbPéhd tyf 1RnadeohveRt L8naI tEERSRRGEES Y202
descri bed above, an object of the present _invention is to provide an
adhési VELEonpo’t t FoRlfbRrnNaR 8pti eafidBvEGLLaRIILA téhi choh EFaRBPEr ency
is consistent with a heat resistance, an adhesive filmfar an optical
wav egui e AP anc AR YRI SRBEE Y 5ESARS 0pEFcRFORAFEGUI (FE TR CR/arfeT

prepal ed. by i ng (he sams 25,800 47 oRld 8l fovice, PLoduesd. BY oL 1o,

heat resistance against solder, and the materials therefor are
liquid, so that it is difficult to control a film thickness
10 thereof and handle them. Further, elastic moduli thereof are
high after cured, and flexibilities thereof are inferior as
well, so that they are not satisfactory as adhesives for an
optical waveguide.
[0004]

15 Patent document 1: Japanese Patent No. 2618682

DISCLOSURE OF THE INVENTION
[(0005]
In light of the problems of the conventional techniques

20 described above, an object of the present invention is to

provide an adhesive composition for an optical waveguide in

which a transparency is consistent with a heat resistance, an

adhesive film for an optical waveguide and an adhesive sheet

for an optical waveguide which are prepared by using the same
25 and an optical device produced by using the above matters.

[0006]



Intensive investigations repeated by the present inventors have
resulted in finding that the probl ens descri bed above can be sol ved
by the followi ng nethod. That is, the present invention provides:

S(1) o 2OneShE SOTPESL | A0 500 Ll WAV ERUASR EOMERSI T (o)

an epoxy resin, nmol ecul ar conpound,

et L g1 8bet AL, ERUSREL 200500, |4 SHAMSLLANE 4 A e

1
wavel eng? n a cur esl| ve

it 80 % 2 dhesi Lt f
oot T oal 8Te ot FRebs s OEPRg Yo tPha tand sy PR Rt P pa et n ar ¢ &Pe
carrying out three tinmes a reflow test at a maxi num tenperature of
265C, {%?%Ttl%ﬁﬁ?n%ﬁaﬂsﬁfPYéﬁgé'and alight transmttance in a
wavel en %h of 700 to 1600 nn1L@.thefabove cured gﬁtter are 15 80 % or
mor &, ? ) #he? FAREL VG CRBRBG PG TP 28n ORticea R Widse
di to,.th it 1 (2), in, h i

ot act SR T BT of 2] hEPaRBUSYAEREd iat Pt Set G e it dh iy g

t th ti th fl t est i 2 t f 265C
o b ST bEa Ph SRRl Bhe e TSRl 1B BB ORS

id i t f the.ab it t . i

oval uat15h Sobt @ at bAnaRY s 2roboi Boar b9 VER DA TAy d Oitet TR Gy Lo
whi ch i s neasured €¥ a %rggs-cgb tage nethod.gtter 25 % rr ing out
three t3 neSr $RPEFFOWPE 5P Caf G eRaNEnRIPETPEN 2 UPE Soff L2858 Jog e/

i_nt , 5) th dhesi iti N ti.cal
havloui () EES ARG Be ARG MBP SR RO 0TS PRoRBYEBR Lt AR  Mier ei n i n

d i ¢ bendi d test of i cal, id i ded
Wi LD AP R HE b ophF cASBYCuSHRT (Pe- alHECRIE 5 IEhipGertyahg out
descri bed above, nechanifal breakage is not generated on the ﬁpthal
wavegui der &F t etmesr # yF A5 Ot T€66, 8602t PABL LEBREAG U EsClartr Cr 2
curvature radj us, of 5 mm . g6é t he gdheﬁive conposition for an
opt i cal *Uereght Hot abEBRERHETEBCENFRET 2t hé IRboTE RSB LeDfet 41y B

wher ei n _
wavelength of 700 to 1600 nm in the above cured matter are

15 80 % or more,
(3) the adhesive composition for an optical waveguide
according to the above item (1) or (2), wherein a change in a
refractive index of the above cured matter before and after
carrying out three times the reflow test at a maximum

20 temperature of 265°C falls within *£0.005,
(4) the adhesive composition for an optical waveguide
according to any of the above items (1) to (3), wherein an
evaluation score in an adhesive property of the above cured
matter which is measured by a cross-cut tape method after

25 carrying out three times the reflow test at a maximum

temperature of 265°C is 8 points or more,



.

10 assuming that a total nmass of (a) the epoxy resin and (b) the
curing agent is set to A and that a mass of (c) the high nol ecul ar
conpound is set to B, aratio ABis 0.24 to 1. 0 (7) the adhesive
conposition for ti cal wavegui de accordln any of the above
o (15 o ey aRliel Rorkp T8 tohe Doy pe Lfoe Mg vES e poxy
resin having a softening point of 50C or her which is_ neasured by
a ring 3AEPHARInEPhBAY ©Of €BF Pﬁévgdﬁé§m§e dombSsi ) on WhEredR 1n
optical waveguide accordlng to any of the above  itens (1) to (7),

wher ei Y3120 Pardipex§nAEERRCG0ES SHoP Thave OR tiGRAg#RVEIY de (9) the
adhesi ve conposition for an optical wavequi de according to any of the
above iREpBided withgan wﬁéeépﬁe( Byepﬁéegubwngsagentthes aglheisdivsy
resin having a hydroxyl equivalent of 150 g/eq or nore, 25(10) the
adhési veorRppbEL en oRe s 6F LAAdopbrE sl me@egaﬂeelaeéeuadﬁaﬂ@ & @9 above
item(9), wherein (b) the curing agent is a phenol resin represented
by the deneHwrad For BeaoPE)cal0peYRIpEdenalacr] Co54 YL POHOM 0GHIOEE
(1) 011)n20:117) 705n [ 0008] 5(wherein R each may be the sane or
d|fferempngﬁdth@pb@§@hpg gest at a curvature radius of 5 mm,

(6) the adhesive composition for an optical waveguide
according to any of the above items (1) to (5), wherein
10 assuming that a total mass of (a) the epoxy resin and (b) the
curing agent is set to A and that a mass of (c) the high
molecular compound is set to B, a ratio A/B is 0.24 to 1.0,
(7) the adhesive composition for an optical waveguide
according to any of the above items (1) to (6), wherein (a)
15 the epoxy resin is a solid epoxy resin having a softening
point of 50°C or higher which is measured by a ring and ball
method,
(8) the adhesive composition for an optical waveguide
according to any of the above items (1) to (7), wherein (a)
20 the epoxy resin does not have a mutagenicity,
(9) the adhesive composition for an optical waveguide
according to any of the above items (1) to (8), wherein (b)
the curing agent is a phenol resin having a hydroxyl
equivalent of 150 g/eq or more,
25 (10) the adhesive composition for an optical waveguide

according to the above item (9), wherein (b) the curing agent



hydrogen atom a linear or branched al kyl group having 1 to 10 carbon
atons, a cyclic alkyl group, an aral kyl group, an al kenyl group, a
hydr oxyl group, an aryl group or a halogen atom n represents an
integer,of 1 to 3; and.mrepresents an_|oint r, of. O 0),,.. (,11).
he sarbi vePh8RRbs FEF o FEPERRCBUERCAY Mifeddde aator bttt (s
aboveiteﬂﬁé%ﬁ), wherein the phenol resin represented by Formula (1)
has a wal absorption coefficient of 2 mass % or |less, 15(12) the
adhesi ve_conposition for an optical wavegui de according to any of the
above i tEME 45 tb (11), wherein (c) the high nol ecul ar compound is a
functional gr -contai ni ng acr copol yner, (13) th-‘adhesive
conposition f optical wavegth 20 according to Yre above item

(12), wherei fun nal g ont ai g acryl ool yner is an
epoxy group- G 12 GHaries Bve cqmmosi ti on
for an optic vegui de acco ngjto theabove 1€ (13), wherein

the epoxy d -containing a } @ ynmer cont ai(mé)no.S to 6 mass %
of glycidyl acrylate or glycidyl nmethacrylate as a raw materi al
t her ef or[,006¢1l5) t he adhesive conposition for an optical wavegui de
according to any of the above itens (12) to (14), wherein the
f unét i ohelhe ge bPRTarEGH many eryhe comoe yorrdhfifenenki ghtl aepragents a
nol ecul ar wei ght of 100,000 or nore, (16) the adhesive conposition
for an lopdrcgdn wavegui delifieaccordbngntbedny lifylt ke capohaviithgnd EH2)10
to (15), wherein the functional group-containing acryl copol yner has
a gl asscdrlamsi dtanst eapeyaliiceabkyl58rbap30€n aralky)l oreuadhes ve
conposition for an optical wavegui de according to any of the above
itemrs (d)kdmy] 16youbpurahrydibxednpeosppgatdprglf igrbep, or a halogen
atom; n represents an integer of 1 to 3; and m represents an

10 integer of 0 to 50),

(11) the adhesive composition for an optical waveguide
according to the above item (10), wherein the phenol resin
represented by Formula (I) has a water absorption coefficient
of 2 mass % or less,

15 (12) the adhesive composition for an optical waveguide
according to any of the above items (1) to (11), wherein (c)
the high molecular compound is a functional group-containing
acryl copolymer,

(13) the adhesive composition for an optical waveguide

20 according to the above item (12), wherein the functional

group-containing acryl copolymer is an epoxy group-containing

acryl copolymer,

(14) the adhesive composition for an optical waveguide



(18) the adhesive conposition for an optical wavegui de according to
any of the above item (17), wherein (c) the high nolecul ar conpound
is the epoxy group- contalnlng acryl copolyner containing 1.5 to 2.5

Mass 96£Ec8£a£hﬁnt xlabsvgr%%@ |8 Oy L acYleat, O%gggggggﬂgby

wei ght average ECU ar wel or nore;

mass Ofcéggaigfn% %E?%lbégg e&OEgktgqgsp%rgst§y6”ﬂ%.6@? ) the

epoxy resin and ent i'sTcontaine e filler

Lo 0.1 BhyCREy 1%§¥%§at§3é22.1 AT BIEPBR b <5, S0 ool Mkl

accordlﬁg to any of the above itenms (1) to (18), further conpri sing
(e) a ?ﬁ% %Ebeleratlng agent, (20) the adhesive conposition for

t d di th b t wh th
(o) Seur Fhy oo R F o R apBite s ReoHn TP, 5, BPE EoMpHaa St sy ”) tﬁe
dh it ti,cal d di
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ndhes Ve S ADST L SHaF T L ReFSBonBEI 408- PPP aZpRBegreact | ve mononer in
whi ch th f obt d_.b di_at th a
haLCTgasfgéggk?oééa?ahzgrEﬁapga}%égﬁhSP%.hﬁ[?gngB S 3eharing &
b d d | b di at th w h
o??303qva? b £o 35y PRetBEnaBPYE FEERA dbAbott I0m)F ol éﬁeﬁﬁt%5§|
d to th b t 1 th
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wei ght average, nol ecul ar mel ht _of ﬁgo Oga or nore is a glycidyl
g;oupiﬁﬁﬂ%fTﬁ+ﬁP(%%?ﬂ??€F9F 850F9t_F. tgr?lng 035 Eﬁ 6 @6by mass
of a containi ng_repetitive uni e adhesi ve
Pesi n- cOnbodis GAies . 4 sawpga De§0F dahabEbi higeg OHa pove
it 21 22 250 25 ts b th
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in which a cured natter
15 comprising (d) a filler,

(18) the adhesive composition for an optical waveguide
according to any of the above item (17), wherein (c) the high
molecular compound 1is the epoxy group-containing acryl
copolymer containing 1.5 to 2.5 mass % of glycidyl acrylate or

20 glycidyl methacrylate and having a weight average molecular
weight of 100,000 or more; 1 to 50 parts by mass of (d) the
filler based on total 100 parts by mass of (a) the epoxy resin
and (b) the curing agent is contained; and (d) the filler is
an inorganic filler having an average particle diameter of

25 0.01 to 0.1 um,

(19) the adhesive composition for an optical waveguide



t hereof obtained by irradiation with a UV ray has Tg of 250C or
hi gher and 0.1 to 20 parts by mass of (g) the photoinitiator
generating a base and a radical by irradiation with a UV ray of 200

to 450 rimeach per 100 r by. mass .of 5(c). .the hi ecyl ar
CompouRECORSRL £G AT¥uRe: FORAEDGTBuS EA (i A0 4 i gt age
nmol ecul ar wej ght of 100,000 or nore_and conprising (b) the phenol
base egoXPFe2IRIcf ng SHEARTI ACSSLERGE 1Y WP an equival ent ratio
of a phenolic hydroxyl group to one epoxy group of .the above epoxy
resin i 24botBet @dresive sampesisdresites ?PIRPﬁdFaénWﬁﬁﬁQH%de
wavegui de prepared by form ng the adhesive conposition according to
t he abAECPF@HBI (9 {Be(zb?mn%e@} (il P f Whereinodhead eddkdidiiig sheet
for an optical wavegui de conprising the 15 adhesive resin conposition
f or San ¥pEetaratdnegadaptadsori AB1H828R¢ 6PTPRENShove itens (21) to
(23) and a supporting base material and (26) an optical _device .
prepar etf by BaperdRgsaNeopeFinl CREPeghitdenwitor BRe ORFHES Ly yavegulide
conposition for an optical 20 wavegui de according to the above item
(1) or 3erdimg behesyvelf them pbpvanispmscdll ) whPeddi de VACESHd d)t o
the above item (24) or the adhesive sheet according to the above item
(25). [Oo@oFupbngcedanhglieoat RBeppésbAce] RPEHYI 68 S 18aFaBll&doRASE tig
provi ded are an adhesive conposition for an optical waveguide which
i s excel®lenthe nhhghrapsparépEycanbBoanfeds pedighamedecya agdiFesippand
filmfor an optical wavegui de and an adhesive sheet for an optical
wav8gui e ki ehnGr @ 6@@§giéﬁa%ygﬁ§Pﬁga@ﬁeh§a#§gaﬁdW@B@h@apvﬁé@@@ES by
usi ng the above matters.

molecular weight of 100,000 or more; and the adhesive

composition further comprises (f) a photoreactive monomer in
which a cured matter thereof obtained by irradiation with a UV
ray has Tg of 250°C or higher and (g) a photoinitiator

15 generating a base and a radical by irradiation with a UV ray
having a wavelength of 200 to 450 nm,
(22) the adhesive resin composition for an optical waveguide
according to the above item (21), wherein (c) the high
molecular compound containing a functional group and having a

20 welght average molecular weight of 100,000 or more is a
glycidyl group-containing (meth)acryl copolymer containing 0.5
to 6 % by mass of a glycidyl group-containing repetitive unit,
(23) the adhesive resin composition for an optical waveguide
according to the above item (21) or (22), comprising 5 to 250

25 parts by mass of (a) the epoxy resin, 5 to 100 parts by mass

of (f) the photoreactive monomer in which a cured matter



5 BRI EF EXPLANATI ONS of THE DRAW NGS [ 0010] Fig. | is a
cross-sectional schematic drawi ng show ng the adhesive filmof the
present invention. 10Fig. 2 is a cross-sectional schematic draw ng
Showl Ot fle SELEOGLE 2t nie 0l 112 AURGRIN Gl 10 Oy LIS MRS o 290°C
i nventi on and one exanpl e-“of "an optica dEV|ce, wherein (a)"to (c
are draw ngs f xRl &i ni e respectjve ste ( sticking the
adhesiV%rPﬁfﬁ?g%bgngegr?nS%aE?ugﬁgifi%é’ %fg ﬁgfe@baﬂﬁgﬁd 15(c)
adhesi o is.a cross-igction I sch%patic dr aw

. . ...FlLg. 3 e
Showi ngPRAEC SAREERVET s HEBRT6F 11fie SpPaSEn e Aohverticama L BY it atiqn,
- ti I h i i howi t hod f f th
Adhes: VL Ehett OBt ERoohr 00nED, HedarToRoss BRT L Sanhs Slofant OF
tical devjce,. wh ' t d i f | aini th
espoct b LEEpIER faybllor reTbrErtunet raTaRse e Y HRE e
ti b terial d dhesion.. Fig. .5
TR S A P MO T A S T W
Gevi ce TaREr a1 FaTPLSSEaF dPe TAEARPAGE L G oBSEAR g e cur g ©%
ti t f ticki, th dhesi heet,, (k) dici
ettt PR B NI O
adheri nt o an adherend. 5Fi%. 6is a cr&s -sectional schematic .
dr awi ngg%ﬁﬁ%% BheUBx hRpPBEoFPOFIpITPLP e% i ﬁ%’oé’r? SRR restn 1S
wavegui de, wherein (a) to (f) are drawings for explaining the
reéﬁethv% %?e£s5of (a) curing a | ower cladding |ayer, (b) Iam nating
a reSIn(gi;rgn adhesive film for an optical waveguide prepared by

forming the adhesive composition according to the above items
(1) to (20) into a film form,
(25) an adhesive sheet for an optical waveguide comprising the
15 adhesive resin composition for an optical waveguide according
to any of the above items (21) to (23) and a supporting base
material and
(26) an optical device prepared by adhering an optical
waveguide with the adhesive composition for an optical
20 wavegulide according to the above item (1) or (23), the
adhesive film for an optical waveguide according to the above
item (24) or the adhesive sheet according to the above item
(25) .
[0009]
25 According to the present invention, capable of being

provided are an adhesive composition for an optical waveguide



for formng a core |ayer, (c) exposure, (d) developing, (e) 10
|'am nating and curing a resin filmfor form ng an upper claddi ng
| ayer and (f) peeling a base material film Fig. 7is a

tenperature profile a reflow test which is used for evaluating the
adhesi \)'éh%E?]PnJr%n%XFﬁﬁsaﬁe%Pvé $REBSPaFePRy BRds ént Sty &RSiGH2 i ¢
8 is alight transmttance of an adhesive fi| m prepared in,ExagPIe
1- A i n 204@%EYengt hMof 07087t 8P1666 IneHedYideaiddarfepdhemiyf sheet
Fig. 9is alight transmttance of .an adhesive sheet prepared._in
Exanpl efar R Rt had sl WAYEAUSe7Hbics 2E60PKRPET ey dSdRd dfteeSame
refl ow. Fig. 10 is a light transmttance of an adhesive sheet
preparéﬁmﬂpm&bﬂﬂfedQVBﬁﬁﬁ BYwH¥eéngn§hg 8POY80MEG tEEE0 nm before and
after reflow. 25 EXPLANATI ON of CODES [0011] 1: Adhesive |ayer 1':
PreSsure-sensitive adhesive |ayer 2: Supporting filmor supporting

base material 3: Protective film54: Adhesive film
BRIEF EXPLANATIONS of THE DRAWINGS

[0010]
Fig. 1 is a cross-sectional schematic drawing showing the
adhesive film of the present invention.

10 Fig. 2 is a cross-sectional schematic drawing showing a
method for use of the adhesive film of the present invention
and one example of an optical device, wherein (a) to (c) are
drawings for explaining the respective steps of (a) sticking
the adhesive film, (b) peeling a supporting base material and

15 (c) adhesion.

Fig. 3 is a cross-sectional schematic drawing showing the
adhesive sheet of the present invention.

Fig. 4 is a cross-sectional schematic drawing showing a
method for use of the adhesive sheet of the present invention

20 and one example of an optical device, wherein (a) to (c) are
drawings for explaining the respective steps of (a) sticking
the adhesive sheet, (b) peeling a supporting base material and
(c) adhesion.

Fig. 5 is a cross-sectional schematic drawing showing a

25 method for use of the adhesive sheet of the present invention

and one example of an optical device, wherein (a) to (d) are



4': Adhesive sheet 11: Optical wavegui de 21: Adherend nenber 31, 38:
Base material films (for a cladding |layer) 10 32: Lower cladding
| ayer 33: Core | ayer 34 Base material film (for forning a core part)

35: Phot onask 36. Cor attern cl addi n I

Ot i oo HBUT RS BERF REPEAEORNBARRS) KEEOR T HiE ¢ ERL A o i Hihee
adhesi ve conposition of the present inventi r t|ca

wavegui dee (H %?h%?t%?e?éfeﬁgéddﬂﬁlﬁﬁréPyOQ lFﬁ &@W' u& e, (c)

conposition) is characterized by conprising (a) the epoxy resin, (b)
the(nu9$ﬁﬂ%@%n? %HHP?EYlPHebﬁﬁﬁhmﬁE?éééﬁa@n@oﬁﬂéuﬁ@h RTINS 35 al

light transmttance and a light 25 transmttance in a wavel ength of
700 to ABRremlin a cured matter of the adhesive conposition are 80 %

or nore, and the
5 Fig. 6 is a cross-sectional schematic drawing showing one

example of steps for preparing an optical waveguide, wherein
(a) to (f) are drawings for explaining the respective steps of
(a) curing a lower cladding layer, (b) laminating a resin film
for forming a core layer, (c) exposure, (d) developing, (e)

10 laminating and curing a resin film for forming an upper
cladding layer and (f) peeling a base material film.

Fig. 7 is a temperature profile of a reflow test which is
used for evaluating the adhesive film and the adhesive sheet
of the present invention.

15 Fig. 8 i1s a light transmittance of an adhesive film
prepared in Example 1-A in a wavelength of 700 to 1600 nm
before and after reflow.

Fig. 9 is a light transmittance of an adhesive sheet
prepared in Example 1~-B in a wavelength of 700 to 1600 nm

20 before and after reflow.

Fig. 10 is a light transmittance of an adhesive sheet
prepared in Example 2-B in a wavelength of 700 to 1600 nm

before and after reflow.

25 EXPLANATION of CODES

[0011]

10



Al

adhesive filmof the present invention for an optical waveguide
(hereinafter referred to nerely as the adhesive filn) is
characterized by form ng the above adhesive conposition into a film
form b5FEurt t he adhesi ve conposition of the present invention nmay
conpri se1 a %ﬁ{eénsolrv%agaéyggoxy resin curing agent as the conponent (b)

and a ',ghvlgol ecul ar _co und Cﬁgt ai.g/,i ng functional group and having
a wei ght avelayeYhor 8EGPAF W& RT*S5F YE062868 or nore as the conponent

(c), and,it_may further.10 conprise (f hot or eacti ye nonomer in

Wht o' a Zur B s LS hEPRosCoBRBPRE By PRPEARAEFOA Y t h a LV r ay

has Tg of 250C or higher and (g) a photoinitiator generating a base

and a ré&iéﬁé%ﬁF§+Y%dfh}Ton with a UV ray of 200 to 450 nm The

adhesi ve, sheet of thg,ﬁﬁesent invention is characterized by 15
Tbve &

corTBri si4rfg]% esi ve conposition and a supporting base
material, [&8%3%. T@e present invention shall be explained bel ow
in further &71¥%e SBfRTthe cured matter of the adhesive conposition
of the . present invention, a total light transmttance and a |ight
transrri]t]toan%%tjr?la YAVEPEAGEh of 700 to 1600 nmare 80 %or nore, and
the light transmttance descri bed above after carrying out three

tinmes & refARETeRY Be™3 Faxi num 25 tenperature of 265C is preferably
80 %or_nore. |If the above iighi traEsnittances,are 80 % or nore, the
sat | sfe?t]t'or%/g’ tPaPR PR EREYV2 LahihBShEERT andleAEEBEolEYE ead free
refl ow process can_be applied, so that an applying range of the
adﬁ@singb&ﬁﬁﬁ%?t?%%gééﬁgbéaEQBanded. From t he vi ewpoi nt descri bed
above, the above light transmttances are nore 5 preferably 81 % or
nore, fittHSTHrEd¥Fably 83 %or nore and particularly preferably 85
%or nore. The light transmttance is the total light transmttance
and the’di RS raaset i2hntdlPn (BohaferBAREN20FO760PE6t1600 nm and can

be neasured by a nmethod described in the exanples. In an optical
35: Photomask

36: Core pattern
15 37: Upper cladding layer

40: Optical device

BEST MODE FOR CARRYING OUT THE INVENTION
[0012]

20 The adhesive composition of the present invention for an
optical waveguide (hereinafter referred to merely as the
adhesive composition) is characterized by comprising (a) the
epoxy resin, (b) the curing agent and (c) the high molecular
compound, wherein a total light transmittance and a light

25 transmittance in a wavelength of 700 to 1600 nm in a cured

matter of the adhesive composition are 80 % or more, and the

11



10 interconnection, |asers having a wavel ength of 850 to 1300 nm are
wi dely investigated as a light source, and a light transmttance in a
near infrared region including the above wavel ength is particularly

important. The reflow te at _a maxi mum tenperature of 265C.nmeans a

| end {rARheTI ey SR 85 The; BERSEREr 1O eONICEh Hoind IS5k or di ng
to | PC/ JEDEC J- STD0203. 14] In the cyred matter of the
adhesi VB EoAPbEE t { BRT SFn%%geﬁr EEERETERV &Rt F“&ﬁ,elié{ éﬁar?tghﬁ i sive
refractjve index before and 20 after carrying out three tines the
refl ow t&s) a%sac%ﬁﬁﬁﬁﬁﬂléﬁéepé(t éPéméingzé @gaqvg y W thin
0.005. If a change in the refractive index falls in the above range,
the optFEMPORtEHPTi t)tCaR Bé18edGF®d, and therefore the | ead free
refl ow process can be applied, so that an applying range of 25 the
adhési ve conﬂ%%??@%ﬁ'c%%eb%dgﬁﬁéﬁﬁeGQmPPéﬁFEHE Pitehpsi RESGE8Er i bed
above, a change in the refractive index falls nore preferahly wthin
0. 003, ¥%Y?%E%°%r%?¥r88W9r&F€thp§?@8i.b?ﬁ@ EEPFYc LiEPe T A TGarR 358 t
nmeasured by a nmethod described in the exanples. [0015] 5In the cured
matt er % {%% %ﬂ%%%?@@tcéﬁbo§P9iénhéﬂhtﬁélﬁFéééﬁtCPWP@WP@O@PQ%?lnlng
eval uation score_in an adhesive property which is neasured by a

cr oss- CtiRE apen#bt HHAURS BA Eéyﬂggn@ YL IPfhr 8¥CLRAEs MOHE R0 eiedtt
at a maxi mum tenperature of 265C is preferably 8 points or nore. If
the abdve %@%4%€$i%ﬁ BerecBfethns §OPBPRERtor Chor 80 Hd F&Y MGy
adhesive property _can be held, and therefore the | ead free refl ow

pr 3€es SCUBRE bEe agfﬂ i dPheBOrRAFTaANCaPRRPMEg LBnYEi6h Phe&UEsReFiarder
conposi tion can be expanded. Fromthe viewdoint described above, the
eval uatihpreehrebbringd BuhesredipEdpsr vy ths anbVe rpret@salidy ofs 269 C
points. The cross-cut tape nethod neans a test nmethod for an adhesive
proper t8X Wil ghe ¥ sardr fgedaobBhobeepidia§oroIgnsKeLang a base and a

radical by irradiation with a UV ray of 200 to 450 nm. The
adhesive sheet of the present invention is characterized by

15 comprising the above adhesive composition and a supporting
base material.

[0013]
The present invention shall be explained below in further
details.

20 In the cured matter of the adhesive composition of the
present invention, a total light transmittance and a light
transmittance in a wavelength of 700 to 1600 nm are 80 % or
more, and the light transmittance described above after
carrying out three times a reflow test at a maximum

25 temperature of 265°C is preferably 80 % or more. If the above

light transmittances are 80 % or more, the satisfactory

12
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[0016] In the cured matter of the adhesive conposition of the 20
present invention, in a dynam ¢ bendi ng endurance test of an optical
wavegui de provided with an adhesive prepared by using the adhesive
conposi tion descri bed above chani cal breakage i.s preferably _not
onbr st CER TP FER Rt real Dhabe0ts dengr CPPELPt o By 16aE T06 006 Hites
the bending test at a curvature 25 radius of 5 nm |f nechanical

br eakad®F $<$dt C¥_NRF afBBL 81 hECoHPREARTMARRG YL AE, TSRS & OEEQKN
transm ssion can be carried out over a long period of tinme, and the
adhesi \BRSTHER| EPBROEARLIBR SBPI PEdekBaBrREys WbVEbFRe pYFBYPSHRR as,
for exanple, hinge parts of portable phones. In order to reduce a

si ze ofdRFUF HARAL3DOY®, nERRaAPedP bighka§EansnitGarnced egepdore
generated 5 on optical wavegui des even at a snaller curvature radius,
and5fr e fesapby n8l ob QreMPrfechEALBEF BreARAGELYs BRoft §&n&PACe@nsl
a curvature radius of nmore preferably 3 mm further preferably 2 nmm
The nedtaihtEallarbakpgefeapbby 88nki PHeBOB§ -obbe vhigh GhRaesmjttance
magni fyi ng gl ass or a microscope or with 10eyes. In this
regard,ig hehopteeal haveguFrenshaktanee @péa%hmépgytbérua%mnt@ﬁ@&eas
long as, it controls transm ssion, branching, reflection, refraction,
anpl i fildatd oreeekergtenaht 78R 6P [LPEAt nmaald| capsbgsBgpRBEreen i eut ed
froma 15 core having a high refractive index and a cl addi ng having a
| ow r e ede FEeIOORi ER EBGepZalRéctor elN |3 tPREBFREent i nventi on,
a polymer optical waveguide having a flexibility is suitably used
fraéf t Hkeespenettioat basepsi bavindvegupdelardthgod BPExitEi Lt &#n
be produced.w§§{0017] , The respective conponents shall nore
speci f a8 IWidrl exbrée pebopbeduwas a lightthgoepery resi 8 daphfsed in
the present invention shall not specifically be restricted as |ong as
it is diFasbnittance in a near infrared region including the above

wavelength is particularly important. The reflow test at a

maximum temperature of 265°C means a lead free solder reflow
15 test carried out on conditions according to IPC/JEDEC J-STD-

020B.

