1 SPECI FI CATI ON LI GHT- RECEI VI NG DEVI CE 5 TECHNI CAL FI ELD [0001]
The present invention relates to a substrate provided with a 10

| ight receiving elenent, a sealing nenber and a |ight-receiving

devi ce conprising a transparent cover. BACKGROUND ART 15 [0002]
Since a light receiving elenent is required to precisely capture
incident light in a light-receiving device, it is needed to isolate
t hereof from an external atnosphefPECABI¥CAIEW as noisture air and
the like. Here, a transparent cover of a glass 20 plate or the |ike
is generally provided above the |light receiving elenment, and the

light receiving elenent is isolated fromthe external atnospheric
air by a manner described belo%WH GHEEVHE €Y 1YL known net hods for

protecting the light receiving 25 elenent fromthe exterior include
a nmethod for shielding against an external noisture by filling the

i ght receiving elenent region wth a resin and in addition include
a nethod for shielding 2 against an external noisture by surrounding

a circu o] | ight receiving elenment region with a resin
whil e aqﬁggﬁﬁﬁﬁﬁbéggLDthe i ght receiving elenent region is renmained
as in a holl ow
[0001]
The present invention relates to a substrate provided with a

10  light receiving element, a sealing member and a light-receiving

device comprising a transparent cocver.
BACKGROUND ART

15 [COC2]

Since a light receiving element is required to precisely
capture incident light in a light-receiving device, it is needed
to isolate thereof from an external atmospheric air such as
moisture air and the like. Here, a transparent cover of a glass

20 plate or the like is generally provided above the light receiving
element, and the light receiving element is isolated from the
external atmospheric air by a manner described below.

[0003]

Typically known methods for protecting the light receiving

25  element from the exterior include a method for shielding against
an external moisture by filling the light receiving element region

with a resin and in addition include a method for shielding



structure without filling thereof with a resin (Patent Literature 5 1
and 2). Here, an epoxy resin is enployed for the above- described
resin. [Patent Literature 1] Japanese Lai d-Open Patent Publication
No. 2004-31,939 [Patent Literature 2] 10 Japanese Lai d- Open Patent
Publ i cati on No. 2002-329,852 DI SCLOSURE OF THE | NVENTI ON [ 0004] 15
Nonet hel ess, in the light receiving el enment having the structure

t hat isotgtiestt ke Exghrnebced sy eleneirrProdithes @ucewiigrepge of a
enpl oyi ng an epoxy resin, noisture may seep in the |ight receiving
el enent ﬁﬁ(ﬁ?qgkyﬁnﬂhaiaﬁﬁ@téﬁ%ﬁvﬂkéﬁﬁﬁ frayesabsHtbh i Sedien Fapee
may cause a haze in a surface of the light 20 receiving el enent

| eadi ng ?Qﬁz%%ﬁh%erﬁéﬁﬁﬁaagi%%FW?PanqgéﬁP-l?eE%T@%?EFr%ﬁi%R aTRgilow

t i ti h b , ived i i, f thg i
D RN 2ReE B RS et hE 1 by (0 Bpergrure
l'igh -refq%ﬁigg device that is hard .to.absor ma%eé frﬁﬁg % t he
exterior- & Hi bit$r e88 XYM degrauati SRPrAYThe T4 ght™ “P8¢6T vi ng

ratio. [0Q005 q%% According to the present invention, there is

provi de %F?ih C%FggéPVing device, conprising: a substrate; a |ight

receivin Paé%&?“ﬂﬂté?%?ﬁkgeg]on a surface of the substrate; a
transparent  cover provided above the surface of the substrate; and a

seal i Ng gapanese Laid-Open Patent Publication No. 2004-31,939
[Patent Literature 2]

10 Japanese Laid-Open Patent Publication No. 2002-329,852
DISCLOSURE OF THE INVENTION

{00043

15 Nonetheless, in the light receiving element having the
structure that isclates the light receiving element from the
exterior by employing an epoxy resin, moisture may seep in the
light receiving element portion such that the epoxy resin may
absorb moisture. This may cause a haze in a surface of the light

20 receiving element, leading to a time degradation in a light-
receiving ratio.

The present invention has been conceived in view of the
foregoing situation, and an object of the present invention is to
provide a light-receiving device that is hard to absorb water from

25 the exterior and exhibits less time degradation in the light-
receiving ratio.

[0005]




5 menber for providing a seal for the light receiving elenent from
an exterior, the sealing nenber being a |east provided in a
circunference of the light receiving el enent between the substrate
and the transparent cover, wherein the sealing nenber contains a
cyclic olefin resin. 10 Since the light receiving el enent of the
present invention enploys the sealing nenber containing a cyclic

ol efin resin, Aakbetingxho bilts drewenthygrestopcitheranatseprseepencp i n
the light receiving elenent portion can be effectively inhibited.
This canigptoviedeinihg ghtvieoeicphpgidéniten vwiuleta atedusedighpereceiving
degradation 15 in a light-receiving ratio. BRI EF DESCRI PTI ON OF THE
DRAW NGS:1 @006 Pr20ide@ dboy suahacet Rér tlodj Bersssraddvant A§assapeent
features of the present invention will be nore apparent fromthe

fol | owi PVedeBEPY pEFBELAKRE 1N SESARGRCPT o S %%Sttﬁ@tacceﬂf}aﬁﬁ%lmg
drawings as described. bel ow [0007 25 Fig.. 1 is g cross-sectional

vi ewlof WEEGhE OF eBEPVI M UisEE! PR \tlxﬂ?c%l@tgarﬁcﬁé’tv\?ﬁgneaerp?@mt rom

receivin elenent and a transparen cover [ a seallng
menber . SAGEISL[ othS a%%s“%e R S e e D v
devi ce having _.a_hol oW St,r uct that e Lo 9 2adhesiy n
3is a ccrjor%%é%EFPSﬁa?fv?% a el m%e%%?%egntdg)w ceeghggg éubfﬂr%te
h0||OMISto%%%r%rER§# %&B!Q%ﬁf%ﬂ %ﬂ@?@ixet@@?ﬁé&tﬁmﬁh@n@ér'éoﬁkalns a
Cross-sectional vView o -recelr ving device

cyclic olefin resin.

10 Since the light receiving element of the present invention
employs the sealing member containing a cyclic clefin resin, which
exhibits lower hygroscopicity, water seeping in the light
receiving element portion can be effectively inhibited. This can

provide a light-receiving device with a reduced time degradation

15 in a light-receiving ratio.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

20 The above and other objects, advantages and features of the
present invention will be more apparent from the following
description taken in conjunction with the accompanying drawings as
described below.

{0007]

25 Fig. 1 is a cross-sectional view of a light-receiving device,

in which a gap between a light receiving element and a transparent

cover member is with a sealing member.



of a wafer level chip size package (CSP) structure having a holl ow
structure that enploys an adhesive agent. BEST MODE FOR CARRYI NG OUT
THE | NVENTION 10 [0008] A light-receiving device of the present
invention will be described as follows in reference to exenplary

i npl enentations by applying thereof to conplenmentary netal -oxide

senm conductor (CMOS) 15 image sensors having different types of

confi gur ati onsid.nZadgi 8i 6RCs o AP nath& 1epghf - # eIV HFGAVirEE BfvVice
the present. invention is not limted thereto, and may incl ude

vari ous hanigutienertd ogushrast Hardetc SUpLeds devi 3 IEED) 29/8%t he

like, in addition_to a CMOS i nage sensor. A CgCS i e sensor. is
formed on 20 & Sipport, 2affeFRctSide @Y ghRt’ P c%iL? st noadevice
support 1 is a silicon fer includin lurali of integrated
circui t SAHHT Eb%ﬁ@%??u? r%ﬁ?ﬂﬁeiﬁﬁé&eeg@iggﬁsén[%éﬁ%ﬁlvﬁléﬁﬁ T

EMBODI MENT) 25.Fig., 1.is a_diagram. shgow ng a_sche i.c st ure

a |light receﬁVﬁhg4eﬁ§n8n f%%%o?eF%EDEb Pﬁeprzsgngﬂéﬁgéﬁ?%%%§g5sgg tee

ignt regeiving ol queat fncludes. 3, aubstr at8e]. s olddhle hEGehY DOnS110m

el enent pr oVl surface of the substrate 1, a transparen

cover 6 praviged l%lla%\eeemaﬁuaﬁ aGhoARd agsgal ing menber 5, which

is provided to fi a gap between the substrate 1 and the
transparent cover 6 and adopted for providing a seal for the light 5
receiving element 2 fromthe exterior thereof. The sealing nmenber

BEST MCDE FOR CARRYING OUT THE INVENTION
10
(0008]

A light-receiving device of the present invention will be
described as follows in reference to exemplary implementations by
applying thereof to complementary metal-oxide semiconductor (CMOS)

15 image sensors having different types of configurations. 1In
addition tc above, the light-receiving device of the present
invention is not limited thereto, and may include various
embodiments such as charge-coupled device (CCD) and the like, in
addition to a CMOS image sensor. A CMOS image sensor is formed on

20 a support, and includes a light receiving element. A support 1 is
a silicon wafer including a plurality of integrated circuits that
constitute other image sensors.

[0009]
(FIRST EMBODIMENT)

25 Fig. 1 is a diagram, showing a schematic structure of a

light receiving element according to the present embodiment. Such

light receiving element includes a substrate 1, a light receiving



5 is conmposed of a material containing a cyclic olefin resin. The

i ght receiving element 2 on the suppor? 1 is presented by a

t wo- di nensi onal array of pixel sensors conposed of photoelectric
regions 4 and mcrolenses 3, and this may alternatively have a 10
standard configuration. An image resolution that the inmage sensor

can be achieved is determ ned by the sizes and nunber of the pixel
sensor s, eERETthe rPEAgededt 3 Heldsiceordi hari FyPT e irdds §e§éFaFPare“t
hundreds to several thousands of pi xel_sensors one colu

0 .
row. 15 fOGI0]° AR CArHEAgRRRTR %“Fc%sd’rrgl""éﬁsegn% $ssef%}r%?€d“@ E which
phot oel ectric regi e nlcr nses ghare arra

cor r espohditg té dn&PvFﬂggl ﬁﬁ%f ST ?eﬁ?%%%nﬁggqe§55%Fp9ely

Concernin Ep%g%n@lgroggn es Hkﬁd%b%al ogtlcal Iens sf%%ntge 1ZQﬁ:
formed by;*1%r exaing t|rﬁ§ q ayer conposéﬁ of Y transparenjtg

resin (i Céelgjej{?% %.1%%&9 §e§£&£)tﬁéav'ﬁ%r§o%e£ﬁ?fé d%aﬁziné Bedi®er

2.0 i'nto pre rm ned geonetries via a photo ograp i C procésses

he | k
or the likeg, O%ep@o%@anoﬁegtwge}ﬁ ctorn%&a%gna £ESi - Qa‘zetfa% resin.

respectlve C rtments via a t mal 25 processing, rounding a

corner thes eof kHYﬁéEbhkr?thagef‘er@éHﬁ acen 18BRsLABpaRd 1 hen Heekhigy by a
t her eof . These m crol enseS 3 ordinarily have w dths of about 2 to 6

pm and hel-ghtrerefi cdBoubrtad 002 PiNelb schBese Lbghbsdecs Hhagoeherent s
are wapped up by the sealing nenber 5 so as to be in contact with

and enbegdghbiy 4 hedseakbi-alens@iier =5d Antikanspas epdricovierl§ hsve a

provided on the sealing nenber 5. A light passes through the sealing

mentieér Ssfarmmbavefabusachon. An image resolution that the image sensor
can be achieved is determined by the sizes and number cf the pixel
sensors, and the arrangement thereof ordinarily includes several
hundreds to several thousands of pixel sensors per one column or
one row.

15 [0010]

En arrangement of micrclenses 3 is formed on the
photeoelectric region 4. The microlenses 3 are arranged
corresponding to individual photoelectric regions 4, respectively.
Concerning these microlenses 3, cylindrical optical lenses can be

20  formed by, for example, comparting a layer composed of a
transparent resin (including a photo resist) having a refractive
index of 1.3 to 2.0 into predetermined geometries via a
photolithographic processes or the like, and then melting the
transparent resin of the respective compartments via a thermal

25 processing, rounding a corner therecf by utilizing a surface

tension and then cooling thereof. These microlenses 3 ordinarily

have widths of about 2 £o 6 pm, and heights of about 1 to 2 um.



5 transparent cover 6 to reach to the light receiving elenent. The
seal ing nenber 5 contains a cyclic olefén resin, so that
advant ageous effects such as | ess absorbability of external
noi sture, less deterioration in the light-receiving ratio, better
manuf acturing stability and the like, can be obtained. The cyclic 10
olefin resin may be present uniformly over entire of the sealing
menber SThase neygHie rpresentg| etatdntd mapowtreppsd ofip thtwe Eealskeading
menber 5. It is preferable that the cyclic olefin resin is enployed
as a nmmjoeniepnst igcuent tof behen seatiany meberng. efigpddgd ks tRexseading
met hod for manufacturing the above-descri bed Ilght- recei ving device
will be B&8esq bed. 2Ofransearedhductdr SdbsPrave @?H@Fdaﬁh@e@géngi@ﬁ@ber
rece|V|ng el ement having mcrol enses 3 di.sposed corresponding to each
0

of the phot &* acchiit #ACE-Febl BASIN FOI e tAEFeBRTERE ST lc@oove of such

| ectrodes_f d t the 2 h
i or ol Snﬁiﬁné’ée%a R B oPi ot ST HAUIHG GRBRY Doty i o oPEgE

conposition ¢ alnl a cr sI| ker are applied. by, epmpl aying a_spi
qtggOEFmB Q ain % n¥c§&8r¥%%£ghé$@sf%, s% %ﬂat

coater and are dri e a Coal%l ng ti

bt s o0 Ebaf oS ALEROSCEu ST SO3bERdptb LT SN SRRREE
degr ee Qn{%fsww tl%%rseatete§§0§gﬁmn the ewegﬁ&gﬁécséaéﬁgmgd%t% ABetter

shown in 1'is obtaine [ 001 7 An epoxy resin is of
ConventIﬁ&%fa/c@mr%y%%at)@mweaﬁ@% deser i bed @@a&bmr{@bem@ EDclic

place of a cyclic ol'efin resin having epoxy group, and snaller

di f f-ey engeefim ardLf aGti ¥e bhdexnt uniformly over entire of the sealing
member 5, or may be present locally in portiocns of the sealing
member 5. It is preferable that the cyclic olefin resin is
employed as a major constituent of the sealing member 5.
[C011]

15 Next, a method for manufacturing the above-described light-
receiving device will be described. On a semiconductor substrate
including the light receiving element having microlenses 3
disposed corresponding to each of the photo acceptance regiocns
formed thereon and surface electrodes formed in regions except the

20 regions having microlenses, a cyclic olefin resin having epoxy
group and a resin composition containing a crosslinker are applied
by employing a spin coater and are dried to cobtain a coating film.
Further, a transparent cover is disposed on such coating film, and
then the entire thereof is heated to a temperature of 50 degree C

25 to 250 degree C to join thereof. As such, the light-receiving

device as shown in Fig. 1 is obtained.

[0012]




between the light receiving el enent and the epoxy resin may causes 5
a problem of |osing focusing function, When the light receiving
elenment is protected so as to be directly enbedded in contact with
the epoxy resin. Further, a problemof reducing a |ight-receiving
ratio of the light receiving elenment may be occurred due to a
deterioration of the epoxy resin on the light receiving el enment 10
caused by a |ifghtersly asFohglt epais€onvRNEhenpt B8 atbia¥eehirgntha
cyclic olefin resin having epoxy group is enployed for the sealin

. { . | g .
nmenber, FPIITACSCHALPEB0TR3 L Hed dBES delBr PHRER i O DICHHE Cr BSPhIR SN
be considerably inhibited, and a suitgblg difference i% t he, .
ref ract | V& iTHIEROBEt ABEHPt PASTa G PeLEPTPRGE et feETARGTERE P8

resin can be ens reg" eadi ng to achi evin ont i nuous_sust ai nnent
B R il o e T e PRt e M VICCU S
di agr.am _ showi.ng a henmat i r.uc . | 1 ght I Vi

Seoorai e T S ZBRTRY foat s YR Bof Al Ll el SR ELETEN

i ncl udesefent%%gs&rsag%oﬂcec@?&i ghtsd GCPIK R re €l SRR, A RIOVIBENLECR with

surface 0 substrate and a transparent cover 6 provided above

the surface thereql.qiA sephinger 25 RIREENS-E0PNOSEt Pl aitRterbativing
containing a cyclic olefin resin is provided between the Substrate 1

and the transpar efe G9YBE Beceifhe P ealdnatMabese Sodduifeyicdedttoa
surround the light recéiving 8 elenent 2 in a position renote from

the |ighjct@crirdtn@nebement @poxynd:diol B the Sudist rade il inigt Blehent
transparent cover 6 and has a

10 caused by a light for a long-term use.

In the present inventiocn, & cyclic olefin resin having epoxy
group is employed for the sealing member, so that the above-
described deterioration of the resin can be considerably inhibited,
and a suitable difference in the refractive index between the

15 light receiving element and the epoxy resin can be ensured,
leading to achieving a continuous sustainment of the focusing
ability.

[0013]
(SECOND EMBODIMENT)

20 Fig. 2 is a diagram, showing a schematic structure of a
light receiving element according to the present embodiment. Such
light receiving element includes a substrate 1, a light receiving
element 2 provided on a surface of the substrate 1 and a
transparent cover 6 provided above the surface thereof. A sealing

25 member 5 composed of a material centaining a cyclic olefin resin

is provided between the substrate 1 and the transparent cover 6.

