- 1 - SPECI FI CATION SEM CONDUCTOR DEVI CE TECHNI CAL FI ELD [0001] The
present invention relates to a sem conductor device having a wafer |evel
package structure. BACKGROUND ART [0002] Polyim de resins and

pol ybenzoxazol e resins having excellent heat resistance, electrical
characteristics and nechanical characteristics or the |ike have been used
for surface protection filns and interfFayer insulating filnms of a

sem conduct or el enent (Patent Docunent 1%. &8003] However, when a polyi m de
resin has been used, there existSFPECEFEEAEAPNN that a pol yani de acid, which
Is a precursor before curing, has caused the copper used for wiring to
corrode, and as a result, mgration has occurred. Also, the polyimde resin

has a hi r r f about 350C, and therefore there is a problem
t hat the%?yggg&DﬁggQﬁ%gﬁHﬁg§fdized in the cure reaction. [0004]

Furthernore, the high integration and nultilayering of a sem conductor

el ement which is represented by the sem conductor device having a wafer

level pagkaf It HidtH 2
[0001]

The present invention relates to a semiconductor device

having a wafer level package structure.

BACKGROUND ART
[0002]

Polyimide resins and polybenzoxazole resins having
excellent heat resistance, electrical characteristics and
mechanical characteristics or the like have been used for
surface protection films and interlayer insulating films of a
semiconductor element (Patent Document 1).

[0003]

However, when a polyimide resin has been used, there
exists a problem in that a polyamide acid, which is a
precursor before curing, has caused the copper used for wiring
to corrode, and as a result, migration has occurred. Also,
the polyimide resin has a high cure temperature of about 350°C,
and therefore there is a problem that the copper has been
oxidized in the cure reaction.

[0004]

Furthermore, the high integration and multilayering of a

semiconductor element which is represented by the

semiconductor device having a wafer level package structure



‘has caused | arge probl ens such as the delay of signals in the wring and
the increase of power consunption. Since the polyimde resin has a
conparatively high dielectric constant of 2.6 to 3.5, materials having a

| ow dielectric constant have been required for the surface protection filns
and the interlayer insulating filns. [Q005] In addition, there exists a
problemin that both the polyimde resih ‘and the pol ybenzoxazol e resin have
had | arg stress. en thes esin | ayers have_bgen ed,in the frontier
coni condqAbrCaires R db Lot 59eH A ethe i LN . StotaLare TE. been

br oken because O:-In% %strness of € (grotectlve f,él mit . nd the stress
from t he ‘Ot <1%Ue AP RN RN RY Fe FUMRITRRE %Erﬁﬁ‘ stress

proper.ti.sonﬂgivﬁa&e%gﬁwgsedaf@ i PLALEF UL YG, T1 00 o L0 9§lcon$gvrg sin

conposi ti‘o e 'sem con evi aving € waf er
package s ar !QPP' r g|529 til
now. Pat e(;n oc uﬁ%n qﬁ%%%%éés%e elnr?g L%l P &Tfe K%?t %1&%8 Havd

O P B edt ééglf%'fé\gr'm@'\gdﬁ\é %JR?% @9@7] It is an

obj ect of t ent invention to pr sem con uct or device having a
waf er | evﬁtw Sldwdtify Mimd, is excellent in [ow stress properties,

sol vent resistarnce, |ow water absorbency, electric insulation
[0005]

In addition, there exists a problem in that both the
polyimide resin and the polybenzoxazole resin have had large
stress. When these resin layers have been used in the
frontier semiconductor, a problem exists in that the
semiconductor element has been broken because of the stress of
the protective film itself, and the stress from the outside
has not been able to be reduced. Thereby, lower stress
properties have been required for the protective film.

[0006]

The resin composition used for the semiconductor device

having the wafer level package structure for solving the above

problems has not been known until now.

Patent Document 1: Japanese Patent Laid-Open No. 2001-194796

DISCLOSURE OF THE PRESENT INVENTION
PROBLEMS TO BE SOLVED
[0007]

It is an object of the present invention to provide a
semiconductor device having a wafer level package structure
which is excellent in low stress properties, solvent

resistance, low water absorbency, electric insulation



3 - properties and adhesi veness or the |ike. MEASURES FOR SCOLVI NG THE
PROBLEMS [ 0008] As the result of extensive investigations to solve the
above-nenti oned problens, the present inventors have conpleted the present

i nvention. [0009] That is, according to an aspect of the present invention,
there is provided a sem conductor deviceshaving a wafer |evel package
structure conprising a resin |ayer conposed of a resin conposition which is

curabl e at_250C. or |ess. 010 Accordi ng tq.another aspect of the present
invention?rOPﬁEFéeraBﬁo?kggﬁl&eggﬁFcSEd&gFoﬁl%SVice havi ng a wafer |evel

package structure conprising a resin |layer having an elastic nodulus after
curing of 0.1 GPa or nore but no nore than 2.0 GPa. [0011] According to

anot her agpgRshrek Faﬁ Pbi%ﬁﬁb Eﬁéeﬂkb%ﬁEMSthere i's provided a sem conduct or

devi ce having a wafer [eve package structure conprising a resin |ayer
having a dipgbggtric constant of 2.6 or less. [0012] According to another
aspect of the present invention, there is also provided a sem conductor

devi ce having gsWehE&'res8YE! oP2ELRIRSSLEUSHYVESL EQEPEbALNH0aSHEFENLhaYer
conposed of a
above-mentioned problems, the present inventors have completed
the present invention.
[0009]

That is, according to an aspect of the present invention,
there is provided a semiconductor device having a wafer level
package structure comprising a resin layer composed of a resin
composition which is curable at 250°C or less.

[0010]

According to another aspect of the present invention,
there is provided a semiconductor device having a wafer level
package structure comprising a resin layer having an elastic
modulus after curing of 0.1 GPa or more but no more than 2.0
GPa.
foOol11]

According to another aspect of the present invention,
there is provided a semiconductor device having a wafer level
package structure comprising a resin layer having a dielectric
constant of 2.6 or less.

{o012]

According to another aspect of the present invention,

there is also provided a semiconductor device having a wafer

level package structure comprising a resin layer composed of a

resin composition which is curable at 250°C or less, the resin



resin conposition which is curable at 250C or less, the resin 4 conposition
havi ng an el astic nodulus after curing of 0.1 GPa or nore but no nore than
2.0 Gpa and having a dielectric constant of 2.6 or less. [0013] According
to anot her aspect of the present invention, there is provided a

sem conduct or device having a wafer Ieye% _package structure conprising a
resin | ayer conposed of a resin conpositlion containing a cyclic olefin
resin (A haV|ng g é grou and a ghotoa0|d ener at or [0014%

t he seni cBAUBEP FlBBvP g188 Fﬂe pRES LAt MPAYEHE; Bh] thSur&98IPE 8- &t GF reS|n
IS not partlcular imted. ' an .epbodi nent _of _th resent

| nventi on° tﬂgreyéﬁ hg) BPFR RED - RafPBeaBopBRYABRLAr ACRECPEERR [ 0015)

Fur t her mor e n,@s egtoof the present invention, the cyclic olefin resin
(A haV|n8 3 ep Xy group ﬁay g8ntain a repeating unit represented by the
formul a ghé g9016] [Formula 1] tit R R2 R3 R4 5 - [0017] wherein X is O,
CH2 or ?5 nis an integer of 0 to 5, Rl to

According to another aspect of the present invention,
there is provided a semiconductor device having a wafer level
package structure comprising a resin layer composed of a resin
composition containing a cyclic olefin resin (A) having an
epoxy group and a photoacid generator (B).