[0014]
In the cured matter of the adhesive composition of the

present invention, a change in a refractive index before and
20 after carrying out three times the reflow test at a maximum

temperature of 265°C falls preferably within *0.005. If a

change in the refractive index falls in the above range, the

optical stability can be secured, and therefore the lead free

reflow process can be applied, so that an applying range of
25 the adhesive composition can be expanded. From the viewpoint

described above, a change in the refractive index falls more

13
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25 exhi bit an adhesive action. An epoxy resin which is difunctional

or higher and which has a nol ecul ar wei ght of preferably |ess than
5000, nore preferably I ess than 3000 can be used. Capable of being
used are, for exanple ,diLynctionaI epoxy resins such as biSQheQ9| A
type epok§ieEaPhY, WhEBpRernd! - $03ypEBhRsy PEefREaRAY VhEDFRKE0-001.
novol ac_type epoxy resins 5 such as phenol novol ac type epoxy resins,
cresol Teworatragpévepsrferesphsbgndiepsarecke®y Bu d described in
conventional |y known epoxy resins such as pol yfunctional epoxy
resins,tihetexampLesd- contai ning epoxy resins and the |ike can be
applied as well. [0018] 10Capabl e of being used as the above epoxy -
resins af®@1%br exanple, comercially avail abl e epoxy resins

i ncl udi ng bi sphenol A type epoxy resins such as Epi kote 807, Epikote
8155 Epi kot e B25thEpetkoed BRYteEppkothesagheEpivRorempes i tEpink otfe the
1001, Epikote 1002, Epi kote 1003, Epikote 1055, Epi kote 1004, 15

Epi kot ecQORANF, LEPEREEEN1007, eFpilkatdoR0GTOrEpilkoe BODEHS iaed PEgIHesy
1004F (trade nanmes, nmanufactured by Japan Epoxy Resins Co., Ltd.),
DER- 3304h DER- 89 1me @FRr 86 1bYDERCE6SS~DER- 66R¢ DERNGER 8 tBERCEE4,Ying
DER- 664U, DER-667, DER-642U, DER-672U, DER- 673MF, DER-668 and

DER- 664t ritlfee mabbmes nhhaf aetlpedtbptThE 20mBHWINCHe FHedwme radmFen L,
YD8125 and YD8170 (trade nanmes, nanufactured by Tohto Kasei Co.,

Ltd.) anebitGelsikeeforsbh¥n8l pPinypeceporyereslistBacabayveyYprFaloasion
(trade nanme, manufactured by Tohto Kasei Co., Ltd.) and the |ike, ‘
phéfol swewvod atst§peoepbiyorenphs, stibk astiEpifRoterys2dhed g patoperiy
(trade nanes, 25 manufactured by Japan Epoxy Resins Co., Ltd.),

EPPN- 20dax tbadee hdneandabhbéaefaredtby MNepgdodirkeyakd 10w, priotces)s, cBENbe
438 (trade nanme, manufactured by The Dow Chem cal Conpany) and the

| i ke, camsbledovedathaypeneppryyisgi nengechfashEpakbes i180585pOsidden
nane, manufactured by Japan Epoxy Resins Co., Ltd.), Araldite
ECN127 3 atirke dexpaE@hd 28Fraomd Hrel Wi ¢wp&EONL 299s¢rileié alboes,; the

evaluation score of the adhesive property is more preferably
15 10 points. The cross-cut tape method means a test method for
an adhesive property which is carried out according to JIS-
K5400.
[0016]
In the cured matter of the adhesive composition of the
20 present invention, in a dynamic bending endurance test of an
optical waveguide provided with an adhesive prepared by using
the adhesive composition described above, mechanical breakage
is preferably not generated on the optical waveguide after
carrying out 100,000 times the bending test at a curvature
25 radius of 5 mm. If mechanical breakage is not generated on the

optical waveguide, stable optical transmission can be carried
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5 manufactured by Ci ba Specialty Chem cals K K), YDCN- 701, YDCN702,
YDCN- 703 and YDCN- 704 (trade nanes, manufactured by Tohto Kasei Co.,
Ltd.), EOCN 1025, EOCN 103S, EOCN 104S, EOCN 1012, EOCN- 1020,
ECCN- 1025 and EOCN- 1027 (trade nanes, manufactured by N ppon Kgyaku
Co., LtM§ oEsene158%9 ESERCI0OL éﬁH‘eESQN-dZ’Ebel@(ipﬁé&éfen&ﬁé?,osltlon
manuf actured by Sum tonmo Chem cal Co., Ltd.) and the |ike,
pol yf ured® opRl 2epbdk9dr E8i ASWaNERMETabAENPROSESSULH; 26t e TPO3ZPEI PR
Epi kote 157S70 (trade names, manufactured by Japan Epoxy Resins Co.,
Ltd.), rdeiperbseadf(ppatiabhanthongruf akt upedebyta badsgecpapige of
Chem cal s K K), Denacol EX-611, 15 Denacol EX-614, Denacol EX-614B,
Denacole@dimprent HenaeohneEanscal brgakebeExss52zequibkrglcdlo Be generated
Denacol EX-411 and Denacol EX-321 (trade names, nanufactured by Japan
Nagase MasebtTpal wadeyuigpPNeSenHasnd ERPMN1IBE2HUfVesddengdeldus, and
manuf act ured by Ni ppon Kayaku Co., Ltd.), amne type epoxy 20 resins
such asfEphkiohes 6paiitrafievihane, meghahactdr bdebyadapas BodxgeRediated
Co., Ltd.), YH 434 (trade nanme, manufactured by Tohto Kasei Co.,
Ltd.), dERAIXabdrFEFRADUE Ofr adsenpiref erakauf dcmiy edumEheirt subi shi
Gas Chem cal Conmpany, Inc.), ELM 120 (trade name, manufactured by
Sumi t ormprehendlohy Zonm. LtThe mEchanichak brézkadet eanchel eonbhraedi hy
epoxy resins such as Araldite PT80OL (trade nane, manufactured by C ba
Speci alayseChehi cal yndeK) aamdgnhéylinkegdadsabircpchiicroporper e¢i wd th
such as ERL4234, ERL4299, ERL4221 and ERL4206 (trade nanes,
maAlf actyged by Uni on Carbide Corporation) and the |ike. The above
epoxy resins can be used alone or in conbination of two 5 or nore
ki nds t her eofln [JOUD]|regurde Presepticaleneveayida spaky nesin which
is asolid

specifically be restricted as long as it controls transmission,

branching, reflection, refraction, amplification and
attenuation of light, and it is usually constituted from a
15 core having a high refractive index and a cladding having a
low refractive index which covers the core. In the present
invention, a polymer optical waveguide having a flexibility is
suitably used from the viewpoint that an optical waveguide
having a flexibility can be produced.
20 [0017]
The respective components shall more specifically be
explained below.
The epoxy resin (a) used in the present invention shall
not specifically be restricted as long as it is cured to
25 exhibit an adhesive action. An epoxy resin which is

difunctional or higher and which has a molecular weight of
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matter at roomtenperature (25C) and which has a softening point of
50C or higher neasured by a ring and ball nmethod is 10 used in a
proportion of preferably 20 nass % or nore, nore preferably 40 mass %
or nore and furt her greferablﬁ go mass % or. nore based on thé %lee
epoxy rREFHE¥OhYt hESTi EREBI nPO0r BOREaPTFLSTEPaNC e Sthd AoV hSaP
resin includes, for exanple, bisphenol A 15 type epoxX resins, .

bi spherRf ¥5¢Ype EARAELe 2f NReiny spFRARrS t §pE epsRplpesfhfunctional
alicyclic epoxy resins, aliphatic chain epoxy resins, phenol novol ac
type eRBOXY e8¢ HkNS cFBEB| afiobdFPRECRPPePe5ORE CROKNS refSiidiSheRgiSPRenOL
novol ac_type epoxy resins, diglycidyl etherified conpounds of _
biphenoﬁ,tYEQIQEQEyIrﬁéléﬁhéﬁgf¥b§ ié#ﬁ@uﬁ@goéﬁcnéﬁﬁ@hép@%édm@S}nS

di gl ycidyl etherified conpounds of phenols, diglycidyl etherified
conpourtiiclhiag| poebPs BANCARRYLYBEhSPPKt 8€SHRSY eCE SR NOF¥S lagd type
hydrogenat ed products of the_ above conpounds. They may be used al one
or in cRrMENaEedNSfandotbe dhbke.kiHesthelr copnventioBatbipbhenisepoxy
ot her than the epoxy resins may be contained as inpurities. A

conmbi natévndfsepoxysreeiifunatingaa PRPYE resiasul detedoghcland a
sof teni ng poi nt of 50C or higher and epoxy resins in which a

di f f er detaimEngotReXyYyresineeandntipokykeesan Bedagpliklbers selldr.ge
is less liable to be conpatible, and therefore they are preferably
used. 5[B23! The epoxy resin is preferably inconpatible, as
described later, with the high nol ecul ar conpound, and when two or
nodé ki nds ofCanablepoxly bebniasusee asethenakbovibi ARCKBnreainsxetee for
thereof is preferably inconpatible with the high nolecular 10
conpourgkanrghke c crpane bt eabppxgvadsbhsenapoby tentasnédcilndihg above
m xture. For exanple, when an epoxy resin YDCN 703 which has a

sof t enibiggPuinm ] ok §PLeorpPhikgheesdme whicth as Epckopat BBV e Bpikosel 815,
is conbined with an epoxy resin Epi kote 828 which has a softening
poi nt dpilver &2%an BPTkahd AAVchEpbkosei AZBnpEDPILkbEeby 3t sEpfikodr
epoxy resin mxture obtained by mxing themin a mass ratio of 1 : O
to 1 : lM@hedEmeso tacbdpat i Bpekote 1003, Epikote 1055, Epikote 1004,

15 Epikote 1004AF, Epikote 1007, Epikote 1009, Epikote 1003F and
Epikote 1004F (trade names, manufactured by Japan Epoxy Resins
Co., Ltd.), DER-330, DER-301, DER-361, DER-661, DER-662, DER-
663U, DER-664, DER-664U, DER-667, DER-642U, DER-672U, DER-
673MF, DER-668 and DER-669 (trade names, manufactured by The

20 Dow Chemical Company), YD8125 and YD8170 (trade names,
manufactured by Tohto Kasei Co., Ltd.) and the like, bisphenol
F type epoxy resins such as YDF-2004 (trade name, manufactured
by Tohto Kasei Co., Ltd.) and the like, phenol novolac type
epoxy resins such as Epikote 152 and Epikote 154 (trade names,

25 manufactured by Japan Epoxy Resins Co., Ltd.), EPPN-201 (trade

name, manufactured by Nippon Kayaku Co., Ltd.), DEN 438 (trade
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[ 0021] The curing agent (b) used in the present invention shall 20
not specifically be restricted and can be used as long as it can cure
t he epoxy resins. The above curing agent i ncl udes, for exanple,

pol yfuncti onal ne i m dazol e co nds Cld hydr.i.des,
D gant B HON LA ChIEBAnaY 3R Mak GRSTH F@laoPesmy amiod e 1KE,
pol ysul fides, boron trifluoride 25 and the |i Q anpl e
of the %W‘?jun%?i’%% BHQﬁoPEOF‘HcIrﬁéénﬁyél‘l&&u@ﬁoﬁ% q‘roéjseorl@i%?( ade
catechol which are nonocyclic _difunctional phenols; blsphenol A,

bi sphenAme, Ib?%ﬁé%llrsd RYpHERARcFBAKY §eSBRShERDI s Ltk I hafidd< idivd
al kyl -substituted 5 matters thereof which are polycyclic difunctional
phenol SECILE {her Are eyt prBCUAGsHnane! Aradring s BoN 128 HErdIien iRy
resins which are pol ycondensati on products of the above phenols wth
al déhyd@a%nufé@éﬂlée@eé}’nglbﬁl SprEAsILtX Rrbedligelsesi-Kd @%ﬂ%vém&é‘l‘
resins and the like. Preferred phenol 10 resin curin nt which are
connerd?%@dyY%Q%TVQ%I@nﬁnXPGHe70ﬂoHtéﬁéﬁppémepheﬁépﬁt@CL oggh by Tohto
Phenol ite LF2822, Phenolite TD-2090, Phenolite TD-2149, Phenolite
VH4150 Kage Phemol | bedVHA1ROCr L 88 nEREN-1R88uf BOCHd@46y BACN P67/
Ink & Chem cals Inc.). £0023] 15A phenol resin having a hydroxyl

equi valEMENDI046G0 BPEel- 92ﬁnﬁédlEoﬁNeﬂQQablyraéédn&@eﬁhem%ﬂqﬁﬂfﬁﬂﬁﬁﬂ
(b). The above phenol resin shall not specifically be restricted as

| ong aPy tNHeron HeayakueCdesckiBed  aB§GH; 1§ﬁartﬁ§CNé§p@10ﬁné ASE-220

type or aresole type is preferablg used_because of an
(trade names, manufactured by Sumitomo Chemical Co., Ltd.) and

the like, polyfunctional epoxy resins such as Epon 1031S,
Epikote 1032H60 and Epikote 157570 (trade names, manufactured
by Japan Epoxy Resins Co., Ltd.), Araldite 0163 (trade name,
manufactured by Ciba Specialty Chemicals K.K), Denacol EX-611,

15 Denacol EX-614, Denacol EX-614B, Denacol EX-622, Denacol EX-
512, Denacol EX-521, Denacol EX-421, Denacol EX-411 and
Denacol EX-321 (trade names, manufactured by Japan Nagase
Kasei Co., Ltd.), EPPN 501H and EPPN 502H (trade names,
manufactured by Nippon Kayaku Co., Ltd.), amine type epoxy

20 resins such as Epikote 604 (trade name, manufactured by Japan
Epoxy Resins Co., Ltd.), YH-434 (trade name, manufactured by
Tohto Kasei Co., Ltd.), TETRAD-X and TETRAD~-C (trade names,
manufactured by Mitsubishi Gas Chemical Company, Inc.), ELM-
120 (trade name, manufactured by Sumitomo Chemical Co., Ltd.)

25 and the like, heterocycle-containing epoxy resins such as

Araldite PT801 (trade name, manufactured by Ciba Specialty
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20 excellent noisture resistance reliability. The specific
exanpl e of the phenol resin described above includes, for exanple, a
phenol resin represented by the following Formula (1): [0024]

25[ Formul a 2 I RL)in(1l)n 0025] % erein Rl each may be
Lhe Sﬁ%ﬁﬁ%ﬁr%%gﬁeﬁﬁ héﬁé %égr é&éﬁa 818 Ry abn CalB YA i lSéJrcl as
o oup, 54 1y PRbRe8S:  BALAPREngRIgFBUIA0R NyareR PeiEsup. an aryl
group or a hal ogen ato n regresents an integer of 1 to 3;. and m
represé?ﬁ%u%c?%¥%§e]i9ygbn@oflo goPildenEogpevé tpRE ol dH&S: ndke
specifically be restricted as long as it neets Formula (1), 10 and it
has a VRRQYE aPR¥ Pt FeRlrsefPNchPentiSEA phener 881 12 Cogdd naptdon eds two
after put in a constant tenperature and constant hum dity bath at 85C
and585 @5 AMP¥or KiBAAothSTEPEM t he vi ewpoint of a humidity resistance.

[0019]

In the present invention, an epoxy resin which is a solid
matter at room temperature (25°C) and which has a softening
point of 50°C or higher measured by a ring and ball method is

10 used in a proportion of preferably 20 mass % or more, more
preferably 40 mass % or more and further preferably 60 mass %
or more based on the whole epoxy resin from the viewpoint of a
heat resistance.

The above epoxy resin includes, for example, bisphenocl A

15 type epoxy resins, bisphenol F type epoxy resins, bisphenol S
type epoxy resins, alicyclic epoxy resins, aliphatic chain
epoxy resins, phenol novolac type epoxy resins, cresol novolac
type epoxy resins, bisphenol A novolac type epoxy resins,
diglycidyl etherified compounds of biphenol, diglycidyl

20 etherified compounds of naphthalenediol, diglycidyl etherified
compounds of phenols, diglycidyl etherified compounds of
alcohols and alkyl-substituted matters, halides and
hydrogenated products of the above compounds. They may be used
alone or in combination of two or more kinds thereof, and

25 components other than the epoxy resins may be contained as

impurities. A combination of epoxy resins having a large

18



Further, preferably used is the phenol resin in which a 15 heat
wei ght | oss (heating rate: 5C/ m nute, atnosphere: nitrogen) at 350C
nmeasured by neans of a thernogravinetric analyzer (TGA) is less than
5 % If the heat weight loss is less than 5 % volatile matters are
i nhi bi treeil ¢euhaht VagIhhdaploaesoihgninge PeBy ta ofelSCali 101 Y igheam@nsts
characteristics 20 such as a heat resistance, a noisture resistance
and t heepoke resénphahBedhiFbr ehdd f feleneguilpmenes laad tye beddiaasd am
contam nation caused by volatile matters produced in working such as
heat i ngep@xwcessinganddat hebbeke i sadd rukersf diessi t liad Ligr dfcereed.
[ 0026] The phenol resin represented by Formula (1) described
above ceombet obteai nedd fberefampl £heby areaptriefgrabdlyensledconpound
with a xylylene conmpound which is a divalent |inkage 5 group under
t hesabsent® ®fF a catal yst or the presence of an acid catal yst. The
phenol resin described above includes, for exanple, MIlex XLC series
and XL seri esTH¢ repexnanes inahaf pretieedbby MhtempaChbidiecabs, descriibed
When the phenol resin represented by Forrmula (1) 10 descri bed above
i s usedlatecpombiblat tbae high mbéeepdry cespound,bleaddwhgnarmmentor more
thereof is preferably 0.70/0.30 to 0.30/0.70, nore preferably
0. 65/ 0.BId® Of 3GHhE. €poxfurehénspretenakbty i0. 60MmDi8a tHon). 203 x6Mrand
particularly preferably 0.55/0.45 to 0.45/0.55. If the blending ratio
falls ithéeleof ahgepi&fdesbiybedcahputibilbewadhesihee hpoépawdeordmrbe
inproved in a curing property. [0027] The phenol conpound used
f onopr achmpownd he Theenonpesinl ¢ egpesent esli by may ok acoh)adesdr ihethe
above includes phenol, o- 20 cresol, mcresol, p-cresol,
0- et hylgdhevr®|miptetdy| FHenodxanmp gy ogyd hemodpoxy ne s DPyYpoBNdD3 which
p- n- propyl phenol , o- isopropyl phenol, misopropyl phenol,
p- i soprigy | phendten tnagbpid yhphebob ° o arbht ywhpheaal, whirhbutsyl phenol ,
oi sobutyl phenol, mi sobutyl phenol, p-isobutyl phenol,

incompatible by itself is combined with an epoxy resin Epikote

828 which has a softening point of lower than 50°C and which
15 is incompatible by itself, an epoxy resin mixture obtained by

mixing them in a mass ratio of 1 : 0 to 1 : 10 becomes

incompatible.

[0021]
The curing agent (b) used in the present invention shall

20 not specifically be restricted and can be used as long as it

can cure the epoxy resins. The above curing agent includes,

for example, polyfunctional phenols, amines, imidazole

compounds, acid anhydrides, organic phosphorus compounds and

halides thereof, polyamides, polysulfides, boron trifluoride
25 and the like.

[0022]
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25 octyl phenol, nonyl phenol, 2, 4-xylenol, 2,6-xylenol, 3,5- xylenol,
2,4,6-trinmethyl phenol, resorcin, catechol, hydroquinone,

4- met hoxyphenol , o-phenyl phenol, m phenyl phenol, p-phenyl phenol,

p- cycl ohexyl phenol, o-allyl phenol, pallyl phenol, o-benzyl phenol,

p- benzyl phenothe oe%ﬁmm@ﬁh@ﬁothepp@Eyéuésgéﬁaa,l phBReASpREFIMde

p- bronophenol , o-i odophenol, p- 5 iodophenol, o-fluorophenol, _

m f | uorfoptee@iingne | useephenbblapidt Geteckel Phdche @irgr MpneCaicdrisbl y,
it includes phenol, o-cresol, mcresol, p-cresol and the like.

The abovefwhenbbnabnpbandsspiapibphased &l obé spheinela Fini dtigipdesiolt o
or nore kinds thereof. 10[0028] Xylyl ene dihalide, xylylene diglycol
and dernaphihakenddieds, whipheapéd sshodnhbélid@sc andbe lkydd sapsithiguted
xyl yl ene conpound which is a divalent |inkage group used for

pr o8ucimaft téves pheaveofeshhcheprespntgdyby iFodifluactipngds phicped s .
above. 15 That is, they include a,a'-dichloro-p-xyl ene,

a, a' - di i ther nxyheyeinal udedpbhhodoresipbesachaas' phieodnooyodycene,
'- di bromo-m xyl ene, a, a'-di brono-o-xyl ene, a,a'-diiodo-p-xyl ene,
' - diteslimsnwyl eneara, polgcondeneakybenproduatsdiofy dhex pbowg ene,

' -di hydroxy- m xyl ene, a, a'-di hydroxy-o-xyl ene, 20

' - diptetrhoky - wi kly| @hdehwdas, dreevhexyeminygl ebé spheaocl A novolac

i met hoxy- o-xyl ene, a, a'-di et hoxy-p-xyl ene, a,a'-diethoxy-m xylene,
a, a' - dimtdioxy- occrg$ehenovphacdrenipsopordytpexyliére, Preferred phenol
a, a' -di -n-propoxy-mxyl ene, a,a'-di-n-propoxy-o-xylene, a,a'-

di 10soprepioxycpr Xy eagent, ahidh- eseproporyciei}yenvaidab'lediinc2hde,

i sopropoxy-o-xyl ene, a, a'-di-n-butoxy-p-xyl ene,

a, a' - difout:cemyp he xyPeaeol ata' LER8AZbuPbrypeobikyl 8A@822, Phenolite TD-
a, a' -diisobutoxy- p-xylene, a,a'-diisobutoxy-mxylene,

a, a' - diZzcnbutPxynol Xyéenb;r2149, Phenolite VH4150 and Phenolite VH4170

a!
a1
a1
a,
di

(trade names, manufactured by Dainippon Ink & Chemicals Inc.).

[0023]
15 A phenol resin having a hydroxyl equivalent of 150 g/eq
or more 1is preferably used as the curing agent (b). The above

phenol resin shall not specifically be restricted as long as
it has the value described above, and the resin of a novolac
type or a resole type is preferably used because of an

20 excellent moisture resistance reliability.

The specific example of the phenol resin described above
includes, for example, a phenol resin represented by the
following Formula (I):

[0024]

25 [Formula 2]
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'-di-tert-butoxy-p-xylene, a,a -di-tert-butoxy-mxyl ene,

a,a

a,a' -di-tert-butoxy-o-xylene and the |like. Anong them preferred are
a, a' -di chl oro-p-xyl ene, a,a'-dichloro-mxylene, 5

a, a' -di chl or o- o- e, a,a -dihyd - p- Xyl ene,

d

i hydr oxy- m xyl a, a' -gsydr ox
xyl ene, a,a'-di g}kpﬁggﬁa e. {
The above xylyl onpouTsS ma =Xt ure 5# t wo
or nore Kinds aheredf. 10[ 0029] it en the phengt, conpound and
t he xyl yl ene é@n%ound each descmb)@d ab%e are react d),“ they are
reacted until the xylylene conpound which is the raw materi al
substantially disappears at 50 to 250C under the presence of an acid
15 cata¢d¢§ fnd t he reaction conposition becones constant. The
acid catalyst includes nineral aci ds such as hydrochloric acid,

sul furig, %oxyllo%gng{w%' tﬁgﬂ §$€ ?2 | Erapd g %gdtpgpkéggnts a

organic car c acids as dime urlc aci
di et hyl I f
acia, de Eo 84 JEhede ?“?§5533§§Ca?§ oABehe BE e ko 10

trigl “Oc,f Qf%érggﬂgfrﬁéfogl ?Ygfig S‘Tﬂgihgrbhﬁg afil a7 Q@kg‘i' gSI ng glhange

resi NS suc anesu nic aci n exc t he

L;EEfaé¥@§%§¢% Bone BRaEEEPE” §?g§§h|§§ S §%§8 B hrreden
?Sbl.ié§%>;8P.S§%aﬁ@$§ ntF oo iR toshiBe 41 Ep) YnahRin  PHpRtRbHEs Gn
reaCthp'ééég}lék houggogepgﬂglrgbéggtp el W resin shall not

specifically be restricted as long as it meets Formula (I),
10 and it has a water absorption coefficient of preferably 2
mass % or less after put in a constant temperature and
constant humidity bath at 85°C and 85 % RH for 48 hours from
the viewpoint of a humidity resistance.
Further, preferably used is the phenol resin in which a
15 heat weight loss (heating rate: 5°C/minute, atmosphere:
nitrogen) at 350°C measured by means of a thermogravimetric
analyzer (TGA) is less than 5 %. If the heat weight loss is
less than 5 %, volatile matters are inhibited in heating and
processing, whereby a reliability of various characteristics
20 such as a heat resistance, a moisture resistance and the like
is enhanced. Further, the equipments can be reduced in
contamination caused by volatile matters produced in working
such as heating, processing and the like, and therefore it is

preferred.
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*

materials and the reaction tenperature, approximately 1 to 15 5
hours, and practically it may be determ ned while tracing the
reacti on conposition by neans of GPC (gel perneation chronmatography).
When usiﬁ% %gceptionally a hal ogenoxyl ene derivative such as
a,ce-dié Ka, -p-xyl ene, the reaction proceeds under the absence of a
catal yst whil e generating a 10 correspondin dr ogen li.de and
therefore an Tz’a PRERA y‘quJi% ?ﬁﬁr?%ﬂgﬁ?%obylﬁg?ﬁ‘ég%t ﬁgf @%ggg,lag?ﬂe
reaction proceeds under the presence of_ an acid catalyst to geﬁerate
cor r espORTen GRS AP HeBhotOT | P F P Lact P BBFELRE: foPBEIPhe
phenol conpound to the xylyl ene conpound, the phenol 15 ongo¥nd S
used uSEEFARNH WEixdess X EhEL ¢hR CrFRARSIVbheRot Scendbtadens linkage
recovered after_ the reaction. In_ this case, the average nol ecul ar
vei ght FrOUR BB hdd Ak R 25 ancahdtyitt oprt heepRERBFREBNBEUAT,
and the phenol conmpound which is present in npre excess provides the
phenol &Es FHBANF a 89 GRenCdydreigd FAARE IR . 1% or
resin in which a phenaol_ conpound part _is al|yphenol can be obtai ned,
for ex&HFI®Llsmy M ifet RO i S TWETHRRA pRlendfr+e3si ACEABF REBE t o no
allylation is produced and in which this phenol resinis reacted with
ally' Rades %ﬁﬁw?XtM%FﬁQ#zﬂW%W19¢%?al£9¢-é5 ether by O aisen
transfer. [0030] The exanpl es of the am nes include
al i phatic or "&esndticc PSR F &iiTh <SP LIRIHRE Yo vesuld eft) ary
am nes, quaternary ammonium salts, alicyclic am nes, guanidines, urea
deld vatierss ibed 3hoVs Kdes WIRA ekarptRRivAtior %b%@eﬁ%%nﬁﬁﬂﬁﬁsr?ﬁépudé
N, N 5 benzyl di met hyl am ne, 2-(di nmethyl am noneth I%phenol,
tris(dpP nghiamsistthyih bl 1s teke %}’g@laﬁgﬂ ngd to 0.30/0.70,
tri et hanol am ne, N,N'-dinetﬂyggiperazine, 1, 4-
di azabmeye 2 e radet dheb 540 833 5z abi 390 of B, 4fertirepnpeeépsably
1, 5-di azabi cycl o[ 4, 4, 0] - 5- nonene, hexanet hyl enetetram ne, 10
pyri di Re 80gi0cal e Gidrq f heanpyrantie harlyiree kgrahty oheXyf anf he,
di met hyl hexyl am ne, cycl ohexyl am ne, diisobutyl am ne,
di - n- b&ey Cadidd® . 3h phédythei e endimchyladriio ifed, 1 rin s gRrigsa ne,
tri-n-octylamne, tri-nbutylam ne, triphenylan ne,
t ety amdelyiralpeshiaevshl ditieleadhiess e rrirepans dneni en brondded in a
t et ranmet hyl ammoni um i odi de, triethyl enetetraam ne,
di am nedirghgnpinegtelrdns, di am nodi phenyl et her, dicyanedi am de,
tonIbi?ggng?e, guanyl urea, dinethylurea and the |ike.

2 :

The phenol compound used for producing the phenol resin
represented by Formula (I) described above includes phenol, o-
20 cresol, m-cresol, p-cresol, o-ethylphenol, p-ethylphenol, o-n-
propylphenol, m—-n-propylphenol, p-n-propylphenol, o-
isopropylphenol, m-isopropylphenol, p-isopropylphenol, o-n-
butylphenol, m-n-butylphenol, p-n-butylphenol, o-
isobutylphenol, m-isobutylphenol, p-isobutylphenol,
25 octylphenol, nonylphenol, 2,4-xylenol, 2,6-xylenol, 3,5-

xylenol, 2,4,6~trimethylphenol, resorcin, catechol,

22



[0031] 20The exanples of the im dazole conpounds include imdazole,
2-ethylim dazol e, 2-ethyl-4-nethylimdazole, 2-nethylimdazole,
2- phenyl i m dazol e, 2-undecyli m dazol e, 1-benzyl-2- nethylim dazol e,

2- hept ad | im I 4 5-di Lim I = met hyl im i

S Do e Bl e8RS 5 ROUDRRRYEIY) BABReBy1BHIRLY! Wm0,

2- hept ad lim | i 2-1 limd I -

R I R L R

1- imd I dt i ke. [0032 Th I f th

bt L I RS T GaBCRRVNEPERSTnnbaPeaey RBsaRar SoriAtenetol, "
hydri de, llitic 5 dianhydride, b h t et b I

i )

conpounds .can be. use ou royi di ng_any specific r ri ctions .as

| ﬁg‘é aslf«le%%@“%?%l aooﬁlgﬁﬁeﬁngneirgagﬁﬁMﬁ@ﬁﬁ@oérggﬁg 2B oan
ey include, for exanple exame sphori ¢ i am de

(11 Ldi CHIDr Dbk SpyISASHESpHAR Y BT TSR Bpr byl JCBROSBHEREROL | BRenyl

pLngL?te,r%Eing¥;1I 8?08 hat e, ﬁhenﬁlﬁgogéhéﬁiz éoid? IB i

t ri pherfytpHosphfne’ ©ert: nPBat §PBhoSPHI hEF 15 phenyl phosphi ne and

the like. The_above curlgg agents can _be used al one

or in ,
conbi nati on. JH3#OVe Phenof| cBPAYRdRoliAY BE Pﬁ@daBEQBeCBFiﬁB a

agents shall not specificall restricted as long as they can all ow
agcuriﬁbPXture of two or morg E?nds tkereo%. 9 y

10 [0028]

Xylylene dihalide, xylylene diglycol and derivatives
thereof which are shown below can be used as the xylylene
compound which is a divalent linkage group used for producing
the phenol resin represented by Formula (I) described above.