The sealing member 5 is provided to surround the light receiving




hol I ow portion formed in the inner side thereof. The sealing nenber
5 is conposed of a material containing @& cyclic olefin 5 resin. The
seal ing nenber 5 functions as a spacer (dam for formng a hollow
structure between the transparent cover 6 and the light receiving

el ement 2. The sealing nenber 5 nay be joined to the transparent
cover 6 through the adhesive agent 7 as shown in Fig. 10 3. The
seal i ng everiFert B iis eonposetbrofrematyec[firemorled i higlesinpcehanige PRyt 2/
group, and nore preferably conposed of a photosensitive cyclic

ol efi n rawl Mg rgceporytyreupl WHWih &86i EransAre HrotESespEPVY @
provi des benefits such as an  inproved workability, higher |ocation
accur acyP@nePrhiRgrEL 15 TaRNeDr R th9 AFRE A ABnShoIRAT -hei'ghit SSRUFHEPer,

the sealing nmenber 5 containing the cyclic olefin resin_havi epoxy
group | STHEE (o SaBSBPESSN (b FIAC TiHs FUPES LSBT Al AduanPAgGos

effects such as preventing a |loss of transparency in the transparent
cover’ 6 t&m"be obtained. 20 [0014] Next, a nethod for manufacturing

the above’desqﬂ%53%¥%h%§fh ﬁﬁg?iyifﬁhé¥?gn%?a£jglﬁggcgfs&ﬁhge%orAforming

phot osensitive efinresin conposition having epoXy group Is

appl i ed g%?ﬁ%w S8 cenductor substiate proul-ded widy the i ¢nal g@ﬁﬁ@
oyl ng a d a

3 by 25 enp spin coater, and then, 1s heated and dried wt

hot pl ate-d0,9Rf aRrdncoat i nghd iddn1 Ay eXResur e hay lbdhtoingd to the
conducted over portions for formng a damin the coating film and

then, isyPandieated Ovart enperatst ecref RBedegeeggént o7 180 sthegheenCrig.
for severa
10 3. The sealing member 5 is composed of a cyclic olefin resin
having epoxy group, and more preferably composed of a
photosensitive cyclic olefin resin having epoxy group. AD
addition of a photosensitivity provides benefits such as an
improved workability, higher location accuracy and higher
15 uniformity in the dimensional height. Further, the sealing member
5 containing the cyclic olefin resin having epoxy group is hard to
absorb an external meisture, so that advantageous effects such as
preventing a loss of transparency in the transparent cover o can
be obtained.
20 [0014]

Next, a method for manufacturing the above-described light-
receiving device will be described. A photosensitive cyclic
olefin resin composition having epoxy group is applied on the
semiconductor substrate provided with the microlenses 3 by

25 employing a spin coater, and then, is heated and dried with a hot
plate to obtain a coating film. An exposure to light is conducted

over portions for forming a dam in the coating film, and then, is



mnutes with a hot plate for accelerating a cross |inking reaction.
Next, dipping in devel oper is conducted®for about 30 seconds to

di ssol ve to unexposed portions to renove thereof. 5 Further, a
transparent cover is disposed on such coating film and then the
whol e thereof is heated to a tenperature of 50 degree Cto 250
degree Cto join thereof. Alternatively, after heating the %oatin

filmto keat@thérafuFemBer s dtlee 0COEETo80° R gtHE GCITaR FdhBSi ToVeral

agent is applied on such coating_fil d a 10t nt. .
1 s posed eSO ting (61 B! Hor G 2086 57 S 68HI £, S50 thart T Gy AEACEHO"

t d.the ligh i Vi | i
ﬁsgh? : fﬁi%foi‘\zin g EleorC e ot ekt 5 SRR Lefor ciosiianele Yeblfs to
manuf act ur ed., ] 0015 15 (TH RD .E I i Fig. 4
di agr arrs‘?lsé%o ‘lengoalnsl ﬁ%ﬂ%?(lj cpor'si_tlrl\c/)t;%gta&r'gg%%%‘ogé Ig?% eacgr}g'ce: 8i ng 2|r grrent

according to t uﬁ:ntgléegr%e@t trsﬁpls’%{@ggt%o@rgis‘lgggg =@ &I agsmseshiopg!

view of a sensor, as a wa evel chip size

package 0, i t ights VY j
Showngi nf .g'? @%;&g@ﬁ;ghéaw%ﬁ ireRdeYRe Abagedighty reegivihndrdeyt csp

ow structure of the present invention.

[0016] |g.dhe Id ght ocecabytog devi cRiacepedbng. t oathe resent, after
enbodi nent] the sealing néenber 5 is disposed so as to surround the

25 lighthgacsiying ebafenly 2:i1® {did tdipestbsteade J0 wWddrehe to 250
transparent cover 6, and has a hollow portion fornmed in the inner
side thegepfee A uppehpelteongait tie apealiedgoneshet dmddsigatila 4d a
10 transparent cover is disposed thereon, and joins thereof. As a
result, a dam is formed so as to surround the light receiving
element region, and thus the light-receiving device of residue-
free on the microlenses 3 is manufactured.
[0015]
15 (THIRD EMBODIMENT)

Fig. 3 and Fig. 4 are diagrams, showing a schematic
structure of a light receiving element according to the present
embodiment. Fig. 4 shows a cross-sectional view of a CMCS image
sensor, which has a wafer level chip size package (C5P) structure

20 that is a type of a light-receiving device shown in Fig. 3 and has
a hollow structure of the present invention.
{0016]

In the light-receiving device according to the present

embodiment, the sealing member 5 is disposed so as to surround the
25 light receiving element 2 to join the substrate 1 with the

transparent cover 6, and has a hollow portion formed in the inner

side thereof. An upper portion of the sealing member 5 has a flat



geonetry, and a transparent cover is provided on the surface thereof
t hrough an adhesive agent 7, as requireéd. The sealing menber 5 is

hi gher than the mcrolenses 3, and if the transparent cover 6 is
provi ded on the upper surface of the sealing nmenber 5, 5 an air gap
is formed between the mcrolenses 3 and the transparent cover 6.
Such sealing nmenber 5 has a height of about 5 to 40 pm and a_w dth
of 100 tFRCMBY  pANINBNEEHEIREE ta COFRSI él%r%’b‘?‘f/ld““‘tﬂ forneFéﬁt SHESRER Iy

of the sealing nmenber alternativel d di

o s STl Yo o SRS LS X, O TR P SR LAl
hei ght of m crql ens like. 017 ft f. th
seaILnglﬁﬁﬁﬁg'%Sls h ggﬁgp ‘%htk§b§&Fr8 Fase ﬁaég{ gb B§ags%ﬁr nt
On this occasi an _adhesi ve ent I

t her nosettiMy a&ﬁegf:\?‘eflcgg%n o 6}% upfgrapp?‘[ gee(gg) ee%ﬁ%grlk ace ?A

the %ea'érp%l@%g g flpﬁeé%@a&ee% ag9enty; &rbSe S8l £61 i gi xh@pekaﬁgpe%m

t he Sealing e screen printing process an

transpar Quer Bl § 91 Sedn theaseal hagyiemers, taﬂdt&h@d?
t he adhé%?%e agent 7 |§ cﬁ@%d via a thgrnal p?%ce55|ﬁb uIn e

confi gurgtd on wqfdthh%ﬂ@o@r@éeptoom\{ﬁm | gBnethel 509 |a[19:dﬂi%ﬁﬁéﬁra51y
havi ng a predeterm ned height is provided to bond a wafer 10 servi ng

as a SUpcﬂ)Pfﬁerjerﬁtn@jeofngﬁr%'r@flSﬂ@é edalcovMehefbe 805 Al A eenstantly be
di stance between the wafer 10 and the transparent cover 6 can be

provi dedemp RN G orciagi té taddngi=an ypeisgniensctdes eafch Such bondiaf a
process is 25 preferably conducted in a vacuumor in an inert gas
at msphepezelsucimsas , niat hegent and & he drickens[ 0048} the like.
[C017]
After forming the sealing member 5, a transparent cover 6 is
bonded thereto by a heat. On this occasion, an adhesive agent 7
may be employed as required. A thermosetting adhesive agent 7 is
15 applied on the upper surface of the sealing member 5. The
adhesive agent 7 is selectively applied on the sealing member 5
via a screen printing process and the like, a transparent cover 6
is disposed on the sealing member 5, and then the adhesive agent 7
is cured via a thermal processing. In the configuration of the
20 present invention, the sealing member 5 having a predetermined
height is provided to bond a wafer 10 serving as a support 1 and
the transparent cover 6, so that a constant distance between the
wafer 10 and the transparent cover & can be provided, leading to
facilitating an alignment thereof. Such bonding process 1S
25 preferably conducted in a vacuum or in an inert gas atmosphere

such as nitrogen and the like.

[0018]




11 After the transparent cover 6 is bonded to the upper surface of

t he sealing nmenber 5, an interconnect ild formed by enploying, for
exanple, a nethod for formng an electric lead that is enployed in a
shel | case-type CSP, and the forned interconnect is 5 diced into

i ndi vidual light receiving elenents, and then separated into

i ndi vidual |ight-receiving devices, thereby obtaining the

| i ght -recei vi fftdevitbe toaposaeEf advercSPigsbandwi i theg upper Tharface
| i ght-receiving device shown in Fig. 4 enploys a glass substrate for
t he trarshdirentcegdies BEMPHL sucHICINLereaased3 19 §Bised PoeMReCYing,
el ectrode pads 11 extend to the back surface_of the chip to achieve
formi ng 9% &CORHEct &8 TRERME IRICK TNt RtFeofC 1&7ch R4t 18 space

2 packagt 1O fgSbRb S CONRTE QP AT oL VT oSt 4 bBAGEREC: 1o

Further, .si nce enpl.oying.such nethaod 15 achi eyes conduct.in he_whol e
manufact Ur W%Scégél?’fg%‘ﬁ?fglﬁﬁ To TSé VABH Sondtetor éjvitgg%lt %epa?ated
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reduced manufacturing cos t he tonventiona

li ght -1 ecei Wi ng devi 66Sqel P01 lompldn #ddhLi 88 Si NGRA dLVESLON, .
4 i u

into the respective efFenents 1s conducted after the transparent

cover isrjonded {NEreioihg LOe cRMEACL YN @i?f i handi ght -r gegkyi ng

device, no stain is caused in the surface of the Iight receiving
el ement dwrding dhecdi €hBg: rPhHsEsESt theeeby . ensyrineh &gl iiabikity.

25 [0020] The enbodi nents of the present invention have been

desani beghined to the electrode pads 11 extend to the back surface of the
chip to achieve forming interconnects in the back surface thereof,
such that a space for the interconnects can be considerably
reduced, as compared with a package for joining the semiconductor
chip via a wire bonding. Further, since employing such method

15 achieves conducting the whole manufacturing process from forming
the semiconductor device to packaging thereof under a wafer
condition, leading to a considerably reduced manufacturing cost as
compared with the conventional light-receiving devices.

(0019]

20 In addition, since a division into the respective elements
is conducted after the transparent cover is bonded thereto in the
manufacture of the light-receiving device, no stain is caused in
the surface of the light receiving element during the dicing
process, thereby ensuring a reliability.

25 [0020]

The embodiments of the present invention have been described

as menticned above. Descriptions on the cyclic clefin resin




as nmentioned above. Descriptions on the cyclic olefin resin 12

enpl oyed for the sealing menber of thel@resent invention will be

made as follows. [0021] Cyclic olefin nononers available in the
present invention 5 generally includes: nonocyclic conpounds such as
cycl ohexene, cyclooctene and the |ike; and polycyclic conpounds such
as norbornene, norbornadi ene, dicyclopentadiene, dihydro- .

di cycl opditiadiesnéort éb?a%%lﬂdﬁm@ééir PEi Ehel pprirHdileyention will be
di hydrotricycl opent adi ene, tetracycl opentadi ene, di hydro 10

t et r acydlspertSadicéhe”and the |ike. Substitution products having
functionﬁgzgaoup bound to these nononers nmay alternatively be

enpl oyed: q 22] Cyclic olefin resin available in the present
invention 15 typi.cal ly iincludes a pal r,of the above-described. .
cycl i ¢ ol ef i n CRORGMET S 1 M GddT T O T aB0Te. " ah anai T abite Lrvention
pol ygeri zati o I LN de kn r S uc I

Pol yiter | a1 a1 G EROEE S 6 SRRBERES el Ly STIBRER e .

may i ncl OagHg%épgthgﬁeqﬁuggr Qkpgggggng%@D nd&OoRoL gﬁ%eOf

nor bor nerie 20 type nononer and ‘ot her "ty nonomer s avail for

copol ynetd g et hnazgbefddse.Qf, thekhkeenald ydr cgepated products
of these copolyners. These cyclic oléfin resins may be” manufactured

by a knmmow@rt@%h@nwm&%ﬁm@me&@gh t PObYIRIHZAeRNRY OCESS
typically includes an addition 25 polynerization process and a
ri ng- opem Mg RAAREEL28Eh 08 PFRE eSSt racyclopentadiene, dihydro-

10 tetracyclopentadiene and the like. Substitution products having
functional group bound tc these monomers may alternatively be
employed.

[00z21]
Cyclic clefin resin available in the present invention

15 typically includes a polymer of the above-descriked cyclic olefin
monomers. In addition to above, an available polymerization
process includes a known process such as random polymerization,
block polymerization and the like. Typical example may include
{(co)-polymer of norbornene type monomer, copolymer cf norbornene

20  type monomer and other types of monomers available for
copolymerizing with a-clefins or the like, and hydrogenated
products of these copolymers. These cyclic olefin resins may be
manufactured by a known pcolymerization process, and such
pelymerization process typically includes an addition

25 polymerization process and a ring-opening polymerization process.
While a polymer obtalined by additive (co)-polymerizing norbornene

monomer is preferable among these, it is not intended to limit the




Wil e a pol yner obtained by additive (co)-polynerizing norbornene
nononer is preferable anong these, it ng not intended to limt the 13
present invention thereto. Wien a norbornene resin is enployed for

t he sealing nmenber of the present invention, benefits of providing
an i nproved manufacturing stability such as achieving a higher
precision of the patterning in the manufacture of the 5

li ght - r egeiadmg idevheeocamnde-teht aimed. a 1O923Inhypirealinaddi thphoyed
pol ymer of cyclic olefin resin may include: (1) addition

(co) - pol goercref searhasneaesdyped mhropeEsebt ai meththiyon , adeneifohs of
(co)-pol yneri zi ng norbornene type nononer; (2) addition 10 copol yner
of nor barmenelingpennbnpnevedmhretiapcamengr shalol Bftivnsuchand @8hieving a
addi ti on copol ynmer of norbornene type nononmer and nonconj ugated

di ene, amdihar adectisdanwbf htlm et teypénef ihoketrerarasaciegsi PEdENThese
resins may be obtained with any of known polynerization processes.

15 [ 6024}1 QRﬁnH%ﬂelWFﬁg opehe’t 51 \rePP6Rieyetic ol efin resin may

i ncl udes: ri ng- opened (co)-polynmer of norbornene type nononer,

and in aHHi lon a resin of hydrogenated product of such (co)- polyner

as re red; (5 d f bor t
nnnongrland et Jéﬁélg gggf@%ﬁﬁmﬁﬁé}|ﬁ%§&3g:?§%96n$es

hydr ogen qgﬁérof sucf%éco) C&%%Engﬁer ?%l (%onggdogggl eq by

ri ng- ope rhene 'type nmonone & noncon) Uuga

di ene Or%cfé hcer ARATEEoROMe LD, AR B0 AhE gpgfmm&ﬁeozgew ®dadition

pr oduct suc equire resins nmay
10 copolymer of norbornene type moncmer and ethylene or o-olefins;

m%% include:

and (3) addition copolymer of norbornene type monomer and
ncnconjugated diene, and in addition with other type of moncmer as
required. These resins may be obtained with any of known
polymerization processes.