[0014]

In the semiconductor device of the present invention, the
cyclic olefin resin is not particularly limited. However, in
an embodiment of the present invention, the cyclic olefin
resin may be a polynorbornene resin.

[0015]

Furthermore, in an aspect of the present invention, the
cyclic olefin resin (A) having an epoxy group may contain a
repeating unit represented by the formula (1):

[0016]

[Formula 1]

)

R1R2 |q3|q4



‘R4 are each independently selected froma hydrogen atom an al kyl group, an
al kenyl group, an al kynyl group, an aryl group, an aralkyl group, a
functional group containing an ester group, a functional group containing a
ket one group, a functional group containing an ether group, and a
functional group containing an epoxy grQup;, Rl to R4 may be different in a
repetition of a nmononer; and at |least one of RLto R4 in all the repeating

units is tQﬁ)f nctional group having an epoxy group. [0018] In another
aspect of [t éjgresent invention, the cyclic olefin resin (A having an

(- BoropeTRiet HIE B R orU3rbh i b R ash B0 0% B0 {20
T e S 058 418 SARLBANRRSAGCThpCRELCBLEY L U@ odbitisaR ghom, a0
group, a1&fﬂ§f(ﬁyﬂuﬁycgﬁ)éﬁkenyl group, an alkynyl group, an aryl group,
an aralkyl group, a functional group containing an ester group,
a functional group containing a ketone group, a functional
group containing an ether group, and a functional group
containing an epoxy group; R!' to R* may be different in a
repetition of a monomer; and at least one of R! to R* in all
the repeating units is the functional group having an epoxy
group.
[0018]
In another aspect of the present invention, the cyclic
olefin resin (A) having an epoxy group may contain repeating
units represented by the formulae (2) and (3):

[0019]

[Formula 2]

(2) (3)
R* R5 Ré R’

[0020]
wherein R!' to R’ are each independently selected from a
hydrogen atom, an alkyl group, an alkenyl group, an alkynyl

group, an aryl group, an aralkyl group, a functional group



containing an ester group, a functional group containing a ketone group,
and a functional group containing an ether group; and RL to R7 may be
different in a repetition of a nononmer. [0021] Furthernore, in another
aspect of the present invention, the cyclic olefin resin (A) having an
epoxy group may contain repeating uni§s6r§presented by the formul ae (4),

(5) and (6) [0022] [Fornula 3] (4) (5)°(6) RL R R3 R4 R5 R6 R7 R6 RO Rio
CH2 (CH2) L ein g IS, an iﬂt g Q0 5 Rl to R10
are each CPHB@bBﬁHEn?Py §EP§C9§8“PVOH\ URGELERELT SEGHP SﬁnﬁP%9Fn§r8up, an

| k | | k | k
funct] onaks °§$Bﬁ§3£§ﬂpé?ﬁpﬂgr°ﬁ825?3935108858§pbPB%é?F@HgYaar%&% Bontai ning a
k ' d R1
K10 ey bt Bupfifing RIS 10N Hay UL AAVME 410 £ '}efﬁd%%l% Elore. in

an aspect of ;fhe present |nvent|on the cyclic olefin resin (A) havi ng an
epoxy group nmay contain a repeating unit represented by the fornula (7):

[0021]
Furthermore, in another aspect of the present invention,
the cyclic olefin resin (A) having an epoxy group may contain

repeating units represented by the formulae (4), (5) and (6):

[0022]

[Formula 3]

(5) (6)

R1 R2 R3 R7 RB RQ R1°
o
O
\ 0]
CHz_Z__A
[0023]

wherein n is an integer of 0 to 5; R! to R' are each
independently selected from a hydrogen atom, an alkyl group,
an alkenyl group, an alkynyl group, an aryl group, an aralkyl
group, a functional group containing an ester group, a
functional group containing a ketone group, and a functional
group containing an ether group; and R' to R'® may be different
in a repetition of a monomer.
[0024]

Furthermore, in an aspect of the present invention, the
cyclic olefin resin (A) having an epoxy group may contain a

repeating unit represented by the formula (7):



7 - [0025] [Formula 4] Z/~ (7) R R2 R3 R4 [0026] wherein Y is 0, CH2 or
(CH2)2; Zis -CH2-CH2- or -CH=CH; 1 is an integer of 0 to 5, RlLto R4 are
each independently selected froma hydrogen atom an al kyl group, an

al kenyl group, an al kynyl group, an aryl group, an aral kyl group, a
functional group containing an ester greup, a functional group containing
a ketone group, a functional group containing an ether group, and a
functionahog?gip contai ning an epoxy group; RL to R4 may be different in a
repetitio nmononer; and at |least one of R to R4 in all the repeating
uni ts has;ghenpgpaxyj9roup. EFFECTS OF THE | NVENTION [0027]  The present
|nvent|on can provi de a sem conductor device having a photosensitive resin
conposition which is excell in |low stress properties, solvent

resi st ance, (vt abszigency, el ectric insulation properties and
adhesi venes ' - BRI EF DESCRI PTION OF THE DRAW NGS [0028]

(7)

[0026]

wherein Y is O, CH; or (CH,);; Z is -CH,-CH,- or -CH=CH-; 1 is
an integer of 0 to 5; R' to R* are each independently selected
from a hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an aryl group, an aralkyl group, a functional
group containing an ester group, a functional group containing
a ketone group, a functional group containing an ether group,
and a functional group containing an epoxy dgroup; R' to R* may
be different in a repetition of a monomer; and at least one of

R' to R* in all the repeating units has the epoxy group.