15 That is, they include o,a’-dichloro-p-xylene, o,a’-dichloro-m-
xylene, o,a’-dichloro-o-xylene, o,a’-dibromo-p-xylene, o,ca’ -
dibromo-m-xylene, o,a’-dibromo-o-xylene, o,a’-diiodo-p-xylene,
a,0’ -diiodo-m-xylene, o,o’-diiodo-o-xylene, o,a’ -dihydroxy-p-
xylene, o,o’-dihydroxy-m-xylene, o, o’ -dihydroxy-o-xylene,

20 o,0a’' -dimethoxy-p-xylene, o,a’-dimethoxy-m-xylene, o,a’ -
dimethoxy-o-xylene, o,a’-diethoxy-p-xylene, o,a’-diethoxy-m-
xylene, a,a’-diethoxy-o-xylene, o,a’-di-n-propoxy-p-xylene,
o,a’ ~-di-n-propoxy-m-xylene, o,a’-di-n-propoxy-o-xylene, o,o’ -
di-isopropoxy-p-xylene, o,a’-di-isopropoxy-m-xylene, o,a’-di-

25 isopropoxy-o-xylene, o,a’-di-n-butoxy-p-xylene, o,o’-di-n-

butoxy-m-xylene, o,a’-di-n-butoxy=-o-xylene, o,a’-diisobutoxy-
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20 reaction of the epoxy group to proceed, and it falls in a range of
preferably 0.01 to 5.0 equivalent, particularly preferably 0.8 to 1.2
equi val ent per equival ent of the epoxy group. [0035] 25In the epoxy

resins and fhe curing agent t hose in which a conmpQu havi ne

nut agerff c)f%/(?n?br o‘éfgrrp el,sof)q%%%}@ﬁol? Wlf%ne’nofx’ﬁsggﬁé%gbﬁ&é)fpé%oeg(ylene’
since they, exert spaller effect on the environnent and the hunan

bod o5 AT - TRECTPYRORIT BC AR EonBotnd CLOF Sreeh by e BHadd 5
invention js preferapbly inconpatible with the epoxy_ resins fromthe

vi eapoitn®’ S SEP LT BRERKYGPT v 8ReaRES EDE Bidher 1JMARE Bhen,
reliability at high te rature, and it includes, far exanple, acryl
base cdpof ed ﬁ%b‘épg%ﬂ&ﬁhiQrQEPyF‘Ynl&BSer P‘r&‘cr‘ﬂl&?ﬁtorri?@‘xyﬁene'
but adi ene rubber. silicone rubber 9nd,the like, 10 silicone, resins,

si | Pcorfe-¥oot FRICFRsPREYLERA a&/ &1 MALBNErRENT Pr a8y 1581y afi-@éini de and
the like, polyurethane, polyinde, palyimdeamde and the l.ik

| neompati B TS5V e TRV L RRSapbx) T Gy bS5 ABEDEn t § P SIS Ry P~
hi gh nol ecul ar conpouynd (c) and the epoxy resin are separated into

t wo pha@é]s‘?n%[%o%m?)T lmeghox’fﬁ@‘ﬁiy ﬁnﬁnﬁééuﬁaﬁ COAPELRGxycpP-xylene.
containing a reactive grou functional group). and havi a wei ght
aver age nnleéUFéﬁﬂ%%Y%h¥y%$l @%,@@BPBPnﬂgr@agsbBrBFﬁgréggn?hQr I a
reactive group includes, for exanple, a carboxylic 20 acid group, an
acryloy?l%%QRELOQ.%%?h%ﬁr?PB?lkbpgﬁp?hﬁﬁeﬁﬁino group, a hydroxyl
group, an(ﬁggxy group such as a glycidyl group, an episulfide group
and®t he 199! 1f the functional group nononer is acrylic acid of a

carboxylic acid type anong them cross-linking reaction is liable to
proceed, and "85 thiRheen! | FOTRRUAdhRRAVENSt XEAYLANPSCATBAYRE §B6ht

in a certain case due to gelation in a varnish state and a rise in
described above are reacted, they are reacted until the

xylylene compound which is the raw material substantially
disappears at 50 to 250°C under the presence of an acid

15 catalyst and the reaction composition becomes constant.

The acid catalyst includes mineral acids such as
hydrochloric acid, sulfuric acid, phosphoric acid,
polyphosphoric acid and the like; organic carboxylic acids
such as dimethylsulfuric acid, diethylsulfuric acid, p-

20 toluenesulfonic acid, methanesulfonic acid, ethanesulfonic
acid and the like; superstrong acids such as
trifluoromethanesulfonic acid and the like; strong acid ion
exchange resins such as alkanesulfonic acid type ion exchange
resins and the like; superstrong acid ion exchange resins

25 (trade name: Nafion, manufactured by Du Pont Co., Ltd.) such

as perfluoroalkanesulfonic acid type ion exchange resins and
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the curing degree in a B stage state. Accordingly, glycidyl acrylate
or glycidyl nethacrylate (hereinafter referred generically to as
glycidyl (meth)acrylate) having an epoxy group is nore preferably

used as ﬁ¥kgatggtgkaiogpghgggkﬁgt§6ggggﬁﬁkér e g%%dWEl%brlnglng

V|emp0|n t hey "are no a ﬁerlo unti

about t em &S | 0 pox ntalnlng acryl copol yner having
a meigh ver%%%P%DFQ%HFa?n§egéﬁt o €100, 000 or nore is further

preferably u d as_the. hi gh. nol ecul co und (,¢) used._in the 10
present inven %wfe%%%l%% bﬂ%nfs(c gpgﬁp?ﬂé é?e?@ngh nv&ition is
?2$ aLB?r%m%’wgai SR R PeeTarre tﬁ%ﬁ%ﬁ'a@g%%'fﬁg‘%%{r%%“ Risad da 1o 15
O ofp- ST i 1R Laﬁ%‘ﬁycﬁ?%?f-&e%s%fs%ﬁ'fﬂ'ﬁgehi%%: irgeediraiho the
SaFBS“QrS%%Jﬂiﬁn“ﬁg%é?%é?égﬁip&rﬁ%n%%#%%é%gm 8P @ N teEhndar o
oThe. XeTgA b%%%¥€%¥ T iRReos 5 SRty Eong by 1 ap P oBgoEytene

| b nd,t d th
Sﬁggeys %ﬁ%v%€r¥%r$€ﬂ e%%e Xplry ngEB€PSSQF gﬁ%geigeg%ﬁ€§| acry

| t t .
copol VROt b yRagt: bRargsh @Eg‘i%y%ﬂﬁﬁwﬁ LR
th | ate and oni t | d f
il St dtngIBYaPSueh, b1y a%g%é@‘%begs 2oF s é?lca%eﬁw >
t hacr yl at | onj tril the |jke. Th
Sﬁmif%ﬁaﬁv%t ar‘l’é‘rtsééeﬁa?é‘& ye raﬁhe?&%?ai%%a% G Y ¥ttt PBnal

group and having a .5 glass transition te ture (hereinafter
abbr eviBR¥E 1%ﬁder the presence of an c1 catalyst to generate

corresponding water and alcohol. In a reaction mole ratio of
the phenol compound to the xylylene compound, the phenol

15 compound is used usually in excess, and the unreacted phenol
compound 1s recovered after the reaction. In this case, the
average molecular weight is determined according to an amount
of the phenol compound, and the phenol compound which is
present in more excess provides the phenol resin having a

20 lower average molecular weight. The phenol resin in which a
phenol compound part is allyphenol can be obtained, for
example, by a method in which a phenol resin subjected to no
allylation is produced and in which this phenol resin is
reacted with allyl halide to turn it into allyl via allyl

25 ether by Claisen transfer.

[0030]
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of -50C or higher and 30C or |ower, preferably -10C or higher and 30C
or lower and having a wei ght average nol ecul ar wei ght of 100, 000 or
nore are particularly preferred since an adhesive property and a heat
resi stance arg high. 10The gl ygidyl .group-containin met h) acr.yl .
Copol ymer corti revmers; g Lirerhi Jery RaEL0ed Ba8paMS hor traromat ic
conponent ., and having a meight avergge nnlgcular meigpt of 100,000 or
more cdtt HEhY odfitBESasSREPPIBY YsAME A6y LEFEAATNg A RS Tomd TR e
nononers descri bed. above, .or conmercial 15 proggcts (for ex%%ﬁég,.
HTR- 860HFYRONIHR 880PS5 ahdCYALIF RBIDREnUEREPILEASHy NGRS & fteXes
Corporation) are available as well. [0039] In the high nol ecul ar
compour”Pq Ghe t hEkfunbEre 1Xampbes uptt FRRaRPYYBURCBREIPES apl et HEEt Nol -
a cross-linking density, and_therefore_an anount of the functional

gr otip- O Y hi HEC FBNOABE NG5 ed ~ A4 1PRENVARTARCBETAY LARGSRR Lansurfy C6t

the repetitive unjit_containing_a functional groug are caontai ned

pr ef er abT{S (dHmabhY bariRemGEREhAPREREA / t hEtreBphhydayaniflizess
proportion of 0.5 to 6.0 nmass % based on the copolyner when the high
nol ecul &1 eehpoeh@ri’eobValNned MR tEKePLBRPRRGA TS dofdl yner of pl ural

nmononers. [0040] An anount of glycidyl (meth)acrylate used as
t he coﬁﬂﬂﬁﬁﬁl%%%%%é?'%n%]aﬁtéﬁﬁunﬂ'érdﬂﬁéaéP§EF&9ﬂ5gﬁ@ g ’sundecene,

containiqg repetitive_unit are contained Rreferabl in a ,
1,5-diazabicyclo[4,4,0]-5-nonene, hexamethylenetetramine,

10 pyridine, picoline, piperidine, pyrrolidine,
dimethylcyclohexylamine, dimethylhexylamine, cyclohexylamine,
diisobutylamine, di-n-butylamine, diphenylamine, N-
methylaniline, tri-n-propylamine, tri-n-octylamine, tri-n-
butylamine, triphenylamine, tetramethylammonium chloride,

15 tetramethylammonium bromide, tetramethylammonium iodide,
triethylenetetraamine, diaminodiphenylmethane, diaminodiphenyl
ether, dicyanediamide, tolylbiguanide, guanylurea,
dimethylurea and the like.

[0031]

20 The examples of the imidazole compounds include imidazole,
2-ethylimidazole, 2-ethyl-4-methylimidazole, 2-methylimidazole,
2-phenylimidazole, 2-undecylimidazole, l-benzyl-2-
methylimidazole, 2-heptadecylimidazole, 4,5-diphenylimidazole,
2-methylimidazoline, 2-phenylimidazoline, 2-undecylimidazoline,

25 2-heptadecylimidazoline, 2-isopropylimidazole, 2,4-

dimethylimidazole, 2-phenyl-4-methylimidazoline, benzimidazole,
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proportion of 0.5 to 6.0 mass % based on the copolyner. If they are
contained in a proportion of 0.5 mass % or nore, the higher adhesive
strength can be obtained, and fromthis point of view, they are
containfd in a gﬁ§ orti,on of nore ably 10 0.8 nass % or nore,

f
further- préfers ymkgazo fo?nﬁoFgge&ﬁ&Fhe other hand, if they are

containeF é? proportion of 6 mass % or |ess, noderate cross-1linking
of the g 9 '%ﬁl group takes place, and therefore gelation can be

i nhibited. Fromthe vi oi nt descri hed abqve, the re contained in
a proportion ?%?o?xﬂ%nggrQ ngSI9Cé.5apgy ?édﬁﬁsé%ﬂguﬁﬁr alic
preferably 0.8 to 5.0 mass % based on the copol yner. Al Kkyl.
(et h) a%mw‘g%édﬁavbﬁzjaaﬁdapp9|t%eﬁ&&p aﬁimiﬁddfrt & Y& g lddrt &t ons and a
m xt ur e _of stérene and acrﬁlonitrile can_be used. Anpng them etmﬂ
(meth) et §TRYRr 448/ oPeBEPPRCPRBERPACRFREPE XA d paiEntYdRide Zmd the
preferred. The m xing proportion is controlled preferably considering
Tg of t%bk%opolyner. If Tg is -10C or higher, the adhesive |ayer or
the adhesive filmin a B stage state can be reduced in a tacking
property[%%%31nproved in a handling 25 property. The polynerization
met hod shall not specifically be restricted and includes, for
exanpl e, peartR®oPYFRT1SaPRORPROEBEUEPBROPBAYNERNZREI HFSald tPRET | ke,
and the copolyner is obtained by these nethods.. [0041] A wei ght
aver agePFRY 84N ar 20Ki GRECHE LENECRILGR CRrOPBEURSr 19N RSothEY GFS s
preferably 100,000 or nore, nore preferably 300,000 to 3,000,000,
fuﬂ@herpkﬁ%ﬁ%?ﬁ%ﬁyCQEBQBBéStBaY}BGOPGGén&ﬁdgﬁ&PPﬁcu@&ﬂl}hﬁﬁéﬂ@FéW@F'
500, 000 to 2,000,000. If the weight average nolecular weight is
100, 000EQF %%@@pig,sbg§ﬁ@@ﬁhylphosphorlc riamide,
tri(dichloropropyl) phosphate, tri(chloropropyl) phosphate,
triphenyl phosphite, trimethyl phosphate, phenylphosphonic
acid, triphenylphosphine, tri-n-butylphosphine,
15 diphenylphosphine and the like. The above curing agents can be
used alone or in combination.
[0034]
A blending amount of the above curing agents shall not
specifically be restricted as long as they can allow a curing
20 reaction of the epoxy group to proceed, and it falls in a
range of preferably 0.01 to 5.0 equivalent, particularly
preferably 0.8 to 1.2 equivalent per equivalent of the epoxy
group.
[0035]

25 In the epoxy resins and the curing agents, those in which

a compound having no mutagenicity, for example, bisphenol A is
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and a flexibility of the sheet and the filmcan be enhanced 10 and a
tacki ng property thereof can be inhibited fromincreasing. On the
other hand, if it is 3,000,000 or less, the flow property can be

i nproved,_ and the follown roperty toirre Iarih%es of_.th

adher oftP P B SHRGRECHCT [ 8451 HE8] FNBYbPERUENGRaNbERt SGf SChe O e

nmol ecul ar conpound (C%, assum ng that a total mass of the epoxy resin

(a) an®HeAUReHy ayenERephuRanskpdissSA and that a mass of the high

nol ecul ar__ conpound (c) is set to B, aratio AABis preferably 0.24 to

1.0. If t49%3%bove bl ending proportion is 0.24 or nore, 20 a reduction

in the elastic nodulus and an inhibitin& effect of the flow property

in nol di ng arB®btighdiwelesiiiae SPRRPURANHC) i ¥See LB The BFSFeBs, the

handl i ng property at high tenperature can_be enhanced. [0043] 25The

adhési Vi comptei t i orPeeLeRab by esrfemPatéht PoniEAnthe BPexdedFdRther,

if necessary, with (d) a filler and/or (e) a curing accelerating

agent . Touusthaneiewvpeertsdefi acloveslafibigahve BRI PERSSANG BLGRALEY

fillers, and the inorganic fillers are preferably added from5 the

vi ewpoiditd afrehiaintl hey aahahdghngepreparuyer haRdolit iLRpludrRg £RE

t hermal conductivity, controlling the nelt viscosity and inparting

t he t his¢ARkRC 3F rlpgse copolymers, rubbers such as acryl rubber,
acrylonitrile butadiene rubber, silicone rubber and the like,

10 silicone resins, silicone-modified resins such as silicone-
modified polyamideimide and the like, polyurethane, polyimide,
polyimideamide and the like. Incompatibility with the epoxy
resin means a property in which the high molecular compound
(c) and the epoxy resin are separated into two phases.
15 [0037]

The high molecular compound (c) containing a reactive
group (functional group) and having a weight average molecular
weight of 100,000 or more is preferred.

The reactive group includes, for example, a carboxylic

20 acid group, an acryloyl group, a methacryloyl group, an amino
group, a hydroxyl group, an epoxy group such as a glycidyl
group, an episulfide group and the like. If the functional
group monomer is acrylic acid of a carboxylic acid type among
them, cross-linking reaction is liable to proceed, and a

25 reduction in the adhesive strength is brought about in a

certain case due to gelation in a varnish state and a rise in
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The inorganic filler shall not specifically be restricted and
i ncludes, for exanple, alum num hydroxide, magnesi um 10 hydr oxi de,
cal ci um car bonate, nagnesi um carbonate, calciumsilicate, nagnesium
silicate, calcium oxide, nmagnesium oxide, aluni num oxide, alumn
ni tri detDe CivF Hith BBFEEE &ﬁl§k@r5t88?oﬁtﬁF€r|d%CC%F9§F§FVrn81¥FFH§;
anor phous silica and the |ike. They can be used alone or in
conbi n@Gon dke LM Bt YRHFELl1BekhAGEYLRELeIRETRLBRINEM SRTGE IS4 uni num
nitride, boron nitride, stalline silica and anorphous silica are
nor e pr%ﬁ!@%@aﬂbnt@héswiméiiml shethprevivAgtehe beNdngalan epoxXy
conductivity. Al um num hydroxi de, nagnesium hydroxide, calcium
car bonadeQUprayheBd Uén Raebenabdy vakdi am 8i rawamétemgrle@amt@nel ihdathe,
20 cal ci um oxi de, nagnesi um oxi de, al um num oxi de, crystalline silica
andSanumphetisl af | ¢empanednbrenpthteriedPPiom thétvtémoianrﬁs neft
controlling the nelt viscosity and inEartlng the thixotropic
proper tyrought aboufheroggnarsodi hhéi li beindésgvabuls thebbds long.
fillers, and 25 they include, for exanple, acrylonitrile butadiene
rubber A |¢Rexy GFoWRoAntabbéngf REFELscandlyner he¥inghey weight
effective for enhancing the flexibility at |ow tenperature and
provi diakendge ol etasat cwebdbtusf [0048P0The fpkkeds( dnrithernor e
preferably a contact angle of 100 5 degrees or less with water. If
the commxicralyly wiedh aatehei Bighomdégreésrorompesndan caddiseidonn the
effect of the filler can be enhanced, and if it is 60 degrees or
| ed8, paresent ainvenbiehf ectheofcimprmanihg(¢theused | bw tesi srasert gr ows
high and is further preferred.

invention is obtained by carrying out polymerization in

polymerization reaction for obtaining the high molecular
compound so that the unreacted monomers remain or can be
obtained as well by adding a reactive group-containing monomer

15 after obtaining the high molecular compound. The weight
average molecular weight is a styrene-reduced value obtained
by using a calibration curve formed with standard polystyrene
by a gel permeation chromatographic (GPC) method.

[0038]

20 The acryl copolymer includes, for example, (meth)acryl
ester copolymers, acryl rubbers and the like, and among them,
the acryl rubbers are preferred. The acryl rubbers are rubbers
containing acrylic ester as a principal component and
comprising mainly a copolymer of butyl acrylate and

25 acrylonitrile and a copolymer of ethyl acrylate and

acrylonitrile. The copolymer monomer includes, for example,
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10The filler (d) has preferably an average particle dianmeter of 0.005
to 1 pm nore preferably 0.01 to 0.1 pm If the average particle
dianeter is 0.005 pmor nore, the dispersibility and the fluidity can

be inmproved and if it is, 0. m o €ess, e_adhesive property can be
Cror v O, 15 kblabee SHOVE Brrvhateri FeEhyi ACRALEES) s HREaYr oq by
the followng nethod. The filler_is nmolded by conpression to prepare
a flatWﬁ%ﬁ%ﬁr¥&ﬁF%!d?%ﬁy%@n%5¥é}ei§n¢aFP§nl{ﬁ§reon to nmeasure an
angle at which the drop of water is brought into contact with the
flat plate by hMeaHsrvF GPRIOWBRES afheahdted. U2 B qvBRa§e®vafue
obtai ned by carrying out ten tinmes the above neasurenent is used as a
val ue dfly®idebniBethhagrelateoas)a functigeajpgyeup pREr hpNerddés
silica, alum na, antinony oxide and the |ike. Nano Tek Si 02 (trade
name, rEmFaciiaRYlbiow, femperabyee pereipgftesopbheevangre: 253T9)
degr ees, aver%ge particle dianeter: 0.012 pm and Aerosil R972 (trade
nane, ufet@red hbgher ppod Aerespr tewerptBarefespbayt ~4Aglfeors3
degree, average particle dianeter: 0.016 pnm) are commercially

avai | allliegher sand c30  Qap Tewen 208 hevade aanelghtnavaeadeedopgcelpr
Kasei Co., Ltd., contact angle: 55 degrees, average particle 5

di anet afeiqh D3zt ph§0i Q0@ cwFreReral aye anart aBléansyaPuaiAAT cdnd 1l PATOROU
(trade nane, manufactured by N hon Seiko Co., Ltd., contact angle: 43
degr ee 2 AT HR: POReElre anAnetleeat oresiphnes esmmBighal |y avail abl e
as antinony trioxide. [0047] 10A bl ending amount of the filler (d) is
préferably 1 The 30 yardwl Hr osChsein brd 100ebalaerpy gerelyherhe
epoxy resin (a) and the curing agent (b). If this blending anount is
50 par tGPTHA iessg g lyebdyl t heetidhesrybatanapear edpeddmeh BOBOBLAgE

el astic nodulus and inproved in an adhesive property. 15 Fromthis
poi nt cfompaent rard fhandihge awelant | svepage pretecubby Bedghfioopart s
by mass, particularly preferably 10 to 30 parts by nass. However, an
exposi AP, it ar e teardoanerodficedt @8 vall obyi gitabopt fedpcting
wavegui de depending on the filler to exert an effect on a resol ving
proper tay mgfnanteyr from the monomers described above, or commercial

15 products (for example, HTR-860P-3, HTR-860P-5 and the like,
manufactured by Nagase ChemteX Corporation) are available as
well.

[0039]
In the high molecular compound (C), the number of a

20 functional group exerts an effect on a cross-linking density,
and therefore an amount of the functional group-containing
monomer used as the raw material and an amount of the
repetitive unit containing a functional group are contained
preferably, though varied depending on the resin used, in a

25 proportion of 0.5 to 6.0 mass % based on the copolymer when

the high molecular compound is obtained in the form of a
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20 optical waveguide in a certain case, and therefore when an optical
wavegui de is prepared by build-up, this is preferably taken into
consideration to suitably control a content of the filler. [0048]
25The curing accel erati ng_agent %e) shall not specifically be
restri SRPIARGTf8F BXHAPLeMOPEPEESry ani nes, imi dazoles, quaternary
amonium salts and the |i ke can be used. The i m dazol es
i ncl ude @ﬁﬁﬁ?hylinidazole, 2-ethyl-4- nethylimdazol e,
1- cyanoet hyl- 2- phenyl i m dazol e, 1-cyanoet hyl- 2-phenyli m dazolium
trinellitate BheReentiRE. g9¥rneydran (Beth) assylargnesgr A& E&bi nati on
of two or nore kinds thereof. For exanple, 2E4MZ, 2PZ-CN and 2PZ- CNS
(trade ¢rpRLYNEENUPEENEF edNPy 2BhRROKT tCRENLES §1@sAgorHadremP ar e
comercially available as the im dazoles. [0049] 10The curing
accél ereen i niedt repstpEéver by argocenteanery emetfierabileivdd @ t hat
the filmis extended in a use period. The representative exanpl es
t her eofP¥oRPLEECH| efaRdPafiPdé . Odmayar &z basetorpolih@s COPSH Y& radi pitc
di hydrazide and the |ike, guanam c acid, nelamc acid, addition
conpourfdde vfaepox9ntainedpdindsParBOr L8z 6ife Oc SnPESHdS, Cadd@ioticon the
conpounds of epoxy conpounds and di al kyl am nes, addition conpounds of
am nes highehi adkealvadatrepatborpoukgs obtaaiehes aaad firesc jrdnst &9 iatd
the |ike. The curing accelerating agent assunes preferably a
struct ke ofewn bladvcereypentponedhenvieerporettikat ofhaoze aeiwnaply
at room tenperature (25C) can be reduced.

10 0.8 mass % or more, further preferably 2 mass % or more. On

the other hand, if they are contained in a proportion of 6
mass % or less, moderate cross-linking of the glycidyl group
takes place, and therefore gelation can be inhibited. From the
viewpoint described above, they are contained in a proportion

15 of more preferably 0.5 to 5.0 mass %, further preferably 0.8
to 5.0 mass % based on the copolymer. Alkyl (meth)acrylate
having an alkyl group having 1 to 8 carbon atoms and a mixture
of styrene and acrylonitrile can be used. Among them, ethyl
(meth)acrylate and/or butyl (meth)acrylate are particularly

20 preferred.

The mixing proportion is controlled preferably
considering Tg of the copolymer. If Tg is -10°C or higher, the
adhesive layer or the adhesive film in a B stage state can be
reduced in a tacking property and improved in a handling

25 property. The polymerization method shall not specifically be

restricted and includes, for example, pearl polymerization,
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[ 0050] A bl endi ng anount of the curing accel erating agent (e)
is preferably 5.0 parts by nass or less, nore preferably 0.05 to 3.0
parts by mass and further preferably 0.2 to 3.0 parts by 25 nass

based tal 100 parts_by. f th ' d the.
cur i ng SRET (PO LR e kiGRaFR] RBuhLRPe 878 APt CORDY AEds o
| ess, t f tability js.i d, and th d pot life i
bt ai n&PTTIRAI[OR Hhghe rBFERRNEr wei ghi resin which i 5 compatibl e

with 5 the epoxy resin can be further added to the adhesive
conposit'qgﬁ%k the present invention fromthe viewoint of enhancing
the flexibility and the refl ow crackjng resistance, The hjgh

mol ecul ar weifyHeYEsF A RF 2% | BOLRTHART BVRLGRE nOF hER&pBX R BSL ACEAAF)
not specifically be restricted, and capable 10 of being used are, for
exafipl €My (¢ bst HbT R GRAHBY oL AP ap OfeP GhEOEBox FOF B PRE £edRPILY

hi gh nmol ecul ar wei ght epox¥ resins, functional group-containin§
rubber SHWINY B0 h? gPOPoP 8P i t FUTERREL PERAFPTEPSUP4AL8nPAPNHIERY 2r 8RO OPE
rubbers having a high polarity and the like. 15[0052hﬂ

Phenot cHtd Bkl Phepbe bREaPYP- BB0(PPEAdEonanB 80, RAAUf akt uFRE by
Tohto Kasei. Co., Ltd.), PKHC, PKHH and PKHJ (trade nanes,

manuf attQir Bt bV BT HC keSeLaht WeEght 18d190aPR0cBrMBPERAl PyStrength
avai |l abl e_as the phenoxy resin. 20The hi gh nol ecul ar wej ght epoxy
resin iaid wiesl e Yt hoF B abhaefhet epply thesthsmnadRnE a S RBRBEGPar
wei ght of 30,000 to 80,000 and extra_high nol ecul ar wei ght epoxy

redfns aifihg-ac kot e Rr AP hkY ghebpobxeardPRgiBhibdbedr érer to

Japanese Patent Publication No. 59617/1995, Japanese Patent 25
Publ i catSreaNbin%Go6 L8y 1dss o theyakeswd Patfentt Publ 3c@R ¢ oPOKer less, the

flow property can be improved, and the following property to
irreqularities of the adherend can be enhanced.
[0042]

15 In a blending amount of the high molecular compound (C),
assuming that a total mass of the epoxy resin (a) and the
curing agent (b) is set to A and that a mass of the high
molecular compound (c) is set to B, a ratio A/B is preferably
0.24 to 1.0. If the above blending proportion is 0.24 or more,

20 a reduction in the elastic modulus and an inhibiting effect of
the flow property in molding are obtained. On the other hand,
if it is 1.0 or less, the handling property at high
temperature can be enhanced.

[0043]
25 The adhesive composition of the present invention can be

blended further, if necessary, with (d) a filler and/or (e) a
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59619/ 1995, Japanese Patent Publication No. 59620/ 1995, Japanese
Pat ent Publication No. 64911/1995 and Japanese Patent Publication No.
68327/ 1995). In the case of the functional group-containing

reactive rubbers h ving.a high olarity, PNR-1 (trade nane, 5
manuf actUr' g by ISEEER pBP af SHE'i s commercially available as

car boxyl group-containing acrylonitrile butadi ene rubber. A
bl endi n nt of the high nolecular weight resin which is
conpatible with the epOXé%resin is preferably 4 arts by mass or

0, .
| ess per 100 T t51 bieFmsd) oinehiedepokjoreanrac iégllfarﬁt apd 269BALCs
by mass or less, Tg of the epoxy resin |layer can be enhanced. [0053]
Var i oust bk § ngarageﬁlﬂg taprgantgr thélesgdedet Breherappasppged from
conposition of the present invention fromthe 15 vi ewpoi nt of
i mpPovitdye afl swieeirbei af evhanséidednhanfiéngnPrRPRAS Yot hereot,
materi al s. , The coupling agents include silane base, titanium
base andRAQTH BNt basenebusli AgRaYeRiYI tindCPRETSILLARE BhSeMEdlpl i ng
agents are nost preferred. 20The sil ane base coupling agents shal
not spetiFseaty dedr&mpareied, thRdtRapabFersf BEPR§IGYed are, for
exanple, vinyltrichlorosilane,_ vinyltris(P-nmethoxyethoxy)silane,
vi nyl tri et hox3Rs g ganty| £ hef ndkgsi| Bak, specifically’ be restricted
ynmet hacryl oxypropyl tri nmet hoxysil ane, y- 25 . '
met hac rafthxijpt et BT de¥kehpbRy saluRénungbydraxide, magnesium
epoxycycl ohexyl ) et hyl tri net hoxysil ane, y- ‘

10 hydroxide, calcium carbonate, magnesium carbonate, calcium
silicate, magnesium silicate, calcium oxide, magnesium oxide,
aluminum oxide, aluminum nitride, aluminum borate whisker,
boron nitride, crystalline silica, amorphous silica and the
like. They can be used alone or in combination of two or more

15 kinds thereof. Aluminum oxide, aluminum nitride, boron nitride,
crystalline silica and amorphous silica are more preferred
from the viewpoint of improving the thermal conductivity.
Aluminum hydroxide, magnesium hydroxide, calcium carbonate,
magnesium carbonate, calcium silicate, magnesium silicate,

20 calcium oxide, magnesium oxide, aluminum oxide, crystalline
silica and amorphous silica are more preferred from the
viewpoints of controlling the melt viscosity and imparting the
thixotropic property.