15 [0024]

Typical ring-opened polymer of cyclic olefin resin may
includes: (4) ring-opened {(co)-polymer of norbornene type monomer,
and in addition a resin of hydrogenated product of such (co}-
polymer as required; (5) a ring-opened copolymer of norbornene type

20 monomer and ethylene or o-olefins, and in addition a resin of
hydrogenated product of such {(co)-polymer as regquired; and (6) a
ring-opened copolymer of norbornene type monomer and nonconjugated
diene or other monomer and in addition a resin of hydrogenated
product of such (co)-polymer as required. These resins may be

25 obtained with any of known polymerization processes. While (1)
addition (co)-polymer of norbornene type monomer obtained by

addition (co)-polymerizing norbornene type meonomer is preferable




25 obtained with any of known pol ynerization processes. Wile (1)
addition (co)-polymer of norbornene typé nononer obtai ned by
addition (co)-polynerizing norbornene type nononer is preferable 14
anong the above-descri bed conpounds, it is not intended to limt the
present invention thereto. [0025] A cyclic olefin resin enployed in
the present invention 5 preferably has reactive functional groups.
Speci f i crexamuhes abbve sdedrridgact icvepbundsi obial L yredps nitroredese eplasiyt
group such as glycidyl ether group and the |ike, oxetane group,

car boxyltigr gugsenhydnogytien diypreiesat ur at ed bonds, ani no group or
the Iike. Epoxy group is particularly preferable anong these groups.
10 [0026[COA%]l e the cyclic olefin resin having epoxy group enpl oyed
in the present invention can generally be obtained b dinectl¥.

pol yreri zi ng ﬁbﬁbﬁ%ﬁccahﬁgiﬁi?ﬁf%ﬂxﬁ@?l@¥8GpantW?§?ﬁﬁ%%§uﬂ§y?n =on
sim lar polynmer may al so be, obtai ned Vii a nannerf%gr.i troducifgélg%

epoxy gr SHRPLYIB2EhEFRCV T & CGIVEFET oRTPRATY i o after FHE™
| e on. ek . o
S AR L ST bl A S s g DU G S
ok e eat OV . )
of rencts E o eI ann TS0 al (it 1SREY ofRPupe ANGHE R Bokee oo

i th havi o ; . ec b
WL SOMRAUNGS NG, CRAXY: OFOURI bdBEChignS dhselomenarl dakbon whoxy

t he abo ~polyner having carbon-car bon ubl e bond in
ol ecul arﬁrc?ﬁa %@lp%yf;th@%ulgpwl@@éf%@@e@hénguglhes?@ PeIPsy. acid,
Xl de n e

hydr oper 0x1 de, a
10 [0026]

While the cyclic olefin resin having epoxy group employed in
the present invention can generally be obtained by directly
polymerizing monomer containing epoxy group in its molecular,
similar pclymer may also be obtained via a manner for introducing

15 epoxy group in side-chain via a conversion reaction after the
polymerization. Typical conversion reaction includes known
manners such as: inducing a grafting reaction of the above-
described polymer with unsaturated monomer containing epoxy group;
inducing a reaction of reactive functional group site in the

20 above-described polymer with compcunds having epoxy group;
inducing a direct epoxidation of the above-described polymer
having carbon-carbon double bond in molecular by employing
epoxidation agents such as peroxy acid, hydroperoxide, and the
like.

25 [0027]

The addition polymer of a cyclic olefin resin is obtained by

a coordination polymerizaticn by utilizing a metal catalyst, or a



i ke. 25 [0027] The addition polyner of a cyclic olefin resinis
obt ai ned by a coordination polymerizatbon by utilizing a metal
catalyst, or a 15 radical polynerization. In the coordination

pol ymeri zati on anong these, the polyner is obtained by polynerizing
nmononer in solution in the presence of a transition netal catalyst
(NFCOLE R GROVE et al., Journal of Polyner Science. part B, Polyner
Physi cs,ragdical3pol yBeppza@gas- 3610 the999yydinaforg] PRiLyREr 1 ARl ¢Theimong
platinun1catalésts tipicaljy enpl oyed netal catalysts in the )
coor di ndt1e6F: pbRgnert YBRT ot &8 2deSEr PHeldP+ PCT  AOTPISES 1 08" affyl BEP™
W00/ 20, 472. Typical netal catalyst for the 10 coordi natli
poIynerPihﬁ@@néFﬁEPDB%sogﬁ%ﬂﬁf 5908aT5F§§t%“§ﬁéﬁt é@%k?§§|%eﬁé¥“ﬁi$t
(perfluoro phenyl) . nickel.: (mesil.ene) bis_ . (perfl.uora nyl ) _nickel ;
(benzené)! bi &° %8%%Iﬁgr%%H€%V1§*ﬂFPE r;pag%gﬂ(téFagﬁ§ﬂ?§y¥5%gr ok 37,
(pertl uaorop | },~0kC coaPl'S (ethyl acetate) bis (perfluorophenyl)
nickél'Eg?sgﬁgﬁoéggg)%gé%gﬁpérfluorophenyl) 15 nickel and the |ike.

[0029],T%gkﬁﬁl radi cal polynerization technology is described in
Encycl opedia‘of Pol yner Science, John Wley & Sons, 13, 708(1988).

Radi cal pol ymegyiizabi gnqi ngenel &l ica%@ggtgytw@&tzim 1A9BeMRECAD
solution with elevating a tenperature to 50 degree C to 50 degree C

in the presenee =ofina:fadi&ehq it tilat ?bigﬁéﬁiﬁé‘&ioﬂ adicCalestpibéat Of PCT
i ncl udes: azobis (isobutyronitrile) (A BN);
W097/33,198 and PCT W0O00/20,472. Typical metal catalyst for the
10 coordination polymerization includes known metal catalysts such
as: (toluene) bis (perfluoro phenyl) nickel; (mesilene) bis
(perfluorophenyl) nickel; (benzene) bis (perflucrophenyl) nickel;
bis (tetrahydro) bis (perfluorophenyl) nickel; bis (ethyl acetate)
bis {perflucrophenyl) nickel; bis (dioxane) bis (perfluorophenyl)
15 nickel and the like.
[0029]
Typical radical polymerization technology is described in
Encyclopedia of Polymer Science, John Wiley & Sons, 13, 708(1988).
Radical polymerization is generally induced by reacting
20 monomer in solution with elevating a temperature to 50 degree C to
150 degree C in the presence of a radical initiatecr. Typical
radical initiator includes: azobis (isobutyronitrile) (AIBN);
benzoyl peroxide; lauryl peroxide; azobis (iso captronitrile);
azobis (isoleronitrile); t-butyl hydroperoxide or the like.
25 [0030]
The ring-opened polymer of a cyclic olefin resin is obtained

by: ring-opening (co)-polymerizing at least one or more norbornene



benzoyl peroxide; |auryl peroxide; azobis (iso captronitrile);

azobis (isoleronitrile); t-butyl hydropéroxide or the like. 25 [0030]
The ring-opened polyner of a cyclic olefin resin is obtained by:

ri ng-openi ng (co)-polynerizing at | east one or nore norbornene 16
type nmononer with a catalyst of titaniumor tungsten conpound via a
known ring opening (co)-polynerization process to manufacture a

ri ng- openinsg npeeyepovyrrra eaid ivisdn CRy di bgehiat iy tacbsaD capPoriind via
doubl e bond in the aforenentioned ring-opening (co)-polyner via an 5
or di nar 2 Hy@ridg&hagi BRCPEE ek ) a9 Or dHEr i el 1Y rRnieast (Pemanuiacture a
t her nopl asti c saturated norbornene resin. [0031] Suitable

pol yrer i Zad GRBNFehtC bTPThE" Ao PEIdESER | hedr owa13rmeri £af PoR- S35i%m

i ncl udes hydrocarbons or aromatic solvents. 10 Typical hydrocarbon
Lorvent dei s el ont ahhe e BB s g A g G L DO s an
although it. is not limted thereto. Typical. ar tic_salvent

nel Qo TS E e DY P R SR A S B PSP A Do ARG LRT though

It is noglimihed.Lherel o .. B el ALAE o Lgfrahydrof uran, ethyl

acetate, esters, Factones,.a ketones,” am des may al so be enpl oyed.

These sogﬁgﬂ;s, al one or a conbination thereof, may be enpl oyed as a
at’l

pol yneri n solvent. [0032] Mol ecular weight of the cyclic olefin

resin of the prgseRtc bAYGREE O Be16entr okl ek hyh Adiuskipgbaq
ratio of an initiator 20 and a nononer, or by adjusting a

pol yner izat @ itbie on et -h el roeiddisnal,Hencpobyeerd Z aldcantdesesihatt s .
above i s enpl oyed, as
10 Typical hydrocarbon solvent includes pentane, hexane, heptane,
cyclohexane or the like, although it is not limited thereto.
Typical aromatic solvent includes benzene, toluene, xylene,
mesitylene or the like, although it is not limited thereto.
Diethyl ether, tetrahydrofuran, ethyl acetate, esters, lactones,
15 ketones, amides may also be employed. These solvents, alone or a
combination thereof, may be employed as a polymerization solvent.
(0032}
Mclecular weight of the cyclic olefin resin of the present
invention may be controlled by adjusting a ratio of an initiator
20 and a monomer, or by adjusting a polymerization time. When the
coordination polymerization described above is employed, as
disclosed in US Patent No. 6,136,499, molecular welght can be
controlled by employing a chain transfer catalyst. In the present
invention, o-olefin such as ethylens, propylene, l-hexane, 1-
25 decene, 4-methyl -l-pentene and the like is suitable for

controlling molecular weight.

[0033]



di sclosed in US Patent No. 6,136,499, nolecul ar wei ght can be
controll ed by enploying a chain transfeé catalyst. In the present

i nvention, a-olefin such as ethyl ene, propylene, 1l-hexane, 1 25
decene, 4-nethyl -1-pentene and the like is suitable for controlling
nol ecul ar weight. [0033] 17 1In the present invention, weight-average
nol ecul ar wei ght is 10, 000-500, 000, preferably 80, 000-200, 000, and
more preferablin th80p066e1R5] 00Nt IV, gheigueragerand evdleaulasi ghtomayls
be neasured via a gel perneation chromatography (GPC) enpl oyin

nor mal 5 pA0S08ePREnerY$ T Enenttéd Opﬁ“ﬁ%ga@ ®n arst ASTH 9593%8533%) .
[0039] A cyclic olefin nononer enployed in order to manufacture a
cyclic ot&FiGY0rd2bn0Ravi e B IGrEUE BAPPOYERF iE4e pr¥skptmeasured
invention is preferably norbarnene type nononer represented in

geﬂelral ot n%u:qgl_( ??Fm%%}a?@ L@W@PBV ﬁ‘ﬁwl S l:nﬁcrlaa%a%ét ﬁ&
nonyP.  Baerhasaens ek Rt I Ghe bt A H0dPaF obt - ¢ he

i ke, SRﬁgﬁfic exanpl es of al kenyl group include vinyl, allyl,
but ynyl , dyclohexyl or the like, specific exanple of al kynyl group

ol ude et iyl A r gRUBYL n Z5RLIPUI e LAOU Y 2 DY oL L e

l'i ke, specific exanpl es o group“include p enfi

oL SV GO K AR i SEPUGE SRS o, € by

limted fhenetion i preferably norbornene type monomer represented in
10 general formula (7).

Specific examples of alkyl group include methyl, ethyl,
propyl, isopropyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, dodecyl, cyclopentyl, cyclohexyl, cyclo octyl, or the like,
specific examples of alkenyl group include vinyl, allyl, butynyl,

15 cyclohexyl or the like, specific example of alkynyl group include
ethynyl, l-propynyl, 2-propynyl, l-butynyl, 2-butynyl or the like,
specific examples of aryl group include phenyl, naphthyl,
anthracenyl or the like, and specific group examples of aralkyl
group include benzyl, phenethyl or the like, although it is not

20 limited thereto.

F0035]

Concerning functional group having ester group, functional
group having ketone group and functional group having ether group,
structures thereof is not particularly limited, if functional

25 group has the above-described group. While functional group
having glycidyl ether group is presented as a preferable specific

example of functional group containing epoxy group, structures



[ 0035] Concerning functional group having ester group, functional
group havi ng ketone group and functionak group having ether group,
structures thereof is not particularly limted, if functional 25
group has the above-described group. While functional group having
glycidyl ether group is presented as a preferable specific exanple
of functional group containing epoxy group, structures 18 thereof is
not par titettear! ysl hat teertidulfamet lonategr oup hastepory ggrogpphas epoxy
[0036] X (7)) R R RBR4 5 ([In formula (7), Xis any of 0, CH2 and
(CH2) 2, gmakpn is an integer nunber of 0 to S. RL to R4 are
respectively any of functional group selected from hydrogen, alkyl
group, alXe®mil group, al kynyl group, allyl group, aryl group,

aral kyl grouyp._onoval ent 10 functional group having ester group,
nonoval entonal group having ketone group, nonoval ent

functi onalfgraupzhavi ng ether group and nonoval ent functional group
havi ng epofﬁlﬂ!’hp. Rl to R4 may be the sane or different. In

formul a (71 to @ of the whole repeated units, at |east one
O

or nore thgredf—s functional 15 group having epoxy group.] [0037]
Typical ¢ ef i n monomer enpl oyed for manufacturing a

R
! R; Rj Rs

[In formula (7), X is any of O, CH; and (CHy):, and n is an integer
number of 0 tc 5. Ry to Ry are respectively any of functional
group selected from hydrogen, alkyl group, alkenyl group, alkynyl
group, allyl group, aryl group, aralkyl group, monovalent

10 functicnal group having ester group, monovalent functional group
having ketone group, monovalent functional group having ether
group and monovalent functional group having epoxy group. R; to Re
may be the same or different. In formula (7}, in R; to Rg of the
whole repeated units, at least one or more thereof is functional

15 group having epoxy group.]
[0037]

Typical cyclic olefin monomer employed for manufacturing a

cyclic olefin resin employed in the present invention includes,
for example: monomer having alkyl group, such as 5S-methyl -2-

20 norbornene, 5-ethyl -2-norbornene, 5-propyl -Z-norbornene, S5-butyl
-2-norbornene, 5-pentyl -2-ncrbornene, 5-hexyl -2-ncrbornene, 5-
heptyl -2~-norbornene, 5-octyl -2-norbornene, 5-nonyl -Z-norbornene,

5-decyl -2-norbornene and the like, monomer having alkenyl group



cyclic olefin resin enployed in the present invention includes, for
exanpl e: nononer having al kyl group, stiéh as 5-nethyl -2 20
nor bor nene, 5-ethyl -2-norbornene, 5-propyl -2-norbornene, 5-butyl

- 2-nor bornene, 5-pentyl -2-norbornene, 5-hexyl -2-norbornene, 5-
heptyl -2-norbornene, 5-octyl -2-norbornene, 5-nonyl -2-norbornene,

5-decyl -2-norbornene and the |ike, nmononmer having al kenyl group 19

such as sl lagl 5-21hpk bot mendorbemet hytigemel idenforforasherngre, S5-

ethylidene -2-norbornene, 5-isopropylidene -2-norbornene, 5-(2-

pr openy|9thyligensor Aener P& utberyPPropyY hotdst mendorhoraehet hyt (2=

- 2- propenyl ) -2-norbornene, 5-(4-penteny|§ - 2- nor bor nene, 5-(% 5

Eret hyl h-z:lgzq:};mnefﬁw F2-DORIR Bt Hene” 5-PELRR%ehyTd NG EBRnene | L BISthY L
1-net hyl -4-pentenyl) -2-norbornene,, 5-(2,3- di hyl . - 3-but en

3 hor bUrATEDeBYEh SERYt SO T ) 4= AT bt nerte, SECR R R gt Hel Hy

-4-pentenyl.) --2-norbornene,, 5 -(7- nyl) ,z2- rnene _

ﬁ-(zgnffﬁ%vhgﬁ-ﬁe%Pgﬁ9Y?p-2%ﬁg? 5%%%%%{ é-éi%ﬁggglnéthgln?gbiﬁnene’ >
exeny - 2= 9&30[ e h@fgei - nyt) 5 2z NQY; e, 25

(R AR Sy ) S e R S 7 The e o omar oy

havi ng al}.)é{yllb&?%kﬂg,Sﬂgbzﬁét}%?leuwltehglppli’%éﬁ&r@ﬁ@ thes| i ke,

nononmer havi ng al koxy silyl group such as dinethylbis ((5-norbornene

-2-y1) methoxy)) -sibane-apd, the ddRrneaonsr - 15 hedma ) si-biho gibokpe
such as 1. 1,3,3,5,5ED oot iyl 11 B ar et hyl pie (2 (5 norbornene -

-2-yl) ethyl Indihysi Lexapg)eapd) the-ndribkenef@nose(l fvidigeanyll gboup
such as 5-phenyl -2-norbornene, 5- naphthyl -2-norbornene,
5- pant af hasgphenyl-no2boenbes nehe ard rivhe - 5-héeenyionoifemoravirngne,  5-
aral kyl group such as 5-benzil -2-norbornene, 20 5-phenethyl
- 2- nor bornene;-th-ipentall vorophenytl )mnetthanebo2nene and the like,
monomer having alkynyl group such as 5-ethynyl -2-norbornene and
the like, monomer having alkexy silyl group such as dimethylbis
( {(5-norbornene -2-yl) methoxy)) silane and the like, monomer
15 having silyl group such as 1,1,3,3,5,5~ hexamethyl-1, 5-
dimethylbis ({2-(5-ncrbornene -2-yl) ethyl) trisiloxane) and the
like, monomer having aryl group such as 5-phenyl -2-norbornene, 5-
naphthyl -2-norbornene, S5-pentafluorophenyl -2-norbornene and the
like, monomer having aralkyl group such as 5-benzil -Z-norbornene,
20 5-phenethyl -2-norbornene, 5-pentafluorophenyl methane -2-
norbornene, 5-(2-pentaflucrophenyl ethyl) -2-norbornene, 5-(3-
pentafluorophenyl propyl) -2-norbornene and the like, moncmer
having alkoxy silyl group such as dimethylbis ((5-norbornene -Z2-
yl) methoxy)} silane, S-trimethoxysilyl -Z-norbornene, S5-tri
25 ethoxy silyl -2-norbornene, 5-(Z2-trimethoxysilyl ethyl) -2-

norbornene, 5-(2-triethoxy silyl ethyl) -Z-norbornene, 5-(3-

trimethoxysilylpropyl) -2-norbornene, 5-(4-trimethoxybutyl) -2-



nor bor nene, 5-(2-pentafluorophenyl ethyl) -2-norbornene, 5-(3-

pent af | uor ophenyl propyl) -2-norbornen£ Oand the like, monomer having
al koxy silyl group such as dinethylbis ((5-norbornene -2- yl)

nmet hoxy)) silane, 5-trimethoxysilyl -2-norbornene, 5-tri 25 ethoxy
silyl -2-norbornene, 5-(2-trimethoxysilyl ethyl) - 2- norbornene,