EFFECTS OF THE INVENTION
[0027]

The present invention can provide a semiconductor device
having a photosensitive resin composition which is excellent
in low stress properties, solvent resistance, low water
absorbency, electric insulation properties and adhesiveness or

the like.



exanpl e of a sem conductor device of the present invention; Figures 2Ato
2D are sectional views show ng production steps of an exanple of a

sem conductor device of the present invention; Figures 3Ato 3C are
sectional views showi ng production steps of an exanple of a sem conduct or
device of the present invention; and Figures 4A and 4B are sectional views
showi ng production steps of an exanple O0f a sem conductor device of the

5 pacsi vaPRYRE: bRRCRIBRTPNCPECREE PRKMRSC ol (e 0. O or Ti) fiim o6
wiring (e g @i or Cu) 7 insulating film 8 barrier netal 9 resist 10
sol der 11%PPBX 12 sol der bunmp 9 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

[0030] Figure 1 is a sectional view of a pad portion of an
example of a semiconductor device of the present invention;

Figures 2A to 2D are sectional views showing production
steps of an example of a semiconductor device of the present
invention;

Figures 3A to 3C are sectional views showing production
steps of an example of a semiconductor device of the present
invention; and

Figures 4A and 4B are sectional views showing production
steps of an example of a semiconductor device of the present

invention.

Description of Symbols

[0029]

1 silicon wafer

2 Al pad

3 passivation f£ilm

4 buffer coat film
5 metal (e.g. Cr or Ti) f£ilm

6 wiring (e.g. Al or Cu)

7 insulating f£ilm
8 barrier metal
9 resist

10 solder
11 flux

12 solder bump



General exanples of cyclic olefin nononers used in the present invention

I ncl ude nonocyclic conmpounds such as cycl ohexene and cycl ooct ene, and

pol ycyclic conmpounds such as norbornene, norbornadi ene, dicycl opentadi ene,
di hydr odi cycl opent adi ene, tetracycl ododecene, tricyclopentadiene,

di hydrotricycl opent adi ene, tetracycl opeatadi ene and

di hydrot etracycl opent adi ene. Substituted conpounds prepared by bondi ng

functi onaBegroMpBEt PORt DARRYIRBOOBTSTABNINGERIrgONUSEd. [0031] Exanpl es of
the cyclic olefin resins used in the present invention include polyners of

t he above[ggsbilc ol efin nononers. As the polynerization nethod, there are
used known net hods such as random pol yneri zati on and bl ock pol yneri zati on.
Speci fi ¢ exanpleseral | exiamp teg pof yeee 5iof o hef hormeneméypeusednbnetlse

copol ynmers of the norbornene type nononers and other nononers capabl e of
bei ng coppresentzidventhonsincdhdéi menoagndlibydpmgenndddedcboapounds of

t hese copol yners. These cyclic olefin resins can be produced by the known
pol yneri zaycdahexnenpodnd gwdloheterenphsd pblyvbwcpdcymempoandsnsuehheds

i nclude an addition polynerization nethod and a ring-opening polynerization
met hod. Ghorhesmenge| pArborpadpened Bycyadaprensadiesppol ynerizing the

nor bornene nononers are preferable. However, the present invention is not
linmted GkBYEredifygh9reayadiens?] tepracyclododecene,

tricyclopentadiene, dihydrotricyclopentadiene,
tetracyclopentadiene and dihydrotetracyclopentadiene.
Substituted compounds prepared by bonding functional groups to
these monomers can be also used.

[0031]

Examples of the cyclic olefin resins used in the present
invention include polymers of the above cyclic olefin monomers.
As the polymerization method, there are used known methods
such as random polymerization and block polymerization.
Specific examples include (co)polymers of norbornene type
monomers, copolymers of the norbornene type monomers and other
monomers capable of being copolymerized such as a-olefins, and
hydrogen added compounds of these copolymers. These cyclic
olefin resins can be produced by the known polymerization
methods, and the examples of the polymerization methods
include an addition polymerization method and a ring-opening
polymerization method. Of these, polymers prepared by
addition-(co)polymerizing the norbornene monomers are
preferable. However, the present invention is not limited
thereto in any way.

[0032]



‘Exanpl es of the addition polynmers of the cyclic olefin resin include

pol ynor bornene resins. Specific exanples thereof include (1) addition

(co)pol ymers of norbornene type nonomers prepared by

addi tion-(co)polynerizing the norbornene type nononers, (2) addition

copol yners of the norbornene type nnnogﬁ)s and et hyl ene or a-olefins, and

(3) addition copolyners of the norbornere type nonomer, nonconjugated diene

and, as necessary, other npnoners, These resins can be Fﬁéfgared by all the
r

known pol yneri RHeFrehotiae ?@@%§}OHER%%$W%§So?ftFEe Beftf§iBol yners
of the cycl resin in Iude nQr born ne [£$LNS cific exanples
her eof .ﬁ&ﬁ&&&{l&#ﬁ%@%ﬁ&ﬁf greeayg 1BFs oFPef 1%%6?%@% type

b t t h
(35 i ng. ShekERs " IpBIRBRLIE) oAdTLBHCEE) R Lg% 5l 6 RO CERERCRR AEBBone o
a-ol efi ”Smoﬂgﬂgr% ?Egﬁa%ﬁp% eﬂd@itlﬂgﬂ 3{%‘32%5]‘19& 5:'1%15%0)1:?1@ %%?ybo%ﬁene

necessary; Ng- openi ng copol'y € norbornene type nononer

and noncoRidanehoflbeas b )0khel eTRAOTEES) v 6 hePHERMGERerd) ¢

hydr ogenating the I'ymer as necessary se resins can be prZBared by

all the XHBHBnBOLY SR £3hy38aaeta0dso1dedadd] o (95 RadiPhoihe addition

(co) pol yners prepare tion- nmeri zi ng 't he norbor nene type
MONONEr s abBo1Rmeker [ahl Qh]eH%%%&nehae tRpRS Ridh ol ¥E NhioARkonSuddiceld Wikad

thereto in any way.
and, as necessary, other monomers. These resins can be
prepared by all the known polymerization methods.
[0033]

Examples of the ring-opening polymers of the cyclic
olefin resin include polynorbornene resins. Specific examples
thereof include (4) ring-opening (co)polymers of the
norbornene type monomer and resins prepared by hydrogenating
the (co)polymer as necessary; (5) ring-opening copolymers of
the norbornene type monomer and ethylene or a-olefins, and
resins prepared by hydrogenatihg the (co)polymer as necessary;
and (6) ring-opening copolymers of the norbornene type monomer
and nonconjugated diene or other monomers, and resins prepared
by hydrogenating the (co)polymer as necessary. These resins
can be prepared by all the known polymerization methods.
[0034]

Of these, (1) the addition (co)polymers prepared by
addition-(co)polymerizing the norbornene type monomers are
preferable. However, the present invention is not limited
thereto in any way.