The organic filler includes various rubber fillers, and

25 they include, for example, acrylonitrile butadiene rubber

fillers, silicone rubber fillers and the like. They are
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-

gl yci doxypropyl tri met hoxysi | ane,
ygl yci doxypr opyl net hyl di net hoxysi | ane,
ygl yci doxypropyl met hyl di et hoxysi | ane,
N-p- (anlnoethyl) am nopropyl tri met hoxysi | ane, 3-(am noethyl)-y- 5
am noprobieFei v é@ﬁe@ﬁ §9§Fpanéheyféﬁ?<h8|§|léﬁyl @ﬁ. ePMoXEEPesiFd Ure and
N- phenyl -y-am nopropyl tri met hoxysi | ane,
yrer cafRody bpyng r thet hewysikrahec VﬁéﬂéaﬁtopropyltrlethoxyS|Iane 3-
am nopr opyl met hyl di et hoxysi | ane, 3-urei dopropyltriethoxysilane, 10
3-urei doldt®1 t ri nmet hoxysi | ane, 3-ami nopropyl tri net hoxysil ane,
3-am nopropyl -tris(2-net hoxy- et hoxy-ethoxy)silane, N nmethyl-3-
ami nopr opyl t rTheet hibkdet | &k, h@$|mmrﬁopr©§9rab&yn@tﬁ@npgctanegle of 100
3-(4,5-di hydro)i m dazol e- 1-yl - propyl t ri net hoxysi | ane, 3-
met hacrgg okges opy| less nei hbxystkane, I B- fee caprbaebpyngleswith water is
met hyl di met hoxysi | ane, 3-chl oropropyl - net hyl di net hoxysi | ane,
3-chl orlj@ opgyyreiésrevhokgsEl anp, addépanopedpyrt pifethexydilllgre can be
hexanet hyl di si |l azane, N, 0-bi s(trinethylsilyl)acetam de,
met hyl tenmendecky séhdnef kit byl 6Pi deborysi banéeset hpbrtichlerdyi kane,
n- propyl tri met hoxysil ane, 20 isobutyltrinethoxysil ane,
anyl triefhferbsef aneprovingt thet hekyowl aneisphaayl growst hdgysiangnés
phenyl tri et hoxysil ane, nethyltri (methacryl oyl oxyet hoxy)sil ane,
met hyl tfuxgheei piye bxyyedl ane,
N- O- ( N-vi nyl benzyl am noet hyl ) - yam nopr opyl t ri met hoxysi | ane,
ocfladecyl di néthey | fBL125( td) neashyprefgriplvpyn] avevaganpahtocide, y-
chl or opr opyl net hyl di chl orosi | ane, y-
chl or optiopye et hyf dO n@@hokgysi| pme, mgre preferably 0.01 to 0.1 pum. If
chl or opr opyl net hyl di et hoxysi |l ane, trinethylsilylisocyanate,
di net hyitse |afre sogy grat ] chet dyasetgrt is5i 6o09anahepr more, the
vinylsilyltriisocyanate, phenylsilyltriisocyanate, 5
t et r ai shicyeenad 8311 ane, aed holkgsflanéitgocyganheeimpdovhd bhnkeifThéey isan
be used alone or in conbination of two or nore kinds thereof. [0054]
The ti tea yum basel ensipl ting adieas svehptbpaptyspeani becakpyoi@dbe A
restricted, and capabl e of being used are, for exanple,
i sopromdritracoctanpyd ¢ftanat 8ilisopwdpl| datethasr ybasagkdabgylkthe
titanate, isopropyltridecyl benzenesul foyl titanate,
i sopr oy i sosirepamoytidb@cr yilhd i fiidiadre,id saprdgay by | dahmes yphors phat e)
titanate, 15 isopropyltricunyl phenyl titanate,
i sopr opddpdrsd i oflat pyraphpsphat &) diop avatwatésopsopylltiehs€hereon to
am noethyl) titanate, tetraisopropyl bis(dioctyl phosphite) titanate,
t et r aoeted isd dirt ratery phrosphi¢le) thét@pepeof water is brought into
tetra(2, 2-diallyloxymethyl-1-butyl)bis(ditridecyl)phosphite

contact with the flat plate by means of a contact angle meter.

20 An average value obtained by carrying out ten times the above
measurement is used as a value of the contact angle.
[0046]
The above filler includes silica, alumina, antimony oxide
and the like. Nano Tek SiO; (trade name, manufactured by C.I.
25 Kasei Co., Ltd., contact angle: 43 degrees, average particle

diameter: 0.012 pm) and Aerosil R972 (trade name, manufactured

34



20 titanate, dicunylphenyl oxyacetate titanate,
bi s(di octyl pyrophosphat e) oxyacetate titanate, tetraisopropyl
titanate, tetra-n-butyl titanate, butyl titanate diner,
tetra(2-ethyl hexyl) titanate, titanium acetyl acetongte, polytitanium
hoety! derOLErE PEERF dntocr ylbe o PEorate id 195 Ok SRAhRE a A RiE e
ammonium salt, titaniumlactate, titanium/lactate _ethyl ester
titani RAEEHEhDI SAATAEREE: OpBLohy oRFE CRAMERCL Pddratyailetlsnésy
orthotitanate, tetraethyl orthotitanate, tetrapropyl orthotitanate, .
t et r ai sobbt§27 oNaRet T ekt Ahete, (t33&e yiamS « Bt et wred\BY t§ t hnaf@sel
nmononer, a cresyl titanate polymer, diisopropoxy- 5 .
bi s(2, £penthEd onateRtartapndiet | VP, dgOIresEr opyrRIBidsSt PRETHEAS ami no
titanate, octylene glycol titanate, a tetra-nbutoxytitanium polymner,
a t Pi - MIAReKSGE} t@ngé WBhosfeaPBIerpaPyAYr aVedilakleuex plivrdmaimand
nonostearate and the |ike. They can be used alone or in conbination
of two WATHETE kthdde1Damer eBpNUfBGETF eTheYaNdRCRUFEB&Se COoupllitsty -
agents shall not specifically be restricted, and capabl e of being
used aren§agrt exR@pee, 43| daPRaM cRERERESCBRPSLRAS Sdemeiser: 0.02" um)
et hyl acet oacetate al um num 15 dii sopropyl ate, al um num
tris(ethy| arenonetaalg) aval kpbdeepsacrtamenyl GxiipddA&i-i dopropyl at e,
al um num nonoacet yl acet oacet at e bi s(ethyl acetoacetate), alum num
tri s(acetQl%llet onate), al um num nonoi sopr opoxynonool eoxyet hyl
acet oacet ate, al um num di - n-but oxi de nonoet hyl acet oacetate, 20
al d4fi num di i Soprlopekine emmwet h9f atleobébliare (dhdisherefreabalusi @m0
al col ates such as al um num i sopropyl ate, nono-secbutoxyal um num
di i soprpyt sty masdi hasedeenblf | pastsabuninagm efhyhgt Xy tiesin
| i ke. They can be used alone or in conbination of two or nore kinds
t her eof (2)25md| eheli pgr inpuagedt theé- colpl tings dobendirg paedenbbis 20
parts by nass or |ess based on total 100 parts by mass of the

parts by mass or less, the adhesive can be reduced in a

storage elastic modulus and improved in an adhesive property.

15 From this point of view, this blending amount is more
preferably 5 to 40 parts by mass, particularly preferably 10
to 30 parts by mass. However, an exposing light is scattered
and reflected in forming an optical waveguide depending on the
filler to exert an effect on a resolving property of the

20 optical waveguide in a certain case, and therefore when an
optical waveguide is prepared by build-up, this is preferably
taken into consideration to suitably control a content of the
filler.

[0048]
25 The curing accelerating agent (e) shall not specifically

be restricted, and for example, tertiary amines, imidazoles,
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epoxy resin (a) and the curing agent (b) fromthe vi ewpoints of
effects thereof, a heat resistance and a cost. [0056] Further, the
adhesi ve conposition of the present 5 invention can be bl ended with
an ion scavenger fromthe vieTEoint of adio%bing i%nic impurities to
enhanceélU2 HeF LTy 2 PReRIMBnER L F&| PRAi FPBy 1 1¥Re CRONPECHFENGer shal

not specifically be restricted,_ and capab] e of being used are
compounds knoMif adikdazphes 10Ci AR b TBELRYE IRLARBPLPNg2c8HR¥E FAiom
bei ng ioni zed and eluted, for exanple, triazinethiol conmpounds,

bi spherts thakini@azel ag AgeWepoghbyiné-Phreylanddpged§anilc Gygmoethyl-
adsorbents such as zirconium base_and antinony bisnuth base nmagnesi um
al unmi nAnRImpstisdandl ive trikeeédatpEeused age\/\énk.e-A Pherdrag be
anmount 15 of the ion scavenger is preferably 10 parts by nmass or |ess
baséd oredr e sobylnmsembinghéordhéstve esnposet kéndsr sherget. For
vi ewpoi nts of effects obtained by adding, a heat resistance and a
cost. [GoBM1le0THe4MUr edPAnENepndf 2PReCHEhdsrddec BAPESIt MgRUSRCtREed
present invention has preferably a tensile elastic nodulus of 1 to 20
MPa at 4dhikeke HehembyalseferPerakrasn) canedarunersiad lypaval lebds,
the stress relaxation property can be enhanced to nake warping | ess

| i abl e 2% Wee bywidhzobddut . On the other 25 hand, if it is 1 MPa or
nore, generation of reflow cracks can be reduced. The
tensil e [0l ¢ nodul us at 240C is neasured in the foll owi ng manner.
First, the adhesive conposition having an initial length of 20 nmm (L
and%a t hi ckndd® cfumboltacoe erdsingradgent 1o refevakllioarppgentia

prepare a cured film This
from the viewpoint that the film is extended in a use period.

The representative examples thereof include dicyandiamide,
dihydrazide compounds such as adipic dihydrazide and the like,
guanamic acid, melamic acid, addition compounds of epoxy

15 compounds and imidazole compounds, addition compounds of epoxy
compounds and dialkylamines, addition compounds of amines and
thiourea, addition compounds of amines and isocyanates and the
like. The curing accelerating agent assumes preferably a
structure of an adduct type from the viewpoint that the

20 activity at room temperature (25°C) can be reduced.

[0050]
A blending amount of the curing accelerating agent (e) is

preferably 5.0 parts by mass or less, more preferably 0.05 to
3.0 parts by mass and further preferably 0.2 to 3.0 parts by

25 mass based on total 100 parts by mass of the epoxy resin (a)

and the curing agent (b). If this blending amount is 5.0 parts
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5 cured filmput in a constant tenperature of 240C in the state that
a fixed load of 1 to 10 kg (W is applied on the cured film After
putting, the tenperature of the cured fil mreaches 240C, and then an

el ongation (AL) and a cross-sectional area.(S).of .the cured_filmare
det of mEHEd 8% 1o i SF e EOF eREPFRIT0 EARELEE T hd uiSTPEEFY T POR (B
foll ow ng(f uation, E = X W/(AL X S) [0058] The cured

mat t er G1° %d%%g?vésc%égﬁﬁ?? on of the present invention has
preferab&y a storage elastic nodulus of 15 1 to 20 MPa at 240C. The
adhesi véd coot'hldosi tion having the above characteristic is achieved, for

exanpl e, by the conposition conprising the epoé%hresi n and the curjng

agent t her ef df NiHe IR B MR NE LRk oFpDERIVIATFR N1 F sCPRRBRPRL FOHPA R

with them the filler and the curing accelerating agent. In 20
par?ic@hﬁyeRQ%ycﬁﬁﬁb%i@@%hb%oﬁ?éFh?ﬁga@ﬁédfFPlEgeiédbﬁéigﬁred, and
the conposition containing the filler having an average particle

di amet €Ol Hign tf othe paresephr invanbiry prerefhedvVipppsopt of

A wei ght | oss observed when the adhesive conposition of 25 the

pr esenttHHARFIONChS hbeet Hait hi tp 7@ed| 8her é?ﬁaﬁl Grackipg resistapre-
preferably 1.5 %and further preferably 1 % |f weight [0oss in

heat i nfhs PLah drolecilargre b hat e R oD peERI bheFarPagiPprehi§hckRepe
reduced in use thereof. [0060] o Next, the adhesive
conposiSHBHY sifiey shethehabhereveitcaiim be rastpictedr pRdeRBPBRLe

and use of the above adhesive filmshall be explained.
10 of being used are, for example, phenoxy resins, high molecular

weight epoxy resins, extra high molecular weight epoxy resins,
functional group-containing rubbers having a high polarity,
functional group-containing reactive rubbers having a high
polarity and the like.

15 [0052]

Phenotohto YP-40 and Phenotohto YP-50 (trade names,
manufactured by Tohto Kasei Co., Ltd.), PKHC, PKHH and PKHJ
(trade names, manufactured by Phenoxy Associate Co., Ltd.) are
commercially available as the phenoxy resin.

20 The high molecular weight epoxy resin includes high
molecular weight epoxy resins having a molecular weight of
30,000 to 80,000 and extra high molecular weight epoxy resins
having a molecular weight of exceeding 80,000 (refer to
Japanese Patent Publication No. 59617/1995, Japanese Patent

25 Publication No. 59618/1995, Japanese Patent Publication No.

59619/1995, Japanese Patent Publication No. 59620/1995,
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In the adhesive conposition and the adhesive filmof the present
invention, the conponents are separated preferably into two phases in
a cross section of the cured matter thereof. 10 The tmn phases herein
referred to nean_that the cured matter assunes seal

struct ufapanees1fatent Pypdicahiprrl Nad &4Phd( &1985m§§ﬁ‘s Jﬁﬁépe\ﬁ@eﬁ’aéent
cross section of the adhesive COﬁgOSItIOﬂ staying in a cured state is
15 pohEﬂh&ﬂ%ﬁﬁP@%s@@ve@8%ﬁaéi985 canni ng el ectron nicroscope, an
observed i mage has an uneven structure, as described at page 16 of
"Pol ymer New WVattdre afasmeo hotlne ﬁ@mgmnall@youpdi:@@aabylkgorewt1ve
Shuppan, conprising a continuous phase (referred to as "sea") and a
di sper siwrbgtmseaied ea retghopasatisyandNR-120p0062] name, The
adhesi ve conposition and the adhesive filmhaving the above
chabactatisfactured dehi eSRdCorperakanpl eishgomhercompéyi Bveslable as
conprising the epoxy resin and the curing agent therefor, the high
ol eculCa‘nrrb,@mprmﬁOumT@hntélilnn@n@arybbelzslﬂwthuthénrﬁnﬁoifubbaﬂfpl e,
allyl rubber, acrylonitrile butadi ene rubber, silicone rubber,
ponurethaneAqhﬂ%ndnnﬂaam@mﬂ?a@fd@hﬁ1EEGQH@OlﬁQUlakeweabep§B§N@r or
a mxture thereof and, if necessary, the filler and/or the curing
accel emdtiialy Ja@efmmmtabi¢lm‘slha'pbﬁ epoxer réadhessverefempbiiedof .
[ 0063] 5Fromthe viewpoint of enhancing an adhesive property

parts by mass or less per 100 parts by mass of the epoxy resin.

10 If it is 40 parts by mass or less, Tg of the epoxy resin layer
can be enhanced.

[0053]

Various coupling agents can be further added to the
adhesive composition of the present invention from the

15 viewpoint of improving an interfacial bond between different
kinds of the materials.

The coupling agents include silane base, titanium base
and aluminum base coupling agents, and the silane base
coupling agents are most preferred.

20 The silane base coupling agents shall not specifically be
restricted, and capable of being used are, for example,
vinyltrichlorosilane, vinyltris(f-methoxyethoxy)silane,
vinyltriethoxysilane, vinyltrimethoxysilane, vy-
methacryloxypropyltrimethoxysilane, vy-

25 methacryloxypropylmethyldimethoxysilane, B-(3,4-

epoxycyclohexyl)ethyltrimethoxysilane, vy-
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bet ween the sea phase and the island phase, a peripheral length S of
the island phase to a cross-sectional area V satisfies preferably

S/ (V1 2)>4.0, nore preferably S/ (V1l/2)>3.6. The adhesive conposition
and the adhesive film having the 10 above characteristic are

achi ev@ll,ycfmommpéltbymﬁgboéﬁﬁ]béépﬁoM‘corrpri sing the epoxy resin
and the curing agent therefor, the high nol ecul ar conpound which is

i ncompag iyt edawymrepehpetbyldimaphexvaiphagexy-resin and the |ike,
the filler and the curing accelerating agent or a fil mshaped 15

mat t er ladhieddxepfopydmehbybdiethoxpaiinveal aN; BtHemsoapsbivil on—
containing the filler is preferred, and the conposition containing
the fildmerndpmomgl aninethoyes phatec| B-Ardamiepethy0)605 to 0.1 p.mis
particularly preferred. The filler is preferably silica in which a
sur p acanisnepateylme thy ddime ghokgs20anat t ey-apddépropyltrighboxyseédane,
matter of the adhesive conposition or the adhesive filmof the

pr esentN+phvemy 1-on- dmsnppedpy hbt ympbhesysahdneheypor es have preferably
an average dianeter thereof of 25 0.01 to 2 pmand a vol une content

t her eofmexfcdp o oYl €4 tiye Vbbxipei 1dhe, aove cured natter has pores
havi ng an average dianmeter thereof of nore preferably 0.03 to 0.1
pm ThengorastoweopybidsetlspagsslanaperBdres and the |i ke, and an
average di aneter of the pores neans a dianeter of a sphere reduced
appr oxiamsiredprdpwimatvpl dietbdxybelpoees. 3+ttirandapeopgétbidichneyed lahe,
the pores falls in the range described above, the PCT resistance
(adbhesidrairst rdnmtdy y canihet eokpsctane | 0868hinopropyltrimethoxysilane,

3-aminopropyl-tris (2-methoxy-ethoxy-ethoxy)silane, N-methyl-3-
aminopropyltrimethoxysilane, triaminopropyl-trimethoxysilane,
3-(4,5-dihydro) imidazole-1-yl-propyltrimethoxysilane, 3-
methacryloxypropyl-trimethoxysilane, 3-mercaptopropyl-

15 methyldimethoxysilane, 3-chloropropyl-methyldimethoxysilane,
3-chloropropyl-dimethoxysilane, 3-cyanopropyl-triethoxysilane,
hexamethyldisilazane, N,O-bis(trimethylsilyl)acetamide,
methyltrimethoxysilane, methyltriethoxysilane,
ethyltrichlorosilane, n-propyltrimethoxysilane,

20 isobutyltrimethoxysilane, amyltrichlorosilane,
octyltriethoxysilane, phenyltrimethoxysilane,
phenyltriethoxysilane, methyltri (methacryloyloxyethoxy)silane,
methyltri(glycidyloxy)silane, N-f-(N-vinylbenzylaminoethyl)-y-
aminopropyltrimethoxysilane, octadecyldimethyl[3-

25 (trimethylsilyl)propyl]ammonium chloride, y-

chloropropylmethyldichlorosilane, y-
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| f the pores have a volune content of 0.1 % by volune or nore, a
presence effect of the pores is obtained, and the PCT 10 resistance
can be enhanced. |If the volune content is 20 % by volune or |less, the
refl ow resi stance and the PCT resistance can be enhanced. Mre
prefer33190r@?ﬁ@@b?@@thédéméﬁh9xﬁﬁéééP§edY‘ The vol une
content of the pores can be neasured and 15 cal cul ated by the

fol | owi Hiyl sree ey lpethldigbowkicdhangs Ardgeahylsidy liepsyiadiats a
edge having a length as large as 100 tines an average particle

di amet etingthyibsiivlésoggedatnd MAthnlehls0tpdieocaraaseesent is set
under a scanning el ectron mcroscope (SEM. 20(2) The square area and
an ar eavoiy 59l byt esi hsecyenatai npbeby lohé visriioworyametivod. A
transparent filmwhich is even in a density and a filmthickness is
put 5on et SEMphvingtaphlanet r acboalysilhaef ikoygypoess andndghehd ifker.ns
thereof with a pen, and then the traced parts are cut off. 25(3)

Fi xed dftesy pean sb¢iwseddahgneherpant sonpisatponesf &we vrasedewkimds
pen in the same nanner as in (2), and then the traced parts are cut
off. (Wermef nasses of the traced parts cut off in (2) and (3) are
measured to determne (2)/(3). (5 V =1[(2)/(3)]3" is determ ned.
5(6) Thd @Alati ons of (1) to (5) are repeated five tines, and the

average value of V thus obtained is set to the volune content. [0066]
The titanium base coupling agents shall not specifically

10 be restricted, and capable of being used are, for example,
isopropyltrioctanoyl titanate, isopropyldimethacrylisostearoyl
titanate, isopropyltridecylbenzenesulfoyl titanate,
isopropylisostearoyldiacryl titanate,
isopropyltri (dioctyphosphate) titanate,

15 isopropyltricumylphenyl titanate,
isopropyltris(dioctylpyrophosphate) titanate, isopropyltris(n-
aminoethyl) titanate, tetraisopropylbis(dioctylphosphite)
titanate, tetraoctylbis(ditridecyphosphite) titanate,
tetra(2,2-diallyloxymethyl-1-butyl)bis(ditridecyl)phosphite

20 titanate, dicumylphenyloxyacetate titanate,
bis(dioctylpyrophosphate)oxyacetate titanate, tetraisopropyl
titanate, tetra-n-butyl titanate, butyl titanate dimer,
tetra(2-ethylhexyl) titanate, titanium acetylacetonate,
polytitanium acetylacetonate, titanium octylene glycolate, a

25 titanium lactate ammonium salt, titanium lactate, titanium

lactate ethyl ester, titanium ethanol aminate,
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The adhesive conposition and the adhesive filmof the 10 present
invention conprise a cured matter of the adhesive conposition
contai ning the epoxy resin (a), the curing agent (b), the high
nol ecul ar conmpound (c) and, if necessary, the filler (d) and the
curi ng ek yduox vl hgehum( efeazntiei t tayabethydupesihodtitanaisi,.ch has
pores having an average dianeter 15 of 0.01 to 2 lamand in which the
por es Haafter @e VoY Lnertbot éhaneteld. tetvapOopybyovthotre taphadeé?]
The adhesi ve conposition of the present invention can be used to
pr epar e atir add@suvel f orbhohivhitehadey eduetrgh ambantt2) iancibeswli s 50
% or |less at 60C after 72 hours. If a reduction amount in flow of the
adhesi vei fahaté sm&GRoe oy bessesyhetadhaateepbillmers ditieogedpioxya
storage period at 25C or 5C and can be stored over a |long period of
tinme, andk (hedepantadionsteretetardum2bAVi eddétisoprapylnbiisa fl ow can
be neasured by the follow ng procedure. First, the adhesive film
punchedriethangkamind titaxn2tem ostpiensedlgnofihéitanditel, oas tetra-n-
160C, 1 MPa and 18 seconds. The respective four sanples are neasured
at two poiot gt foain buh epgl ymet, t Aet sanrptbatpret i vdadufr aonblse camd tpar t
under an 5 optical mcroscope to determ ne an average | ength, and
this | peleimdén, ttwei fhoboborydl taAi trduchbstearatnt and thewlake60CThey
after 72 hours is determined fromthe initial flow anmount F (0) and
the fl aerameinisdd (F2pnatob0Chattmbirdthonr sfacwor drngore kheds
foll owi ng equati on.

10 thereof.

[0055]

The aluminum base coupling agents shall not specifically
be restricted, and capable of being used are, for example,
aluminum chelate compounds such as ethylacetoacetate aluminum

15 diisopropylate, aluminum tris(ethylacetoacetate),
alkylacetoacetate aluminum diidopropylate, aluminum
monoacetylacetoacetate bis(ethylacetoacetate), aluminum
tris(acetylacetonate), aluminum-monoisopropoxymonocoleoxyethyl
acetoacetate, aluminum di-n-butoxide monoethylacetoacetate,

20 aluminum diisopropoxide monoethylacetoacetate and the like,
aluminum alcolates such as aluminum isopropylate, mono-sec-
butoxyaluminum diisopropylate, aluminum sec-butylate, aluminum
ethylate and the like. They can be used alone or in
combination of two or more kinds thereof.

25 A blending amount of the coupling agent is preferably 10

parts by mass or less based on total 100 parts by mass of the
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10Reduction anmount (% in flow = (F (0) - F (72))/F (0) X 100 [0068]
The adhesive filmof the present invention conprises a cured matter
of the adhesive conposition containing the epoxy resin (a), the

curing 49o0y £&3intg) hhal FRLEcUkahgCABBAYNGLISETL, the Rﬂlle'v&‘abl(rfi)s

and the “curing acceleratlng agent (e), and the conponents of (a)
(e) de$§f'@Fﬁeé@@v€héﬁéb§fyap5@5€r9@%Xs€ah%ba%ha“%thsQf 0. 75>a/b

wherein a represenfs a contact angie of the filler (d) with 20 water,
and b rery nts a contact angle of a matter obtained by coating and
drying a b nded matter of (a), (b), (c) and (e) with water. [0069]

The adhesi ve fUHADAY] (e L Nenabove chapacieibnte Lhe2praclheved, for

exanpl e, by the composition conpr|3|ng the epoxy resin and the curing

agegt UNEr&f Ol on g Nbghy hag  £nCAPOURT MaLEAGLs. iFpeaTRa bl e
& but

with them ftor exanple, acrylonitri |ene r ubber,

sili Co%é‘%ﬁ?y £ cE’P' X&ESEBE‘HS 88&%' mélggrlegLeléa@od%hmagx%ea%d{n%q%ture

i ke ner M Xt ur e t her sof necessary, the

resistance reliability.
The ion scavenger shall not specifically be restricted,
and capable of being used are compounds known as a copper
10 inhibitor for inhibiting copper from being ionized and eluted,
for example, triazinethiol compounds, bisphenol base reducing
agents and the like, and inorganic ion adsorbents such as
zirconium base and antimony bismuth base magnesium aluminum
compounds and the like can be used as well. A blending amount
15 of the ion scavenger is preferably 10 parts by mass or less
based on 100 parts by mass of the adhesive composition from
the viewpoints of effects obtained by adding, a heat
resistance and a cost.
[0057]
20 The cured matter of the adhesive composition of the
present invention has preferably a tensile elastic modulus of
1 to 20 MPa at 240°C. If the above tensile elastic modulus is
20 MPa or less, the stress relaxation property can be enhanced
to make warping less liable to be brought about. On the other
25 hand, if it is 1 MPa or more, generation of reflow cracks can

be reduced.
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5 and/or the curing accelerating agent or a filmshaped matter
(adhesive film thereof. In particular, it is achieved by the

adhesi ve f|In1conpr|S|ng the epoxy resin, the curing agent therefor,

t he epoxy gr cont aj CO mer c ai,ning 5to0 2.0 by
(e epoxy O oupconLal ning actyl ool el coRbaLnt ng, 18 e 2.0 4
and has_a wei ght average nDIecuIar wei ght of 100, 000, or nore, .the
f|IIer3%%%@?%en%u??ﬂ@eécceW%F%&1nﬁh%g% es}ﬁep%???%ﬁ%%%onthévéﬁgx9n
resin having a softenlng 50|nt of 50C or higher is preferably used.
Furt herinihkabutepgthgest 2P smBr ékér a8BAyat kBIFKBREE Pés@ﬁoﬁépﬁekéﬁtéé
by 15 Fornula (I)_described above. [0070] In the adhesive film
of the Preadntihienti 6Ar PRE BBHBoRENPECBATEaR FHTrEd) fdd&cri BB4s
above are preferably selected so that a relationship of 0.75>a/b
(whér eiFHEEANEE bn 2P0 Er &0t AeCBFEARS Bé@@??ﬁé&r§b6§e§4pscsépi§P@e§tate
after the adhesive conposition is_coated and d

rel ati dAshE p2 of 19eF52a28 P§ prEPelPely tWét1§sap8ﬁéeﬁsoﬁrép@rﬁH§?d

| ess than 0.75, nore preferably less than 0.66 and particularly

pref er dbt 1 edS tstaP W B0 /A Hifetemperatgre 256/ Bhe sCubedt £ 91125rewhes
alb is less than 0.75, the adhesive property after absorbing

moi st urk @iy RNGnEaeRedn AleBAphéPnandtle) AR 2 hereF§T 8eChl PR2hapEea
is neasured by the nmethod described above. A contact angle b of a
matter Obt @hehoycenadi hylmnarar ¢rhgraippeniedcaartdater a( &pnsisy,

(c) and (e) with water is neasured 5 as well in the sanme manner.

[0671] elastic medabnesike) cbrpBsthPoRCAREViRE 8AHASIQEB fi | m of the

present invention have a bl endi ng proportlon of the conponents (a) to
(e) as shown Helowl X W)/ (AL X75)

[0058]
The cured matter of the adhesive composition of the
present invention has preferably a storage elastic modulus of
15 1 to 20 MPa at 240°C. The adhesive composition having the
above characteristic is achieved, for example, by the
composition comprising the epoxy resin and the curing agent
therefor, the high molecular compound which is incompatible
with them, the filler and the curing accelerating agent. In
20 particular, the composition containing the filler is preferred,
and the composition containing the filler having an average
particle diameter of 0.005 to 0.1 um is particularly preferred.
[0059]
A weight loss observed when the adhesive composition of

25 the present invention is heated at 270°C is preferably 2 % or

less, more preferably 1.5 % and further preferably 1 %. If
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10(a) the total of the epoxy resin and the curing agent (b): 17.0 to
49.5 % by nass, (c) the high nol ecular conpound: 50.0 to 70.0 %
by mass, (d) the filler: 0.45 to 10.0 % by nass and (e) the
curing accel erating,agent; .0.05 t .0 % by mass 15[ Q072]. | f
Che © outh LS enth i CAROGRECARGL RS Spdx§Tr SORR-( SPTARILTREICH 9 agent
(b) is 17.0 % by_mass or nore, the adhesive property, the nol ding

pr oper tBEY ¥PRAF 3t oPEHiDNCRRE ERB PrkECAPEeSatinstiset 6PETeAf t he of her
hand, if it is 49.5 %by mass 20 or less, the elastic nodulus is not
too highl084Pkhis regard, a ratio ((a) : (b)) of (a) the epoxy resin
to (b) the curing agent is preferably 33 : 67 to 75 : 25. If (a) the
epoxy resin iNe¥oo thegedhgsivie apepesihipy, suhEcHesp £BSi 38hREeVEt he
mol di ng property (flow property) and the like tend to be 25 _
unsati sfebr ooy tiop PhResenheinrandiont andeuser pitg thgenboyls) adhesgye

| arge, the nolding property (flow property) and the like tend to be
unsat i sk os§al Uskee oexphalgefpositi on blended in the ratio described
above makes it possible to obtain the adhesive filmwhich is

excel l ent in & hee 3dresivpcecnpettapsopbinghAopdhapéveafiép el the
resi stance, an adhesive property 5 after absorbing noisture and the
li ke, [OFRnt lnvenqh@nadEEGiGémPPPﬁﬂ§ﬁ are pepseatednpasifieaably

conprises preferably the adhesive conposition in which assum ng that
a into two phases in a cross section of the cured matter thereof.

10 The two phases herein referred to mean that the cured matter
assumes a sea/island structure.
[0061]

The sea/island structure means that when a cross section

of the adhesive composition staying in a cured state is

15 polished and observed under a scanning electron microscope, an
observed image has an uneven structure, as described at page
16 of “Polymer New Material one point polymer alloy” edited by
Kyoritu Shuppan, comprising a continuous phase (referred to as
“sea”) and a dispersion phase (referred to as “island”).