5-(2-triethoxy silyl ethyl) -2-norbornene

trimet hc%%?lolr}}?ﬁ?op@TﬁrlH?erbéﬁﬁé’ﬁ@e%YJ( 4@%@%%%8&%8{9@}@ 2 Fhe
norbornene 5-trinet SI| | net h et her -2-norbornene ang

g AEEhA L Vg, Shover B STeAPposaEtuh groue,

t , | oyl h
oS G serlon Soue e o Rl oyl s 9.5

norborng{lﬁgﬁgpg?lég -ESLEloPOR 9RLG @gﬁg&[ %Mé%%r nane.;2- JEL Ve

ester nor bor néne - ester, ‘'valeric acid 5

nor borngne.; %ngﬁghy% @?% é%%@&o'Er@ﬁhgn§cnﬂﬁﬁpﬁﬁ$ﬁ§bo%n€§éhyi—methyl

est er, capry i'C aci ornene -2-nethyl ester, capric acid 5-

norborn%&%erz petAybiesi&fa 486 raehd 52155€Hyﬂ“¥§%e12 FBlEYlc 1id 5-
ester, stearic acid 5-norbornene -2-nethyl ester, oleic acid 5-

nor bor NeNs 12 raRkhyb- fstier], ddinral e&'a@r@@tdaérdl@’—bﬁj’rmaena ABtythyl
ester, 5-norbornene -2- carboxylate 5-nor bornene -2-carboxylic acid

nethyl esitein, zeperboenened -2-readeaxyhic-2achet et hydstest ecapbic acid 5-
nor bornene -2-carboxylic acid t-butyl ester, 5-norbornene -2 15

car boxylhiartacingnie- batyétiegl ergtes- ndeboineaeid Sovarioxykene agrgethyl
trinmethylsilyl ester, 5-norbornene -2-carboxylic acid triethylsilyl
est ap, &ﬁﬂ&ﬂbOﬁmeaechacaﬂﬁ&wﬂnh@ﬁ@@ﬁ@ reobonyyl wssiesr, Oéehérﬁ@¥%é%e
-2-carboxylic acid 2-hydroxyethyl ester, 5- norbornene -2- nethg

- 2- car boxyfhar neeied ﬁemﬁVhYbs%%ﬁefAﬂhi@&#?@lc acid 5-norbornene -Z-methyl

ester, 5-norbornene -2-carboxylate, 5-norbornene -2-carboxrylic
acid methyl ester, 5-norbornene -2-carboxylic acid ethyl ester, 5-
norbornene -2-carboxylic acid t-butyl ester, 5-norbornene -2-

15 carboxylic acid i-butyl ester, 5-norbornene -2-carboxylic acid
trimethylsilyl ester, S5-norbornene -2-carboxylic acid
triethylsilyl ester, S-norbornene -2-carboxylic acid ischbonyl
ester, 5-norbornene -2-carboxylic acid 2-hydroxyethyl ester, 5-
norbornene -2-methyl -2-carboxylic acid methyl ester, cinnamic

20 acid S5-norbornene -2-methyl ester, 5-norbornene =-2-methylethyl
carbonate, 5-norbornene -2-methyl n-butyl carbonate, 5-norbornene
-2-methyl t-butyl carbonate, 5-methoxy —-Z2-norbornene, (meta)
acrylic acid 5-norbornene -Z2-methyl ester, (meta) acrylic acid 5~
norbornene -2-ethyl ester, (meta) acrylic acid 5-norbornene -2-n-

25 butyl ester, (meta) acrylic acid 5-norbornene -Z-n-propyl ester,
{meta) acrylic acid 5-norbornene -Z-isc butyl ester, {meta)

acrylic acid 5-norbornene -2-iso propyl ester, (meta) acrylic acid



20 acid 5-norbornene -2-nethyl ester, 5-norbornene -2-nmnethylethyl
carbonat e, 5-norbornene -2-nethyl n- bu?%l car bonat e, 5-norbornene
-2-nmethyl t-butyl carbonate, 5-nethoxy -2-norbornene, (neta) acrylic
acid 5-norbornene -2-nethyl ester, (neta) acrylic acid 5- norbornene
-2-ethyl ester, (nmeta) acrylic acid 5-norbornene -2-n 25 butyl ester,
(meta) acrylic acid 5-norbornene -2-n- Eropyl ester, (neta) acrylic

aci d 5- rorGPAEHENS 2=F S Bt ﬁ5t€§trer(me et 2Ty G AGiE aepgrbornene —2-

5- b -2- | t t
nor bor nene i so propy es a%ne a% aCHéE%%”%Png éSFH% ester and

5- norboﬁﬁgﬁé eétﬁéxyﬁm%ﬁﬁ eraCLy A yTier

e e Bl S BB DN Y e i MR
nth ng5za§ﬁl%§£%ué&zmxy@m O TS AL o

14 2%, 13 3arberdy hbhicoid Ege-deRhoRry 9‘?%%0&3 Bl Eeyel o

E% % § i%ig %I}i@]égggg%¥§égﬁg§&eﬁ%| %ﬁ{oxyca?%gﬁgyitifﬁgcyclo 10

524' 12 1@'1 1d®geﬁodéc60@+e§eﬂ28if§l Mo@?@@@%hﬁ&m arhaidceyclo
tetracyclo [4. 4 0.12,517,10] dodec -3-ene met hyl propoxy)

car bonyl (4 et raqycl @’ 4. 4:10Q1e332 5-dde 10]- dodeepy3canponPt tretracyclo
butoxycarbonyl tetracyclo [4.4.0.12'5.1 7 '10] dodec -3-ene, 8-

cycl ohexyd . oxy.garbohyl] teideacyshend 4. #0- IRitoxi¢atbbndbdect radrverie, 15

8-(4 '- t- butylcycl ohexyl oxy) carbonyl tetracyclo

[ 4. 400. 124 5 .12,110]. 1 doUecioddceré-eBe phenBeyeahydpybpbey F acacbany L

[4.4.0.12,517,10] dodec -3-ene, 8-tetrahydrofuranyl oxy carbonyl

f et r acycter {10, 12'.5. 121°10]1 3] dddeeen; 3-8t Batydieplyy hrsiameyry)
carbonyl tetracyclo [4.4.0.1%°.1""°] dodec -3-ene, 8-t-
butoxycarbonyl tetracyclo [4.4.0.125.17J0] dodec -3-ene, 8-
cyclohexyl oxycarbonyl tetracyclo [4.4.0.1%5.17J01 dodec -3-ene,

15 B8-(4 '- t- butylcyclohexyloxy) carbonyl tetracyclo
[4.4.0.125.17J°] dedec -3-ene, 8-phenoxycarbonyl tetracyclo
(4.4.0.1%5%.1""%] dodec -3-ene, 8-tetrahydrofuranyloxy carbonyl
tetracyclo [4.4.0.1%%.17%1-3- dodecen, 8-tetrahydropyranyloxy
carbonyl tetracyclo [4.4.0.1%°.1"1% dodec -3-ene, 8-methyl -8-

20 methoxycarbonyl tetracyclo [4.4.0.1%°.17'"] dodec -3-ene, 8-methyl
-8-ethoxycarbonyl tetracyclo [4.4.0.1%°.17'% dodec -3-ene, 8-
methyl -8-n- propoxycarbonyl tetracyclo [4.4.0.1%°.17*°] dodec -3~
ene, 8-methyl -8-iso propoxycarbonyl tetracyclo (4.4.0.1%°.1719
dodec -3-ene, 8-methyl -8-n- butoxycarbonyl tetracyclo

25  [4.4.0.1%%.17%% dodec -3-ene, 8-methyl -8-{2-methyl propoxy)
carbonyl tetracyclo [4.4.0.1%°.1"%] dodec -3-ene, 8-methyl -8-(1-

2,5 17,10]

methyl propoxy) carbonyl tetracyclo {4.4.0.1 dodec -3-ene,




carbonyl tetracyclo [4.4.0.12'5.12'10] dodec -3-ene, 8-nethyl -8 20
met hoxycar bonyl tetracyclo [4.4.0.12'5¢247,1] dodec 3 ene, 8 nethyl

- 8- et hoxycarbonyl tetracyclo [4.4.0.12'5.17' 10] dodec -3-ene, 8-

nmet hyl -8-n- propoxycarbonyl tetracyclo [4.4.0.12'5.17"' 10] dodec - 3-
ene, 8-nethyl -8-iso propoxycarbonyl tetracyclo [4.4.0.12'5 12'1]
dodec -3-ene, 8-nethyl -8-n- butox¥carbonyl tetracycl 0,25 -
[4.4.0.ﬁ?ﬂ@ﬁbyi10¥~Hbd%RFQ¥¥q%¥?PHS-nE?ﬁ%@CY@%ﬁ(iﬂnétﬁyﬂ prbpoxyfodec -

o Brsat 5L ba behyT T aRe I AT ST ror Boder - 3 eve.
2 e R 1B R o et e SR P e Ly gy g 1T 10 dodec
bt ol oy Ry ks e s ey anE e e i G 4% 0 17 Lol " idadedes 5
e "Gl R RNE OISR A Bh BOVEL fodibab Haid B 100 D1 edodBeec

[4.4.0. 15 5.1 18] £ =gk heBENYhny B bonyl_tetracyclo
oy oY Ay B o et TR TS

dodecen, [ 8-Tet Ayls 18i@Cel@XYy LetLaeyd Gndihn4. 0gl2' 5. 1' 10] dodec -3 10
ene, 8,9- di (nethoxycarbonyl) tetracyclo [4.4.0.12'5.1"'10] dodec -

3-ene, 8- Miyatebhexyeasbamdiorat tacyetecid. d 0..1215.°11%0]) -dedec
-3-ene, 8,9- di (n- propoxycarbonyl) tetracyclo [4.4.0.12,5 17, 10]

dodec - Ji@R&end, 9-mdth{i ses-prapoxy Qatbaﬁyt)otEQﬁhdydﬁﬁ.Ihw] dodec -3-

[4.4.0.12'5.17"' 10] dodec -3-ene, 8,9- di (n- butoxycarbggyl)1015

t et nacycdre:,[ 4,4-0412'(Getlhddjcaddeyl)3teheacBe e . 40 17°. 1] dodec -

but oxycarbonyl) tetracyclo [4.4.0.12'5.1"'10] dodec -3-ene, 8,9- di

(cyclohé%yh&xy@a@bodylXethmxyﬂ%mﬂqmyﬂ4.neDFQQY%lQYP%GWChéggelygﬂeﬁéﬁec
-3-ene, 8,9- di (n- propoxycarbonyl) tetracyclo [4.4.0.1%°.17%7]
dodec ~3-ene, 8,9~ di (iso propoxy carbonyl) tetracyclo
[4.4.0.1%°.17'°] dodec -3-ene, 8,9- di (n- butoxycarbonyl)

15 tetracyclo [4.4.0.1%°.17'°] dodec -3-ene, 8,9- di (t-
butoxycarbonyl) tetracyclo [4.4.0.125.17JB1 dodec -3-ene, 8,9~ di
{(cyclohexyloxycarbonyl) tetracyclo [4.4.0.12ﬁ.17JO] dodec -3-ene,
8,9- di (phenoxyloxycarbonyl} tetracyclo [4.4.0.125.17J0} dodec -
3-ene, 8,9~ di (tetrahydrofuranyloxycarbonyl) tetracyclo

20 [4.4.0.1%°.1711-3- dodecen, 8,9%- di (tetrahydropyranyloxy
carbonyl) tetracyclo [4.4.0.1%7.17*°1-3- dodecen, 8,9- tetracyclo
[4.4.0.1%5.17"°] dodec -3-ene, tetracyclo [4.4.0.1%°.17*°] dodec -
3-ene -8-carboxylic acid, 8-methyltetracyclo [4.4.0.1%°.17%]
dodec -3-ene -8-carboxylic acid, 8-methyltetracyclo

25 [4.4.0.1%5.17'1°) dodec -3-ene, 8-ethyl tetracyclo [4.4.0.1%°.17'%]
dodec -3-ene, 8-methyltetracyclo [4.4.0.1%°.0%°] dodec -3-ene, 8-

ethylidene tetracyclo [4.4.0.125.17J2] dodec -3-ene, 8-ethylidene



8,9- di (phenoxyl oxycarbonyl) tetracyclo [4.4.0.12'5.17' 10] dodec -
3-ene, 8,9- di (tetrahydrofuranyl oxycaeBonyl) tetracyclo 20
[4.4.0.12,5 17,10] _3- dodecen, 8,9- di (tetrahydropyranyl oxy
carbonyl) tetracyclo [4.4.0.12'5.1"10]-3- dodecen, 8,9- tetracyclo
[4.4.0.12'5 17, 10] dodec -3-ene, tetracyclo [4.4.0.12'5.17" 10] dodec
- 3-ene -8-carboxylic acid, 8-nethy|tetracyc|o [4.4.0.12,5 17, 10]
dodec - Zt@nmcy@licarBokyli L’ aci’d’. 8% hetdpdacet-Baeyel an@5the like.
[4.4.0.12'5.1"'10] dodec -3-ene, 8-ethyl tetracyclo [4.4.0.12,5 17, 10]
dodec -3f&En¥! 8-nethyltetracyclo [4.4.0.12,5 01' 6] dodec 3 ene, 8
ethylidene tetracyclo [4.4.0.12,5.17,12] dodec_-3-ene, 8-ethylidene
23 7 ,10 01' 6]t dedeceigrehnke aiktt a9 cikelict etefaky dIeF iy havong 22ROY
[0038] It is preferable that the cyclic olefin resin having epox

; . ; . . y
group emfVYeETPACYRE PR eSRMILTGAREN TBHCTEIGh BRIAT i26RILEE8E 5P ymer
of narbornene type nononer, generally represent %_by formul a (8).
[0039] rRObYTEg) CIXNRIDRINEDS RY AU PPR™F6r nﬁ?%elz% Y XPEESRYTEE Y e
and (CHZ%Omeurlai s( 8<'3m i nt eger

[0039]

(8)

n

R
1 Rz Ry Rs

[In formula (8), X is any of O, CH; and (CHz)2, n is an integer

10 number of 0 to 5, and m is an integer number of 10 to 10,000. R;
to Rq are respectively any of functional group selected from
hydrogen, alkyl group, alkenyl group, alkynyl group, allyl group,
aryl group, aralkyl group, monovalent functional group having
ester group, monovalent functional group having ketone group,

15 monovalent functicnal group having ether group and monovalent
functional group having epoxy group. R; to R; may be the same or
different. In formula (8), in R; to Ry of the whole repeated units,
at least one or more thereof is functicnal group having epoxy
group. ]

20 [0040]

Polymers represented by formulae (9), (10) are preferable

for the cyclic olefin resin having epoxy group employed in the




10 nunber of 0 to 5 and mis an integer nunber of 10 to 10,000. R1
to R4 are respectively any of functional? group selected from

hydr ogen, al kyl group, al kenyl group, al kynyl group, allyl group,
aryl group, aral kyl group, nonoval ent functional group having ester
group, nonoval ent functional group having ketone group, 15 nonoval ent
functional group having ether group and nonoval ent functional group
havi ng epoXSEYr diyenRiole R W bl tthé s BFEPBFTiRR fFdant-ne| fure-
formul a &8), in RLto R4 of the whole repeated, unjts, at |east one

or nore YREPEGIENS TOHREEF oAV 1B AR HalH AGCEBoXY 1Rr &P FEi26°] 6620]
cycl i, oPEFTHER G oRAYFROFEROR) Sl erbPoyea FRoTIE 20 iBPegent
vt on ol T pioper o aftEr e e Abvhoroere..
repr eSsen‘]tvlr%g c%é’aéeﬁéeﬁn%ll%yg%lo st Qofxyeg'}/ﬂsd%faﬂﬁ'gggig’g efii q@ocl m%%yﬁiléﬁégkf)

pol ar” sol ven as‘cycl opent anone or ptanone,

banct 1 ¢ BrT har B ad Varkab TT (Y PTOSL )" [ Ph k Ro GH R R4 RS RS

R 21 @

(9)

[In formulz (9), n and m are integer number of 1 or larger.

10 Ry to Ry are respectively any of functicnal group selected from
hydrogen, alkyl group, alkenyl group, alkynyl group, allyl group,
aryl group, aralkyl group, monovalent functional group having
ester group, monovalent functional group having ketone group,
monovalent functional group having ether group and monovalent

15 functional group having epoxy group. Ri to R; may be the same or
different.]

[(0042]



[In formula (9), n and mare integer nunber of 1 or larger. 10 Rl to
R7 are respectively any of functional @g~oup selected from hydrogen,
al kyl group, al kenyl group, alkynyl group, allyl group, aryl group,
aral kyl group, nonoval ent functional group having ester group,
nonoval ent functional group having ketone group, nonoval ent
functional group having ether group and nonoval ent 15 functi onal
group havi ng epoxy group. Rl to R7_may be the sane or different.]

[0042] 25 dR5 n R R7 R8 CH2 ( CH2) I P O
CH21 [In (10, & intege wber of 1 or larger,
and p is animntgger nunbe to 5. are r g?ctively any
of functica oup sel ec om hydr og Kyl groﬁg, al kenyl 5
group, ahﬁ, gL oup, al arylg ar al kyl group,

nonoval e ncti Baal grodpﬁQav n&eester ORQURg noval ent

functional gFoupHQaving ket ong @HoUpP, monoval ent functional group
havi ng ether grpup and nonoval ept functional group havi ng epoxy
group. Rl to RKQQnay b%ethe sge~or different.] 10 [0043] Pol yners
represented by fyrnul 1) a eferable for the

p y CHg_z& ) @

[In formula (10), n and m are integer number of 1 or larger, and p
is an integer number of 0 to 5. R; to Ris are respectively any of
functional group selected from hydrogen, alkyl group, alkenyl

5 group, alkynyl group, allyl group, aryl group, aralkyl group,
monovalent functional group having ester grcup, monovalent
functional group having ketone group, monovalent functicnal group
having ether group and menovalent functional group having epoxy
group. Ry to Rjp may be the same or different.]