[0035]

As the cyclic olefin monomer used for producing the



‘As the cyclic olefin nonomer used for producing the - 11 cyclic olefin
resin having an epoxy group used in the present invention, the norbornene
type nmononer represented by the general forrmula (8) is preferable. [0036]
Speci fic exanples of the al kyl groups include nethyl, ethyl, propyl,

i sopropyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, desyl, dodecyl,
cycl opentyl, cycl ohexyl and cycl ooctyl “groups. Exanples of the al kenyl

al Eﬁﬁ; | g@%%%%c e 2%%%%%@?\?‘59{9%%%3%%? Céfﬁﬁé%\';ﬁy{l?ﬁ%ﬁ%ﬁ%ﬁﬁff tze
2- . Ex |
ant hr acorst o ooons EHR E5 8ok Stips POHOReL ELHPESBRER by DBR 0y

phenet hyl oGt QLD . £ VEr (g he s&Pipiovention is not limted thereto in
any way. ?0037 Re err?ng zo ?H@fgunct?onal group containing the ester

group, thgydsgeti onal group containing the ketone group and the functional
group containing the ether group, as long as the functional groups have

these groups, ggecistiid!ditndlderefthd SaNgf1 R Bid Madd mdasy1 Preferabl e
exanpl es of the functional groups containing the epoxy group include a

functionaétigy DUppheyy DY Bséb¥6pey| BabEL, ghenpyl Homexel, BeptyDNJdossylhe

functional group has the epoxy group, the structure thereof is not

parti cul atidyyl | ndésyl, [@0838¢yl, cyclopentyl, cyclohexyl and cyclooctyl
groups. Examples of the alkenyl groups include vinyl, allyl,
butynyl and cyclohexyl groups. Examples of the alkynyl groups
include ethynyl, 1l-propynyl, 2-propynyl, l-butynyl and
2-butynyl groups. Examples of the aryl groups include phenyl,
naphthyl and anthracenyl groups. Examples of the aralkyl
groups include benzyl and phenethyl groups. However, the
present invention is not limited thereto in any way.
[0037]

Referring to the functional group containing the ester
group, the functional group containing the ketone group and
the functional group containing the ether group, as long as
the functional groups have these groups, the structure thereof
is not particularly limited. Preferable examples of the
functional groups containing the epoxy group include a
functional group having a glycidyl ether group. However, as
long as the functional group has the epoxy group, the
structure thereof is not particularly limited.

[0038]

The cyclic olefin monomer used for producing the cyclic

olefin resin used in the present invention is not particularly

limited. However, for example, there can be used a monomer



‘The cyclic ol efin nmononer used for producing the cyclic olefin resin used
in the present invention is not particularly limted. However, for exanple,
there can be used a nononer 12 - represented by the formula (8): [0039]
[Formula 5] (8 n RL R2 R3BR 4 [0040] wherein Xis 0, CH2 or (CH2)2; nis
an integer of 0 to 5; Rl to R are each jndependently selected froma

hydr ogen atom an al kyl group, an al kenyl group, an al kynyl group, an aryl
group, an _aral kyl qgroup,,a functi.ongl ,group containing an ester group, a
functionaFeBF838¥58ﬁt§VnFH§ gong&ﬁe?Squp, a functional group containing
an et her Qggggq and a functional group containing an epoxy group. Here, Rl
to R4 may be di'fferent in each nononer to be used, and at | east one of Rl
to R4 in ?%B nlhe ggnomers to be used is a functional group having an epoxy
group. Exaones of the cyclic olefin nononers used for producing the cyclic
olefin resin used in the present invention include 5-nethyl-2-norbornene,
5- et hyl - 2- nor parnagne, 5-propyl -2 norbornene, 5-butyl-2-norbornene,

5-pentyl - 2- nne, 5- hexyl - 2- nor bor nene, 5-heptyl -2-norbornene,
5-octyl - 2- ®Or BOr nene, 5-nonyl - 2- nor bor nene and 5-decyl - 2- nor bor nene as

(8)

[0040]

wherein X is O, CH, or (CH,),; n is an integer of 0 to 5; R! to
R* are each independently selected from a hydrogen atom, an
alkyl group, an alkenyl group, an alkynyl group, an aryl group,
an aralkyl group, a functional group containing an ester group,
a functional group containing a ketone group, a functional
group containing an ether group, and a functional group
containing an epoxy group. Here, R' to R* may be different in
each monomer to be used, and at least one of R' to R* in all

the monomers to be used is a functional group having an epoxy
group.

Examples of the cyclic olefin monomers used for producing
the cyclic olefin resin used in the present invention include
5-methyl-2-norbornene, 5-ethyl-2-norbornene, 5-propyl-2-
norbornene, 5-butyl-2-norbornene, 5-pentyl-2-norbornene,
5-hexyl-2-norbornene, 5-heptyl-2-norbornene, 5-octyl-2-
norbornene, 5-nonyl-2-norbornene and 5-decyl-2-norbornene as

the monomer having an alkyl group; 5-allyl-2-norbornene,



the nonomer having an al kyl group; 5-allyl-2-norbornene, 13 -
5-net hyl i dene- 2- nor bor nene, 5-ethyli dene-2-norbornene,
5-i sopropyl i dene- 2- nor bor nene, 5-(2-propenyl)-2-norbornene,
5- (3- but enyl ) - 2- nor bor nene, 5-(1-nethyl-2-propenyl)-2- norbornene,
5- (4-pentenyl)-2-norbornene, 5-(1-nethyl;-3-_ butenyl)-2-norbornene,
5- (5- hexenyl ) - 2- nor bornene, 5-(1- nmethyl-4-pentenyl)-2-norbornene,
5- (2, 3-di pet hyl - 3-Qutenyl )-2: norbornene .
S (5 ot hyPouSthLA0PRESE boRboRBRER S5 S tpy1idene-2-norbornene,
di met hyl - 4- 32=.nar go - (7-qctenyl)-2-narbgrnen
5 (2- mot o TEOREgbekyfPS- AchBEBEnanks. BT 13 HirbupaYL) 22 B Bornene.
hexenyl ) - 2- pgr ) -32683 aR- hgxenyl L3 4R060 ng_
5-(1,2,3-§r?ﬁepﬁ§ﬁﬁgi&egtg§§ﬁ9?§?ﬁ§fb§r gnékgggﬁlglg%?ﬁggyégr%ene,
5-net hyl i 8PRa2nBAEDOE0fRCpenteh YY) L 9CABTHOrARLROT BN methyl-3-
5-isopropy|idgng-z-horbgrngﬁe, 5?¥%-propgnyfggz-'norgorﬁgneyl 3
5- (3-but egifking17105bAERBBEneRR( 1 50REIRExENyAN QRERVIhognBABDOBNERE,