20 [0062]

The adhesive composition and the adhesive film having the
above characteristic are achieved, for example, by the
composition comprising the epoxy resin and the curing agent
therefor, the high molecular compound which is incompatible

25 with them, for example, allyl rubber, acrylonitrile butadiene

rubber, silicone rubber, polyurethane, polyimide,
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total nmass of the epoxy resin (a) and the phenol resin (b) 10
represented by Fornula (1) described above is set to A and that a
mass of the high nol ecular conmpound (c) conprising 0.5 to 6 % by nass
of a reactive_ group-containing_nonomer and_havi ng a wei ght average
mol eculRP 1 V@ §Re181d¢08080616r LitFe BsCORPLYBEB, OF Paff ?Mq§tqﬂ§£%ﬁ
is 0.24 to 1.0. 15[0074] The adhesi ve conposition of the
presentaR@yehf i BACeaRabE, usBE €4lpeEpard/ ek A88es¥é NG ARCMicgRting
conprises a lamnated cured matter of the above adhesive conposition
and a pAshEiee @i Frlanahpredhmektere (aBbeeivanifadred thgredimat t er
has a 20 peeling strength of 50Ni mor nore neasured at 240C

Al so, thlQbdlve | am nated cured nmatter can be used to prepare an
adhesive filmin which peeling having a dianmeter of 2 nmor nore is
not Sbr ought abeRR the t ieewpoiet| afi Aahadcedgednnadhesive peaperty
treatnment at 260C for 120 seconds after 25 noi sture absorbing

treat nERR tWeRRt e sehephdResind EbApésilendnpbisehe appesdipheral
invention can be used to prepare an optical device in which peeling
havi ng kenriytime$ epf othe irﬁf@hdrrﬁhés'ﬁstﬁoﬁ progghsesboonageewsedn i he
adhesive | ayer and the optical waveguide when allowed to pass {hrough

a ref| cvatighibee prefepablyr S12¥ '5) sdc8ndmoakt Brefsirabiie SAHYOT By © -
treatnment at 85C and a relative humdity (RH) of 85 %for 168 hours.
[0075] The adhahivedpenpoeititm and the apghesavedéiilmehaydhadéderi bed
above are achi eved, for exanple, bg_the conposi tion congrising 10 the
epodRy raxdve arhRXaetent shyCagbht acherweds, foheckipgR1l/wl BFUlthe
conpound which is preferably inconpatible with themand has a
cr oss- |damkads et femceompal sgnguphandpoky heeéssang, the curing agent
therefor, the high molecular compound which is incompatible
with them, for example, a phenoxy resin and the like, the
filler and the curing accelerating agent or a film-shaped
15 matter (adhesive film) thereof. 1In particular, the composition
containing the filler is preferred, and the composition
containing the filler having an average particle diameter of
0.005 to 0.1 um is particularly preferred. The filler is
preferably silica in which a surface is coated with an organic
20 matter.
[0064]
The cured matter of the adhesive composition or the
adhesive film of the present invention has preferably pores,
and the pores have preferably an average diameter thereof of

25 0.01 to 2 um and a volume content thereof of 0.1 to 20 % by

volume. The above cured matter has pores having an average
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the filler and/or the curing accelerating agent or a fil mshaped
matter thereof and an optical device prepared by 15 applying themto
an optical waveguide. In particular, they are achieved by the
adhesive, filmcopprising the epoxy resi the curin gent therefor,
e epcH TR b, CBRE SPAVAG Tere PEGSEanL Dofcath No 1) P8 -t o 16eCPOFBS
mass of glycidyl (neth)acrylate, which is inconpatible with them and
has a MFaei ¥PidawefRgESAvl BEAFAPTRSI BRE bhe186X60020A Ror @VerRge
filler and the curing accelerating agent. In particular, the epox
resin mﬁﬁWﬁF%Fs%ftEg?n@oﬁéﬁnWeQPSSGCdéﬁmﬁﬁﬁﬁePfi§ SPee&eaief :
Further, the puring agent IS preferabl¥ t he phenol resin represented
by For mRPRIY¥imaiestyi begmapoveluma par theuraresthel 55aRi fVEFaH8vi ng
an average particle dianmeter of 0.005 to 0.1 pmis preferably
conPai ritken$iee i 9f FuetRerest Ralipl LBr the rpreredgsicy idied e®ove wiibénh
a surface is coated with an organic matter. [0076] The adhesive
conposiR¢Bnresishenee esadhephvenstsanpshy srBvicgegNipFedn excel | ent
noi sture absorption resistant characteristic by using the | ow
moi st ur LSV bi ng phenol resin represented by Formula (1), an
excel lent reflow crack resistant characteristic by using the acryl
copol yner coﬂﬁﬂWﬁ@mp%ﬁ@%é@@V@eagV@h%m%oﬂ@aFﬁﬂhgoﬁnﬁoheg by Vehung ©0
sui tabl e cross-linking structure and an excellent reflow crack
resi st #NrThat ARTFEREL ceBRECENOEXERP| BAreReaf PBSRINgAy and the PCT
characteristic by using the acryl copolynmer which is inconpatible
wi €A t Heeshobhgneestantbet pehahgedor mb Ehearobee i apkentt ¢sicbrd by
after cured. Further, addition of the 15 inorganic_ filler enhances
t he hi gielemperatleesel biei cehbdvl tsshatianre ARghthenperatesd speaiceng
strength and exerts the reflow crack preventing effect to nake it
possi bl@an dareianeed. adfes \RE &R Yi oheberes saexceVeRhY in a
reflow crack resistance. 20[0077] The adhesive filmof the
pr esentdispearsedn is obtained in the formof an-adhesive |ayer
formed on a supporting film2

The volume content of the pores can be measured and

15 calculated by the following method.

(1) A place which has a square area comprising an edge having
a length as large as 100 times an average particle diameter of
the filler used and in which 50 pores are present is set under
a scanning electron microscope (SEM).

20 (2) The square area and an area of 50 pores are determined by
the following method. A transparent film which is even in a
density and a film thickness is put on an SEM photograph to
trace all the fifty pores along the forms thereof with a pen,
and then the traced parts are cut off.

25 (3) Fixed area parts {(including the parts of 50 pores) are

traced with a pen in the same manner as in (2), and then the
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by di ssol ving or dispersing the adhesive conposition of the present
invention in a solvent such as nethyl ethyl ketone, 25 tol uene,

cycl ohexane and the like to prepare a vanish, coating it on a
supporting filmsuch as a @ol%tetrafluoroethylene film a

pol yet iyF&5edt BREPAt AAFafBtf PEfrsubj ected on a surface to die
releasing treatment and_the |Ii ke, heating and dryingﬂto renove, t he
sol vent ! Fu??ﬁe??sﬁeﬁrBFeEPFvérPFPﬁlQaﬁﬁg & R&F dod (9 REGkesSHr ypre
(refer to Fig. 1%. In this case, the 5 heating conditions are

pref er aF§SUFed EQRafprermipeni(Rrdsito 20 hours at 80 to 250C. [0078]
Capabl e of being used_as,the supporting filmdescribed above are

pl asti c($) 1 is=sUéh) 4$3a) pol yEetphPrman66thyl ene film 10 a

pol yethyl ene terephthalate film a pol¥ethylene film a pol ypropyl ene
filfm alpblInetepeperiens ol ml)atpollyi npde repsrisd tfHed itdaesagn@nd
t he above plastic filnms which are subjected on a surface to rel easing
t r eat meifite cavebadasedlag @fl V. tithe skpparerdndsf skl &an the yedas of f
in use to use only the 15 adhesive | ayer or can be renoved after use
Wi th t eeRuppbrting film [0079] Publ i cly known net hods can be
used as a nmethod for coating the vanish on the supporting filmand

i ncl ude, [G&6R0 exanple, a knife coating nethod, a roll coating

met hod, a spray coating nethod, a gravure coating nmethod, a bar

coati ng met hdthe 2dhesbye eompeagt herhaddakbet pdhppkEe fodropf the

A thickness of the adhesive layer (that is, the adhesive 25 film
shaPl rotesgrei inventjonpecesBrifet adcuard metterppdf &hgblegh@stiye100

pm nore preferably 5 to 50 pm further
composition containing the epoxy resin (a), the curing agent

(b), the high molecular compound (c) and, if necessary, the
filler (d) and the curing accelerating agent (e), and it may
be a cured matter which has pores having an average diameter
15 of 0.01 to 2 pym and in which the pores have a volume content
of 0.1 to 20 % by volume.
[0067]
The adhesive composition of the present invention can be
used to prepare an adhesive film in which a reduction amount
200 in flow is 50 % or less at 60°C after 72 hours. If a reduction
amount in flow of the adhesive film is 50 % or less, the
adhesive film is extended in a storage period at 25°C or 5°C
and can be stored over a long period of time, and therefore it
is preferred.
25 A reduction amount in flow can be measured by the

following procedure.
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preferably 7 to 25 pmand particularly preferably 9 to 15 pm If it
is 3 pmor nore, the stress relaxation effect is satisfactory, and a
t hi ckness of 100 pmor |less is econom cal and can enhance the |ight
transmttance., 5[ 0081 . The _sol vent used, for preparing the
Vanioh deecr BB bobbe sAARPSAEE £poli PRESTEY b8 PeStiPoPddd suX 2
considering a volatility in preparing the film preferabl us%p are

sol vent@ hh¥i Rgeased & &1 IBF WoithhP hot A¥ Such %Eanégﬁyﬁ etyRAONdS -
10 ketone, acetone, nethyl isobutyl ketone, 2-ethoxyethanaol, toluene,
xyl ene, Thit yESRRFf 6¥8| YeUrnERRRASS, 2EChARGSUTRd Rit Rifey @oHat® Tafd 2
the like. Further, solvents having a relatively high boiling point
such asleneel hgf atbeafprBpledi rsphyrHsandmrcde thik ®BChPEgEr LeIdedorsd!

cycl ohexanone and the 15 |i ke can be used as well for the purpose of
enhanciortieel fRiaresabPagtpr dpEppinp0@82RVER 3F0odEFidE /1t RE dhiish 1s
when adding the filler to the adhesive conposition of the present

i nvent i 9@t BOosthbaef APyl amopnthr ek ¥edustianpameunt| in §lpeadtnfPPl Cand
the like are preferably used considering a dispersibility of the
filler aBREt héyheunsbesudedeanined framcshbi aaditdnl Kdowhamounitnd
for m xing can be shortened by mxing the filler in advance with a
Iom/nDI@%hl@mdcbhﬁoﬁh@waﬂmoﬂﬁéanﬂéﬁgiﬁ@ PReCnipttere Mg tRUES25 hi gh
mol ecul ar conpound. Al so, air bubbles contained in the vanish are

pr ef er et §O¥&HRY elo biyheaéalhrdéner aausiand t he

10 Reduction amount (%) in flow = (F (0) - F (72))/F (0) X 100
[0068]

The adhesive film of the present invention comprises a
cured matter of the adhesive composition containing the epoxy
resin (a), the curing agent (b), the high molecular compound

15 (c), the filler (d) and the curing accelerating agent(e), and
the components of (a) to (e) described above satisfy
preferably a relationship of:

0.75>a/b
wherein a represents a contact angle of the filler (d) with

20 water, and b represents a contact angle of a matter obtained
by coating and drying a blended matter of (a), (b), (c) and
(e) with water.
[0069]
The adhesive film having the above characteristic is
25 achieved, for example, by the composition comprising the epoxy

resin and the curing agent therefor, the high molecular
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| i ke after preparing the vanish. [0083] In the present
i nvention, when adding the filler to the adhesive conposition,
preferably enployed is a nethod in which 5 the epoxy resin and the
curing agent are mxed with the filler and in which the m xture
t her eof CPBPPHRA WRkER Wit ANFABBEr184Ehashalhgm 1 (oFeCXaMP te AL e
as the high nol ecul ar conmpound i nconpatible preferably with the epoxy
resin tPIPPRF eb§ChybaNEETihe RukedigBecshpBstri 64 li&0ME RUBPaThe
epoxy 10 resin is forned on an interface of the filler by the above
net hod, Pahdu¥fekRerer eralydnide, t Relypnideipddgi A8d hehd iSoxy? resin
phase even after the rubber and the epoxy resin are subjected to
phase sepRehypen ahdnéyrege nhesepforBdnglidf Recessrran itheerffidder
bet ween the epoxy resin and the filler is 15 increased, and the heat
resbst aaled/ 95 ehPamebdngAaraeilervAyB aueatyeorume fVANgEhaped matder
contained in the epoxy resin phase after curing to a volunme VB of the
filler cadkeshed fhlm%etbﬁagéf@f Imecaubbeulebnpbhehs achpeE¥edr hil fhe
1.2 or nore. If VAAVBis 1.2 or nore, a reinforcing effect of the 20
i nterf axdkenivadiBlinscobpainédg she ehexbeaesissi $hgncurdag kgent
enhanced. VA/VB is particularly preferably 2 or nore, further
pr ef er aphgrafer, nohe. epprYSItanpbeontasniad By rihe copblowieny
procedure. A broken surface of the filmis observed under a scanning
el ect r cromizitEGpe; Sahd Pebkd by messsofoghivagdyvie (28 thi) Rlcayliafe,
regions conprising A and B as principal conponents are neasured
redpectlvietly by heeompatilie wyphvehers dadehasnedwebghi eaeiragef the
hei ghts of the peaks. [0084] Two or nore adhesive layers in the
adhesi veo ¥f¢dud of whighptes€ni0Dn0BAt bonmoan, behst déklem endetheocuring
obtain a desired

accelerating agent. In particular, the epoxy resin having a

softening point of 50°C or higher is preferably used. Further,
the curing agent is preferably the phenol resin represented by
15 Formula (I) described above.
[0070]

In the adhesive film of the present invention, the
components of (a) to (e) described above are preferably
selected so that a relationship of 0.75>a/b (wherein a and b

20 are the same as described above) is satisfied after the
adhesive composition is coated and dried.

The relationship of 0.75>a/b is preferred, that is, a/b
is preferably less than 0.75, more preferably less than 0.66
and particularly preferably less than 0.50. A lower limit of

25 a/b is about 0.25.

If a/b is less than 0.75, the adhesive property after

49



5 thickness. In this case, the sticking conditions on which the
adhesive |l ayers are not peeled off fromeach other are necessary.
[ 0085] Next, the adhesive sheet of the present invention and
the 10 adhesi ve conEosition suj t abl use% for the agglica i on of Ege
above RIMRTRENGHBRESEHARI CBB BRpFRPABGEd. A CoRhaChgaBdiged of the
conposition suitably used for the adhesive sheet of the present
i nvent okl 1&r preERr WBEGralsr BeagHESERY theemedhes) ¢escgdingd above. A
conposition, and to be specific, it 15 conprises preferably (a), an
epoxy rexipactpinglenbnelf BaBatégsxpbitadngdcky s§addest ance ) Mg
nmol ecul ar conpound contai ning a functional group and having a wei ght
aver ago heneed| matherghf 6f) 1000000 (67 abde (e f VidhpMeteredd Mpasured
nononer in which a cured matter obtained by irradiation with a 20 W
rayShasaSgiotl 2EnCctbe BRBReMapRerei nafter referred to as the
phot oreacti ve nononer) and (g) a photoinitiator generating a base and
a radicalO®itirradiation with a U ray having a wavel ength of 200 to
450 nm (hereinafter referred to as the optical base generatin
agent). The aBweaghestveecerpesitienz2anddhbsi aghpeiva éé#ﬁo@%t ithbg is
a concept included in the adhesive conposition of the present
i nvent iresemd ineenpiesshavesanbilendéngdrsspres tigpepfi &hfeoCorgposend s
supporting base naterial to constitute the adhesive sheet of the
present (@ nviemt {®h. asnshéws behaweti on, the pressure-sensitive
adhesive layer is provided with a property having in conbination both
5 flanct{@nstkonpeiaingfathbeopeery assiheandhébeveurdpgr adesdr i(bad
above and a property as the pressure-sensitive adhesive | ayer which
reducesl b €lozetAdhesi bg masength of an interface between the
pressure-sensitive adhesive |ayer and the base material by a nethod
such as(d)ridud arion wpiacaladr adinppundy. 5p0086p 70.0 % Phyemass,
pressure-sensitive adhesive resin conposition and the adhesive sheet
each delsbritdeel Bbbler haVedbhtof bPl Bwknhyauaanst agds. That is: 15(1)
t he epoxy resin (a) and the high nol ecul ar conpound (c)

(e) the curing accelerating agent: 0.05 to 3.0 % by mass

15 [0072]

If the total blending amount of the epoxy resin (a) and
the curing agent (b) is 17.0 % by mass or more, the adhesive
property, the molding property (flow property) and the like
are satisfactory. On the other hand, if it is 49.5 % by mass

20 or less, the elastic modulus is not too high. In this regard,
a ratio ((a) : (b)) of (a) the epoxy resin to (b) the curing
agent is preferably 33 : 67 to 75 : 25. If (a) the epoxy resin
is too large in the above ratio, the heat resistance, the
molding property (flow property) and the like tend to be

25 unsatisfactory. On the other hand, if the curing agent (b) is

too large, the molding property (flow property) and the like
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are preferably inconpatible with each other and |iable to assune a
so-call ed sea-island structure, and the | ow el astic nodul us, the
adhesi ve property, the workability and the reliability at high

t enper at ur re _obtained, .20(2) the_phengl base epoxy, resip.curing.
agent (%?ngn ot g Bﬂﬁ?gﬁégéF&9£ynnh%§%r°€f$g3r8°ﬂ§88¥t&ﬂgrEﬁ?ngﬁ in
are excellent in heat resi stance and a refl ow resistance .and,k (3)
the optFR%Irdhise §@ﬁerapﬁﬁgaagé’ﬁt m@%fSi L ReFSdRdEr HonEPTerdE of

t he phenol base epoxy resjn curing_agent (b) and 25 the photoreactive
monomer@@R§SIYRAL ¢ hBr WPOFE LReC&FBy CRESILR Gafedid HoFe TGS SddiStve
nmononer (f) are scarcely reacted in a state in which_ light is not
presentabserbhag PRESTHFE, eRcERLERY FASAS$RHFEge a8t AfhEsEye pyoperty
addition thereto, if irradiated with |ight, photoreaction is

accél erafber apgorbingi ngistusrerndi S§cagdke-of the epoxy resin is
produced, so 5 that curing of the epoxy resin is accel erated by
heating.fQ%h%l the pressure-sensitive adhesive resin conposition and
t he adhesive sheet in which a reactivity is consistent with a storage
stability canli® dBReshed. [ 6089f thehereaspecinvenésRpoREAPSLiSes
contained in the pressure- sensitive adhesive resin conposition
descri beee bdpl ¥ hbhe Bdhegprg reBPBEisdon in whigh @ssenddgpdbids das
descri bed above can be used as the.epoxy resin (a) and the high

mol ecul @ tebrpewmdofcFheTREOXE pebyRunéli anal LhRepbEsodhd®F idbde as
the exanples can al so be used as the phenol base epoxy resin curing
agéAt (mepreserkeedi by Beabuhlaof I} hdespsipedegbavea)si Sepr ébefatsing 5
to 250 parts by mass based on 100 parts by nass of the high nol ecul ar
conpourfchd)a misa df epldenhiahouatestlekeceppryind (c) comprising 0.5

to 6 % by mass of a reactive group-containing monomer and
having a weight average molecular weight of 100,000 or more is
set to B, a ratio A/B thereof is 0.24 to 1.0.

15 [0074]

The adhesive composition of the present invention can be
used to prepare an adhesive film which comprises a laminated
cured matter of the above adhesive composition and a polyimide
film and in which the above laminated cured matter has a

20 peeling strength of 50N/m or more measured at 240°C.

Also, the above laminated cured matter can be used to
prepare an adhesive film in which peeling having a diameter of
2 mm or more is not brought about in the above laminated cured
matter in heat treatment at 260°C for 120 seconds after

25 moisture absorbing treatment.

Further, the adhesive composition of the present
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20 resin (a) falls in the above range, the elastic nodulus and an
inhibition in the flow property in nolding can be secured, and the
handl i ng property at high tenperature is sufficiently obtained as
well. A blendin

anount of the epoxy resin (a).is.nmore .pref.erahly 10
to 100 TRV FREHGT A8 BhaRtrtutar By cbars: afePRbiy 230 ey 8 ddr P 5
mass. A bl endi ng anount qf th henol, base epoxy r.esin curin agent
(b falRSeiia HaRgdor B180FECE. BT br BRePAORYTH. & §OF. PEOMHYr MO
an equivalent ratio qQf a,phenolic hydroxyl grqQup_per one .epox roup
of the RPOXGEF SR ?gyeFﬂgﬁl Re¥evi 8RfoithE Bgtﬁﬁﬁ&rﬁQWEQH+ QNﬁh%hty
resistance reliability. If 5 the equivalent ratio falls in the above
range, 3hePWedi FojBashHf FREPEARI ¢ £6EeaW( EMEEECr RkedfO &nd Athd Zhir ed
matter can be inproved in a heat resistance and a hum dit
resPstdﬁ%%?n?ﬁoggFe?hﬁobﬁBPB?eé@?P%@1ﬁ€n6§€PtPﬁPtU§éd8§nC¥ﬁ@debsent
10 inventjon, can enhance a heat resistance_of the adhesive sheet

descri beRit3taiee Rvpddifyr ABHAat ed &Pt R 4°0v1ie8y heNdScan i nprove a

thermal tine adhesive strength and a refl ow resistance thereof. Tg of
the photldt®atkive nononer (f) is neasured by a 15 nethod in which a
cured matter gbtained by adding the optical base generating agent to
t he phot or eacthi¥ adRpohEe {#imanadi FradPRELRgLwieRigeusarhy describedd
into a size of about 5 X5 nmto prepare_a sanple and . in which the
sanpl e 3RXPRArEL i ACh2a%BAediPR §XeBRPpLesBYoRNRDEETRPSHEARE SOMPrising
EXSTRAG6000 20 manuf act ur ed bg Sei ko Instruments Inc. to determ ne Pg.
| f 1§g ishosrory Regherandhtheuregingt fgents tbgestpant the &igbat

resi stance and can stand heat of 250C in evaluating a reflow crack
resi st dittkec\netor @pmpPyndi vhishekeePrederphly ferprBragifde with them

resistance. Tg is nore preferably 260C or hi gher which
and has a cross-linkable functional group and, 1f necessary,

the filler and/or the curing accelerating agent or a film-
shaped matter thereof and an optical device prepared by

15 applying them to an optical waveguide. In particular, they are
achieved by the adhesive film comprising the epoxy resin, the
curing agent therefor, the epoxy group-containing acryl
copolymer containing 1.5 to 6.0 % by mass of glycidyl
(meth)acrylate, which is incompatible with them and has a

20 weight average molecular weight of 100,000 or more, the filler
and the curing accelerating agent. In particular, the epoxy
resin having a softening point of 50°C or higher is preferably
used. Further, the curing agent is preferably the phenol resin
represented by Formula (I) described above. In particular, the

25 filler having an average particle diameter of 0.005 to 0.1 um

is preferably contained therein. Further, the filler is
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25 neets a lead free solder. If Tg is too high, the adhesive sheet
tends to be inferior in a sticking property at room tenperature
after irradiated with a UV ray, and therefore an upper |imt thereof
is preferably 350C. [0089] The specific exanples of the photoreactive
mononerP{9yeEab Y| BH1CRoiReWRABRed SBFFRAGRCEPORRR AL Yiidfe &l PY RS C
pentaerythritol triacrylate, dipentaerythritol hexaacryl ate,
di pent d&#5E®¥i t ol pentaacrylate, trinethylol propane triacrylate,
i socyanuric acid ethylene oxide (EO)-nodified triacryl ate,
ditrinettBA™lpr opane tetraacrylate, 10 pentaerythritol tetraacrylate
and the |ike. The above photoreactive nononers can be used al one or
i n combi nat i dhefadh@s bre nePBPRS hEsoR hef ebhe RPRBAGNENENFENFLQRCcLBoNal
acrylates, dipentaerythritol hexaacrylate and di pentaerythritol
penbaad¥sPei@dcdrel preper psgel tontt helsturporhsosPind resilgtantis
mononers after irradiated with a UV ray. To be specific, A-DPH,
A- 9300 drradieerixei¢tbrdes hageshenhauf el 6EugeppbshirkiNgk Rhena 1
Chem cal Co., Ltd.) are available. [0090] Wen plural photoreactive
mononer&eg¥n zerresedtedgoyoFersudaf (L3, TgnoBrERASENEY rREASUr CHGCKhe
m xture thereof by the neasuring nethod descri bed above, and Tg of
t he restretsianoflonerctebestihot baveing bRe28gCYdr ChRPgR&mMEr] 0091]
A bl endi ng anount of the photoreactive nononmer (f) in the 25 present
i nvent iaMisipied e2 abeyCElVe I00upareBtpynipgsmpaseerofoldorpast s by
mass of the high nol ecul ar compound (c). If

10 suitable cross-linking structure and an excellent reflow crack

resistant characteristic and an excellent heat resistant
characteristic by using the acryl copolymer which is
incompatible with the epoxy resin to thereby form a clear sea-
island structure after cured. Further, addition of the

15 inorganic filler enhances the high temperature elastic modulus
and the high temperature peeling strength and exerts the
reflow crack preventing effect to make it possible to obtain
the adhesive composition which is excellent in a reflow crack
resistance.

20 [0077]

The adhesive film of the present invention is obtained in

the form of an adhesive layer 1 formed on a supporting film 2
by dissolving or dispersing the adhesive composition of the
present invention in a solvent such as methyl ethyl ketone,

25 toluene, cyclohexane and the like to prepare a vanish, coating

it on a supporting film such as a polytetrafluoroethylene film,
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t he above bl ending anount is 5 parts by mass or nore, the

phot oreacti ve nononer is liable to be subjected to pol ynerization
reaction by irradiation with a UV ray, and therefore a peeling
property of_ the adhesive sheet fromthe 5 supporting base nmaterial
tends td BRleaRantene tarepBtBahaFendndm SEPPECTEd100 Basis IRFSdss
or less, a low elastic nodulus of the high nolecular conpound

functi ohse B@beahbngi FtrrabBsnRofNBeEbRe 1EKkagi heatindadadt dgyinghdo
cured matter tends to be inproved in a heat resistance and a noisture
resi st arpreova otirecordivanty, Fhethglendd ngrakechive sthbre3 prevebably 10
to 70 parts by mass, particularly preferably 20 to 50 parts by nass.

[ 0092] previoged chf hesesgener drehgragentigg) lusedinnthhe paseenthe
invention is usually called an a-am noketone conpound. Such 15
conmpourteasineseendetions JarenprepergmlysciforTeznnple, Vol mingtexp to
12001 and the like, and it is reacted by irradiating with a UV ray
accor did) honxrheat oBPotbngd>Po€rul a: [0093] [Fornmula 3] ?sz CHz $

[0078]
Capable of being used as the supporting film described
above are plastic films such as a polytetrafluoroethylene film,
10 a polyethylene terephthalate film, a polyethylene film, a
polypropylene film, a polymethylpentene film, a polyimide film
and the like, and the above plastic films which are subjected
on a surface to releasing treatment can be used as well. The
supporting film can be peeled off in use to use only the
15 adhesive layer or can be removed after use with the supporting
film.
[0079]
Publicly known methods can be used as a method for
coating the vanish on the supporting film and include, for
20 example, a knife coating method, a roll coating method, a
spray coating method, a gravure coating method, a bar coating
method, a curtain coating method and the like.
[0080]
A thickness of the adhesive layer (that is, the adhesive
25 film) shall not specifically be restricted, and it is

preferably 3 to 100 uym, more preferably 5 to 50 um, further
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Shc--ti 8 cH3 20[0094] Radicals are not present in the a-am noketone
conpound before irradiated with a UV ray, and therefore a

pol yneri zation reaction of the photoreactive nononer is not caused.
Further, curi of _the epoxy resin is . not accelerated dque tqQ steric

i ndr e LRk Br 7 FRel e Wik AORePaRE I CONPOUNIPE e raPasod 2tod hyh-
irradiation with_a UV ray, and radicals are_produced tq bring about
pol ymeriZatt ohS r 2abhi 6F BPLEnetPBRoEEFEaST FdarfadREr STARSS, 1t%he

a- am noket one conpound is reduced in steric hindrance due to )

di ssociBibnfahepeyf 8BdrasthiCkReEReChr é98nER 6F AESISvate§CoROMECal
Accordingly, it is 10 assuned that the amne results in having a

curi ng At etar a¢npgnaet A feghthérapsmytiasch-and that since then,
the curing accelerating action is exerted by heating. Such action
doe8 notl®l8low radi cal s and activated amines to be present before
irradiated with a UV ray, and therefore the adhesive sheet 15 which
is very excelTemtsehvenktesedefaraprepeying thenveeiplr degesibgd pbove
provi ded. The curing speeds_of the photoreactive nononer and the
epoxy r&srhl aret chRagedigeddydPAgrestrhetedy uendr eonsidekdndadi cal s
and the am nes produced by irradiation with a UV ray, and therefore
the 20 Wptaehlibasengereparing hBenfily) papfpsaBéversiefe@rsy sopgents
epoxy resin (a), the phenol base egoxy resin curing agent Sb) and the
phot or &&¥ing aohohefively low boiling point such as methy ethyl

10 ketone, acetone, methyl isobutyl ketone, 2-ethoxyethanol,
toluene, xylene, butyl cellosolve, methanol, ethanol, 2-
methoxyethanol and the like. Further, solvents having a
relatively high boiling point such as dimethylacetamide,
dimethylformamide, N-methylpyrrolidone, cyclohexanone and the

15 like can be used as well for the purpose of enhancing the film
coating property.