10 [0043]

Polymers represented by formula (11) are preferable for the
cyclic olefin resin having epoxy group employed in the present
invention, in view of film properties after the cure. By
introducing monomer having decyl group, a film exhibiting lower

15 modulus is obtained, and by introducing monomer having phenylethyl
group, a film exhibiting lower moisture absorption, higher
chemical resistance and higher polar solvent solubility is
cbtained.

[0044]



cyclic olefin resin having epoxy group enployed in the present
invention, in view of filmproperties &fter the cure. By introducing
nmononmer havi ng decyl group, a filmexhibiting |ower 15 nodulus is
obt ai ned, and by introduci ng nonomer havi ng phenyl ethyl group, a
filmexhibiting | ower noisture absorption, higher chem cal

resi stance and hi gher polar solvent solubility is obtained. [0044]
26 m(11) ormuyl a (11) , h and mare

i nt eger 1 or lar 0045] of nononer havi ng

epoxy grou obolyner 5 det e so that cross- | i nkages
are forned exposure ght and bl e Crosg§ H)nk density
for enduri nst |iquid el oper is ned. Avail abl e nononer

content havimgjepoxy group in polynmer is 5 toy95 nol% preferably 20
to 80 mol % angpHjore preferablgH30 to 70 mol % Pol ymer thus obtained
exhi bits 10 i nproved mechani call properties such as | ower noisture
absor ption (<Cb 39 .), | o i electric cofstant (< 2.6), |ower
dielectric %ﬁéé , gla ransition tenperature (170 to 400
degree C) or t i ke. [0046] 15 The crosslinki ng agent enpl oyed
for creating cross-I|inkages

o

[In formula (11}, 1, n and m are integer number of 1 or larger.]
[0045]
Content of monomer having epoxy group in copolymer may be

5 determined, sc¢ that cross-linkages are formed by an exposure to
light and a suitable cressiink density for enduring against liguid
developer is obtained. Available mconomer content having epoxy
group in polymer is 5 to 95 mol%, preferably 20 to 80 mol%, and
more preferably 30 to 70 mol%. Polymer thus obtained exhibits

10 improved mechanical properties such as lower moisture absorption
(< 0.3 %wt.), lower dielectric constant (< 2.6}, lower dielectric
loss (0.001), glass transition temperature (170 to 400 degree C)
or the like.

[0046]

15 The crosslinking agent employed for creating cross-linkages
in a cyclic olefin resin having epoxy group in the present
invention is a compound generally known as a crosslinker, and for
example, a curing agent that exhibits the capability thereof by
heating thereof, or a photo reactive material may be employed.

20 [0047]




in a cyclic olefin resin having epoxy group in the present invention
is a conpound generally known as a crogslinker, and for exanple, a
curing agent that exhibits the capability thereof by heating
thereof, or a photo reactive material may be enployed. 20 [0047] 27
Typi cal curing agent that is capable of creating cross linkages in a
cyclic olefin resin having epoxy group by heating includes aliphatic
pol yam ne, al ityclaalpohyany negemr ditetti a.s pebyahe nef dissdzindecraesd
anhydri de, dicarboxylic acid, polyphenol, 5 polyan de and the |ike.
Such curiigkamgentin ackudess $orfiaxaeplie: haglipherdxy polopanPreBesuty
as hexamnet hyl ene di.am ne, triethylenetetram ne, diethylenetriam ne,

t et r aet hylehutsenedrPhatianee Hetiriske 2 LaFveye | PRL oy Eni REsTahed as

di am nocycl ohexane, 3 (4), 8 (9)-his (am nonethyl) _. )

tricycl ofBYAMLIG? 6F5@&idRe, 3413 ﬁ@Y@dﬁl&ﬁirna‘ﬁéﬁﬁ%ﬁyjdﬁlacﬂ%&aﬁ’&lyphemlf
ment hene_ di am ne, isogEor ne diamne, _N-am noethyl pipera ineé bi%__
(4- ami noPB-4EHIA el gxgjr]femet Curgng f4 3 SShex i) “*3mpPLe:
met hane and .the |ike; aromatic poly am.ne uch :

O o T e Ry alhare el A SPROETeRERT i a o~ bis
(4-am nophe -1, 3-dii op - ' - bi '
am nophenbt Je 1 e EELERRERS T s IS i A dnas S N s s
met aphen iani.ne _ak | lee; . hi sazi -as 4 4 j i, d
ensal (F oty 1) Sy crahekanend . A aras b Shal cond Vg lgRpa A

(4 -azidegpe 9) -eMG! QhRXARRDE 13, 6-RiScl4]5azZ] debenzale)- 1 4- peghyl
-cyclohegaﬁogi?di,4'-d?azide diﬁ%énylsu Sho%, 4, 4" 20 dia??ge

di pheny! rethenemedng 1 @%@Zbﬁ@&éﬁéi heme hand &D@Eiﬁé&%iéﬁﬂﬂ%ron@ diamine,

anhydri des such as phthalic anhydride, pyronellitic dianhydride,
N-aminoethyl piperazine, bis (4-amino-3-methylcyclochexyl) methane,
bis (4-aminocyclochexyl) methane and the like; aromatic poly amines
such as 4,4'~diaminodiphenyl ether, 4,4'-diaminodiphenyl methane,
o, '~ bis (4-aminophenyl)-1, 3-diisopropyl benzene, «,a'-bis (4-

15 aminophenyl)-1,4-diisopropyl benzene, 4,4'-diaminodiphenyl sulfcne,
meTaphenylene diamine and the like; blisazides such as 4,4'-
bisazide benzal (4-methyl) cyclochexanone, 4,4'-diazide chalcone,
2,6-bis (4'-azide benzal} cyclohexanone, 2,6-bis (4'-azidebenzal}
-4-methyl -cyclohexanone, 4,4'-diazide diphenylsulphon, 4,4'-

20 diazide diphenylmethane, 2,2'- diazide stilbene and the like; acid
anhydrides such as phthalic anhydride, pyromellitic dianhydride,
benzophenone tetracarboxylic acid anhydride, nadic acid anhydride,
1, 2-cyclohexanedicarboxylic acid anhydride, maleic anhydride-
modified polypropylene, maleic anhydride-modofied cyclic olefin

25 resin and the like; dicarboxylic acids such as fumaric acid,

phthalic acid, maleic acid, trimellitic acid, humic acid and the

iike; polyphencls such as phenclic novelac resin, creosol novolac




benzophenone tetracarboxylic acid anhydride, nadic acid anhydri de,
1, 2- cycl ohexanedi car boxylic acid anhydrigle, nmal ei c anhydri de-
nodi fi ed pol ypropyl ene, nal ei c anhydri de-nodofied cyclic olefin 25
resin and the |ike; dicarboxylic acids such as fumaric acid,
phthalic acid, nmaleic acid, trinellitic acid, humc acid and the
| i ke; pol yphenols such as phenolic novolac resin, creosol novol ac 28
resi n andethe dndkechepdlikanmi des such as nylon-6, nylon-66, nylon-610,
nyl on-11, nylon- 612, nylon-12, nylon-46, nethoxynethyl ated
pol yam deelpahicdehexaietiby hghendé amyieri-@eephtyhahadi tle,nydeny 11, nylon-
hexanet hyl ene 5 i sophthalic am de and the |ike. These conpounds may
be enpl ojéd, ayore;l%a codbhnabi onetgfoxtywetoy labed pdlydmisis,cempaunds
may be enployed. [0048] A photoacid generator nmay be enpl oyed for
t he phot bereagtixlene glipatari herepmyawmiiephpp bichexgeidradeses my
be enpl oyed. The photoaci d generator provides cross |inkage of epoxy
Or oup andiSOBREYA HEs i CEnBPGyEHS atitesi JRESS GPRHOR LB Bce 2By Loved
bei ng cured thereafter. Preferable photoacid generator includes
oni um saff‘??“e'nafll o‘fj’é‘?lf’dt“é‘&lSBrnguHﬂ%,mg&l% &s 5%85%1 SITRBLGhEPEoPS
For exangle 15 typical oniumsalt includes diazoniumsalt, amoni um
salt, i @8%?% salt, sulfoniumsalt, phosphate, arsoniumsalt,
oxoni um 5@&% or the like. There is no limtation of counter anion,

[ % : . . :
as long-as e conpound is capable of creating a counter anion with

oni um salt as a0oye Aese Ihad .1l | 6 PAAUTRLRS 9LaCount Ble FUAD Hacrive
i ncl ude boric acid, arsoni'um aci d, d%osp orrc acid, antinonic aC|3,

10 material. B2Any known photoacid generatcrs may be employed. The
photoacid generator provides cross linkage of epoxy group and
provides an improved adhesiveness with a substrate by being cured
thereafter. Preferable photoacid generator includes onium salt,
halogenated compounds, sulfates and mixtures thereof. For example

15 typical onium salt includes diazonium salt, ammonium salt,
iodonium salt, sulfonium salt, phosphate, arsonium salt, oxonium
salt or the like. There is no limitation of counter anion, as
long as the compound is capable of creating a counter anion with
onium salt as above described. While examples of counter anion

20 include boric acid, arsonium acid, phosphoric acid, antimonic acid,
sulfate, carboxylic acid and chlorides thereof, it is not limited
thereto. Typical photcacid generator of onium salt includes
triphenylsulfonium tetrafluoroborate, triphenyl sulfonium
hexafluoro berate, triphenylsulfonium tetrafluorc arsenate,

25 triphenylsulfonium tetrafluorophosphate, triphenylsulfonium

tetraflucreosulfate, 4-thiophenoxy diphenylsulfonium

tetrafluorcoberate, 4-thiophenoxy diphenylsulfonium hexafluocro




sul fate, carboxylic acid and chlorides thereof, it is not limted

t hereto. Typical photoacid generator of2%nium salt includes

tri phenyl sul foniumtetrafl uoroborate, triphenyl sulfonium hexafluoro
borate, triphenylsulfoniumtetrafluoro arsenate, 25

tri phenyl sul foni um tetrafl uorophosphate, triphenyl sul fonium

tetrafl uorosul fate, 4-thiophenoxy di phenyl sul foni um
tetraf | uenoborattes, 4t lthapheaoxyy dipdremyllsullfoniium hexafluwovarddnate,
antinonate, 4- thiophenoxy di phenyl sul foni um hexafl uoroarsenate, 4-
t hi ophenéxyt i gemd=sukifiontom: set Faflwortetphdd phat ephadsphaiico  4phéhbxy
di phenyl sul foniumtrifluorosul fonate, 4-t- butyl phen

di pheny| BOER@AY RN waBE L §PBbER a’%@—,fMlqmsbl&lf9nﬁh%nyI/ﬁpﬁémxflipiienyl
sul foni um hexaf] uor oarsenate, 4-t- butyl phenyl diphenyl sul fonium
hexaf | uof oreT Wotatfenizm tepgafl pherkAradicphényr sabt vhitghyldiphenyl
hexaf ] uor ophosphonat e, 4-t- butyl phenyl diphenyl sulfoniumtri ,

{1 UorbsuF FORG ™ ’?f(lﬁpﬁﬁf‘ﬁﬁ?%%‘g CrsuPPEN PR et RO gsaR SRt um

[ 4- h h ). I i h fl . i 4 10
(115 (& Beu ehend st (o pmhasal) wetconsamen LAISLA0,
| foni f caLr - I I [ .
oul Tontup bexellmnomilagete. L S mieniolon) A

hexaquoEQgﬁ%ép q%%%teaIE§6g414Hﬁ%g%%ﬁgﬁgﬁ?bséﬁp%gﬂkHﬂItetﬁ%;luoroborate,

hexaf | uoro ate, tris (4- net oniumtr

TIUOIPSU££9§3$@LméﬂHy1_ RyLh odeni #on 161 rafd4el8PL AL ena id | RA8RYI 4-
i odoni um hexaf | uoroanti nohate, triphenyliodonium hexafl uoroarsenate,

t ri phienyhéoglondnen hexafl venhophosehonate,c phokpheny! i edoni um

trifluorosul fonate, 3, 3-dinitrodi phenyliodonium tetrafluoroborate,

3, 3- di ni heoh@ighanyl)i caofbHMm hexafluorosulfonate, tris (4-
methoxyphenyl) sulfonium tetrafluoroborate, tris (4- methylphenyl)
sulfonium hexafluorcantimonate, tris (4~ methylphenyl) sulfonium
hexafluorophosphate, tris (4- methylphenyl} sulfonium tri

15 fluorcsulfonate, triphenyliodonium tetrafluoroborate, triphenyl
iodonium hexafluoroantimonate, triphenyliodonium
hexaflucroarsenate, triphenylicdenium hexaflucorophosphonate,
triphenyliodonium triflucrosulfonate, 3,3-dinitrodiphenylicdonium
tetrafluoroborate, 3,3-dinitro diphenylicdonium

20 hexafluorocantimonate, 3,3-dinitro diphenyliodonium
hexafliuoroarsenate, 3,3-dinitro diphenyliodonium
trifluorosulfonate, 4,4-dinitrodiphenylicdonium tetrafluorcborate,
4,4-dinitrodiphenylicdonium hexafluoro antimonate, 4,4-
dinitrodiphenylicdonium hexaflucroarsenate, and 4, 4-

25 dinitrodiphenylicdonium trifliuvorosulfonate, which may be employed

alone or in a form of mixture thereof.

[0049]



20 hexafl uoroanti nonate, 3,3-dinitro di phenyliodonium

hexaf | uor oarsenate, 3,3-dinitro di phenyld odonium trifluorosulfonate,
4, 4-di ni trodi phenyl i odoni um tetrafl uoroborat e,

4, 4-di ni t rodi phenyl i odoni um hexaf | uoro anti nonate, 4, 4-

di ni t rodi phenyl i odoni um hexaf | uor oarsenate, and 4,4 25

di ni trodi phenyliodoniumtrifluorosul fonate, which may be enpl oyed

al one or in a Eormmles mixpbrecahed exdfnea0048] havingExaniybasn ekcept

phot oaci d generators having hal ogen except fluorine includes

2,4, 6- trf%WI#ﬁQ:HlWWﬁ@ﬁh?W GTtlalzf’f n@rlﬁéprymetmybl gisiazine, 2-allyl-
(t richl or orret hyI riazine, a, Q a-tribrononethyl phenyl sulfong,
a,a-2,3,% G@ﬁ@%?ﬁ@hgylb iggiger 395- @i b okplr Fomethyl phenyl

hyd h | 1,1,1,3,3,3- h fl |
d.yb:%pag n%%f%frroﬁyﬁhe’rm?lf)c’ Bt HARE N L P8 %h%réblrst{%és@]lbﬂrwa?c&

s If nat e- hot ene o] ncl ydes 2- t robenz tos | at e

'6- ﬁﬁ%%@f% Adeytater: %ai o e Py %n%rosjy% 257
nltrobengﬁ/b math sufonatﬁ 1 n|t obenz tate, th 10 d| nmet hoxy
ant hr acene Ifhé/ ater® ?n}é )3 rainsf3 (arrrlet Wan Surt onyﬁI oxy) benzene,

1, 2, 3- 2 ? thane sul f onyl oxy) benzene, 1,2,3- tris
(propane u? yl oxy) benzene or the |ike, though it isnot limted

thereto. 15 [0Qa]].fr &f/ qrf%%%e%%@%?ﬂ&o% e 3LRLrh Gt Uﬂﬁ:glu‘&e% 2di -
t- butyl phenyllodonl umtriflate tris (t- butyl phenyl)
sul foni um ¢rdidddt, tdispheayl i QQQHI&MH;I&%@K'Z?N@%ﬁéﬁéaorzthenyl )
10 dinitrobenzyl tosylate, 2Z- nitrobenzyl methyl sufonate, 2-
nitrobenzyl acetate, 9,10- dimethoxy anthracene -2 -sulfonate,
1,2,3- tris (methanesulfcnyloxy) benzene, 1,2,3- tris (ethane
sulfonyloxy) benzene, 1,2,3~ tris (propanesulfonyloxy) benzene or
the like, though it is not limited thereto.
15 [0051]

Preferable photoacid generator includes 4,4'-di- t-
butylphenylicdonium triflate, 4,4',4"-tris (t- butylphenyl)
sulfonium triflate, diphenylicdeonium tetrakis (pentafluorophenyl)
borate, triphenyl sulfonium diphenylicdonium tetrakis

20 {(pentafluorcphenyl) borate, 4,4'-di-t- butylphenyl iodonium
tetrakis (pentafluorophenyl) borate, tris (t-butylphenyl)
sulfonium tetrakis (pentaflucrophenyl) borate, (4-methylphenyl)-4
- {l-methylethyl) phenyl iodonium tetrakis (pentafluorophenyl)
borate and mixtures thereof.