(4- pentenyl)-2-norbornene, 5-(1- nethyl-g-butenyl)-2-norbornene,
(5- hexepgkhy2-80pBALBAYE) - 29n6EbBRHBYE-, 45P¢0t, 80Ml eZ2hP2LBObLRRRAY1 ) - 2-
(2, 3-di net hyl - 3- but enyl) - 2-nor bor nene,
(2- et hyhogbbuhenl,) 52{noekaynesebutenyl)-2-norbornene, 5-(3,4-
(3, 4-di net hyl - 4- pent enyl ) - 2- nor bor nene, 5-(7-octenyl)-2- norbornene,
(2- nmet hgliméthgpt erpehtényd) barnerdorhens, 25-(7-octenyl) -2-norbornene,
di net hyl - 5- hexenyl ) - 2- nor bor nene, 5-(5-ethyl -5-hexenyl)-2- norbornene, and
5-(1, 2, 3- 6ri(@embyhyld-pehephghyl)-nenbaboenenas 5t-lfa ,2eddmethigaviSAg an
al kenyl group; 5-ethynyl-2-norbornene as the nononer having an al kynyl
group; 1, he8eBy3)52heraberhghe,15-(5-ethyl-5-hexenyl)-2-norbornene, and
5-di net hyl bi s(2- (5-norbornene-2-yl)ethyl)trisil oxane as the

5-(1,2,3-trimethyl-4-pentenyl)-2-norbornene 5-allyl-2-

5-
5-
5-
5-
5-
5-

norbornene, 5-methylidene-2-norbornene, 5-ethylidene-2-
norbornene, 5-isopropylidene-2-norbornene, 5-(2-propenyl)-2-
norbornene, 5-(3-butenyl)-2-norbornene, 5-(l-methyl-2-
propenyl)-2-norbornene, 5-(4-pentenyl)-2-norbornene, 5-(1-
methyl-3-butenyl)-2-norbornene, 5-(5-hexenyl)-2-norbornene,
5-(1-methyl-4-pentenyl)-2-norbornene, 5-(2,3-dimethyl-3-
butenyl)-2-norbornene, 5-(2-ethyl-3-butenyl)-2-norbornene,
5-(3,4-dimethyl-4-pentenyl)-2-norbornene, 5-(7-octenyl)-2-
norbornene, 5-(2-methyl-6-heptenyl)-2-norbornene, 5-(1,2-
dimethyl-5-hexenyl)-2-norbornene, 5-(5-ethyl-5-hexenyl)-2-
norbornene, and 5-(1,2,3-trimethyl-4-pentenyl)-2-norbornene as
the monomer having an alkenyl group; 5-ethynyl-2-norbornene as
the monomer having an alkynyl group:; 1,1,3,3,5,5-hexamethyl-
1,5-dimethylbis(2-(5-norbornene-2-yl)ethyl)trisiloxane as the
monomer having a silyl group; 5-phenyl-2-norbornene, 5-
naphthyl-2-norbornene, 5-pentafluorophenyl-2-norbornene as the

monomer having an aryl group; 5-benzyl-2-norbornene, 5-



mononer having a silyl group; 5-phenyl-2-norbornene, 5-

napht hyl - 2- nor bor nene, 5-pentafl uorophenyl -2-norbornene as the nononer
havi ng an aryl group; 5-benzyl-2-norbornene, 5 14 phenethyl -2-norbornene,
5- pent af | uor ophenyl net hyl - 2- nor bor nene,
5-(2-pentaf|uorophenylethyl)-2-norborneg_ 5-(3-

pentafluorophenylpropyl) 2- nor bor nene a he monomer having an aral kyl

di 5- b 2- t hox
5-tri et hB gﬁFgwi ABPEBPRERS 5. BT PARFekpurFOPDSRR IR HRKbng; RoTbomnene,

i et hoxy ST é §¥f? BEabbsPaseRad (3 norbbrnene, 5-(3-

e PO YRR bR GRS s i LM s BRRE e
alkoxySIIgEaggg %uBQr%&h@%ﬂ§1§1sq?%hﬁggboéggnbt§—?ﬁé%&tﬁb& )31lane

5- nor bor nene- acetate norbornene- ropi on

5- nor bor ngﬂ%rgm@ih@&&sﬁ'&tllrzah%rb%z%%'hl&or @el%%l%t'ﬁ%%%lllﬁl %r[% ‘:’nbornene
5- nor bor nene-2- net hyl caproate, 5-norbornene-2-nethyl capryla

nor bor neng- zzm&hmketﬁe& thyl%mgrlhorzn%%%rmhlayl sl-qyrat e,
5- nor bor nene- 2- net hyl arate nor bor nene- 2- met hyl ol eat e,

5- norbornQ@ge%hagygihyubmgbqqaQenOQh@Qth@negexg_carboxyI|c aci d, nmethyl
5- nor bor nene- 2- car boxyl ate, ethyl 5-norbornene-2- carboxylate, t-butyl

5- nor bor neremétBakyexyyapeoplylyuyhorbotpener, Neng-42t¢amednvkagbatyl) - 2 -

trimethylsilyl 5-norbornene-2- carboxylate, triethylsilyl

5- nor bor nepebdraehkox whdt 6 -t nimeldiyl\sli 151 methyledher22caocidotingne, as

2- hydr oxyet hyl 5- norbornene-2-carboxyl ate, nethyl 5-norbornene-2-nethyl -
the monomer having an alkoxysilyl group; 5-norbornene-2-
methanol and its alkyl ether, 5-norbornene-2-methyl acetate,
5-norbornene-2-methyl propionate, 5-norbornene-2-methyl
butyrate, 5-norbornene-2-methyl valerate, 5-norbornene-2-
methyl caproate, 5-norbornene-2-methyl caprylate, 5-
norbornene-2-methyl caprate, 5-norbornene-2-methyl laurate,
5-norbornene-2-methyl stearate, 5-norbornene-2-methyl oleate,
5-norbornene-2-methyl linolenate, 5-norbornene-2-carboxylic
acid, methyl 5-norbornene-2-carboxylate, ethyl 5-norbornene-2-
carboxylate, t-butyl 5-norbornene-2-carboxylate, i-butyl
5-norbornene-2-carboxylate, trimethylsilyl 5-norbornene-2-
carboxylate, triethylsilyl 5-norbornene-2-carboxylate,
isobornyl 5-norbornene-2-carboxylate, 2-hydroxyethyl 5-
norbornene-2-carboxylate, methyl 5-norbornene-2-methyl-2-
carboxylate, 5-norbornene-2-methyl cinnamate, 5-norbornene-2-
methyl ethyl carbonate, 5-norbornene-2-methyl n-butyl
carbonate, 5-norbornene-2-methyl t-butyl carbonate, 5-methoxy-

2-norbornene, 5-norbornene-2-methyl (meth)acrylate, 5-

norbornene-2-ethyl (meth)acrylate, 5-norbornene-2-n-butyl



car boxyl ate, 5-norbornene-2-nethyl cinnamate, 5-norbornene-2- nethyl ethyl
carbonate, 5-norbornene-2-nethyl n-butyl carbonate, 5-norbornene-2-nethyl
t-butyl carbonate, 5-nmethoxy- 2-norbornene, 5-norbornene-2-nethyl
(meth)acrylate, 5- norbornene-2-ethyl (neth)acrylate 5- nor bor nene- 2- n- but yl
15 (nmeth)acryl ate, 5-norbornene-2-n-pr§_ (meth)acryl ate,