[0082]
In producing the vanish when adding the filler to the
adhesive composition of the present invention, a stone mill,

20 three rolls, a ball mill, a bead mill and the like are
preferably used considering a dispersibility of the filler,
and they can be used as well in combination. Further, time for
mixing can be shortened by mixing the filler in advance with a
low molecular compound and then blending the mixture with a

25 high molecular compound. Also, air bubbles contained in the

vanish are preferably removed by vacuum deaeration and the

55



[ 0095] Capabl e of being used as the optical base generating 25 agent
(g) described above are, for exanple, 2-nethyl-1-(4-
nmet hyl t hi ophenyl) - 2- nor phol i nopr opane- 1-one (Irgacure 907,

manuf act yr ed Ci ba Specialty Chem. cals K K), 2-benzyl-2-
dinethyﬁékﬁrﬂggéf4pﬁ%955b?9n5 ﬂeﬂ9§}§§utanone-l-one (I rgacure 369,
manuf act ured by G ba Specialty Chem cals K K), hexaaryl bi si m dazole
derivatﬂ&ggiﬂa phenyl group nmay be 5 substituted with substituents

such as halogﬁg, an al koxy group, a nitro group, a c%ano_group and
the like), befzidvnRiidvNe HEYEVaPVeswhRy 2AIRgkEhe[ HDY6pL| RO the
addition to the optical base generating agents 10 descri bed above, a
met hod A&t FRISRRS hf EOBr cRtieEarBY . BpeMBAPYEAi &8 ReBefARGerBnihich
optical O aisen rearrangenent, Curtius rearrangenent and Stevens
reaPr arfidemeaRoBanr el ysed Foeo7pring agentaprpaBéxgentiihi f§caddiler
descri bed apove are 15 used in the formof the | ow nol ecul ar
conpourddd higvi iyl @h nbrechisFuniei GRerepfsde bhenesixednyifh ad&PEron

t hereto, the conmpounds in which high nolecules are introduced into a
princi paickes mandl stdebehaand Hag békased. tha hhpl Badeculpe
nmol ecul ar weight is preferably 1000 to 100000, nore preferably 20
5000 t CIUODNd nineemrabibbe viergherabéyayéthorBeurBPX Hek §AL Nf ¥§m t he
vi ewpoi nt of a pressure-sensitive adhesive, roper%y and a fluidity of
the pr dhare v danierdice B eadhesive composition. film of the epoxy

10 resin is formed on an interface of the filler by the above
method, and therefore a lot of the filler remains in the epoxy
resin phase even after the rubber and the epoxy resin are
subjected to phase separation and cured. A reinforcing effect
of an interface between the epoxy resin and the filler is

15 increased, and the heat resistance is enhanced. A ratio VA/VB
of a volume VA of the filler contained in the epoxy resin
phase after curing to a volume VB of the filler contained in
the phase of the rubber component is preferably 1.2 or more.
If VA/VB is 1.2 or more, a reinforcing effect of the

20 interfaces A and B is obtained, and the heat resistance can be
enhanced. VA/VB is particularly preferably 2 or more, further
preferably 4 or more. VA/VB can be measured by the following
procedure. A broken surface of the film is observed under a
scanning electron microscope, and peaks of atoms forming the

25 filler in regions comprising A and B as principal components

are measured respectively by means of XMA. VA/VB is determined
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[ 0098] In the pressure-sensitive adhesive conposition of the
25 present invention, a blending anbunt of the optical base
generating agent (g) is preferably 0.1 to 20 parts by mass based on
100 parts by nmass o he high | ecular compound (c). If it is 0.1
part b)P%aassr%trl?m?Ig,E?ﬁeﬁ?g%ﬂgv?%ylcﬁg 88%8,5'and t he resi dual

nononer i s decreased. On the other hand, if it is 20 parts by mass or
| ess, art 4984 lease in the nol ecul ar wei ght 5 by polynerization
reaction functions well; |ow npl ecul ar copponents are decreased, agd
possi bi | ity tIFeRF MAFF AFRREIVA t¥eFefHow Pespdhant¥ei §11BdALe4ne
Accordi ngly, the blending amount is nore preferably 0.5 to 15 parts
by nasPresathelnyeREEPALFIN 108 oSEUGKr £B BYdRESEC 2DFBADOR HgeL1red
pressure-sensitive adhesive conposition can be blended with, if
necéssdmiicknesgyh Ml ddularcassi nthad el rdnerrd b 192y RtwWhi@e the
epoxy resin described above, an inorganic filler, various coupling
agent s,2Hes bYe skavengerrasnahdrendefi REL| Ara@drerBnotbetnare
conponents (a) to (c), (f) and (g) described above as |ong as the

obj ect THHCq®HEP¥esent invention i s not damaged. [0100] A bl endi ng
amount of the high nolecular resin having a 20 conpatibility wth the
epoxy rd$i4$3ls preferably 40 parts by mass or |ess based on total 100
parts by mass of the epoxy resin (a) and the phenol base epoxy resin
curing agent Naxt. 18he dhigeher nghedount qu|@r¢ﬁe@helaﬁeogl@ang@si the
of the epoxy resin |layer can be secured. 25A bl endi ng_anmount of the
inépgaﬁ4;qqqqqycqmp%§b$g@%b$glqably used for the application of the

above adhesive sheet shall be explained.

The adhesive composition suitably used for the adhesive
sheet of the present invention is preferably a pressure-
sensitive adhesive resin composition, and to be specific, it

15 comprises preferably (a) an epoxy resin, (b) a phenol base
epoxXy resin curing agent, (c) a high molecular compound
containing a functional group and having a weight average
molecular weight of 100,000 or more, (f) a photoreactive
monomer in which a cured matter obtained by irradiation with a

20 UV ray has Tg of 250°C or higher (hereinafter referred to as
the photoreactive monomer) and (g) a photoinitiator generating
a base and a radical by irradiation with a UV ray having a
wavelength of 200 to 450 nm (hereinafter referred to as the
optical base generating agent). The above pressure-sensitive

25 adhesive resin composition is a concept included in the

adhesive composition of the present invention, and the
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to 40 parts by mass based on 100 parts by mass of the
pressure-sensitive adhesive conposition. If the above bl endi ng anount
is 1 part by nmass or nore, the addition effect is obtained, and if it
is 40 parts by mass or | ess, problens such as a rise in a storage
el asti PTRRMLS- PR helvahadhnoeivaydpryes aSréQuReroRN A EHEPRIRESYve
property, a reduction in the transparency caused by residual voids
are | edx23¢ amprecxbabetoreopntibpbat theupthesive shR6LEI Pifethies prgsent
preferably used in order to enhance a thermal tinme fluidity of the
film Amendglen. afdurthisd et ngtkgyarres supeeserabtyveoaghesive
to 10 parts by nmass based on total 100 parts by nmass of the high
nol ecull&yennpduptoyEdled ot B nd ngrapreuhyt hamanggibugoahdnagiong beth
wei ght average nol ecul ar wei ght of 100,000 or nore fromthe
vi ebpoifrsciofora ederisihgreopropehtst aseshet adbesang dayest. 15A
bl endi ng amount of the ion scavenger is preferably 0.1 to 10 parts by
mass bastoibadpave sahg anssopértiieahi ghenpresahae-senpatinge( c)
containing a functional group and having a wei ght average nol ecul ar
wei ght athd9ve0layer nohechr vaduhesvienposat sdbesaneebteengsbt aifnad
by adding it, a heat 20 resistance and a cost. [0101] The
adhesi Viemttebicofbetive pr ethat pravenreonenant beeobthenatiebyavkhe sande
met hod as in the adhesive sheet described above. 25As shown in, for
exanpl &heFikpsg mater prbslsyir e-sehkodi sechdhesiveadéstnobowpsdi &ion is
first coated on a protective

10 radial ray.

[0086]

The pressure-sensitive adhesive resin composition and the
adhesive sheet each described above have the following
advantages. That is:

15 (1) the epoxy resin (a) and the high molecular compound (c)
are preferably incompatible with each other and liable to
assume a so-called sea-island structure, and the low elastic
modulus, the adhesive property, the workability and the
reliability at high temperature are obtained,

20 (2) the phenol base epoxy resin curing agent (b) and the
photoreactive monomer (f) are used, whereby they are excellent
in a heat resistance and a reflow resistance and
(3) the optical base generating agent (g) is used under the
presence of the phenol base epoxy resin curing agent (b) and

25 the photoreactive monomer (f), and therefore the epoxy resin

(a) and the photoreactive monomer (f) are scarcely reacted in
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film3 (called as well a rel ease sheet) and dried by the sane nethod
as descri bed above to forma pressure-sensitive adhesive |ayer 1'.
Then, a supporting base material 2 is |am nated thereon, whereby an
adhesi ve sheet 4' conprising the 5 rel ease sheet (protective film 3),
t he pressafatseas Wll'l\l@hadﬁéitvelﬂ Ay presant 4 o sipporthey e
material 2 can be obtained. In another way, the pressure-sensitive
adhesi vexcesilantoApogi Siterace cdabdd idiviecir yadshi tian sippertongi base
material 2 and dried by the sanme net hod, whereby the adhesive 10
sheet 4ircadib&edbwaithed.ight,t il tcasscta qr cteadoel €5d tedmyad a
| am nated if necessary. [0102] The supporting base materi al
used focurhrgadhesilecashegt agfenthe fpridsempadwerddion iog preduced, so
protective filmused if 15 necessary includes the sanme ones as
desdri bebaaboueingn otthither eegegt ,redion adhescael sheieedilsyi heatiaged, Thus,
as described later, with a UV ray to polynerize and cure the
pr essur eheepsebsueeadkeasiive vieaviding sa eV nessyl rpadomperd izaimnd idnd wher eby
an adhesive strength of an interface between the pressure-sensitive
20 adhesdkesamd sheesuppomhiimi Baseardatioritat lis qoedhicerento wigkde a t
possible to rel ease the supporting base material. Therefore the
suppor tshgrbgeeshabeliidly pref dcakibtdiasedV ray transm ssive. [0103]
25A thi ckness of the pressure-sensitive adhesive |ayer shall not
speci fica00§7be restricted, and it is preferably 3 to 200 um If it
is 3 umor nore, the stress relaxation effect can be enhanced, and if
it 1H0s 200 um Dihel eespective ecopometdls @ottadmededn rtdeguipresnird-0 a
reduction in a size of optical

sensitive adhesive resin composition described above shall be

explained below.

The same compounds as described above can be used as the

epoxy resin (a) and the high molecular compound (c). The
15 polyfunctional phenols shown above as the examples can also be
used as the phenol base epoxy resin curing agent (b).

A blending amount of the epoxy resin (a) is preferably 5
to 250 parts by mass based on 100 parts by mass of the high
molecular compound (c). If a blending amount of the epoxy

20 resin (a) falls in the above range, the elastic modulus and an
inhibition in the flow property in molding can be secured, and
the handling property at high temperature is sufficiently
obtained as well. A blending amount of the epoxy resin (a) is
more preferably 10 to 100 parts by mass, particularly

25 preferably 20 to 50 parts by mass.

A blending amount of the phenol base epoxy resin curing

59



devi ces. Fromthe viewpoi nt descri bed above, a thickness of 5 the
pressure-sensitive adhesive layer is nore preferably 5 to 50 um
further preferably 8 to 30 umand particularly preferably 10 to 25
um [0104] A thlckness of the supportln base material shall not 10
speci fi28¢1y bR) ré8tiFctBd2 AABIPL Ofs Oprefer ablPy BredeFs®Wmd 1% 4
is 5 umor nore, the workability_ is enhanced, and if it is 250 pm or
| ess, it-?siBchbAbREcar aﬁdeHHéWéflSPé pr&fer PEda PHEROLAE VAYELRSB1 Yt
descri bed above, a thickness of the supporting base material is nore
pref er abfQUROPED QD6 BRPXYSIEQHPhEL Bhef epaBlyy r2gino (830 femaridie
particularly freferabl 25 to 125 um [0105] A total thickness of the
pressureieepsintvefaiimpsrénpaybe hunidhéysuppsostiangehasd ipdtidrdital. i ¢
usually 10 to 250 um 20 If a thickness of the supporting base
mat éri athé¢ segeivedenherstire Feddb 4p sheaabevel gangegeithieevwdsirhars
that of the pressure-sensitive adhesive |layer, the workability is
|nproveﬁufﬁthgpébyftur@dnﬁCﬁaﬁﬁoﬁlnkédémfandcth@e§U5ﬁﬁ5ma$¢ﬁgocan be
10/ 50, 25/50, 50/50, 50/75 and the like in terns of the pressure- 25
sensi t i viepzeviedi Ve aapéatth@ssappactel Agdbasbumadétivalrespmtanged it
can suitably be determ ned according to the conditions used, the
devi ces HHtB&he |i ke. I n the adhesi ve sheet of the present
invention, two or nore pressure-sensitive adhesives which are
prepar ed sepdifx eplyotanebet sveckonsmer! (fbnuaegr éssthe- peasenitve 5
adhesi ve | ayer side of the adhesive sheet in order to obtain a
dedpr edinnerkhesscandeehhnneeat heatheesabtahme Plfuittiet pdhiesitviel sheet
case, the sticking conditions on which peeling between the
pr essurdesenshed veatehesfver| ayeadiasedowibhoaghV abouandr €an improve
necessary.

aythermal time adhesive strength and a reflow resistance

thereof.
Tg of the photoreactive monomer (f) is measured by a

15 method in which a cured matter obtained by adding the optical
base generating agent to the photoreactive monomer (f) and
irradiating with a UV ray is molded into a size of about 5 X 5
mm to prepare a sample and in which the sample prepared is
measured in a compression mode by means of EXSTRA6000

20 manufactured by Seiko Instruments Inc. to determine Tg. If Tg
is 250°C or higher, the cured matter is excellent in a heat
resistance and can stand heat of 250°C in evaluating a reflow
crack resistance. Accordingly, it is excellent in a reflow
crack resistance. Tg is more preferably 260°C or higher which

25 meets a lead free solder. If Tg is too high, the adhesive

sheet tends to be inferior in a sticking property at room
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10[ 0106] When the adhesi ve sheet of the present invention constituted
as described above is irradiated with a UV ray, the base material is
reduced in an adhesive strength to a |large extent after irradiated
with a W ray, and the adhesive 15 sheet can readily be peeled off
from t HemRaea harer phfehni FEadsRr8PAgWERE 8dR¥siFRY /| a6 therafore an
adherend. [0107] An optical device in which an optical waveguide is
adher edIRRET beiptepbhedepy i4si RgefrEaRdFesPPeCeonposition for 20 an
opti cal wavegui de, the adhesive filmfor an optical waveguide or the
adhesi vd 0¥¥&dt for an optical wavegui de according to the present
invention. A production exanple of an optical device prepared by

usi ng the adidsi ar4qifiof examppeeseht thaveheroreshbiivepmopsmer (f)
explained with reference to Fig. 2. First, when the adhesive film has
a pbot dot¢Med€ i | fori exanplpeebedybinctantdadnagyideites sach @S an
adhesive layer 1 is stuck on an adherend nenber 21 (refer to Fig. 2-A
(a)). Neataerwuppbrelngrbaseyhateri direntsepyéhedtoflf heraper vilgtei g.
2-A (b)). Subsequently, the adherend nmenber 21 on which the 5

adhesi wEipeymrenytkrhedtt pedtaacopietal Gavmgthgéolprapenkean nated
via the adhesive |layer 1, and then the adhesive is heated and cured
to producieacrylkatyet etsopyasaridegcid 40hyleskepxtideFi(§O)2madid)ied I n
t he above case, an exanple in which the adhesive filmis first

| am nattedi agr ket edhék endméOhybobpropadei hethpehrifaite,t hen adhered
on the optical wavegui de has been shown, but as shown in Fig. 2-B,

t hil§ omoertamyyter ifpskttetraacrylate and the like. The above

photoreactive monomers can be used alone or in combination of
two or more kinds thereof. Among the polyfunctional acrylates,
dipentaerythritol hexaacrylate and dipentaerythritol
pentaacrylate are preferred from the viewpoint of the residual
15 monomers after irradiated with a UV ray. To be specific, A-DPH,
A-9300 and the like (trade names, manufactured by Shin-
Nakamura Chemical Co., Ltd.) are available.
[0090]
When plural photoreactive monomers (f) are used, Tg
20 thereof is Tg obtained by measuring the mixture thereof by the
measuring method described above, and Tg of the respective
monomers does not have to be 250°C or higher.
[0091]
A blending amount of the photoreactive monomer (f) in the
25 present invention is preferably 5 to 100 parts by mass based

on 100 parts by mass of the high molecular compound (c). If
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A nmethod in which the adhesive filmis cut into a prescribed shape
and in which the adhesive filmecut is 15 thermally conpressed on a
desir et OSihbHRE IQIeﬁB@n@phm@@h_‘c\/\@_ﬁeguFﬁQténByt hasadber aegeempRY S
usual ly used as a nethod for sticking the adhesive film However, it

shal I notoh-d st vt fgnbheret . 11 Antibi $or 88P8Ghs ekheqager end menber
shall not specifically be restricted as long as it is used for a 20

target ech DRt d £8} 2 HEY CRe aBRAOHT byn&‘tygaéat&% RARAPLE Ve LM G i ng

substrates such as a glass epoxy substrate, an organic w ring

a1 it nor TG SURerT B RR G REY B PR LR e BREEE Trofl e
R e S R i 1 g =
e A L e R Tt A I g el

opt | ca gyt &t & fnE R gh fnogeclBr"cBROMEY, PUoEAPRSS Pocfibe i im

S Reslec ol tnc g ap-aghes! vereaber. A | S sL ol 08 Ratrer tends

pressure-sensitive esi v ace (pressure-sensitive adhesrve | ayeér

1') of th i heet e o] s_the. i

wnich 16 7o Ainetied FFI 2 et BosBCTRrgEH Anos) MBHERRLE, RE:Takdarss
sheet is irradiated wt radial _ray to.polynerize_and, cure the
2andsi VS GLTT he Pehared apdiatyisr miMRGPES ARPRIVAT O K5, T8na
then a supporting base naterial of the esiye, sheet is peeled off
(Fro. Pan)5y Taasy cof ot Frufen 8y REP EaBaDLY of UokangPePad tByo¥ af58n
el ectron b%%gn an infrared ray and the like. In this respect, a case
in which® ray i s used shall be described. The adhesive sheet is
irradiated with a U/ ray froma supporting base material face. Though
the illum naride @RH%TY iR3SRI RIS ¥ Vatgbduatdot @i Bet pregent
the conposition of the pressure-sensitive adhesive, the illum nance

i s usudinvendbn Bs tesudbl M ehbedaad ehanirepkaranforonpeEnfs uSWeElh |y
about 80 to 1000 mJ/cn®. The irradiation dose of such an extent that

t hé5 photamreastd vis nd@saeibed ahndst Bholtphrerlivzed &L a Secmaat d. Val. 13,

this case, the 25 supporting base naterial of the adhesive sheet has
to be wMur@ﬁQQkugnds@erlike, and 1t is reacted by irradiating with

a UV ray according to the following formula:
[0093]

[Formula 3]

20 [(0094]

Radicals are not present in the o—-aminoketone compound
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[ 0109] Subsequently, the adherend nenber on which the pressure-
sensitive adhesive is held and an optical waveguide 11 are | am nated,
and then the pressure-sensitive adhesive is heated 5 and cured to
produce a targeted optical device 40 (Fig. 4-A (c)). In the above
case, bR fexanmlrerddi atedwitie adhesrag, sieeét theréfosé ham nated on

t he adherend nenber and in which it is then adhered on the optical

waveguipda yviras e ceh avey c hidin ast stivanphot bt gacBiBe hbhsmerdés may be
upset. 10[0110] In a production exanple of an optical device

shown icusiedl. SFunttterg piatiect iofe thd mpdb:Hs fyLgents rdt iscperdedted
of f, and an optical waveguide 11 is |am nated on a pressure-sensitive

adhesi ¥gief aee (Hy eSS Hih®edrstd | Veladhest,veHayelanli no kdtdde démpound
adhesive sheet (Fig. 5 (a)). Next, the optical waveguide is processed

into aitageistishane By i€l dih eish theth i keu( Frgy, Saf) rad7bens bhe
adhesive sheet is irradiated with a radial ray in the sane manner as

expl ai peddurdd Lo brihdPUBGEE | ZEl sl L1l €1 dheragbesoneoshere havi ng
a property of polynerizing by a 20 radial ray, and then a supporting

base nmpherticdled ipeelmshdidr (Fdsdh (tHe o-SubisROuaN ¢/ ,cdntioaqd | tal

wavegui de on which the pressure-sensitive adhesive is held is

| am natedurANe hefe widhaliaidr A edud lto aifissbeNat én thereof to
pressure-sensitive adhesive is heated and cured to produce a targeted

mt iccr:]atkﬁgwith:ﬂ&r?é(;ﬁjegser&e( D1 - ad i Fdee@bAVEnEAS AT EXAIO} S it is
10 assumed that the amine results in having a curing accelerating
action for the epoxy resin and that since then, the curing
accelerating action is exerted by heating. Such action does
not allow radicals and activated amines to be present before
irradiated with a UV ray, and therefore the adhesive sheet
15 which is very excellent in a storage stability at room
temperature can be provided. The curing speeds of the
photoreactive monomer and the epoxy resin are changed
according to the structures of the radicals and the amines
produced by irradiation with a UV ray, and therefore the
20 optical base generating agent (g) can be determined by the
epoxy resin (a), the phenol base epoxy resin curing agent (b)
and the photoreactive monomer (f).
[0095]
Capable of being used as the optical base generating

25 agent (g) described above are, for example, 2-methyl-1-(4-

methylthiophenyl)-2~-morpholinopropane-1-one (Irgacure 907,
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adhesive sheet is first lamnated on the optical wavegui de and in
which it is then adhered on anot her adherend nenber has been shown,

but ¢ hizs, ¢ ger 0By b URSEL. SLOLLLE elnchig;a00ve expl anabjans, 3

met hod 1n dhesrie ésive 'S$hee used to

menber e GREhABLRET T B8NP RBRRL T EoRoD 1 FE ABBV AT o WECHES

in whic he adhesive film or .the_adhes eet, | am nat ed

on the:£ eﬂgﬂﬁuﬁ%ﬁB%Fegngbih &ﬁ'éﬁeﬁﬁaggyi?gﬁm%&936ukéz§Vayer 10 to
be speC|f| Iomer | ayer, a core er and an _up

ol addi mEFFE %Jr%lmaﬁ?aa @dgﬁﬁl RBLFeEan bBNGEYY SEOREI M B epar e

an optlcal deV|ce t o, whi an .opti cal MBVGQUIgh | s adhered é@USIg&

t heSadra&r el Fesed EbFrBo§|uP55ﬁ %e SHffes S N3 HRIE delBr PBEF* Y GFEUP/
Accor di ng to t he above 15 net hod, the optical mavegU|de can be

pr epar € Bht ¥%eg%ﬂ%%reﬂdcﬁﬁﬁﬁegrﬁypbépﬂdﬁﬁe ahdel hePERGLSOOKazo lone
advant ageous in a pattern accuracy and a positioning accuracy of the

opt i calde®ieaful wes 20d EXARPLERSSE 0112] The present invention
shal |l be expl ained below in further details with reference to

exanpl es,O%5ift] the present invention shall not be restricted to them
25[ 0113]

In addition to the optical base generating agents
10 described above, a method in which bases are produced by
optical Fries rearrangement, optical Claisen rearrangement,
Curtius rearrangement and Stevens rearrangement can be used.
[0097]
The optical base generating agents described above are
15 used in the form of the low molecular compounds having a
molecular weight of 500 or less, and in addition thereto, the
compounds in which high molecules are introduced into a
principal chain and side chains may be used. In this case, the
molecular weight is preferably 1000 to 100000, more preferably
20 5000 to 30000 in terms of a weight average molecular weight
from the viewpoint of a pressure-sensitive adhesive property
and a fluidity of the pressure-sensitive adhesive.
[0098]
In the pressure-sensitive adhesive composition of the
25 present invention, a blending amount of the optical base

generating agent (g) 1is preferably 0.1 to 20 parts by mass
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Exanple 1-A Preparation of adhesive film Cycl ohexanone was
added to a conposition conprising 55 parts by mass of YDCN- 703 (trade
nanmes, manufactured by Tohto Kasei Co., Ltd., cresol novol ac type
epoxy resin, epoxy 5 equivalent: 210) as (a) an epoxy resin, 45 parts
by masdafed) orxl X patrtét brudmananes, thanbiabt meégchyam compound (c) .
Chem cal s, Inc., phenol resin, hydroxyl equivalent: 175, water
absorptifnittoes f0cl epart 1bg Meby ouswprheatheeirghttiods vat s350Cd,4 ayd
as (b) a curing agent, 1.7 part by mass of NUC A-189 (trade nanes, 10
manuf adthe ede HijdiNe ppoonemecai sCdecrended.y-On the other hand, if it is
mer capt opropyl tri met hoxysil ane) as a coupling agent and 3.2 parts by
mass of2 Na 4 169 asadernhaess, amnihactasedihy tNepmonebuoilear wedaght
Ltd., y-ureidopropyltriethoxysilane) as a silane coupling agent and
32 par tsy lpyo nassr DEaAeonsréa&97@n 150hecadensawe l lrahovanbleed lby
Ni ppon Aerosil Co., Ltd., a filler having an organic group such as
met hyl compdiments kerendacsaasade amhdchowasbpilépgr €d byxectatnngfdect
surface of silica with dinethyldichlorosilane and hydrolyzing it in a
react ororoft (R £ bow i casiavaenageipareéduteddi aheterdigDip P ksefding
a 20 filler, and they were stirred and m xed. Further, the m xture
was kneawtatht ors Afore nptefebgbhgafsSofoalbepdrisl by Added tthertéeo
were 280 parts by mass of acryi rubber containing 3 % by nmass of
gl yci dylirefsydial e brtgl ycpaytsneyhmesyl at e, HTR860P-3 (trade nane,
manuf act ured by Nagase ChenteX Corporation, 25 weight average
nolecul dr008E]1ght : 800, 000) as (c) a high nol ecul ar conpound and 0.5
part by mass of Curesol 2PZ-CN

The pressure-sensitive adhesive composition can be

blended with, if necessary, a high molecular resin having a
compatibility with the epoxy resin described above, an
inorganic filler, various coupling agents, an ion scavenger

15 and the like in addition to the components (a) to (c), (f) and
(g) described above as long as the object of the present
invention is not damaged.

[0100]
A blending amount of the high molecular resin having a

20 compatibility with the epoxy resin is preferably 40 parts by
mass or less based on total 100 parts by mass of the epoxy
resin (a) and the phenol base epoxy resin curing agent (b). If
the blending amount falls in the above range, Tg of the epoxy
resin layer can be secured.

25 A blending amount of the inorganic filler is preferably 1

to 40 parts by mass based on 100 parts by mass of the
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(trade nanme, manufactured by Shi koku Chem cals Corporation, 1-
cyanoet hyl- 2- phenyl i m dazole) as (e) a curing accel erating agent, and
they were stirred and m xed and subjected to vacuum deaeration. This
adhesi ve vani sh was coated on a polyethylene 5 terephthal ate (PET)
fil mhadagsarehsernessver adbepivehcenPrasd tdgpj-eci6dthe pbpE¥gsbhgnding
treatnment and dried by heating at 140C for 5 mnutes to forma

coat i NERPURF hdwi hgparthbrkmass ot morpm whechddidyen iedfg disage
state, whereby an adhesive filmprovided with a supporting filmwas
prepar ezbtdDiedd4dnd if itThe 48hpsirte byl madesori Bed sabprebiemsc sivad
at 170C for one hour, and a storage elastic nodul us of the adhesive
conposias on mbse neasar etdofsgapkéasitie: mbdnguls 26 fime widditels iyemhayied ,
filmthi ckness 80 pm heating rate: 5C mnute, tensile 15 node, 10
Hz, Sautane¢decsiani tnl dhdi aghebyveeanspeft ta, dpnaeductiisnoénagtieci t y
measuri ng apparatus (DVE-V4, manufactured by Rheology Co., Ltd.) to
resul t tmadsparegcy hasusedway 886iNRPalavo28€ ameé 3elBa ldb2@0Co be
[0115] 20 Exanple 1-B Preparation of adhesive sheet 1: Added were 100
parts byromgst ofbdiTR: 860R-thet r aenaram®i 1 hanui sicthoredpbgfdbghsy used
Chent eX Corporation, glycidyl group-containing acryl rubber, weight
aver agel modedert ato weilghnce 258000001 Tgme- ICnidg ticp fathiegh idol.ecul ar
conpound, 5.4 parts by nass of YDCN 703 (trade nanme, manufactured by
Toht o Kasei ZCdlendihg ameuesodf nohel acupyprgeposyptr ési preéporbly
equi val ent: 210) and 16.2 parts by mass of YDCN-8170C (trade nane,
maAaf adt Wedtdyl Topa ot Kalbgi m&@ss, bhsdd, ohi §pheholl0F pppés by mass of

the high molecular compound (c) containing a functional group
and having a weight average molecular weight of 100,000 or
more from the viewpoints of an effect thereof, a heat
resistance and a cost.

15 A blending amount of the ion scavenger is preferably 0.1
to 10 parts by mass based on 100 parts by mass of the high
molecular compound (c) containing a functional group and
having a weight average molecular weight of 100,000 or more
from the viewpoints of an effect obtained by adding it, a heat

20 resistance and a cost.

[0101]

The adhesive sheet of the present invention can be
obtained by the same method as in the adhesive sheet described
above.

25 As shown in, for example, Fig. 3, the pressure-sensitive

adhesive resin composition is first coated on a protective
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epoxy resin, epoxy equivalent: 157) as (a) an epoxy resin, 5 15.3
parts by mass of Phenolite LF2882 (trade nane, manufactured by
Dai ni ppon Ink & Chemcals Inc., bisphenol A novolac resin, hydroxyl
equi valent: 118 g/eq) as (b) a phenol base epoxy resin curing agent,
0.1 parfily IassadbleliUesAwdB8? 4t radleasanshestinubacdt dreddby yNithgorsame
Uni car Co., Ltd., Y- 10 nercaptopropyltrimethoxysilane) and 0.3 part
by masamefhdMUGAldé8ctibadeabane, toafivtachupedsky r-peasitiivear Co. ,
Ltd., 3- ureidopropyltriethoxysilane) as a silane coupling agent, 30
parts hydi@ssvel1Ay&OPHL (tr anteemane, s uppwf achgriedsbymsSheni Abkamisa
Chem cal Co., Ltd., dipentaerythritol hexaacrylate) 15 as (f) a

phot or e i Vet 8®@NOREF eofh, SwhaFEbDY afBaghekikvegateee 369 coimpade imaymthe
manuf actured by G ba Specialty Chemicals K K

2- benzyde Pe désres hyb am(pootetditrer phohi Bophehglpredisanenrsehsiaiee
1-369) as (g) an optical base generating agent and cycl ohexanone as

an or gaitife sPV&eDiyeand’ t BgY YREEsEppbiedngnBade Maxediand 2suhinetleed
to vacuum deaeration. This adhesive resin conposition vani sh was

coat ed st siidace Irel fasingr tWopt ethdod yes iyt engehef ephe hatinéeive
(Teijin Tetron film A-31, manufactured by Teijin Limted) having a

thi cknesss i dompds andodr i edcbytbaatiihgcall y88e the 30pportlieg base
obtain an 25 adhesive sheet. A UV ray transm ssive supporting base

mat eri glaféOvatensahy golyet byl ene temephthabal eimierbyatekatahleewve
density pol yethyl ene terephthal ate three layer film FHF- 100,

manuf acdheed by Jaerpe &otaihéd.) haviids acdsé ckaessobécBOvdi Ai¥ASmay
| am nat ed on the above adhesive sheet, whereby prepared was an

adhesi e shaeindt 6@NPri s&Bgskheyprotective | ayer 5(surface rel easing
treated pol yet hyl ene terephthal ate descri bed above), the

pressur g-g36n5i tive adhesive |ayer and the UV ray transm ssive
supporting base material .

The supporting base material used for the adhesive sheet

of the present invention or the protective film used if

15 necessary includes the same ones as described above. In this
respect, the adhesive sheet is irradiated, as described later,
with a UV ray to polymerize and cure the pressure-sensitive
adhesive having a UV ray polymerizability, whereby an adhesive
strength of an interface between the pressure-sensitive

20 adhesive and the supporting base material is reduced to make
it possible to release the supporting base material. Therefore
the supporting base material preferably has UV ray
transmissive.