25 Blending ratio of the photoacid generator in the present

invention is typically from 0.1 to 100 parts by weight for 100

parts by weight of the polymer, and more preferably from 0.1 to 10



borate, triphenyl sulfonium di phenyliodoniumtetrakis 20

(pent af | uorophenyl) borate, 4,4'-di-t- Futyl phenyl iodonium tetrakis
(pent af | uor ophenyl) borate, tris (t-butyl phenyl) sulfoniumtetrakis
(pent af | uorophenyl ) borate, (4-nethylphenyl)-4 -(1-nethylethyl)
phenyl iodoniumtetrakis (pentafluorophenyl) borate and m xtures
thereof. 25 Blending ratio of the photoacid generator in the present

i nvent i opartss tiypivedldny .from 0.1 to 100 parts by weight for 100 parts
by wei ght of the polynmer, and nore preferably from0.1 to 10 31

parts bylWebght. [0052] The crosslinker of the present invention may
be appropriately selected according to an assenbly process for a 5
| i ght - recei vi nBheleticss L iwien phetls Saisigntplogessipnciaidds a

devel opi ng and exposure _operations, it is necessary to enploy a

phot o r e@ERTURC SN SFL1EEFSE heCeIGENY ke ERSERHR. BIEICHENdOT fhen
t he asseg%%g?process i ncl udes no developin%ﬁor exposure operation,

ei thet alt¥ T HEEGeNN %K ot o"MERdIv ESHETRHY FTHFS fegades a
Fosi n CAREONTITSh U EHECBPE Rt TVERE of CaberERUT TSy I SPHLPY(S
enhance exposure ri%%%%%%%iaf ne Sensl tzel L8, capable of 13 ex_hand,
provi di ng"avai 1abi 145ty "6f “F her ea¥ed Fange "6 *ave Iengfﬁlﬁl? can
activat ewﬁer?“@%eoaa‘és%n%ﬁﬁ}eé%%ss a{}ﬂclmsb%oaggﬁglééﬂb aciJ.I %@:%%F%e
provi ding no direct 1nfFuence on the cross |Inking reaction o

operaticn, either a curing agent or a photo reactive material may

10  be employed.

[0053]

A sensitizer may be employed for the cyclic olefin resin
composition c¢f the present invention as required, in order to
enhance exposure properties. The sensitizer is capable of

15 providing availability of increased range of wave length that can
activate a photoacid generator, and can be added with a range of
providing no direct influence on the cross linking reaction of
polymer. A photo sensitizer is a cecmpound, which exhibits a
maximum absorption constant near that of the employed light source

20 and is capable of effectively providing an absorbed energy to the
photoacid generator. Typical sensitizer for the photoacid
generator includes polycyclic arcmatic compounds such as
anthracene, pyrene, parylene and the like. For example, 2-
isopropyl-9H- thioxanthene-9 -ene, 4- iscpropyl-9H- thioxanthene-

25 9-one, 1- chloro-4- propoxy-thioxanthene, phenothiazine and

mixtures thereof may be included. Blending ratio of the photoacid

generator in the present invention is typically from 0.1 to 10



pol ynmer. A photo sensitizer is a conmpound, which exhibits a maxi num
absorption constant near that of the erfdl oyed |light source 20 and is
capabl e of effectively providing an absorbed energy to the photoacid
generator. Typical sensitizer for the photoacid generator includes
pol ycyclic aromati ¢ conpounds such as anthracene, pyrene, parylene
and the |ike. For exanple, 2- isopropyl-9H thioxanthene-9 -ene, 4-

i sopropybagts hhivoxXamthéne 260 pares by wehikbbkoodl-the polymer, and meore
propoxy-thi oxant hene, phenothiazine and m xtures thereof may be

i ncl udederBf @it iy frgm § - 8f tPh2 photodei deigeher afiorn i tha Hagptesenrce
invention is typically from0.1 to 10 32 parts by wejght for 100
parts byla/ef%tl%fg@crhéfaa& FHER 23 r%nlrr@ <6|3éf @%bw ¥7 orh'® 23fg BT/
parts by weight. Wen t ge | i, ht source % #o ve such as g-
line (438SAP)t1red 19 SFESE365S ny ac@evr?stuet grPpgt "11? t9RETEGOT -
activate égg ghotoa0|d generator. 5 [0054] By adding a snaller anount
of ar aci t venger, an inproved resolution can be provided. The

aci d scavengery absorfos, an h?exdéuié&i?é " 204 d0EERax Sh PO O oved
during a photoc%enlca reac ion ica aC| scavenger iMcl®Udes

pyridine, %&iﬁ@i&ae’ca%h%@&?b@faé‘é? %@%@1&38839%%@%}%?&' Y acid

ani nes suc as tri-n- am ne triethylam ne

though i bj; £ 5,001y '*dc{“ahe@niatlﬁé%g pofl %’Hj'd%%h?t hopiod + Sheacid {Sactlon

scavenger I1s typically fromO0.01 to . par by wei ght for
parts byryei ght éﬁld|§%a§@hﬁgﬁr1ncLQ§§§kn&§thea 881 FOMPRbARazine,
containing a cyclic olefin resin and photoaC|d gener at or havi ng

EePOXyy Or aHR &cd ey esentekBYERY i Mlines such as tri-n-propyl amine,
triethylamine and the like, though it is not limited thereto.
Blending ratio of the acid scavenger is typically from 0.01 to
0.05 parts by weight for 100 parts by weight of the polymer.
[CO55]

15 In a resin composition containing a cyclic colefin resin and
a photoacid generator having epoxy group in the present invention,
additives such as a leveling agent, an antioxidant, a fire
retardant agent, a plasticizer, a silane coupling agent and the
like may be added, as reguired.

20 [0056]

In the present invention, these components are dissolved in
a solvent to form a varnish condition for using. Available
solvents include non-reactive solvents and reactive solvents, and
the non-reactive solvent functions as a carrier for polymers and

25 additives, and are removable in the coating or cure process. The
reactive solvent includes reactive group exhibiting a

compatibility with a curing agent, which is added in the resin



additives such as a leveling agent, an antioxidant, a fire retardant
agent, a plasticizer, a silane couplingmagent and the |I|ike may be
added, as required. 20 [0056] In the present invention, these
conponents are dissolved in a solvent to forma varnish condition
for using. Available solvents include non-reactive solvents and
reactive solvents, and the non-reactive solvent functions as a
carrier tofppoltiner.s andi2al agehtiems,ivandoarent ermyalless hydkbearbons
coating or cure process. The reactive solvent includes reactive
group exhndidrdmptac conpatinds! i tExamdllesa tberenf agehide whicclhcagbadded
in the resin 33 conposition. Typical non-reactive solvent includes
hydr ocar bohgenand arldanti erconpormdsincbExanpl es phetraof, ilmeleande heptane,
hydrocarbon sol vent of al kane or cycl oal kane such as pent ane,

hexane, Reptarancy ckehbxdnenaplecarnconraphthal ehee arfdaisé fitkes not
though it is not 5 limted thereto. Available aromatic solvents

i ncl béﬁrz%% thetr@tﬁ’enem%ﬂw FEFhire Al 4AEC § e ude. PBRéenst

et her, rahydr of uran, ani so acetath\(,:3 1%%ter | act ane, ketone or

ani de aF% W GYEFNEr BEEFFR ?%? Pvent:eihel sFeer
| he d h | ohex d d
o omati o e %&?Hgaeﬁgg@f ré’%% e 268 la& B Sﬁeeé“-mégo% amide
nethyleng%; afﬂ I#.qne 991%%§ ct%%%cgggkgn%%rgﬂ%ﬁﬁ .c %?gggﬁer
anol

such as cIo exane V|n I er an
aromatic_ ch_a enyl t
whi ch nay e enp?%%ghgg %Xgh§$é?%%%q¥%$%%%¥ e g§ure tﬁggnggﬁfEE%§c

Prefigr ablg- compounds, &r gsmesbiy) ane and decahydronaplihal.engerfdene) |
bis oxirane and the like, alicyclic vinyl ether compound such as
1,4-cyclohexane dimethancl divinyl ether and the like, and
aromatic compound such as bis (4-vinylphenyl) methane and the like,
which may be employed alone or in a form of mixture thereof.

i5 Preferable compounds are mesitylene and decahydronaphthalene, and
these are optimum for applving resins on a substrate of such as
silicon, silicon oxide, silicon nitride, silicon oxynitride, of
and the like.

[0057]

20 Resin solid content in the resin composition employing in
the present invention i1s abcut 5 to 60 %wt. Further, preferably,
it is about 30 to 55 %wt., and more preferably, it is about 35 to
45 %wt. Solution viscosity is 10 to 25,000 cP, and more
preferably 100 to 3,000 cP.

25 [0058]

A resin composition of the present invention may be obtained

by simply mixing a cyclic norbornene resin having epoxy group and



these are optimum for applying resins on a substrate of such as
silicon, silicon oxide, silicon nitrideygsilicon oxynitride, of and
the like. [0057] 20 Resin solid content in the resin conposition
enploying in the present invention is about 5 to 60 %w. Further
preferably, it is about 30 to 55 %W ., and nore preferably, it is
about 35 to 45 %w. Solution viscosity is 10 to 25,000 cP, and nore
pr ef er abhypA80odi 0l B,L20RrePor25ah00568]1i A dredily eoBpDSétit Ok Glersheizer,
present invention nay be obtained by sinply mxing a cyclic
nor bor nepe zesd edmrdamygrepexyeyge bipy aawkr34 aa phofoatidzhigenrerfdtrer ,
and additionally a solvent, a sensitizer, an acid scavenger, a

| evel i ngragendantarmganti-oxi gaastialiere a métlandanpuplent ,agent and the

pl asticizer, a silane coupling agent and the |ike as required. 5
Next, a pibeeds Foruigisparing a semi conduct or device of the present
invention will be described. First of all, a cyclic_ olefin resin

conposi tion i sNedat G RFPSESSuifPAbPECRUPHY @ sEMiFspdugkanfiericg of the
2pbl | oat PoRSHrboRSE T uaed At e ot Brobsst 10-bm Gy Ca
o bpi ng. BroERe e AR Ry TP Bo b S o P ao B F PPl SERE Y o pgos
Lo ary t AEnBLPl s PATROALAEEED 4 2ERNRNC BY Ao PQuh gl BE Cne
desired pagLernpgeQupt Ly, 1 AvaLE 8R! 8 hcess includes a spin-coating process

10 employing a spinner, a spray-coating process employing a spraying
coater, a dipping process, a printing process, a roll coating
process or the like. Next, a pre-baking process is conducted at
90 tc 140 degree C to dry the cecated film, and then, a chemical
ray 1s irradiated to a desired pattern gecmetry. Available

15 chemical ray includes x-ray, electron beam, ultra-violet ray,
visible ray or the like, and those having a wave length of 200 to
700 nm are preferable.

[0059]
Subsequently to the exposure to chemical ray, a bake process

20 is conducted. Such operation lets rate of reaction of epoxy cross
linking increase. Typical baking conditicn is 50 toe 200 degree C,
preferably 80 to 150 degree (€, and more preferably 90 to 130
degree C.

[0060]

25 Next, unirradiated portions are removed by dissolving

thereof with a developing scolution to obtain a relief pattern.

Typical developer includes hydrocarbon-containing solvents



15 chem cal ray includes x-ray, electron beam ultra-violet ray,
visible ray or the |ike, and those haviiig a wave | ength of 200 to

700 nm are preferable. [0059] Subsequently to the exposure to

chemi cal ray, a bake process 20 is conducted. Such operation lets
rate of reaction of epoxy cross |inking increase. Typical baking
condition is 50 to 200 degree C, preferably 80 to 150 degree C, and
mor e prefechbiin®@ltkent3endegyekod] karfs0G6@h =25pdlexine unicadi, ahedtane,
portions are renoved by dissolving thereof with a devel opi ng sol ution
to obt ai AYalekdiaste gack éha. Lifypi dad awweltdpehyilnetades—containing
hydr ocar bon-cont ai ni ng sol vents 35 including al kane and cycl oal kane
such as pehfames HEXaré, tRépERARe, Moyl GhexanEland tTRS1fweneaagd the
aronatic hzdrocarbon-containing sol vent.'s such as tol uene, ,

mesi tyl eheke xyl étd-NStes*CyPEReS afd-ht i HiRES Bur HHeF E 6 p &1EE 8uch

[ i di t . pi.nene nent hane and the |jke, and ketones
Such Do Eoat b ioge TPE chaNOr S S B R an el SRR T ke ay
b I d i | t t ai-ni i tabl.e anpunt .of
De STl 045t oflh A 002RLEL SLYET, PONLADL 092 SUL AR APl

Avai | abl gndg%%rﬁ.g- %9;1%?1%%89&%%%’%3 ﬁg@ﬁ?%e%%ﬁ%id@t%&%ﬁkﬂgs

paddl i ng, di , ul'trasonic wave . . erelre
pattern BQ&@@dtllEé’réir?aen@?vgleoﬁké'ﬁeﬂkﬂﬁ?%p'l%y&ﬁﬂsed- An al cohol is

enpl oyed for a rinse solution. Next, "a heat "treat nent
[0061]

10 Available developing processes include manners utilizing
spraying, paddiing, dipping, ultrasonic wave and the like. Next,
the relief pattern formed by the developing process is rinsed. An
alcohol is emplecyed for a rinse solution. Next, a heat treatment
process is conducted at 30 to 200 degree C to remove the developer

15 and the rinse solution, and further, cross-linking of epoxy group
is completed to obtain & finished pattern that can exhibits better
thermal resistance.

[0062]
Further, the adhesive agent employed in the present

20 invention is preferably compesed of silica filler and epoxy resin
that is in liquid state at an ambient temperature and a curing
agent, and preferably contains 1 to 10 %wt. of silica filler (&)
in the component and such silica filler is ultra fine particle
silica powder having a mean particle diameter of 2 to 500 nm.

25 Here, the epoxy resin employed in the present invention is limited

to liquid at an ambient temperature, and if it is not liguid at an

ambient temperature, solvent is additicnally needed for kneading



process is conducted at 50 to 200 degree C to renove the devel oper 15
and the rinse solution, and further, cridss-linking of epoxy group is
conpleted to obtain a finished pattern that can exhibits better

thermal resistance. [0062] Further, the adhesive agent enployed in

the present 20 invention is preferably conposed of silica filler and
epoxy resin that is in liquid state at an anbient tenperature and a
curing wHentsildmd gieferabl Jheorddi Heng it 601veom cawiesid iggacrpfier of
(A) in the component and such silica filler is ultra fine particle
silica pBad@y, HEViGhy & REANPPAFETHIE diSarét EpT8FeD the soeashvesstrength
Here, the epoxy resin_enployed in the present inventionis [imted

to |iqui ardt t i iRGTEt CPRABEF BT e, Oartdhe FurediBaretiddquid at an

anbi ent %@g@f{ature, solvent is additionally needed for kneadi ng 36
with sil |l er. The additional solvent causes a generation of

voids, which is not -preferable.as it reduces e adhesiVve strength
and t'he thernH.y%%ﬁ?lﬂﬁﬁq§yt§eg%n%F%@Q%ﬂ¥§ %&téEFaPFefﬁ%%éfnmgg%g%ical

| | ! . t erral . 1006 |
cxam e B SsREHol Ok, B IBRenor B Lonponnabr T i Hur “SArE™ “Bn
arbi ent § ggpeq Al SUChnagnRoLygl ushiilarethesuchblal dod diy Ayl ctner

reacti on of novol ac phenol wth epichlorohydrin, vinylcyclohexen

di oxi de, ogi £¥cd PRENtAdeREe i Bh0XF deov AN dhke¥e! L etd ORI SUGAras,
alicyclic diepoxy-azipate, or one of these nay be enployed or two or

nmore of {hese-yEnoeLaphoyeide houghlidoensal@bne | didt etk t ReERQicyclic
Further, a standard epoxy resin such as n-butyl
10 epoxy such as alicyclic diepoxy-azipate, or one of these may be
employed or two or more of these may be employed, though it is not
limited thereto. Further, a standard epoxy resin such as n-butyl
glycidyl ether, versatic acid glycidyl ester, styrene oxide,
phenylglycidyl ether, cresyl glycidyl ether, butylphenyl glycidyl
15 ether and the like may also be employed.
[0064]

For the curing agent employed in the present invention, a
simultaneous use of bisphencl F and a latent amine compound such
as dicyandiamide, adipic acid hydrazide and the like is preferable,

20 it is preferable to contain kisphenol F with an amount of 2 to
30 %$wt. in the achesive agent. The amount of lower than 2 %wt.
provides excessively lower blending quantity, leading to an
insufficient adhesive strength, and the amount of larger than
30 3wt. provides excessive amount of phenolic hydroxyl group over
25 epoxy group, leading to remaining unreacted phenolic hydroxyl

group in the cured product, and thus these are not preferable.