5- nor bor nene- 2-1i - but yl (neth)acrylate, nor bor nene- 2- |-propyl

(meth)acryl a 5- nor bor nene- 2- hex (meth acr Iate nor hor nene- 2- oct yl
(neth)acr¥ %g)agﬁggg for oPﬂ€H8r§g885§E } aéWﬁFgﬂécig & ‘mononer
having a hydro roug, .a arb X rou _ester roup,
an acry) JPLRGPEEEndn8LE 2 ﬁgér% SR8y R 235 an BT a2y F et a2

nor ornen r pPgX u _
nethoxyca onyI? F?ggggfo ﬁ§%§gf§ggglg'§8%8§d ge%héacry%gte, >
ethOXycarEBQ%EE%EB@CéCF%Fi14(gef§%éc yl%%ngEﬂﬁdgcn%r%%%ne%éQQ—decyl

propyl carbonyltetracyc odec- 3-ene

prOpylCar@ﬂ@¥h§§ﬁ&§§&%505§ 4h@ m%%oﬁerlﬁa%thogeﬁyﬁr%§§l %r%up, an

but oxycar bonyl tetracycl o[ 4. 4 . 17.10] dodec- 3- ené

met hyl pr opexkircar-bapy! taeba%%s‘cbq[ Groud, 1an astdf §Polipodas 3ce
8- (1- et hyl propoxy) car bonyi tetiacycl o[ 4. 4.0.12.5. I7' 10 '] dodec- 3- ene

8-t - but oxygaupoby! hemedbuehk9lidy4d. ?rbap5 sZ'[lQ],doeL@c)x 69oxy)methyl] -2-
8- cycl ohexyl oxycarbonyl tetracycl o[ 4.4.0.12.5.17' 10 ] dodec-3-ene, 8-(4'-t
but yl cycl abeyprasypcasbeéhyl mehomeychai4dng. @n éﬁbiylgrbﬂbdoeec- 3- ene,

8- phenoxycar bonyl tetracycl o[ 4.4.0. 12. 5. 17" 10] dodec- 3- ene,

8-t et r ahyseahoxgoarbopgatedmracyelinidydl. 0L 424.Q7 1218048403 -8nre, 8-

2,5 7,10
125 171

ethoxycarbonyltetracyclo[4.4.0. ]dodec-3-ene, 8-n-

propylcarbonyltetracyclo[4.4.0.1%%.1"'°]dodec-3-ene, 8-i-
propylcarbonyltetracyclo[4.4.0.1%°.1"'°]dodec-3-ene, 8-n-

butoxycarbonyltetracyclo[4.4.0.1%°.17''°]dodec-3-ene, 8-(2-

12,5 17,10

methylpropoxy)carbonyltetracyclo[4.4.0. ]Jdodec-3-ene,

8- (1-methylpropoxy)carbonyltetracyclo[4.4.0.1%%.17'°1dodec-3-

12,5. 17,10

ene, 8-t-butoxycarbonyltetracyclo[4.4.0. ]Jdodec-3-ene,

8-cyclohexyloxycarbonyltetracyclo[4.4.0.1%°,17%°

ldodec-3-ene,
8-(4"-t-
butylcyclohexyloxy)carbonyltetracyclo[4.4.0.1%°.17'°]dodec-3-

ene, 8-phenoxycarbonyltetracyclo[4.4.0.1%°,17-1°

]dodec-3-ene,
8-tetrahydrofuranyloxycarbonyltetracyclo[4.4.0.1%°.17-1%]-3-
dodecene, 8-
tetrahydropyranyloxycarbonyltetracyclo[4.4.0.1%°.17'°]1dodec-3-
ene, 8-methyl-8-
methoxycarbonyltetracyclo[4.4.0.1%°.17"'°]dodec-3-ene, 8-

methyl-8-ethoxycarbonyltetracyclo[4.4.0.1%°,17-1°

]dodec-3-ene,
8-methyl-8-n-propoxycarbonyltetracyclo[4.4.0.1%%.171°]dodec-3-

ene, 8-methyl-8-i-



dodecene, 8 tetrahydropyranyl oxycarbonyltetracyclo[4.4.0.12,5.1"" 10] dodec- 3-
ene, 8-nethyl-8 nethoxycarbonyltetracyclo[4.4.0.12' 5. 17, 10] dodec- 3-ene, 8-
net hyl - 8- et hoxycar bonyl tetracyclo[4.4.0. 12' 5. 17, 10] dodec- 3-ene,

8- et hyl - 8- n- propoxycar bonyl tetracycl o[4.4.0.12'5. 17' 1D] dodec- 3- ene,
8-methyl -8-i 16 - propoxycarbonyltetracyelo[4.4.0. 12.5 . 17,10

] dodec- 3-ene, 8- nethyl -8-n-butoxycarbonyl tetracyclo[4.4.0. 12

5.17.10]d dec-3-eneb

o vy pr oSGy DTSR EEPEESETof (4. : 0015107 T detns-Srong, o
o- ot nyl “BE EE A BE BRI EEROTYpLEAERENSI8 - §: P10  Rooladiii He, &

8- et hyl - _ﬁgfﬁffggykgxycarbonyltetracycl0[4.4.0.12.5.17'10]dodec-3-ene, 8-
met hyl - 8- (4" -t

but yl cycl . 429574 10LdNGEgs 33
8-nethy|-gggﬁz%ggﬁ%gf%gﬁg?%%??%ﬁg%f%?%&i&b?i%.g.i?.1%dodec-3fgﬁ%$§§?

met hyl - 8 g eh&alydrof pranyl oxycarbonyl tetracycl o[ 4.4.0.12.5.17. 11] dodec- 3-
ene, 8-nethyl -8 tetrahydropyranyl oxycarbonyltetracycl o[ 4.4.0.12'5.17" 10] - 3-

dodecene, mét W1 pirdpSxpFehouvh el t 8E¥aLPEfof40418. 22271 11 UntisteB-3 Adife,

8, 9-di (nmet hoxycar bonyl )tetracycl o[ 4.4.0.12'5.17, 10] dodec- 3-
8-methyl-8-t-butoxycarbonyltetracyclo[4.4.0.1%>.17''°]dodec-3-
ene, 8-methyl-8-
cyclohexyloxycarbonyltetracyclo[4.4.0.1%°%. 17'1°]dodec-3-ene, 8-
methyl-8-(4"'-t-
butylcyclohexyloxy)carbonyltetracyclo[4.4.0.1%°.17"°1d0dec-3-
ene, 8-methyl-8-

phenoxycarbonyltetracyclo[4.4.0.1%°,17-1°

Jdodec-3-ene, 8-
methyl-8-
tetrahydrofuranyloxycarbonyltetracyclo[4.4.0.1%°.1"*°}Jdodec-3-
ene, 8-methyl-8-
tetrahydropyranyloxycarbonyltetracyclo[4.4.0.1%°.17:1%]-3-
dodecene, 8-methyl-8-acetoxytetracyclo[4.4.0.1%°.1"*°]dodec-3-
ene, 8,9-di(methoxycarbonyl)tetracyclo[4.4.0.1%°.1"-'°]dodec-3-
ene, 8,9-di(ethoxycarbonyl)tetracyclof4.4.0.1%°.17"'°]dodec-3-
ene, 8,9-di(n-propoxycarbonyl)tetracyclo[4.4.0.1%°.17''°]dodec-
3-ene, 8,9-di(i-