[0103]
25 A thickness of the pressure-sensitive adhesive layer

shall not specifically be restricted, and it is preferably 3
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[0116] The adhesi ve sheet 1 described above was cured at 160C 10 for
one hour, and a storage el astic nodul us of the adhesive resin
conposition was neasured (sanple size: length 20 mm w dth 4 mm and
filmthickness 80 m, heating rate: 5C/ mnute, tensile node, 10 Hz,
aut ormt§® 20t 8- | okl Hg)1®HyS AL FRO¥Pe BYPaRtECTFsEBeRAaEient pffect
measuri ng apparatus (DVE-V4, 15 manufactured by Rheol ogy Co., Ltd.)
to resutanibefendangedhatnpt ikadt408 KPR #M 25Cless, 5 iWPa sarccospmical
[0117] Exanple 2-B Preparation of adhesive sheet 2: 20An adhesive
sheet 2NASCHR epagbdregui hemsafetopar sedsatasni AnERadplze PIBoPGHICEIt
that Irgacure 369 was changed to I|rgacure 907 (trade nang,

manuf acdeiykeepy Furn Sgeial ewPTheki deseribgd above, a thickness of
2- et hyl - 1- (4- et hyl t hi opheny1) - 2- nor phol i nopr opane- 1-one: 1-907) as
(g) 5t hetptpeessbaSesoBs gbhErabPRgsayent agert e prassprefeamdily we to
adhesi ve conponent. The adhesive sheet 2 described above was cured at
160C f ot0 Whe RerkhennarafsrabayeBelastlcimpandupast ichd agdiesi ve
resin conmposition was neasured on the sane conditions as in Exanple
1- B by neederalply he0dyRadPclBi scoel asticity measuring apparat us

(DVE- V4, manufactured by Rheology Co., Ltd.) to 5 result in finding
that it MEOY00 MPa at 25C and 5 MPa at 260C. [0118] Preparation of a
resin filmfor formng an optical wavegui de: Preparation of a resin
filmfor forrrihiicknessliog thgepupporting base material shall not

10 specifically be restricted, and it is preferably 5 to 250 um.
If it is 5 ym or more, the workability is enhanced, and if it
is 250 um or less, it is economical and therefore preferred.
From the viewpoint described above, a thickness of the
supporting base material is more preferably 10 to 200 um,

15 further preferably 20 to 150 pm and particularly preferably 25
to 125 um.

[0105]
A total thickness of the pressure-sensitive adhesive

layer and the supporting base material is usually 10 to 250 um.

20 If a thickness of the supporting base material is set to the
same level as or a little larger level than that of the
pressure-sensitive adhesive layer, the workability is improved.
The specific combination thereof includes 5/25, 10/30, 10/50,
25/50, 50/50, 50/75 and the like in terms of the pressure-

25 sensitive adhesive layer/the supporting base material (um),

and it can suitably be determined according to the conditions
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10Wei ghed into a wide nouth plastic bottle were 50 parts by mass of a
phenoxy resin (trade name: Phenotohto YP-70, nmanufactured by Tohto
Kasei Co., Ltd.) as a binder polyner, 50 parts by mass of alicyclic
di epoxycar boxyl at trade n - KRM 2110, nol ecul ar wei ght: 252,

manuf actiffed %@eé?ﬂ(ﬁcfﬁnﬁagggh%oﬁﬁﬁtd.) as a photopol ynerizabl e
conpound, 4 parts by mass, of triphenyl sul foni um hexafl uoroanti nonate
salt (trade ndhethesRATRS1YRNTRS Fu?édt%9 RESAEN PemR¥CBH1ON L WP 8E a
phot opol yneri zation initiator, 0.4 part by mass of SP-100 (trade
name, MR RIF LU pyS2BahFivenrdhes1Vept Hhy chsageoprepaset zer and
40 parts by mass of propyl ene glycol nononethyl ether acetate as an
or gani CeRARRH LY apant heystBELE a8Fi Vedd B8R BhBTESAMTEI 688 Seft1ye
tenperature of 25C and a revolution of 400 rpmfor 6 hours by means
of a mnaHATEes L2YeFefida @ﬁameaﬁahasbvepéﬁﬁ@ﬁ ip prépar é0aobésin 2
vani sh for formng a 25 cladding |layer. Then, the resin_vanish was
filtratdepifrerthiekaess @%@oﬁ@gaaCEOFpﬁl hermpLeftiRgvithyidifare In
dianeter of 2 pm (trade nanme: PF020, manufactured by Advantec MFS,
Inc.) dhihecadndi thonstbekingeapedatipasopn2BltighdracpiagdsBeséweeno. 4
MPa, and it was further deaerated under reduced pressure for 15

m nut esthen RIRS TWFRIT $¢BP1 biVe Fdkashveedrrersf 150nam PgoBght aPaHS of
a vacuum punp and a bell jar. [0119] The resin vanish for

form n@E CIKEREFRLY ayer obt ai ned above was coated on a
corona-treated surface of a polyamde film (trade nane: M ctron

maAdf acti® P by Toray Industries, 10 Inc., thickness: 12 um) by neans
of a coating machine (Miulticoater TM MC, manufactured by Hirano
Tecseed Co., Wheh )themfhesie sheed af BoT presant nipvieédsiand t hen
at 100C for 10 mnutes. Thereafter, a release PET film (trade name:
A31, neRIfsictuiteed bys TReseniipR®orlpore| 8 Jupadiatdd, wikhcRnBYsrags 15
pm as a protective filmwas stuck thereon so that a rel ease surface
faced tthe resia matRrial obs areducedsin an| adhesiver atngnatbl dading

| ayer. In this case, a thickness of the resin |layer could optionally
be contlragidecineriomfiott i gradpapedfwibe sodVi hgynmashdntheaadhesivhe
present exanple, the 20 thickness was controlled so that the film

t higknedwsest afarerreadelly viee eoeeted 0080 profiothehbabewnatekaddi while

| ayer and 80 pm for the upper cladding |ayer.
holding the adhesive layer on the adherend.

[0107]
An optical device in which an optical waveguide is
adhered can be prepared by using the adhesive composition for
20 an optical waveguide, the adhesive film for an optical
waveguide or the adhesive sheet for an optical waveguide
according to the present invention.
A production example of an optical device prepared by
using the adhesive film of the present invention shall be
25 explained with reference to Fig. 2.

First, when the adhesive film has a protective film, it
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[0120] Preparation of a resin filmfor formng a core layer: 25A
resin vanish for formng a core |layer was prepared by the sane nethod
and on the same conditions as in the preparation exanple of the
resin filmfor for ng a clad l.ayer._descrd bed cept. t-hat
used wet® %%eL%? y AHgs 20t ﬁ%sﬁﬂ n5?§ r $l lv%é; er 1'1s
Phenot oht o YP-70, manufactured by Tahto se ). as the

bi nder PoiGhen ensegﬁsreegweﬁlg&g o rstRs R (leg 'O AN wext,
acryl oyl oxyet hoxy) phenyl ] f 1 uor ene trade nane; A- BPEF, manufactured
by Shi i NekRIRIF BledehRpEsl 1“@69r1|5_‘t1dg igngessepartd df‘%%srs tor Fig. 2-A
blsphenol A type epoxy acrylate ( trade nanme: EA-1020, nmnufactured by
Shi n- Nakhur a ey, R4 ?d%%r?%% RembRbt dpoPYnEhi shntae
conmpound, 2 parts by nass of bis(2,4,

tri tk@/cﬁ}b%ﬁkﬁ?l }eheﬁytphésbﬁnlﬁeaasa ae oPrige Inwryedrigsc drle a8,
manuf actured by G ba Specialty Chem cals_K K) as_the

phot opol 3ERa 58€ | Bhai hiei aEBESaNG 40YE4r tls BFdn§§§n0¢h§r@ﬁ%Q§%¥e is
gl ycol nononet hyl ether acetate as the organic 15 solvent. Then, the
resin V%%@%%dm@%dfﬁptﬁﬁtea BREEHCEr 8ssargcard Patinedl gexécs ¢ under
reduced pressure. [0121] The resin vanish for formng_a core

| ayer obtaffedtanbye- m&sAcéﬁﬁéd obR at @ nalPPeat edSSur fPRCBXBIPASPET
film(trade nane: 20 COSMO SH NE A1517, manufactured by Toyobo Co.
Ltd., tHrERheSRe adhedjvandldm éq by rehie laBABakechod éilel gdhegend '
preparatlon exanple of the resin filmfor formng a claddin | ayer
ded€ri Bermb@ovand Thenwhigh i&| éas&hprTadhrredt pRdENRamPL 142

manuf actured by Teijin DuPont Filns Japan Ltd., 25 t hi ckness: 25 u

as a.pw%ﬂ%ﬁﬁW%%éfhtﬂtQﬁgnsﬁbewnth@ﬁéoﬁsséhpwatla FdPeadeBsurthd@e order

faced the resin side to obtain a resin
may be upset.

A method in which the adhesive film is cut into a

prescribed shape and in which the adhesive film cut is

15 thermally compressed on a desired position of the optical
waveguide and the adherend member is usually used as a method
for sticking the adhesive film. However, it shall not be
restricted thereto. In this respect, the adherend member shall
not specifically be restricted as long as it is used for a

20 targeted optical device, and it includes, for example, ceramic
wiring substrates such as a glass epoxy substrate, an organic
wiring substrate prepared by using polyimide, an alumina
substrate, an aluminum nitride substrate and the like,
semiconductor wafers such as silicon and the like, metals such

25 as copper, aluminum and the like and glass materials such as

quartz and the like.
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filmfor formng a core layer. In the present exanple, a gap of the
coating machine was controlled so that the filmthickness after cured
was set to 50 pm [0122] 5 Preparation of an optical wavegui de:

The relq%ﬁgiﬁfT film (A31) which was the protective filmof the resin
filmforl ot ng a |l ower cladding | ayer obtai ned above was peel ed
off, and the resin fil mwas irradiateg mﬁ%h a uv rag (gavelength: 36
nm at 1 J/ ciP¥rorft PTRIIAEEPYe A REe sPHe@ R eORFLEL oIEHE ChaREEPATE
material film b%?neans of a WV ray exposing nachine gEXN¢117§a

manuf alWreft By Bhe aeReFareurPA§EOBS, thedPY eaRR Tt RBNCBEBPEC S8 1tlo De
heat treatnment at 80C for 10 m nutes, whereby a | ower cladding |ayer
32 was PRrhetnedefetht sefpgenee(hp) Figs[ 81287 Fig. S.Next, the resin
filmfor formng a core | ayer descri bed above was | am nated on the
abobe | over ¥ RIRFRAYGHEPD 32X HAP L BeC Eonlli PPBAS26f A8VHFEs STPENof N FAT -
MPa, a tenperature of 50C and a | am nating speed of 0.2 m mnute by
nmeans ofr #hem|aBrebashiver fiHRM 1580P  REARDEactlir é8 BfeLalhit r PRERY
Techno Co., Ltd,), and then they were vacuuned to 500 Pa or |ower by
nmeans G0 2 RRULYE pReBRET afi naf of CRFALPR5BOPT REAUFSCERPE LBY MR Kk
Co., Ltd.) as a flat plate type lam nator. Thereafter, it was heated
and corffHeaSE®E off¢he (REREFET BNSeRFihipreadipaiBe dayersilfipaciathe
tenperature of 50C and a pressing tine of 30 seconds to forma core

| ayer 3ok shef goyethe)yame[pephpd as thregbovenheasesih Whigh
was irradiated wwth a UV ray (wavel ength: 365 nm at 0.6 J/cnR by,
medfs dihe dhpsieg Bipbsingupaehi heddedchi had) abdNexvi athe nedages yee
type photo 5 mask 35 having a width of 50 um (refer to Fig. 6 (c)),
and t heihgat wes hebadbebedgotthor Ha@dialt B3YabPePOéYpesége and cure
Thereafter, the PET filmwhich was the supporting filmwas peel ed
of f, arfdi@a adhesbat teheeBehamsndedcPbPRErFY afdeoeyBpEL2ipBoPYI éne

gl ycol mononet hyl ether acetate/ N, N- .
radial ray, and then a supporting base material 2 of the

adhesive sheet is peeled off (Fig. 4-A (b)). The radial ray

15 includes, for example, a UV ray, an electron beam, an infrared
ray and the like. 1In this respect, a case in which a UV ray is
used shall be described. The adhesive sheet is irradiated with
a UV ray from a supporting base material face. Though the
illuminance and the irradiation dose are varied according to

20 the composition of the pressure-sensitive adhesive, the
illuminance is usually about 3 to 100 mW/cm?, and the
irradiation dose is usually about 80 to 1000 mJ/cm?. The
irradiation dose of such an extent that the photoreactive
monomer is almost polymerized is a standard. 1In this case, the

25 supporting base material of the adhesive sheet has to be UV

ray transmissive.
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10 dinmethyl acetam de = 8/ 2, mass ratio) (refer to Fig. 6 (d)).
Subsequently, the resin filmwas washed with a washing |iquid

(i sopropanol) and heated and dried at 100C for 10 m nutes. [0125]
Then, the resin filmfor form ng a cladding |ayer 15 described above
was | ami %Y t hereon as an upper cl adding |ayer 37 on the sane

| am nating conditions as descri bed above. Further, both faces thereof
were irradi atBPsEIeeRt L r Bye (adberengt RemBes am Whichsthecrgesgure-
total, and then the resin fil mwas subjected to_heat treatnent at
160C f ovelohet horiradbesiker ébyhehd apgepncPRidicag Wayegudrendd fdidred
to prepare a flexible optical waveguide in which the base materi al
fil mwakanispeosed andakhent sheepgeerurergerisgtige( @dheshyet Her heated
above flexible optical waveguide was treated for 100 hours on a high
t emper aand ecuwreld ht ghphodidet ¢ Eandetednopt 188d/ 85vises 40or( Fggel idmd
off the polyamde filmto prepare an optical waveguide in which the
base mat@r) al I Itheagaheize repdvedn ¢xafeietbnFviglclh thy)adlfpepvea
flexi ble optical waveguide having a waveguide |ength of 5 cmwas cut
out by sheels b3 Bidsti hgmsaateoADn3the pdherssdumeabley pRSCOn which

Corporation). [0126] 5The refractive indices of the core |ayer and
t he cl aiddi g then adhered on the optical waveguide has been shown,

but as shown in Fig. 4-B, this order may be upset.

10 [0110]

In a production example of an optical device shown in Fig.

5, when a protective film 3 is present, it is peeled off, and
an optical waveguide 11 is laminated on a pressure-sensitive
adhesive face (pressure-sensitive adhesive layer 1’) of the

15 adhesive sheet (Fig. 5 (a)). Next, the optical waveguide is
processed into a targeted shape by dicing and the like (Fig. 5
(b)). Then, the adhesive sheet is irradiated with a radial ray
in the same manner as explained in Fig. 4 to polymerize and
cure the adhesive sheet having a property of polymerizing by a

20 radial ray, and then a supporting base material is peeled off
(Fig. 5 (c)). Subsequently, the optical waveguide on which the
pressure-sensitive adhesive is held is laminated on another
adherend member 21, and then the pressure-sensitive adhesive
is heated and cured to produce a targeted optical device 40

25 (Fig. 5 (d)). 1In the above case, an example in which the

adhesive sheet 1s first laminated on the optical waveguide and
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| ayer were neasured by neans of a prismcoupler (Mdel 2010)

manuf actured by Metricon Inc. to find that a refractive index of the
core layer was 1.584 at a wavelength of 830 nmand that a refractive
i ndex of t he. cl ad er s_1.550. Further 10 _transm ssi.on
055 of 1R thﬁ*e i %a%ﬁéai AR F&iaP B Ras MhEasaRe oyt itacR

met hod neas E tge | en ths 10b 5.3 and 2 cm input fiber:

G -50/ 1 ?‘ﬁBde o l(’NRr . B3y P§ut'BGE i ber: SI-114/125 (NA =
0.22)) uaggngLSSO nmVCSEL (vertical cavity surface em ssion | aser)
(FLS- 300 15 manufactured by EXFO Inc.) for a light source and

@B2214 manuf actured by Advantest Corporation for. a photodi ode to find
that it was O Wifc OY%l%&?fEHQFba fon2 o?eEEﬁQSFQewg' ﬂ]gﬂﬁ adhesive
adhesi ve, sheet: 20(1). Eval uatjon of adhesive propert¥ Pre aratlon of
t esP sé%%#% O?hEh%dﬁ@§?§éVF|FH?SEté?nééeﬂntExéﬁBFéel Reng

| am nat ed on various nenmhers (a gl ass epoxy substrate (trade nane
MCL- E-67@?eg¥h¢%kﬂé%@aerGanﬁdﬁﬁﬁG?aEPuFB& Beih ﬂF@&éhPe?§e€h@ﬁﬁc§@en
Co., Ltd.), a polyimde film (trade nane: Kapton EN, thickness:

pm  marif 2e¥ Hred- bylwqﬁelnﬁl%r%?/ e al@@@)meehoeopeeme?ew %Pr‘d]aeCh
nane: GIS-35, thickness: Iossy surface used, nanufactured
by Fur ki@ @esiVe EbiR es hEta geséﬁeaﬁhﬁ?ﬁuﬁfﬁf SiLFSEt A3l NR&ee ©

Al N3OH H, a ossy surface used t hi ckness: 30 .p manuf act ured by
Takeuchfh m%m mgmbers gpg ¥ Whichi @BnoRipsAlate VEORA ENdSyET
0.625 pm nanufactured by M t subi shi_ Material s Corporation) and an
oxitle 9 ke oFRREL 5iFi cBnleUBEt FARSILRE RHBES: 300825 pRYeForREd 2R t h
an oxide filmof 1 pm _ nanufactured by M tsubishi Mterials

Cor por H#BReH )Chadd had cbRyeti 8RS bpmeDELed. EnvPEdgHdcan1Bed¥SeferiSng

speed of 0.2 mmnute. Further, the adhesive filns
well to prepare an optlcal device to which an optical

waveguide is adhered by using the adhesive resin composition
or the adhesive sheet described above. According to the above
15 method, the optical waveguide can be prepared on the adherend
member by buildup, and therefore it is advantageous in a
pattern accuracy and a positioning accuracy of the optical

waveguide.

20 EXAMPLES
[0112]

The present invention shall be explained below in further
details with reference to examples, but the present invention
shall not be restricted to them.

25 [0113]

Example 1-A
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obtained in Exanples 1-B and 2-B were roll-lam nated on the various
menbers described above on the sane conditions as described above
after peeling off the protective filnms. Thereafter, the supporting
filmor_the sugportln base 15 material was peeled off, and the

f1 exi bl RERRF_BION9EGAPHESHVEPALAR above was rol | -1 ami nated t hereon
on the conditions of 80C, 0.5 MPa and a dellverlng speed of 0.5 m
Subsequent | y,CYREOReRRRINR Vo5 naddedeteupedOBpORd #Pﬁgcaﬁpigéénﬂoﬁ5
one hour to prepare test sanples for evaluating an adhesive operty.
20[ 01282 vl bt Pans nefh8BCHNdOBedirade names, pRaUZARESTRE %roﬁm
(nunmber of peeled crosscuts) before and after a reflow test was
measur etR 51 aCer oshEdt s t apeSaet ROUOL aEc5¥BENGPPE Y] FSSKB40GPOXFhe
results thereof are shown in 25 Tables 1 and 2. In the reflowtest, a
| eal sr@ekvatertt el Blv 8estadf ah ARRKNUFESEApPelRt BRE ST PY6B@SKa®
carried out three tines on conditions based on | PC JEDEC J- STD-020B
by nmeafélilgx Xkeflbw(tesdennghefe p8aviaahdeedXhy- B4s5pgl fheniseatlsred
by The Furukawa El ectric Co., Ltd.). The detailed reflow conditions
are shoWcin Daghel 3reand, ahyénpévét gaeippdente iLASh watekl @lsPrpidon
is shown in Fig. 7. In the following reflow tests, the procedure was
carri eccerffipiene: shnd %ahMemaSF0129Pt(2ﬁlEh§I&Qﬁsoﬁtoﬁ5pi@ht4 %) as
transmttance Preparation of test sanple:
(b) a curing agent, 1.7 part by mass of NUC A-189 (trade names,
10 manufactured by Nippon Unicar Co., Ltd., y-
mercaptopropyltrimethoxysilane) as a coupling agent and 3.2
parts by mass of NUC A-1160 (trade names, manufactured by
Nippon Unicar Co., Ltd., y-ureidopropyltriethoxysilane) as a
silane coupling agent and 32 parts by mass of Aerosil R972
15 (trade name, manufactured by Nippon Aerosil Co., Ltd., a
filler having an organic group such as methyl and the like on
a surface which was prepared by coating a surface of silica
with dimethyldichlorosilane and hydrolyzing it in a reactor of
400°C, silica, average particle diameter: 0.016 um) as (d) a
20 filler, and they were stirred and mixed. Further, the mixture
was kneaded for 90 minutes by means of a bead mill. Added
thereto were 280 parts by mass of acryl rubber containing 3 %
by mass of glycidyl acrylate or glycidyl methacrylate, HTR-
860P-3 (trade name, manufactured by Nagase ChemteX Corporation,

25 weight average molecular weight: 800,000) as (c) a high

molecular compound and 0.5 part by mass of Curesol 2PZ-CN
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10The adhesive fil mdescri bed above or the adhesive sheet in which
the protective filmwas peeled off was roll-lanmi nated on a slide
gl ass having a thickness of 1 mmon the conditions of 60C, 0.5 MPa
and a delivering speed of 0.5 mmnute and then irradiated with a W
ray, anttradesupperthagufpcituisedt by £5ikefboChieng dedse Goattartiadliagas 1-
peel ed off. Then, the adhesive filmwas cured by heating at 180C for
one howyamoptkpara-pheeyl imanpkelkor asvdlelat mgrang glticelerating
transmttance. Evaluation nethod and results: The light transmttance
in a wawvgéenhgt indf tHOQ werd666immeZ0 abhef oiaeandnalf tsewb jtelve edefloow a@sim
was neasured by neans of a spectrophotoneter U 3410 manufactured by
H t achided¢datTor. r €Bhi ¢ sadies eoé wsei shomasi coktgd 8nta pOlyEthvhene
the total 1light transmttance was nmeasured according to JI S-K7105 by
nmeans oferepbtbaldtéf ¢PEAceftiumbhdvipgmaastiichkgesguiofm@® pEOWhiZHh was
300A manufactured by N ppon Denshoku I ndustries Co., Ltd. The results
t her eof sabvpeshedntonrdabbeiny amda2ment0s8d] de3pdEbal hatitdmgofat 140°C
refractive index Preparation of test sanple: A test sanple for
measur i figr a5 rrefmacésveoi idex wasoatpnepdién haviheg samdinkmesrs as il
the test sanple of (2) for evaluating a light transmttance.

um which stayed in a B stage state, whereby an adhesive film

provided with a supporting film was prepared.

10 [0114]

The adhesive film described above was cured at 170°C for
one hour, and a storage elastic modulus of the adhesive
composition was measured (sample size: length 20 mm, width 4
mm and film thickness 80 um, heating rate: 5°C/minute, tensile

15 mode, 10 Hz, automatic static loading) by means of a dynamic
viscoelasticity measuring apparatus (DVE-V4, manufactured by
Rheology Co., Ltd.) to result in finding that it was 380 MPa
at 25°C and 5 MPa at 260°C.

[0115]

20 Example 1-B
Preparation of adhesive sheet 1:

Added were 100 parts by mass of HTR-860P-3 (trade name,
manufactured by Nagase ChemteX Corporation, glycidyl group-
containing acryl rubber, weight average molecular weight:

25 800,000, Tg: -7°C) as (c) a high molecular compound, 5.4 parts

by mass of YDCN-703 (trade name, manufactured by Tohto Kasei
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Eval uation nmethod and results: The refractive index in a

wavel ength of 830 nm before and after the reflow test was neasured by
nmeans of a prism coupler 10(Mbdel 2010) manufactured by Metricon
Inc., and the results thereof are shown in Tables .1 and 2. It was
found t43t’ altfang@ FREERE PEVPAEEH V¥PENGER W& TunFPPer t he
reflow test was 0.001. [0131}1 15(4) Eval uation of insertilgrb | 0SS OJ
opt i cal SHAVEYUERE: aftl) aBAer8d2PPEpaSaPYoReSS Odst! AInfile:0C (tradey
silicon substrate (thickness: 0,625 pm nmanufactured by M tsubish

Mat er i dPaeor BRRREREANTREs Pysd@hie é(r%S&dh&Oend Li6l -medePhenyd dn type
optical wavegui de was adhered to_the silicon substrate by the method
shown i PPP¥EpEEFHE/ t BEOKES EWANPBILEE LR ol OdV aldFat (Brg 3dn RIS iBES 10y
property described above. This was _processed by neans of a dicing saw
( DAB- 3445 - elpaf hEt breBaby PIESEbcnglpbralifedPosd tigte #améngt h of t he
optical waveguide 25 was 10 cmto prepare a test sanple for

eval uatMagubactusedt P¥nPrésdPPoRy dNKati GRERECRIE dR¢ -rediisphencl A

novolac resin, hydroxyl equivalent: 118 g/eq) as (b) a phenol
base epoxy resin curing agent, 0.1 part by mass of NUC A-189
(trade name, manufactured by Nippon Unicar Co., Ltd., y-

10 mercaptopropyltrimethoxysilane) and 0.3 part by mass of NUC A-
1160 (trade name, manufactured by Nippon Unicar Co., Ltd., 3-
ureidopropyltriethoxysilane) as a silane coupling agent, 30
parts by mass of A-DPH (trade name, manufactured by Shin-
Nakamura Chemical Co., Ltd., dipentaerythritol hexaacrylate)

15 as (f) a photoreactive monomer, 1.5 part by mass of Irgacure
369 (trade name, manufactured by Ciba Specialty Chemicals K.K,
2-benzyl-2-dimethylamino-1- (4-morpholinophenyl)-butanone-1-
one: I-369) as (g) an optical base generating agent and
cyclohexanone as an organic solvent, and they were stirred and

20 mixed and subjected to vacuum deaeration. This adhesive resin
composition vanish was coated on surface releasing treated
polyethylene terephthalate (Teijin Tetron film: A-31,
manufactured by Teijin Limited) having a thickness of 75 um
and dried by heating at 80°C for 30 minutes to obtain an

25 adhesive sheet. A UV ray transmissive supporting base material

(low density polyethylene terephthalate/vinyl acetate/low
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An insertion |loss of the optical wavegui de before and after the
refl ow test was measured by a cutback nmethod (neasured |engths of the
opti cal maveQU|de 10, 5 3 and 2 cm 5 |nput fiber: 4d- 50/125
mul ti mode fi ber out put flber -114/ 125 (NA = 0.22))
usi ng ad%%@lﬁm%éﬁtb%@pﬁc&ﬁr@mtw S et &é’ée@m@é’e&n 134 \FHE-100,
(FLS-300-01-VCL, manufactured by EXFO Inc.) for a |light source and
B2214 Panefactured By ABGaRCeSC -Colpsr-at NeY PG 2a tHGGWSHOT Bk 1
results thereof 10 are shown in Tables 1 and 2. [0132] (5) Dynamc
bendi ng'@hdbeBieetedspnptigarkoVen aghesdye sagsite: WREFSIDH MIEPFL9N
(trade nane: Kapton EN, thickness: 25 pm 15 manufactured by Du
Pont - TOfay @o. adh@ﬁl)’ewébeﬁéieél gompmigdher éhe PERB@ct iaed l@ayspti cal
wavegui de was adhered to the polyimde filmby the method shown in
pr epar i hyux hece eselsamphes trertedapodvietyyasngdiesiopd thadpdre vy
descri bed above. This was processed by neans of the dicing saw
( DAD- 34desopiheduphevel edthy Drsssucerpgenstlitdve ssihesdive Ha syt iadw
wavegui de was set to a length of 10 cmand a width of 5 nmto prepare
an optitk¢ Wévreg. LEQRFBASS6NemEtURBTrEABTr Baglet ;raterial. A dynamic
bendi ng endurance test was carried out 100,000 25 tinmes on the
condi tiof&l1f] a curvature radius of 2 nmand a bending frequency of
tw ce/ second by neans of a bending endurance machine (manufactured
by Dai sho Deritd &thesive. $heahdltdessaiprd abod¥e WRAi shireg Bite 168sC
was observed under a mcroscope of 200 magnifications. As a result
t héPeof fohrekdyeunasandt aobteragd ehastior modndus olfadhef adhesive
optical 5 wavegui de even after finishing bending of 100,000 tines.
Fur t heryesloh andmpo$ bhioaswast mebseredd (samplle isizerf deagtdf 20 mm,
pol yi m de, the adhesive and the optical wavegui de, and the

width 4 mm and film thickness 80 um, heating rate: 5°C/minute,

tensile mode, 10 Hz, automatic static loading) by means of the
dynamic viscoelasticity measuring apparatus (DVE-V4,

15 manufactured by Rheology Co., Ltd.) to result in finding that
it was 400 MPa at 25°C and 5 MPa at 260°C.

[0117]
Example 2-B
Preparation of adhesive sheet 2:

20 An adhesive sheet 2 was prepared by the same operation as
in Example 1-B, except that Irgacure 369 was changed to
Irgacure 907 (trade name, manufactured by Ciba Specialty
Chemicals K.K, Z-methyl-1-(4-methylthiophenyl)-2-
morpholinopropane-l-one: I-907) as (g) the optical base

25 generating agent of the pressure-sensitive adhesive component.

The adhesive sheet 2 described above was cured at 160°C for
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opti cal

devi ce prepared by adhering the optical waveguide to the

pol yim de filmhad a good bending property. 10[0133] Table 1 Itens
Exanpl e 1-A (adhesive film optical device) Before reflow After

refl ow Thi ckness of adhesive |ayer(pm 10 Adhesive property .
(eval ua@henhgesr eanfuabEitoshIpe ellag tdCododlslss ipdwihien asiesitifesiadin
G ass epoxy substrate 10

10

15

20

25

composition was measured on the same conditions as in Example
1-B by means of the dynamic viscoelasticity measuring
apparatus (DVE-V4, manufactured by Rheology Co., Ltd.) to
result in finding that it was 400 MPa at 25°C and 5 MPa at
260°C.

[0118]
Preparation of a resin film for forming an optical waveguide:
Preparation of a resin film for forming a cladding layer:

Weighed into a wide mouth plastic bottle were 50 parts by

mass of a phenoxy resin (trade name: Phenotohto YP-70,
manufactured by Tohto Kasei Co., Ltd.) as a binder polymer, 50 -
parts by mass of alicyclic diepoxycarboxylate (trade name:
KRM-2110, molecular weight: 252, manufactured by Asahi Denka
Co., Ltd.) as a photopolymerizable compound, 4 parts by mass
of triphenylsulfonium hexafluoroantimonate salt (trade name:
SP-170, manufactured by Asahi Denka Co., Ltd.) as a
photopolymerization initiator, 0.4 part by mass of SP-100
(trade name, manufactured by Asahi Denka Co., Ltd.) as a
sensitizer and 40 parts by mass of propylene glycol monomethyl
ether acetate as an organic solvent, and they were stirred on
the conditions of a temperature of 25°C and a revolution of
400 rpm for 6 hours by means of a mechanical stirrer, a shaft
and a propeller to prepare a resin vanish for forming a
cladding layer. Then, the resin vanish was filtrated under

pressure through a polyflon filter having a pore diameter of 2
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10 (0/ 100)

pm (trade name: PF020, manufactured by Advantec MFS, Inc.) on
the conditions of a temperature of 25°C and a pressure of 0.4
MPa, and it was further deaerated 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.