(0065]



gl ycidyl ether, versatic acid glycidyl ester, styrene oxide,
phenyl gl yci dyl ether, cresyl glycidyl &ther, butyl phenyl glycidyl 15
ether and the |like nmay al so be enpl oyed. [0064] For the curing agent
enpl oyed in the present invention, a sinultaneous use of bisphenol F
and a | atent am ne conpound such as di cyandi am de, adipic acid
hydrazi de and the like is preferable, 20 it is preferable to contain
bi sphenol F wiThe ailameudt 1okr2empl @ Witn, the phesadhebiwantdgent . The
anount of lower than 2 %M. provides excessively |ower blending
quant i t ypreeigiing tcomeeseingbf i e fingd pesicvel gt #ehigtsh poawgrt having a
amount of l|arger than 30 %M. provides excessive amount of phenolic
hydr oxyl Mg upr OvierL e 252B86RY of ouid:© 1994 PRg CPBE# €7k nithg henPeREE ewe
phenol i ¢ hydr oxyl roup in the_cured product, and thus these are not

pr ef er abfeENt§ ot65] 971 Tﬁ@tsiITQﬁi%qun§rO§nﬁb%y@QP}% e Gr ddeher 1n
et o, prsteranly eapost Sl ua Log et i che AL e
st v 8080LS S Bl 0,10 20, e At of LbE WOLe ol 58 o
rount - of b e 8- oot iy ot RSB REr | it Rkt

othermﬁs§?i%?45¥gﬂgaa%§dabﬁlaggiﬁgghﬁgz%Es@ %E§k339ée§9§f¥H%ﬂ%@;B%BEHe

or the_ _ Fur;her, addi t ves such as a cure acce!eratpr,
f 1 exibilitysapphyidiE2060H: + &vOL RN a2 -0¥-8r-aRc88t & f 040 NG agent

and the |ike may be enployed as required in the adhesive agent
10 flexibility-applying agent, a pigment, a dye, an antifoaming agent
and the like may be emploved as reguired in the adhesive agent
employed in the present invention. The manufacturing method of
the present invention includes, for example, pre-mixing respective

components, kneading therecof by employing a triple roller to

15 obtain a paste, and defoaming thereof in a wacuum, and the like.
EXAMPLES

[0Ce6]
20 The present invention will be more specifically described by
showing examples hereinafter.
«Example 1»
(Manufacture of a cyclic olefin resin composition)
An exemplary implementation of a copolymer (A-1) of b-
25 decyl-2- norbornene (hereinafter simply referred to as "decyl
norbornene”)/ 5- [(2,3- epoxypropoxy) methyl]-2- norbornene]

(hereinafter simply referred to as "glycidylmethyl ether




enpl oyed in the present invention. The manufacturing nmethod of the
present invention includes, for exanpl &8 pre-m xi ng respective
conponents, kneading thereof by enploying a triple roller to 15

obtain a paste, and defoam ng thereof in a vacuum and the |iKke.
EXAMPLES [ 0066] 20 The present invention will be nore specifically
descri bed by showi ng exanples hereinafter. <<kExanple 1>>

( Manuf acturlecoferee'gyd 176 /8L ef s noresirtegonposi ti on) An exenpl ary

i npl enentation of a copolymer (A-1) of 5- 25 decyl-2- norbornene

(herei nafter sihhplylasef devedesovase "deiyd foayolBohaene "3t & degze8- C and
epoxypropoxg) met hyl ] - 2- norbornene] (hereinafter sinply referred to
as "gl ycidy n%tWr et Aeereg8itapr borhenas;s devdrge axe mﬂ@as'@ﬁeéd‘edAtp a
gl ass devices were dried for 18 hours at 60 degree C and _at O.

Torr. Thetewdters: e @Pé§seae%PE%%35¥éh@r§%§V§rP%ﬁ tdﬁgﬁ@gﬁéﬁéabéx (917
and were equi pped in the ove box. Ethyl acetate 917

cycl chexdhe ¢ %pQﬁﬁanﬁedﬁg7n8 boﬁﬁ@h@?ﬁ%@@f&ene 85 %ﬁ$0(%%é Tty cRBYI
met hyl borne

35 | d
[l ask, THO/FEBEE PO P ask "GBCH BREM Ut Frof t le o Tve 55t 24Had o 2
d d Ve d d. th | d
ried ni tr Ogt%}orgaﬂa S | q,%r (0] ggg‘t%ﬁt’.‘r gugalhsn agt% I%%t O(% Cf 8;/51%%

degassed %y OW g nltrogen gas a"§61 GEion ereo
et Sk, SN Bakec ity IR Skl cgh Bpnitel setalistere
m  of tob?@&@ctawgg\Mﬁﬁagggﬁegy'Pléhfﬁgﬂnltrogen gas through a solution
10 thereof for 30 minutes. In the glove box, 92.36 g {19.5 mmol) of a
nickel catalyst, namely bis(toluene) bis(perfluoro) phenyl nickel
was dissolved in 15 ml of toluene, and was poured in a 25ml
syringe, and then was taken ocut frcom the glove box, and was added
in the reaction flask. It was stirred at 20 degree C for 5 hours
15 te finish the reaction. In next, a solution of peracetic acid
(975 mmol) was added therein, and was stirred for 18 hours. wWhen
the stirring was stopped, it was separated intc a water layer and
a solvent layer. After the water layer was separated, one liter
of distilled water was added, and was stirred for 20 minutes. A
20 water layver was separated, and was eliminated. Washing was
conducted with one liter of distilled water for three times.
Thereafter, polymer was added into methanol, and a sediment was
collected by a filtration, and it was sufficiently washed with
water, and then was dried in the vacuum. After the drying,
25 polymer of 243 g (yield 96 %) was cobtained. Molecular weight of
the obtained polymer by GPC was: Mw =115,366, Mn =47,000, and

Mw/Mn =2.45. Polymer component by H-NMR was: 70 mol% of decyl



syringe, and then was taken out fromthe gl ove box, and was added in
the reaction flask. It was stirred at 2 degree C for 5 hours 15 to
finish the reaction. In next, a solution of peracetic acid (975
nmol ) was added therein, and was stirred for 18 hours. Wen the
stirring was stopped, it was separated into a water |layer and a
solvent |layer. After the water |ayer was separated, one liter of

di sti | | eBoRREITVRs 2RFUEA, ahE NasSRYIN MEFPPERE2S- mi nutes. A 20

wat er Ia¥§é @fs separated, and was elim nated. WAashi ng was conduct ed
with onelP?Pg of distilled water for three times. Thereafter,

I d [ t hanol d a [ | ) db
FT1Tration. antid WnarSurPranehlt o Saisied T PRO Raler ot thén was
dried in_,th . f.t he_dryi 2 f 243 ield 96
% vas oBtaTREly Nol 20 &t Chengnt bt Ul B AR A T %y e

X = , 1,~=47,,000 = - t b
HENVR vl T8 T or dedul 38T Rer bof HoRE T amd S0 0T O ey
hor bor ner@sentwﬂﬁiﬂoﬁ%%qlgf pbPg: L esia. Bynt heshzed as)@boyerdescrided -
was dissolved in 342 g of decahydronaphthal ene, and then 4 5

met hyl phenybrdooxk L-omrethybebAyhandhenyod %doai. gm ket gakihst),
(pent af | uor ophenyl) borate) (0.2757 g, 2.71 x 10-4 nol), 1- chloro-

4- propophen8thiddtirexant.neneg( 02 826 9,1(2* fdbo19 ,18nd ODb)di (t-butyl)-4-
phenot hi azine (0.054 g, 2.71 x 10-4 nol), and 3,5-di (t-butyl)-4-
hydr oxy hydroegy mnaimice np@m3€8 (¢, 12760y ,x 21304 xnob)* wele wetedkd:d
thereto and dissolved, and then, it was filtered with a 0.2 pm
filtler maderefo aarfd ybrsiswé vedsi and otlobt,aiin aasybltend@fwithr @SiOnZ um
filter made of a fluorine resin to obtain a cyclic olefin resin
composition.
[0068]
(Manufacture of an adhesive agent)

15 Ultra fine silica powder having mean particle diameter of
about 12 nm (3.0g} and diglycidyl ether obtained by a reaction of
pbisphencl ¥ and epichloronhydrin (weight per epoxy equivalent: 180,
liguid at an ambient temperature} (91.0 g), bisphenol F (5.0 g)
and dicvandiamide (1.0 g) were combined, and were kneaded with a

20 triple roller to obtain an insulating resin paste. Such
insulating resin paste was defoamed in a vacuum chamber at 2 mmHg
for 30 minutes to obtain an adhesive agent.

[C069]
(Manufacture of a light-receiving device)
25 Cn a semiconductor substrate including the light receiving

element having microlenses disposed corresponding to each of the

light receiving regions formed thereon and surface electrodes



conposition. [0068] (Manufacture of an adhesive agent) 15 Utra fine
silica powder having mean particle diam®er of about 12 nm (3. 0g)
and di gl ycidyl ether obtained by a reaction of bisphenol F and

epi chl or ohydrin (wei ght per epoxy equivalent: 180, liquid at an

anbi ent tenperature) (91.0 g), bisphenol F (5.0 g) and dicyandi am de
(1.0 g) were conbined, and were kneaded with a 20 triple roller to
obt ai n afcknsdl &t i rrpires expapt ethSuedoidnss dleatinggmi esd hepest e tas
defoamed in a vacuum chanber at 2 nmHg for 30 minutes to obtain an
adhesi ve2RgeATde ;o0 vvaAGf atebie s IGogReSieéenviay ardiics) bas
On a sem conductor substrate including the light receiving elenent
havi ng n?@?%?%ﬁ@é§adﬂ§ﬁb§§ﬁt€6rr%%%dﬂﬁ?hdﬁﬁbdéééﬁ yithne D95 gHgte at

f d.th d f | ect, d f d
ii;?éﬁéng%@ At TR ¢ diors WRUERG FY PO BHSES oEh&PIabbVE-NESEA Bod in
I I d_b .
coat of , SaCPReRS B G W BB 2 e PRt s TR R T P gons

m nut es %8 O%Eﬂnﬂq@ EARE IRALT L, h@efé@ﬂl fflllmmt rgn ﬁer§§t 1eam% a
R

40 pm An exposure was conducte por I ons ornln over

such CankBQdﬁéﬁénéﬂgﬁﬂg¥1e%PBQEkglﬁéaﬁfﬁbE%co%&%@@?émgﬁséﬁﬁgﬁﬂble from

exposure machine (comrercially avail able from ULTRATEC d.) at
1,500 mlfemBardhereaf tialg. )i brwassheahebn®M t fhardote o atie aks9eated

degree C for 4 mnutes, for acceleratlng a 10 cross I|nk|ng reaction
of the expesed POF tplfte at 20 degree C for 4 minutes, for accelerating a
10  cross linking reaction of the expcesed portion.
[00701
Next, it was dipped in limonene for 30 seconds to dissolve
and remove the unexposed portion, and then, a rinse with
isopropanol was conducted for 20 seconds. BAs a result, dams were
15 formed in locations remcte from the light receiving elements so as
to surround the light receiving elements, and it was confirmed
that no residue was found on the microlens. Further, absolutely
no pattern delaminaticn was observed in the remained pattern, and
found to have an improved adhesiveness in the developing process.
20  Thereafter, a curing was conducted at 160 degree C for 60 minutes
to complete the cross linking reaction. The moisture absorption
of such cured film was 0.2 %.
Next, the above-described adhesive agent was applied on the
formed dams via a screen printing process, and then, the glass
25 substrate is disposed on the dams, a curing was conducted at 100C
degree C for 60 minutes to adhere the glass substrate with the

dams.



[0070] Next, it was dipped in linmonene for 30 seconds to dissolve

and renove the unexposed portion, and t4ten, a rinse wth isopropanol
was conducted for 20 seconds. As a result, danms were 15 forned in

| ocations renote fromthe light receiving elenents so as to surround
the light receiving elements, and it was confirnmed that no residue
was found on the microlens. Further, absolutely no pattern

del am nati on wasxobsiernsedannethe werai hediguattyeenplaning fourtHoal fave
an i nproved adhesi veness in the devel oping process. 20 Thereafter, a
curi ng wasreiomyuot e eatt 160 ldegr eraT forenglaviedutiesa tbhetbnphet-a vdee CSP,
cross linking reaction. The noi sture absorption of such cured film
was 0.2 endNexte dinedaliofe- dedevidedl adioddi vrecagenng wakereppls é¢ ohtain
the forned dans via a screen printing process, and then, the glass
25 subst FBEel & i EEded en EReclansl b &adu R Lwasd corriudihed ckttained
degree C for 60 mnutes to,adhere the glass substrate with the dans.
41" Next SR er¥oHnEdSs RSt %?‘*Prb?iltb%ﬂgé%?ploc?ﬁitﬁﬁlﬁ et HRST ¥ 6°ning
an electglc %gad t.hat i%'engloyed in a shell case-type CSP, and were
di ced i ntdIhdi ViHUAI"S C§RL “Pecei ving el enents to obtain the
Iight-reigbyiﬁg device. It was confirmed that the obtained 5

| i ght-recerving device exhibited no obstacle in operating as the
Iight-regg&&&&gEngice. [0071] <<Exanple 2>> Sim|ar process as
exanpl e 1 except that decyl norbornene

S3imilar process as example 1 except that decyl norbornene
10 (129 g, 0.55 mol), glycidyl methyl ether norbornene (177 g, 0.30
mel) and phenethyl norbornene (29.7 g, 0.15 mel) were employed, in
place of employing decyl norbornene (192 g, 0.82 mol) and glycidyl
methyl ether norbornene (62 g, 0.35 mol) of example 1, was

conducted to obtain a terpolymer (A-2) of decyl

15 norbornene/glycidyl methyl ether norbornene/phenethyl norbornene
55/30/15. A polymerization and a reprecipitation were conducted

to collect a polymer cf an amcunt after drying of 309 g (yield

It

92 %). Molecular welghts of the obtained polymer by GPC were Mw
68,000, Mn = 30,000 and Mw/Mn = 2.3. Polymer component by H-NMR

20 was: 54 mol% of decyl norbornene, 31 mol% of epoxy norbornene and
15 mol% of phenethyl norbornene.

Operations similar as in example 1 were conducted to obtain
the light-receiving device. It was confirmed that the obtained
light~receiving device exhibited no obstacle in operating as the

25 light-receiving device.
«EBxample 3»

The synthesis and the blending processes same as in the



10 (129 g, 0.55 mol), glycidyl nethyl ether norbornene (177 g, 0.30
nol ) and phenet hyl norbornene (29.7 g, 4215 not) were enployed, in

pl ace of enpl oyi ng decyl norbornene (192 g, 0.82 nol) and gl ycidyl

nmet hyl et her norbornene (62 g, 0.35 not) of exanple 1, was conducted
to obtain a terpolyner (A-2) of decyl 15 norbornene/glycidyl nethyl

et her nor bornene/ phenet hyl norbornene = 55/30/15. A polynerization
and a reprruepiexanide were conducted ta obtelihest cachot ye iof reaain
amount after drying of 309 g (yield 92 % . Mol ecul ar weights of the
obt ai ned°p@PyHEFL By GPC were Mv = 68,000, M1 = 30,000 and MvW M =
2.3. Polymer conponent by H NVR 20 was: 54 nol % of decyl norbornene,
31 nol % YRRPBGE HGT 196 ARehéIBRTr A% HolDF 6V ifReénet hyl nor bor nene.
Qperations simlar as in exanple 1 were caonducted to obtain the .

li ght - r ecei vi NG deViCE-CNEIGEST cBRPT T e timat UERBIobEai it receiving
| i ght-receiving .device exhibited no obstacle in operating as the_ 25
|1 OhtS 1 oEoTPhG oo MR RS SEPHRS. SURERSSPL AN Hhé T endi Be

processes, same_as .in the 42 fornmer | e _wer conguct%%tt oht ai n
B cycl | CLbTATi TR EEHABEF L FoR e NARGFASt GPS OF° 19 ghETECarvI ng

device) n..a. sem ueLoL. substial e dncluding. the | L gft. recei ying 5
I'sp r T Hof 't he

el ement having m crol enses osed C espondin 0 eac

Light reashylng.dagians deiredsthereonand sHpbace; 6 artd edeRed gymed
in regions except the regions %aV|ng nlcrolenées, t he
above- desgpi Heth$ e lda robghtBr | eshdd GRIPQSIst HER YRS €08 by 1ate at
10 110 degree C for 5 minutes to obtain a coating film having a film
thickness of about 40 um. An exposure was conducted for portions
for forming dams over such coating f£ilm through a reticle with a
breoadband stepper exposure machine (commercially available from
ULTRATEC Co., Ltd.) at 1,500 mJ/cm’. Thereafter, it was heated
15 wich a hot plate at 90 degree C for 4 minutes, for accelerating a
cross linking reaction of the exposed portion.
[0072]
Next, it was dipped in limonene for 30 ssconds to dissolve
and remcve the unexposed portion, and then, a rinse with
20 isopropanol was conducted for 20 seconds. As a result, dams were
formed in locations remote from the light receiving elements so as
to surrcund the light receiving elements, and it was confirmed
that no residue was found on the microlenses. Further, absolutely
no pattern delamination was observed in the remained pattern, and
25 found to have an improved adhesiveness in the developing process.

Next, a glass substrate is disposed on the formed dams, and a

curing was conducted at 160 degree C for 30 minutes while



enpl oying a spin coater, and then was dried with a hot plate at 10
110 degree Cfor 5 mnutes to obtain a &bating filmhaving a film

t hi ckness of about 40 pm An exposure was conducted for portions for
form ng dans over such coating filmthrough a reticle with a

br oadband st epper exposure nachine (comercially available from
ULTRATEC Co., Ltd.) at 1,500 mJ/cnR. Thereafter, it was heated 15
with a hprepbatenatato@ldégreeoChivr hariniatses subetrateetdreatd ngth the
cross linking reaction of the exposed portion. [0072] Next, it was

di pped i Aeli aopdtetdorsuBe tsatendsThe i isdoinge abaAEPTE epi vt twsh cured
unexposed portion, and then, a rinse with 20 isopropanol was

conduct ed? %rw@®(gé%dhdsNe§§ralFE%iﬁanQﬁ%ﬁsWﬁé?ef0¥%@?mﬁﬂ|Q$HL@§&PHoﬁS
renote fromthe_light rece|V|n9%eIenents so as ,to surround the Ilght

recei vi n@%ﬁ‘%ﬁeﬁ?% LOff et *haS TRONF T e tHAC A8 PERTAURS Wds o SaRd:

on t m cr ol enses rther, absol utel no patter el.am nati.on was
obseriedCr ST RS i e hEEE oy R CHh g T fl&ﬁﬁalfiaaﬂ S5 s dved

adhe3|ven§ss |n the q§yeloehng%§5§€ess 86glass substrat

di sposed on the’ forne “dams,*¢ %ﬁﬁ%ﬁﬁin Qucted Gt f%ﬁ%l ried

degree C R ?Q HA%dWH 5§ﬁ4§ec8{§89 é%lc@tegg % <£QK¥%§%t%%§e in

glass subs ere MAt e senlc uctor

moi st Ureoﬁ@§9£9£<_!;% @héﬁ&@h@%@@eu‘?ir@“d’@ﬁc@ 2 % Next,
interconnects were fornmed by enploying a met hod for fornlng an

el ectric«keadptdat, is enployed in a shell 5 case-type CSP, and were
diced into individual light receiving elenents to obtain the

|i ghto recei vi ngndeyjcthedils wag enafbrékdind RtodeRecabtahdess in the
i ght-receiving device exhibited no obstacle in
former example were conducted to obtain a cyclic olefin resin
compositicon.
{(Manufacture of a light-receiving device)
On a semiconductor substrate including the light receiving
15 element having microlenses disposed corresponding to sach of the
photo light receiving regions formed thereon and surface
electrodes formed in regions except the regions having microlenses,
the above-described cyclic clefin resin composition was coated by
employing a spin coater, and then was dried with a hot plate at
20 110 degree C for 5 minutes to obtain a coating f£ilm having a film
thickness of about 10 pm.
Next, a glass substrate is disposed on the coating film, and
a curing was conducted at 160 degree C for 30 minutes while
pressuring at 80 kPa to have the glass substrate adhere with the
25 semiconductor substrate. The moisture absorption of such cured
film was 0.2 %. Next, interconnects were formed by employing a

method for forming an electric lead that is employed in a shell



operating as the light-receiving device. <<Exanple 4>> 10 The
synthesis and the bl ending processes saqw as in the fornmer exanple
were conducted to obtain a cyclic olefin resin conposition.