1%3.17*°1dodec-3-ene, 8,9-

propoxycarbonyl)tetracyclo[4.4.0.
di(n-butoxycarbonyl)tetracyclo[4.4.0.1%° 17''°]dodec-3-ene,
8,9-di(t-butoxycarbonyl)tetracyclo[4.4.0.1%°.17''°]dodec-3-ene,
8,9-di(cyclohexyloxycarbonyl)tetracyclo[4.4.0.1%°.17"1°]dodec-
3-ene, 8,9-

7,10

di(phenoxyloxycarbonyl)tetracyclo[4.4.0.1%°.17'*°]dodec-3-ene,



ene, 8,9-di(ethoxycarbonyl)tetracyclo[4.4.0.12'5.17-10] dodec-3- ene,

8, 9-di (n- propoxycarbonyl)tetracyclo[4.4.0.12'5. 17" 10] dodec- 3-ene, 8, 9-di (i
propoxycar bonyl )tetracyclo[4.4.0.12'5. 17, 10] dodec- 3-ene, 8, 9-

di (n- but oxycarbonyl )tetracycl o[ 4.4.0.12.1. 1" "' 10] dodec- 3- ene,
8,9-di(t-butoxycarbonyl)tetracycl0[4.4.q21%'5. 17, 10] dodec- 3- ene,

8, 9-di (cycl ohexyl oxycar bonyl )tetracycl o[4.4.0.12.5.17' 10] dodec- 3-ene, 8,9
di (phenoxyl gxycar bonyl )tetracyclo[4.4.0.12.5.1""'10] dodec-3-ene, 17 - 8,9

di (tetrahydrof uranyl oxycarbonyl )tetracyclo[4.4.0.12.5. 17" 10 ] -3-

o Goderank el oh TR U RRE SR UR IR 1R R ERARTAC O 100 Ao 10

tetracycl 0,12,5,17' 10] dodec- 3- ene- 8-car boxylic acid, 8-
nethyltetgééﬁéFng.ﬁfa.125. 17, 10] dodec- 3- ene- 8- car boxyl i c acid,

e e S gy AR iy d.0.17. -

WEthY'tet&a&¥e€&&4-é-9~%%i§a@%o§b@ﬁ@%@0§1@"¢178°]&&&aéiﬁﬁéﬁé?traCyC|0[4-4-0-
12,5 . 17,12 Jdodéc-38-ene, and 8- ethylidenetetracyclo[4.4.0" 12, 5. 17,

1001, 6] dodgeracgbsopd.uhe . 1PONQAMEP] oM 81 Dl il 28 L £4FBEXF] O Tadga, [§041]
Preferably, the cyclic olefin resin (A having an epoxy group used in the

present imeenylestracgsladdi.ii.on1tco)’ PPaydEE - 9iefe NOL BLFHERPE1 LY PE&cT@NOMET
represented by the
8-methyltetracyclo[4.4.0.1%°.17"'°]dodec-3-ene, 8-
ethyltetracyclo[4.4.0.1%°.17''°]dodec-3-ene, 8-
methyltetracyclo[4.4.0.1%°.0'®]dodec-3-ene, 8-
ethylidenetetracyclo[4.4.0.1%°.17"'*]dodec-3-ene, and 8-
ethylidenetetracyclo[4.4.0.1%°.17°'°0''®*]dodec-3-ene as the
monomer containing a tetracyclo ring.
[0041]

Preferably, the cyclic olefin resin (A) having an epoxy
group used in the present invention is an addition (co)
polymer of a norbornene type monomer represented by the
general formula (9),

[0042]

[Formula 6]

(9)

1
R F‘2 F*3|R4



‘genéral formula (9), [0042] [Formula 6] m tf RR2 R3 R4 18 - [0043]
wherein Xis 0, CH2 or (CH2)2; nis an integer of O to 5, mis an integer
of 10-to 10,000; Rl to R4 are specifically selected froma hydrogen atom
an al kyl group, an al kenyl group, an al kynyl group, an aryl group, an
aral kyl group, a functional group containing an ester group, a functional
group containing a ketone group, a fané®ional group containing an ether
group, and a functional group containing an epoxy group; Rl to R4 may be
differentlQ@43] repetition of a nononer; and at |east one of Rl to Rin al
the repeating units is the functional group having an epoxy group. [0044]
As the cydrekxein ofiks r@sifHy AT HEHAg: ah £HRY Erbegetises 0 kot he BrESent
i nvention, polyners represented by the fornyl ae 10) .and &11): 0045]
[Fornula.qq %q%%ge§mqﬁ]}0 to 10,000; R* to R® are specifically selected

from a hydrogen atom, an alkyl group, an alkenyl group, an

alkynyl group, an aryl group, an aralkyl group, a functional

group containing an ester group, a functional group containing

a ketone group, a functional group containing an ether group,

and a functional group containing an epoxy group; R' to R* may

be different in a repetition of a monomer; and at least one of

R! to R! in all the repeating units is the functional group

having an epoxy group.

[0044]

As the cyclic olefin resin (A) having an epoxy group used
in the present invention, polymers represented by the formulae

(10) and (11):

[0045]

[Formula 7]

(10)

are preferable in view of the polymer characteristic after

curing,



RRR RBR4 R RGR7 CH2 O CH2L\ are preferable in view of the pol yner
characteristic after curing, 19 - [0046] wherein mand n are an integer of
1 or nore; RL to R1 are each independently selected froma hydrogen atom
an al kyl group, an al kenyl group, an al kynyl group, an aryl group, an

aral kyl group, a functional group contgining an ester group, a functional
group contai ning a ketone group, and a nctional group containing an ether
group; and Rl to RL may be different in a repetition of a nononer, [0047]

[ Formul a é? Aph (11) O W2 RB R4 RS Rs R7 Rs RO R1I0 CH2 (CH-a \CH2 /O~
[00481 wherein 1, m n_are_an inte or nore.,p,is_An integer of
0to 5; Fﬂh?Beﬁ&OmaFﬁgeﬁcﬁanBBpéHégﬂng°§eFe8Fe8°rFro R atPyRir Geén %ﬂéﬁn an

al kyl groggdepenggﬁgg¥lsgi eedagrom a hydrogen atom, an alkyl group,
an alkenyl group, an alkynyl group, an aryl group, an aralkyl
group, a functional group containing an ester group, a
functional group containing a ketone group, and a functional
group containing an ether group; and R!' to R’ may be different
in a repetition of a monomer,