[0119]

The resin vanish for forming a cladding layer obtained
above was coated on a corona-treated surface of a polyamide
film (trade name: Mictron, manufactured by Toray Industries,
Inc., thickness: 12 um) by means of a coating machine
(Multicoater TM-MC, manufactured by Hirano Tecseed Co., Ltd.),
and it was dried at 80°C for 10 minutes and then at 100°C for
10 minutes. Thereafter, a release PET film (trade name: A31l,
manufactured by Teijin DuPont Films Japan Ltd., thickness: 25
pum) as a protective film was stuck thereon so that a release
surface faced the resin side to obtain a resin film for
forming a cladding layer. In this case, a thickness of the
resin layer could optionally be controlled by controlling a
gap of the coating machine, and in the present example, the
thickness was controlled so that the film thicknesses after
cured were set to 30 um for the lower cladding layer and 80 um
for the upper cladding layer.

[0120]
Preparation of a resin film for forming a core layer:
A resin vanish for forming a core layer was prepared by

the same method and on the same conditions as in the
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preparation example of the resin film for forming a cladding
layer described above, except that used were 26 parts by mass
of the phenoxy resin (trade name: Phenotohto YP-70,
manufactured by Tohto Kasei Co., Ltd.) as the binder polymer,
36 parts by mass of 9,9-bis[4-(2-
acryloyloxyethoxy)phenyl] fluorene (trade name: A-BPEF,
manufactured by Shin-Nakamura Chemical Co., Ltd.) and 36 parts
by mass of bisphenol A type epoxy acrylate (trade name: EA-
1020, manufactured by Shin-Nakamura Chemical Co., Ltd.) as the
photopolymerizable compound, 2 parts by mass of bis (2,4, 6-
trimethylbenzoyl)phenylphosphine oxide (trade name: Irgacure
819, manufactured by Ciba Specialty Chemicals K.K) as the
photopolymerization initiator and 40 parts by mass of
propylene glycol monomethyl ether acetate as the organic
solvent. Then, the resin vanish was filtrated under pressure
and further deaerated under reduced pressure.

[0121]

The resin vanish for forming a core layer obtained above
was coated on a non-treated surface of a PET film (trade name:
COSMO SHINE Al1517, manufactured by Toyobo Co., Ltd.,
thickness: 16 um) and dried by the same method as in the
preparation example of the resin film for forming a cladding
layer described above. Then, the release PET film (trade name:
A31, manufactured by Teijin DuPont Films Japan Ltd.,
thickness: 25 um) as a protective film was stuck thereon so

that a release surface faced the resin side to obtain a resin
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film for forming a core layer. In the present example, a gap
of the coating machine was controlled so that the film
thickness after cured was set to 50 um.

[0122]
Preparation of an optical waveguide:

The release PET film (A31l) which was the protective film
of the resin film for forming a lower cladding layer obtained
above was peeled off, and the resin film was irradiated with a
UV ray (wavelength: 365 nm) at 1 J/cm® from a resin side (a
side reverse to the base material film) by means of a UV ray
exposing machine (EXM-1172, manufactured by Orc Manufacturing
Co., Ltd.) and then subjected to heat treatment at 80°C for 10
minutes, whereby a lower cladding layer 32 was formed (refer
to Fig. 6 (a)).

[0123]

Next, the resin film for forming a core layer described
above was laminated on the above lower cladding layer 32 on
the conditions of a pressure of 0.4 MPa, a temperature of 50°C
and a laminating speed of 0.2 m/minute by means of a roll
laminator (HLM-1500, manufactured by Hitachi Plant Techno Co.,
Ltd.), and then they were vacuumed to 500 Pa or lower by means
of a vacuum press laminator (MVLP-500, manufactured by Meiki
Co., Ltd.) as a flat plate type laminator. Thereafter, it was
heated and compressed on the conditions of a pressure of 0.4
MPa, a temperature of 50°C and a pressing time of 30 seconds

to form a core layer 33 (refer to Fig. 6 (b)).
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[0124]

Next, the resin film was irradiated with a UV ray
(wavelength: 365 nm) at 0.6 J/cm?® by means of the UV ray
exposing machine described above via a negative type photo
mask 35 having a width of 50 um (refer to Fig. 6 (c)), and
then it was heated at 80°C for 5 minutes after exposed.
Thereafter, the PET film which was the supporting film was
peeled off, and a core pattern 36 was developed in a developer
(propylene glycol monomethyl ether acetate/N,N-
dimethylacetamide = 8/2, mass ratio) (refer to Fig. 6 (d)).
Subsequently, the resin film was washed with a washing liquid
(isopropanol) and heated and dried at 100°C for 10 minutes.

[0125]

Then, the resin film for forming a cladding layer
described above was laminated thereon as an upper cladding
layer 37 on the same laminating conditions as described above.
Further, both faces thereof were irradiated with a UV ray
(wavelength: 365 nm) at 25 J/cm? in total, and then the resin
film was subjected to heat treatment at 160°C for one hour,
whereby the upper cladding layer 37 was formed to prepare a
flexible optical waveguide in which the base material film was
disposed at an outside (refer to Fig. 6 (e)). Further, the
above flexible optical waveguide was treated for 100 hours on
a high temperature and high humidity condition of 85°C/85 %
for peeling off the polyamide film to prepare an optical

waveguide in which the base material film 38 was removed
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(refer to Fig. 6 (f)). Then, a flexible optical waveguide

having a wavegquide length of 5 cm was cut out by means of a

dicing saw (DAD-341, manufactured by DISCO Corporation).
[0126]

The refractive indices of the core layer and the cladding
layer were measured by means of a prism coupler (Model 2010)
manufactured by Metricon Inc. to find that a refractive index
of the core layer was 1.584 at a wavelength of 830 nm and that
a refractive index of the cladding layer was 1.550. Further, a
transmission loss of the optical waveguide prepared was
measured by a cutback method (measured waveguide lengths: 10,
5, 3 and 2 cm, input fiber: GI-50/125 multimode fiber (NA =
0.20), output fiber: SI-114/125 (NA = 0.22)) using a 850 nm-
VCSEL (vertical cavity surface emission laser) (FLS-300-01-VCL,
manufactured by EXFO Inc.) for a light source and Q82214
manufactured by Advantest Corporation for a photodiode to find
that it was 0.1 dB/cm.

[0127]
Evaluation of adhesive film and adhesive sheet:
(1) Evaluation of adhesive property
Preparation of test sample:

The adhesive film obtained in Example 1-A was roll-
laminated on various members (a glass epoxy substrate (trade
name: MCL-E-679F, thickness: 0.6 um, manufactured by Hitachi
Chemical Co., Ltd.), a polyimide film (trade name: Kapton EN,

thickness: 25 um, manufactured by Du Pont-Toray Co., Ltd.), a
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After reflow OTF (00T/0) OT (001/0)01 (00T/0) Or (00T/0) Or (00T/0) Or
(001/0) OT L6-7 96 L6 6617 | TOO O ri Before refl ow

copper foil (trade name: GTS-35, thickness: 35 um, a glossy
surface used, manufactured by Furukawa Circuit Foil Co., Ltd.),
an aluminum foil (trade name: AIN30H-H, a glossy surface used,
thickness: 30 um, manufactured by Takeuchi Metal Foil Co.,

5 Ltd.), a silicon substrate (thickness: 0.625 um, manufactured
by Mitsubishi Materials Corporation) and an oxide film-formed
silicon substrate (thickness: 0.625 um, formed with an oxide
film of 1 um, manufactured by Mitsubishi Materials
Corporation)) on the conditions of 60°C, 0.5 MPa and a

10 delivering speed of 0.2 m/minute. Further, the adhesive films
obtained in Examples 1-B and 2-B were roll-laminated on the
various members described above on the same conditions as
described above after peeling off the protective films.

Thereafter, the supporting film or the supporting base

15 material was peeled off, and the flexible optical waveguide
prepared above was roll-laminated thereon on the conditions of
80°C, 0.5 MPa and a delivering speed of 0.5 m. Subsequently,
the adhesive films were cured by heating at 180°C for one hour
to prepare test samples for evaluating an adhesive property.

20 [0128]

Evaluation method and results:

The adhesive property (number of peeled crosscuts) before
and after a reflow test was measured by a crosscut tape method
(according to JIS-K5400). The results thereof are shown in

25 Tables 1 and 2. In the reflow test, a lead solder free reflow

test of a maximum temperature of 265°C was carried out three
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times on conditions based on IPC/JEDEC J-STD-020B by means of

a reflow test machine (Salamander XNA-645PC, manufactured by

The Furukawa Electric Co., Ltd.). The detailed reflow

conditions are shown in Table 3, and a temperature profile in

a reflow furnace is shown in Fig. 7. In the following reflow

tests, the procedure was carried out in the same manner.
[0129]

(2) Evaluation of light transmittance

Preparation of test sample:

The adhesive film described above or the adhesive sheet
in which the protective film was peeled off was roll-laminated
on a slide glass having a thickness of 1 mm on the conditions
of 60°C, 0.5 MPa and a delivering speed of 0.5 m/minute and
then irradiated with a UV ray, and the supporting film or the
supporting base material was peeled off. Then, the adhesive
film was cured by heating at 180°C for one hour to prepare a
test sample for evaluating a light transmittance.

Evaluation method and results:

The light transmittance in a wavelength of 700 to 1600 nm
before and after the reflow test was measured by means of a
spectrophotometer U-3410 manufactured by Hitachi, Ltd. The
results thereof are shown in Fig. 8 to 10. Further, the total
light transmittance was measured according to JIS-K7105 by
means of a color difference:turbidity measuring equipment COH-
300A manufactured by Nippon Denshoku Industries Co., Ltd. The

results thereof are shown in Tables 1 and 2.
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[0130]
(3) Evaluation of refractive index
Preparation of test sample:

A test sample for measuring a refractive index was
prepared in the same manner as in the test sample of (2) for
evaluating a light transmittance.

Evaluation method and results:

The refractive index in a wavelength of 830 nm before and
after the reflow test was measured by means of a prism coupler
(Model 2010) manufactured by Metricon Inc., and the results
thereof are shown in Tables 1 and 2. It was found that a
change in the refractive index before and after the reflow
test was 0.001.

[0131]

(4) Evaluation of insertion loss of optical waveguide after
adhered
Preparation of test sample:

A silicon substrate (thickness: 0.625 um, manufactured by
Mitsubishi Materials Corporation) was used as an adherend
member, and an optical waveguide was adhered to the silicon
substrate by the method shown in preparing the test samples
for evaluating an adhesive property described above. This was
processed by means of a dicing saw (DAD-341, manufactured by
DISCO Corporation) so that a length of the optical waveguide
was 10 cm to prepare a test sample for evaluating an insertion

loss.
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Evaluation method and results:

An insertion loss of the optical waveguide before and
after the reflow test was measured by a cutback method
(measured lengths of the optical waveguide: 10, 5, 3 and 2 cm,
input fiber: GI-50/125 multimode fiber (NA = 0.20), output
fiber: SI-114/125 (NA = 0.22)) using a 850 nm-VCSEL (vertical
cavity surface emission laser) (FLS-300-01-VCL, manufactured
by EXFO Inc.) for a light source and Q082214 manufactured by
Advantest Corporation for a photodiode. The results thereof
are shown in Tables 1 and 2.

[0132]
(5) Dynamic bending endurance test
Preparation of test sample:

A polyimide film (trade name: Kapton EN, thickness: 25 pm,
manufactured by Du Pont-Toray Co., Ltd.) was used as an
adherend member, and an optical waveguide was adhered to the
polyimide film by the method shown in preparing the test
samples for evaluating an adhesive property described above.
This was processed by means of the dicing saw (DAD-341,
manufactured by DISCO Corporation) so that the optical
waveguide was set to a length of 10 cm and a width of 5 mm to
prepare an optical device.

Evaluation method and results:

A dynamic bending endurance test was carried out 100,000

times on the conditions of a curvature radius of 2 mm and a

bending frequency of twice/second by means of a bending
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Alum numfoil Silicon substrate Oxide film formed silicon substrate
Viavel ength 700 to 1600 nm Total light transmttance Wavel ength 850 nm
'Refractive index Refractive index difference before and after refl ow
I nsertion | oss of optical wavequi de (dB Adhesi ve property

(eval uBDSHr 3RGE eMaghiber (Bpnufactured by Daisho Denshi Co., Ltd.),

and the sample after finishing the test was observed under a
microscope of 200 magnifications. As a result thereof,
breakage was not observed in a core and a clad of the optical
5 waveguide even after finishing bending of 100,000 times.
Further, delamination was not observed in all interfaces of
polyimide, the adhesive and the optical waveguide, and the
optical device prepared by adhering the optical waveguide to

the polyimide film had a good bending property.

10 [0133]
Table 1
Example 1-A (adhesive film/
Items optical device)
Before reflow | After reflow

Thickness of adhesive layer (um) 10

Glass epoxy substrate 10 (0/100) 10 (0/100)
Adhesive property Polyimide film 10 (0/100) 10 (0/100)
(evaluation score; Copper foil 10 (0/100) 10 (0/100)
number of peeled Aluminum foil 10 (0/100) 10 (0/100)
crosscuts shown in .

] Silicon substrate 10 (0/100) 10 (0/100)

parenthesis) : ;

Oxide film-formed 10 (0/100 10 (0/1

silicon substrate (0/ ) (0/100)

Total light 8 7
Light t e transmittance 8 8
19 ransmittance Wavelength 700 to
(%) ° g =381 =281

1600 nm

Wavelength 850 nm 89 89
Refractive index 1.512 1.511
Refractive index difference before and 0
after reflow -001
Insertion loss of optical waveguide (dB) 1 1

88



N~
(o]
o T T 1 1 (gp) opInbHpsaem TedT3do JO SSOT UOTIJISSUI
< . . MOTISx I937®
i 10670 16070 pue 2JI0J9Q 290OU9I9IITP XSpPUT SATIDRIIDY
N 6671 00§ T LOS"T 80G"'T XOpUT 9AT}IDRIIDY
o L6 86 86 86 wu 0gg yybusienem
9 souej]TWsueI] (%)
m %6 Le v6 vé JUybTT TEB30L 9ourl3TWSURI]
c — — - — wu Q09T IYbTIT
o L6Z L6Z 962 962 03 00/ y3IbuSTOAEM
o 231eJI3sqns UODITIS
™ (00t1/0) 0T (00T1/0) 0T (00T/0) OT (00T/0) OT ®3e13sqns UODTTTS uT umoys
) To7 WNGTEOTY sanossoao paTaad
=| (00T/0) oOT (00T/0) 0T (00T/0) OT (00T/0) OT TT ! Jo Toqumu foI00S
Sl (001/0) o1 (00T/0) 0T (00T/0) 0T (00T/0) OT 1103 I9ddod UOTJ}ENTRAD)
| (00T/0) 0T (00T/0) 0T (00T/0) 0T (00T/0) OT WITF SPTWTIATOd A3zedoad
DQATSO
m (00T/0) 0T (00T/0) 0T (00T/0) 0T (00T/0) 0T s3ex3sans Axode SSeTD FSOUPY
u 0T 0T (url) x9Ahet
SATSOUpPE SAT3TSUSS-9INssaId JO SsSaUNDTYL
MOTJI®I I93JVY | MOTISI s1039g | MOTISI I91IV | MOTI=ax 23103799
swalT

g-z o1dwexy

g-1 o1dwexy

Light transmttance (9

¢ °T9elL

[veTO]

89



v

Tenperature(C)set for upper heater 175 195 220 250 280 220 O
Tenperature(C)set for |lower heater 175 195 220 250 300

[0135]

Table 3

Zone number 1 2 3 4 5 6 7

Temperature (°C) set for

upper heater 175 | 195 | 220 | 250 | 280 | 220 0

Temperature (°C) set for

lower heater 175 ] 195 | 220 | 250 | 300 | 240 -

Conveyor speed (cm/min.) 60

[0136]

As shown above, it has been found that the good results
are obtained in all evaluations; the adhesive films and the
adhesive sheets according to the present invention have a good
transparency and a good heat resistance; and in addition
thereto, the optical devices prepared by adhering the optical

waveguide to the polyimide film have a good bending property.

INDUSTRIAL APPLICABILITY
[0137]

The adhesive composition, the adhesive film and the
adhesive sheet according to the present invention have a good
bending property in addition to an excellent transparency and
an excellent heat resistance attributable to the constitutions
described above. Accordingly, the optical devices prepared by
using them can be applied to the wide fields such as optical

interconnections and the like.
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240 - Conveyor speed (cmmn.) 60 [0136] As shown above, it
has been found that the good results are obtained in all evaluations;
t he adhesive filns and the adhesive sheets according to the present

i nvention have a good transparency and a good heat resistance; and in
addition thereto, the optical devices prepared by adhering the
optical waveguide to the polyimde filmhave a good bendi ng property.
| NDUSTRI AlygA®Pié GAR biehY 450137] The adhesi ve conposition, the
adhesive filmand the adhesive sheet according to the present

i nventi onthaveam sgited ibendongopt Op@i ther Anadpt i¢Ln Waweamigcel | ent
transpar encypatsliman @Jcehl epbxpedds 1r6Si (B aaceupidd idysnabh! ¢cf oa thigyh
const i t ut mohsculese rddigdualiovéf) Ag gsHatiorghbyt i ¥den@pinegalindeui €€ cured
prepar ed hyttsi ghddeed obiabaeappy |adadaat hén Witth fd @ulgagUshs a8y of
optical inasercannetighais aadd (fhes |giktoindt &S SSAMERNES: HasdNand a
adhesi ve safpest tion freldianioptwiel avawveguy deaEniPrd HaRelbadtRrbreRpesy
resin, (b}oamurinngwagertin &Cioalhilghyneotesnbmitcameound, a(fige

phot or eactrasesmitioiRie iin whisahe BertiiedEmabb eto tivreein ht ai aeskdy

i rradiatiQoevdst b W LakebBase Teorifosd3QCnOardi SPET o ANELAH) @

photoinitiator generating a base and a radical by irradiation wth a
W ray having a wavel ength of 200 to 450 nm wherein a total |ight

transmttancerpgdadnés Ol dondSAELLRANES: ah SpWayel eRdidyudbe 700 to
1600 nmin a cured matter of the adhesive conposition are 80% or
nore. 2. dbeomtimasitwe cdadpod} twiosrdior adteppidmxalinyavagutitecacdaedi a9
to claiml1, wherein after carrying out three tines a reflow test at a
maxi num t egpervatiasd et 268&ximun dieaiperagite tafa2Hdi €t anceotadd laghtght
transmttance in a wavel ength of 700 to 1600 nmin the above cured
matt er areFHPWLFangs @nd 2 light transmittance in a wavelength of 700

to 1600 nm in the above cured matter are 80 % or more.

3. The adhesive composition for an optical waveguide
according to claim 1 or 2, wherein a change in a refractive
index of the above cured matter before and after carrying out
three times the reflow test at a maximum temperaturé of 265°C

falls within #0.005.

4., The adhesive composition for an optical waveguide
according to any of claims 1 to 3, wherein an evaluation score
in an adhesive property of the above cured matter which is
measured by a cross-cut tape method after carrying out three
times the reflow test at a maximﬁm temperature of 265°C is 8

points or more.
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3. The adhesive conposition for an optical wavegui de according to
claiml or 2, wherein a change in a refractive index of the above
cured matter before and after carrying out three tines the refl ow
test at_a nmaxi mumtenperature of 265C falls within .0.005. 4. The
adhesi V& co%@s@ﬂh@ﬁlfvcﬁ ARG5S AT viRFe it (P kSRt IR TRt dRy of
claims 1 to wherein an _eval uation score in an adhesive property of
t he abcﬂféc%mb@g ne® t 8RYWAf cRlpamfedstiped  byhgreddsdnedt d¥agEifet hod
after carrying out three tinmes the reflow test at a maxi num
t enper dnn%lrw opdierascg pepht efopnnppEicalswaygguidiepirpyided with
conposition for an optical waveguide according to any of clainms 1 to
4, whera redhre sl vy nareeabeddPiguehtdr Bheeadbsesige §ﬁm@ﬁﬁﬂ@&pn
wavegui de provided with an adhesive pregared by using the adhesive
conposide Ir teed rabede abBoehaneeAdnbEaRkBERakagBOLs IRDEIGEREr ghedhEN
the optical waveguide after carrying out 100,000 tinmes the bending
test atorticalataveduhdeusfberscantyiBg oué é@ﬁe@p\Qeté@@ﬁo§hﬁ| bentang
an optical wavegui de accordlng to any of clainms 1 to 5, wherein
assum retthat sateoravamase vddiuy ehedSePBxy resin and (b) the curing
agent is set to A and that a mass of (c) the high nol ecul ar conpound
is set to B, aratio AABis 0.24 to 1.0. 7. The adhesive conposition
for an optical waveguide according to any of clains 1 to 6, wherein
(a) theb epoker ashesilyea comibas iddey fogsian ptiiepla Viﬂ?«f@@lﬁd@ poi nt
of 50C or higher which is neasured by a ring and ball nethod. 8. The
adhesi v @orbioyd ttonanprofnchbpingal waveguiberasbordsnging ghptok any
of clainmse 1 to 7, wherein (a) the epoxy resin does not have a
mut agerﬁqzﬁaw.masas dhe(adheke vepersypossinoanfolbantbpt cuakingasggnidés
according to any of clains 1 to 8 wherein (b) the curing agent is a
phenol sessitro Mavamdg thaly da oxgss eqlii Val ebheohigbOmodtegler pompound. is
The adhesi ve conposition for an optical wavegui de according to claim
9, wherssith {d)Bt e vatimghrlgebs 0s24 phehol.resin represented by the
following Formula (I): [Formula 1] je.OHOH ocHl-01--C 011),,nD11)11

I

(1)

7. The adhesive composition for an optical waveguide
according to any of claims 1 to 6, wherein (a) the epoxy resin
is a solid epoxy resin having a softening point of 50°C or

higher which is measured by a ring and ball method.

8. The adhesive composition for an optical waveguide
according to any of any of claims 1 to 7, wherein (a) the

epoxy resin does not have a mutagenicity.
9. The adhesive composition for an optical waveguide

according to any of claims 1 to 8, wherein (b) the curing

agent is a phenol resin having a hydroxyl equivalent of 150
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(wherein R - each may be the same or different and represents a
hydrogen atom a linear or branched al kyl group having 1 to 10 carbon
atons, a cyclic al kyl group, an aral kyl group, an al kenyl group, a
hydr oxyl group, an aryl group or a hal ogen atonm n represents an

i Nt egerd/f9 10% gn@¥eand m represents an integer of 0 to 50). 11. The
adhesi ve conposition for an optical wavegui de according to claim 10,
wherein the phenol resin represented by Forrmula (1) has a water
absorption coefficient of 2 mass % or less. 12. The adhesive
conposildon The adhestiivealcomprsgtiidn degoralt mpiicahwafedldes 1 to
11, wherein (c) the high nol ecular conmpound is a functional

gr oup- cormteidimg terglatopdl yweereinl3b) Thbeadhedngeagenposist rorhenpl
an optical wavegui de according to claim 12, wherein the functional

gr oup- cee i nienraseytedopyl fher foslanirpoXpryndap{éodnt ai ni ng acryl
copolymer. 14. The adhesive conposition for an optical wavegui de
accor dilfprmuld al m 13, wherein the epoxy group-containing acryl
copolymer contains 0.5 to 6 mass % of glycidyl acrylate or glycidyl
nmethacrylatecgg pf raw material gfgerefor. 15, The adhgsi ve
conposition an optjcal wav of claims 12 to
14, wherein P ‘ ‘ al yner has a

: ) e e 26. THd)adhesi ve
\ ording to#any of clains 12 to
uncti onal dﬁohp M ai ni ng acr bopol ymer has a
glass transition tenperature of -50 to 30C. 17. The adhesive
conposition for an optical wavegui de according to any of clains 1 to
16, furwierreion®’ sawp @d)y dd itHersamel &r Tef fettest vend angoisé $é0ns a
for an optical wavegui de according to claim 17, wherein (c) the high
nol eculhard royyountbm, sa t heneoXyr giv vampeledt al kiyhggacuyl hevponbyieto 10
containing 1.5 to 2.5 mass % of glycidyl acrylate or glycidyl

met hacrodrdion axtcbrisyi ange e Wbt gint kal ey agep pobecatrat kwiei ghdvupf 4060, 000
or nore; 1 to 50 parts by mass of (d) the filler based on total 100
parts kykeassl afrdwy, tdehwiooyyt esroupndafbaryhegeonpngragehblogen
contained; and (d) the filler is an inorganic filler having an

aver agatpar;t ircl rephtesmites @i hOdgéo Of 11 uto 319%andhe adbesserts an
conposition for an optical wavegui de according to any of clains 1 to
18, furitntergecorpf iGithy §@®). a curi ng accel erating agent. 20. The
adhesi ve conposition for an optical wavegui de according to claim19,
wherein (e) the curing accelerating agent is an im dazol e conmpound.
21. The adhesive resin conposition for an optical wavegui de according
to any 1af. cl ahesadhteibe whepeisitibh tfhe aur iopt iagdntvavega iptzenol
base epoxy resin curing agent; (c) the high nol ecular conpound is a
hi gh malceedrm o arg atingli 1¢ org ai wth érgle £n f tiNe t pIodnad 1 gf @s1pn andphayenged by
wei ght average nol ecul ar wei ght of 100,000 or nore; and the adhesive
conposiroir@im ifaur tihermh Lo mprisesr (dhscrphddr €861 £ Vei SMNOFEr 2 i a¥bi ghoa
cured matter thereof obtained by irradiation with a UV ray has gl ass
transi flie@ .t enperature of 280C or higher and (g) a photoinitiator
generating a base and a radical by irradiation with a UV ray having a
wavel engt h of

1

12. The adhesive composition for an optical waveguide
according to any of claims 1 to 11, wherein (c) the high
molecular compound is a functional group-containing acryl

copolymer.
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200 to 450 cm 22. The adhesive resin conposition for an opti cal
wavegui de according to claim21l, whereto. (c) the high nolecul ar
conpound containing a functional group and having a wei ght average
nol ecul ar wei ght of 100,000 or nore is a glycidyl group-containing
(meth)acryl copolyner containing 0.5 to 6 % by mass of a gl yci dyl
group-containing repetitive unit. 23. The adhesive resin conposition
for an lgpt i cEhenadbgsiide soowodiing ano forian 2ptdrca2 wasaqridd ng 5 to
250 parts by mass of (a) the epoxy resin, 5 to 100 parts by mass of
(f) thegqdutdimeacte vel abmoh2y whembixhthe cliuedtimnaér grhepeobntaining
obtained by irradiation wwth a UV ray has glass transition

t enper atanyd oforXpl0Gher hs glwer epoxly Ogtotp-@O6npaihsngyanagd obpbdymehne
photoi nitiator generating a base and a radical by irradiation with a
W ray of 200 to 450 nm each based on 100 parts by mass of (c) the

hi gh nol ecul ar conmpound containing a functional group and having a
wei ght laver afbenabeesliae wenglots idfi oh)Fod0@noroptaraa landh veyairdesi ng (b)
t he phenol base epoxy resin curing agent in a range in which an

equi valaemtondditriap tof @l girenbd ;| cwiyde ixythgreppxy ognoepeporyagnong of

t he above epoxy resinis 0.5 to 1.5. 24. An adhesive filmfor an

opt i calacwepnle guapdel yweep ar@dt dind o0 nd ngo t bemashesi € goppodyli aorylate
according to any of clainms 1 to 20 into a filmform 25. An
adhesi var sHigeti dydr neet ot i ¢hd t evea® gali tew aoaper sahgthbeeadhesi ve resin
conposition for an optical wavegui de according to any of clainms 21 to
23 and a supporting base material. 26. An optical device prepared by
adhering an optical waveguide with the adhesive conposition for an
opt i call swavephedadhesdwedi agmposamyonf folraiams optticald3 wavkenddizesi ve
filmfor an optical waveguide according to claim24 or the adhesive
Sheet aeccordiings tto dmiy MP5%laims 12 to 14, wherein the functional

group-containing acryl copolymer has a weight average

molecular weight of 100,000 or more.

l6. The adhesive composition for an optical waveguide
according to any of claims 12 to 15, wherein the functional
group-~containing acryl copolymer has a glass transition

temperature of -50 to 30°C.
17. The adhesive composition for an optical waveguide
according to any of claims 1 to 16, further comprising (d) a

filler.

18. The adhesive composition for an optical waveguide

according to claim 17, wherein (c) the high molecular compound
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is the epoxy group-containing acryl copolymer containing 1.5
to 2.5 mass % of glycidyl acrylate or glycidyl methacrylate
and having a weight average molecular weight of 100,000 or
more; 1 to 50 parts by mass of (d) the filler based on total
100 parts by mass of {a} the epoxy resin and (b) the curing
agent is contained; and (d) the filler is an iﬁorganic filler

having an average particle diameter of 0.0l to 0.1 pm.

19. The adhesive composition for an optical waveguide
according to any of claims 1 to 18, further comprising (e) a

curing accelerating agent.

20. The adhesive composition for an optical waveguide
according to claim 19, wherein (e) the curing accelerating

agent is an imidazole compound.

21. The adhesive resin composition for an optical waveguide
according to any of claims 1 to 5, wherein (b} the curing

agent is a phencl base epoxy resin curing agent; (c} the high
molecular compound is a high molecular compound containing a
functional group and having a weight average molecular weight
of 100,000 or more; and the adhesive composition further
comprises {f) a photoreactive monomer in which a cured matter
thereof obtained by irradiation with a UV ray has glass transition
temperature of 250°C or higher and (g) a photoinitiator generating a

base and a2 radical by irradiation with a UV ray having a wavelength of
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200 to 450 nm.

22, The adhesive resin composition for an optical waveguide
according to- claim 21, wherein (¢} the high molecular compound
containing a functional group and having a weight average
melecular weight of 100,000 or more is a glycidyl group-
containing (meth)acryl copolymer containing 0.5 to 6 % by mass

of a glycidyl group—-containing repetitive unit.

23. The adhesive resin composition for an optical waveguide
according to claim 21 or 22, comprising 5 to 250 parts by mass
of (a) the epoxy resin, 5 to 100 parts by mass of (f) the
photoreactive monomer in which a cured matter thereof obtained
by irradiation with a UV.ray has glass transition temperature

of 250°C or highexr 'and 0.1 to 20 parts by mass of {g) the
photoinitiator generating a base and a radical by irradiation
with a UV ray of 200 to 450 nm each based on 100 parts by mass
of (c¢) the high molecular compound containing a functional group
and having a weight average molecular weight of 100,000 or more
and comprising (b} the phenol base epoxy resin curing agent in a
range in whicH an equivalent ratio of a phenolic hydroxyl group

to cone epoxy group of the above epoxy resgin is 0.5 to 1.5.

24, BAn adhesive film for an optical waveguide prepared by
forming the adhesive composition according to any of claims 1

to 20 inteo a film form.
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25. An adhesive sheet for an optical waveguide comprising the
adhesive resin composition for an optical waveguide according

to any of claims 21 to 23 and a supporting base material.

26. An optical device prepared by adhering an optical
waveguide with the adhesive composition for an optical
waveguide according to any of claims 1 to 23, the adhesive
film for an optical waveguide according to claim 24 or the

adhesive sheet according to claim 25.
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