(Manuf acture of a light-receiving device) On a sem conduct or
substrate including the light receiving 15 elenment having

m crol enses di sposed corresponding to each of the photo Iight

recei vi ngasegigrns d30r, nmeddt kereoniasd isurd dceielidoal otleghd arared viing
regi ons except the regions having mcrol enses, the above-described
cyclic okétientedin ddmposicheohl s toatied nhy dewhpt oyi Ty vesspionfirmed
coater, and then was dried with a hot plate at 20 110 degree C for 5
m nut es £BabbERE PR adesd A§Ihrr Be eI HY delilcm erhikkirs siofobabegte16n
pm Next, a glass substrate is disposed on the coating film and a
curing WaBSESRHEtE B¢ 160N8eEPee CF¥DA¥3 Rinut es while pressuring
at 80 sz b@ have the gl ass substrate adhere with the 25

seni condi8? 67! substrate. The noisture absorption of such cured film

was 0.2 % Next,.jnterconnects were formed by e oyi a nethod for
form ng an ele%%+1%1§E%§mgﬁgﬁmﬁgt§n%%d?%ﬂ”?ﬁ%ﬁcgﬁg?% E&e RSy pe

CSP, and.were diced jnto individual light receivin elenents to.. .
Sot i aMCAFES OS] BLR) BELYLONEY, LN L RREY L en B ST Dot Timiced

o2 nel oL 868 et o B LA E0.10, OUPLSEL S UF PO 0o
above- deggri bedniNe RHESEREsent invention includes the following
10 configurations.
[1]

A light-receiving device that shell, composed of: a
semiconductor substrate including at least one light receiving
element; a dam surrounding the light receiving element provided on

15 the semiconductor substrate; an adhesive agent layer provided on
the dam; and a transparent cover provided on the adhesive agent
layer, wherein the dam includes a cyclic clefin resin having epoxy
group and a phcetoacid generator.

(2]

20 The light-receiving device as set forth in [1], wherein the

cyclic olefin resin is a polynorbornene resin.
(3]

The light-receiving device as set forth in [1] or [2],
wherein the cyclic olefin resin which has epoxy group has repeated

25 unit presented by formula (1}.

(00747



i nventi on has been described, the present invention is not limted

as descri bed above, and various configufations are al so included.

For exanple, the present invention includes the follow ng 10
configurations. [1] A light-receiving device that shell, conposed
of : a sem conductor substrate including at |east one |ight receiving
el ement; a dam surrounding the light receiving el enent provided on 15
ubstrate; an adhesive agent |ayer provided on the
dam and a‘\tg par ent cover provided on the adhesive agent |ayer,
wher ei n thq‘gggi\_cludes a cyclic olefin resin having epoxy group

and a phot nerat or. [2] 20 The light-receiving device as set
forth in [1] aRBr ei n BBE cyclic olefin resin is a pol ynorbornene
' iv

resin. [3] ght - r ing device as set forth in [1] or [2],
wherei n t he ol efin resin which has epoxy group has repeated

25 unit pre Hlpy formula (1). [0074] 45 x X (1) RRZFi3 Ra/[ln
formula (&) dﬁ?y of O, CH2 and (CH2)2, n is an integer nunber
of 0to S Haztsh may be respectively any of functional

[In formula (1), X is any of O, CH; and (CHz)z, n is an integer
number of 0 to 5. R; to Ry may be respectively any of functional
groups selected from hydrogen, alkyl group, alkenyl group, alkynyl
5 group, allyl group, aryl group, aralkyl group, funciional group

having ester group, functional group having ketone group,
monovalent functional group.having ether group and rmonovalent
functional group having epoxy group. R; to Rs may be different in
repeated monomers, while at least one or more thereof is a

10 functional group having epoxy group among R, to R; contained in the
whole repeated units.]
(4]

The light-receiving device as set forth in [1] to [3],

wherein the cyclic olefin resin having epoxy group includes

15 repeated units presented by formulae (2} and formula (3).

[0075]



groups selected from hydrogen, al kyl group, al kenyl group, alkynyl 5
group, allyl group, aryl group, aral kylzgroup, functional group
havi ng ester group, functional group having ketone group, nonoval ent
functional group having ether group and nonoval ent functional group
havi ng epoxy group. Rl to R4 may be different in repeated nononers,
while at | east one or nore thereof is a 10 functional group having

epoxy group anong

may be resy
al kyl grggp, al
ar al kyl grou&

ol e repeated units.]

Rlito R4 contained in the

[4] The Iig vi ng device as set \ 1] to [3], wherein
the cyclic resin having epoxy gro udes 15 repeated

units prese formul ae £ ) and for ). [0075] 46 R~ R2
CHR3 R4 R5 2z 00 cH) O [In for (2) and (3(3) RL to R7

sel ected from hydrogen,

y R@ group, aryl group,
ef group, functional

fely any of functional gpeup

e4 group, al kynyl d&kioyp
H,unctional group having '&

Bt

group having Kk t 8ne group and nonoval ent functional group having
et her group. to R7 may be different in repeated nononers.] [5]
The |ight-recei vikng dexfﬁe as set forth in [1] to [4],

Hy

[In formulae (2) and {(3), Ry, to Ry may be respectively any of
functional groups selected from hydrogen, alkyl group, alkenyl
group, alkynyl group, allyl group, aryl group, aralkyl group,

5 functional group having ester group, functional group having
ketone group and monovalent functional group having ether group.
R; to Ry may be different in repeated monomers.)
(5]

The light-receiving device as set forth in [1] to [4],
10 wherein the cyclic olefin resin having epoxy group includes

repeated units presented by formulae {4), (5) and (o).

[0076]

{4) (5) (6)
R
" Rg Ry
O
LN
{In formulae (4), (3) and (6), n is an integer number of 0 to 5.

15 R:; to Ry may be respectively any of functional group selected from




10 wherein the cyclic olefin resin having epoxy group includes
repeated units presented by formulae (47 (5) and (6). [0076] (4)

(5) () RLRBRRE RTRRRORCHRS5(CHR) nss 00O CH2IIn
formulae (4), (5 and (6), n is an integer nunber of 0 to S. 15 Rl
to RLO may be respectively any of functional group selected from 47
hydr ogen, al kyl group, al kenyl group, al kynyl group, allyl group,

aryl grobpdregenkydllgiloggoubunetkeomal qrewp kakvnglesterp.grddy,l group,
functional group having ketone group and nonoval ent functional group
havi ng eﬁﬁéf FroUp. WeHYIRIOOWRY Bandliiiedenorn hepbad exptey group,
nmononers.] [6] The light-receiving device as set forth inzél] to [9],
wher ei n tHBCSEMRT oMo R2yiBet FEt Y B Fheddi RoPeYa e tsifyrcdronaand

the light receiving elenent includes the CMOS j nage_sensor ., 10
appar at USTREY | Y THE FOTERS 880 8P s poSed ot R 87N, PP 7T fhFent in zepeated

Iightgreﬁghgﬁg R evice as set forth in [1] to [6], wherein a height
of the damis higher than the height of a mcrolens. 15 [ 8]
(6]

The light-receiving device as set forth in [1] to [51,
wherein the semiconductor substrate described in [1] is silicon,
and the light receiving element includes the CMOS image sensor

10 apparatus having microlenses disposed therein.
(7]

The light-receiving device as set forth in [1] to [6],
wherein a height of the dam is higher than the height of a
microlens.

15 (8]

The light-receiving device as set forth in {1} to [7],
wherein the adhesive agent constituting the aforementioned
adhesive agent layer is composed of silica filler (A), an epoxy
resin that is liquid at an ambient temperature (B) and curing

20 agent (C).
[9]

The light-receiving device as set forth in [8], wherein 1 to
10 Swt. of silica filler (A} 1s included in the aforementioned
adhesive agent.

25 [10]
The light-receiving device as set forth in [8] or [9],

wherein mean particle diameter of the silica filler in the




The light-receiving device as set forth in [1] to [7], wherein the
adhesi ve agent constituting the aforenei#i oned adhesive agent |ayer
is conposed of silica filler (A), an epoxy resin that is liquid at
an anbient tenperature (B) and curing 20 agent (C). [9] The

|l i ght-receiving device as set forth in [8], wherein 1 to 10 %u. of
silica filler (A) is included in the aforenmentioned adhesive agent.
25 [10] #herémght ioreckiadiegidevegenas{Setisf @rtth BAO[Bh. or [ 9],
wherein nmean particle diameter of the silica filler in the 48

af orenenti oned adhesive agent (A) is 2 to 500 nm 49 CLAIMS 1. A

| i ght-receiving device, conprising: 5 a substrate; a |light receiving
el ement provided on a surface of said substrate; a transparent cover
provi ded above said surface of said substrate; and 10 a sealing
menber for providing a seal for said light receiving elenment froman
exterior, said sealing nenber being at |east provided in a
circunference of said |ight receiving el enent between said substrate
and said transparent cover, wherein said sealing nmenber contains a
cyclic olefin resin.



15 2. The light-receiving device as set forth in claiml1, wherein
sai d sealing menber is provided to surrdund said |ight receiving
elenment in a position renote fromsaid Light receiving elenent. 20 3.
The light-receiving device as set forth in claim1, wherein said
sealing nenber is provided to fill a gap between said substrate and
said transparent cover. 4. The light-receiving device as set forth in
claim1, wherein 25 said sealing men®e¥%s a bridged conmpound of a
cyclic olefin resin having epoxy group. 50 5. The light-receiving
device as set forth in claiml, wherein said cyclic olefinresinis
nor bornene resin. 6. The light-receiving device as set forth in claim
4, wherein 5 said cyclic olefin resin having epoxy group has
repeated.unit _presented hy fornula (1): R~ H R2 R3 R4 [In fornula
()T iy B G aty L8 Bt S S35 ot oger . humber of 0
to 5.. Rl to R4aar Q%%H%gtively any of functional 10 group sel ected
fronq%ydrogen, af%f? grodp, al kenyl group, al kynyl group, alkyl
group, aryl group, qar aldel; ,ar.0uBy AONOVAl Al WACLT onat. ol ol Nay ng
ester group, nonoval ent tunctronal group ~having ket one group,

nmonoval enty,fupctional group having ether group and nonoval ent
functional group having epoxy group. RL to R4 15 may be the sane or

different. In Rl:tonddh it f&%v\é’@%?o*ﬁfc@&ﬁfa&%veu@iaﬁg kRrforaua Ll

at | east one or nore thereof is functiona
substrate; and

10 a sealing member for providing a seal for said light
receiving element from an exterior, said sealing member being at
least provided in a circumference of said light receiving element
between said substrate and said transparent cover,

wherein said sealing member contains a cyclic olefin resin.

15
2. The light~receiving device as set forth in claim 1, whersin
said sealing member is provided to surround said light receiving
element in a position remote from said Light receiving element.
20 3. The light-~receiving device as set forth in claim 1, wherein

said sealing member is provided to fill a gap between said

substrate and said transparent cover.

4, The light-receiving device as set forth in claim 1, wherein
25 said sealing member is a bridged compound of a cyclic olefin resin

having epoxy group.



group havi ng epoxy group.] 7. The light-receiving device as set forth
in claim4, wherein 20 said cyclic olefdn resin having epoxy group
has repeated units presented by fornula (2) and forrmula (3),
respectively. 51 (2) (3) R R CHRBRRA RRR/ 256 CH2JIn
formulae (2) and (3), Rl to R7 are respectively any of functional
group sel ected from hydrogen, al kyl group, alkenyl group, alkynyl
group, ablyl gFoaplidmydragpegupnoadalkyd aF g, Hrivbnowatentim 1, wherein
functional group having ester group, nonovalent functional group
havi ng kéﬁégecrﬁ—bup olfdicvakean fanedivnalengr seginhavi ng et her group
and nonoval ent functional group having epoxy group. RL to R7 may be
the sane or different.] 10 8. The light-receiving device as set forth
in cIa|n14 wherein said cyclic aolefin resin having epoxy group has

repeat edunit TBF St e BF IFoPAUPAEELER)2S (L ardthe}n ¢4§in 5. c%l)ereln

R RS R7 RO Ri CH2 O CH2-70 6 n fornulae
(5) ahd £610 GYE G P ianar AOnBRr L BT STOURS RE TR G et
respectlvelgenr%h(gyffg¥ﬁgl ?H group sel ected from

(1)

R
" R, Rth

[In formula (1), X is any of O, CH; and (CHz)z, and n is an integsr
number of 0 to 5. R; to Ry are respectively any of functional

10 group selected from hydregen, alkyl group, alkenyl group, alkynyl
group, allyl group, aryi group, aralkyl group, monovalent
functional group having ester group, monovalent functional group
having ketone group, mencvalent functional group having ether
group and monovalent functional group having epoxy group. R; to Ry

15 may be the same or different. In R; to Rs of the whole repeated
units in formula (1}, at least one or more thereof is functional

group having epoxy group.]

7. The light-receiving device as set forth in c¢laim 4, wherein
20  said cyclic colefin resin having epoxy group has repeated units

presented by formula (2} and formula (3), respectively.



52 hydrogen, al kyl group, alkenyl group, alkynyl group, allyl group,
aryl group, aral kyl group, nmonoval ent f@hctional group having ester
group, nonoval ent functional group having ketone group, nonoval ent
functional group having ether group and nonoval ent 5 functional group
havi ng epoxy group. R to R7 may be the sane or different.] 9. The
i ght-receiving device as set forth in claim1, wherein a thickness
of said sealing nenber is thicker tha protrusion 10 hei ght of
said |ight Treceixvfng element fromthe s . 10. The
Iight-receievi ce as set forth inc wherein said sealing

menber and 0 anspar ent ?Pver are |j rough an, adhesive
agent | ayer. 11. The Iigﬁ -receiving ¢ as set forth in claim
adhesi ve agent |ayer_ i 0

10, wher g3 p|saild S d by curing the
adhesi ve ag cdhposed of silica filRerbangd eRoxy resin that is in
liquid state “aCHyn ambi ent tenperature and cfiring agent. 20 12. The
| i ght-receiving|device as set forth in claim11l, wherein said
adhesi ve agent cIudes%% to 10 % . of said silica filler. 13. The

| i ght-receiving Vi ce set forth in claim1l, wherein 25 nean
particle di ameter G52Sard silica filler is 2 to 500 nm

[In formulae {(2) and {3), Ry to Ry are respectively any of
functicnal group selected from hydrogen, alkyl group, alkenyl
group, alkynyl group, allyl group, aryl group, aralkyl group,

5 monovalent functional group having ester group, monovalent
functional group having ketone group, monovalent functional group
having ether group and monovalent functional group having epoxy

group. R; to Ry may be the same or different.])
10 8. The light-receiving device as set forth in claim 4, wherein

said cyclic olefin resin having epoxy group has repeated unit

presented by formulae (4), (5} and (6):

(8) (6)

[In formulae (4), (5) and (6), n is an integer number of 0 to 5.

15 Ry to Ryg are respectively any of functional group selected from



10

15

20

25

H2

hydrogen, alkyl group, alkenyl grecup, alkynyl group, allyl group,
aryl group, aralkyl group, monovalent functional group having
ester group, monovalent functional group having ketone group,
monovalent functional group having ether group and monovalent
functional group having epoxy group. R:; to R; may be the same or

different.]

9. The light-receiving device as set forth in claim 1, wherein
a thickness of said sealing member is thicker than a protrusion

height of said light receiving element from the substrate.

10. The light-receiving device as set forth in claim 1, wherein
said sealing member and said transparent cover are joined through

an adhesive agent layer.

11. The light-receiving device as set forth in claim 10, wherein
sald adhesive agent layer is formed by curing the adhesive agent
composed of silica filler and epoxy resin that is in liquid state

at an ambient temperature and curing agent.

12. The light-receiving device as set forth in claim 11, wherein

sald adhesive agent includes 1 to 10 %wt. of said silica filler.

13. The light-receiving device as set forth in claim 11, wherein

mean particle diameter of said silica filler is 2 to 500 nm.