[0047]

[Formula 8]

(11)

[0048]

wherein 1, m and n are an integer of 1 or more; p is an
integer of 0 to 5; R' to R!° are each independently selected
from a hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an aryl group, an aralkyl group, a functional
group containing an ester group, a functional group containing
a ketone group, and a functional group containing an ether
group; and R' to R!® may be different in a repetition of a
monomer. As shown in the formula (11), the solubility to

polar solvents such as cyclopentanone and heptanone used as a



-al kynyl group, an aryl group, an aral kyl group, a functional group
containing an ester group, a functional group containing a ketone group,
and a functional group containing an ether group; and Rl to R10 nmay be
different in a repetition of a nononer. As shown in the fornula (11), the
solubility to polar solvents such as_cygl gpent anone and heptanone used as a
20 solvent for a negative type devel oping solution can be enhanced by

|t et g, 4 i 8 00 05, PEORTELE D LD 801 @' BLIYL oty Bl e

pol ynmer, and I nt roducti on age e pol yner has

excel | entopgiabh | b Yin tE 084 ndSthbenb¥Ebifiefb Shblohes iafMghayi ng an

epoxy group used ih the present Invention, a polyner represe by the

formul a  4d2ikyl O&SQJ? 1506 hé Pb1dhér(1dna £k intFBauét £6K naB! Such
desirable in view of the polyner characteristic after curing, [0051]
wher ei n lan NA@hsnfagé etREt | thE€JP61Phet RhsNBkEelleht! HpEANDIDity.
[0049]
As the cyclic olefin resin (A) having an epoxy group used
in the present invention, a polymer represented by the formula
(12):
[0050]

[Formula 9]

! m n
(12)
% ;

more desirable in view of the polymer characteristic after

QOO0
o

curing,

[0051]

wherein 1, m and n are an integer of 1 or more. A film having
low elastic modulus is obtained by introducing a monomer
having a desyl group. Also, a film excellent in low water
absorbency, chemical resistance and polar solvent solubility
is obtained by introducing a monomer having a phenylethyl
group.

[0052]



-l ow elastic nodulus is obtained by introducing a nononer having a desyl
group. Also, a filmexcellent in |ow water absorbency, chem cal resistance
and pol ar solvent solubility is obtained by introducing a nonomer having a
phenyl et hyl group. [0052] 21 The content of the nonomer having an epoxy
group in the copolyner can be determ_ngq hased on whether the copol ymer is
crosslinked by exposure and a crosslink ensity capable of enduring the

God ot o’y ai e htefi ot Bl clfol® qﬁ&%a%ﬁ“%%&%e@%a%ﬁiﬁo%a” e
pr3ferab'¥o§ﬁ1§ﬂe¥0cdh'Be &QEePﬂiM&Brba%Q MHEEhEPU% QbE gm§fh£§it5
excel l ent ‘physical characteristics suc ow wat er sor

W%, |owedhebechkba sw&ga&uféZaﬁa al Q%leﬂﬁﬁt aeﬁshe Scaﬁngelbf and
glass transition point to 400C). [0053] Although the cyclic olefin

resin (A)eﬂéﬁrﬂﬂgaﬂhépeéVelQﬁQHQ §§£Qti8ntﬂ§ 8begenkbdl NVeRd | b Gidk be
generally prepared by directly polynerizing nononers containing the epoxy

group i nhavimgeat! epokipegsaip pahyperusea he al satpoepar edtby9s moeghod for
i ntroduci ng an epoxy group into a side chain by a nodification reaction
after theppefgraeblgakdono &gamples ahd mbeenpdefeeabilgn3oeaot 7ong incl ude
known net hods such as a nethod for subjecting a unsaturated nononer
cont ai ni nghanpodpnay . grthe pal ynerf tthueshodb toad ived hextnib Bbhovex gl Yerer, a
method physical characteristics such as low water absorbency (<0.3

wt%), low dielectric constant (<2.6), low dielectric loss

(0.001), and glass transition point (170 to 400°C).

[0053]

Although the cyclic olefin resin (A) having an epoxy

group used in the present invention can be generally prepared

by directly polymerizing monomers containing the epoxy group

in a molecule, the same polymer can be also prepared by a

method for introducing an epoxy group into a side chain by a

modification reaction after the polymerization. Examples of

the modification reactions include known methods such as a

method for subjecting a unsaturated monomer containing an

epoxy group to graft reaction with the above polymer, a method

for reacting a reactive functional moiety of the above polymer

with a compound having an epoxy group, and a method for

directly epoxidizing the above polymer having a carbon-carbon

double bond in a molecule using an epoxidizing agent such as

peracid and hydroperoxide.

[0054]

The addition polymer of the cyclic olefin resin is

prepared by coordination polymerization or radical



.for reacting a reactive functional noiety of the above polynmer wth a
conpound having an epoxy group, and a nethod for directly epoxidizing the
above pol ymer having a carbon-carbon double bond in a nolecul e using an
epoxi di zi ng agent such as peracid and hydroperoxide. [0054] The addition
pol ymer of the cyclic olefin resin is. prepared by coordination

pol yneri zation or radical 22 polynerization due to a netal catalyst. O

these, |Mhdiie O GRIARE B0 RELZR! EL0a1fs PO W ILHSS ST SRAMGHE DY
e pres a

pol yneri Zi ng nmonomers 1n a solution int ence o transition netal

catal yst &AL BERQE fheflzadbinch péLyfolyIBToscherce:ppart B Pol yrer
Physics, Vol.37, 3003 to 3010 (1999)). [0055] Typical nickel and platinum

cat al yst pemyrhdiei MA@ mordthet ¥/ Si alS€61t €1 oM Nen CONE dbREsé B POF YAET i zati on
are disclosed in PCT WD 97/33198 and PCT WD 00/ 20472. Exanples of the

met al catetampé Stion mevd i et 4 Dyis PO{ NIEOLE ak | CROVEICé tIAL] . KnOWFnAEt &
catal ysts such as (tol uene)bis(perfluorophenyl)nickel,

(et hyl eresy bymépesdiemcopheayt )1 ckelymex belngeheg, Vol.37, 3003 to 3010
bi s(perfl uorophenyl)nickel, bis(tetrahydro)bis(perfluorophenyl)nickel,
bi s(et hyl ¥ %} k) bi s(perfl uorophenyl)ni ckel, and
bi s(di oxane) bi s(perfl uorophenyl ) ni ckel .

[0055]

Typical nickel and platinum catalysts as the metal
catalysts used for the coordination polymerization are
disclosed in PCT WO 97/33198 and PCT WO 00/20472. Examples of
the metal catalysts for coordination polymerization include
known metal catalysts such as
(toluene)bis(perfluorophenyl)nickel,
(methylene)bis(perfluorophenyl)nickel,
(benzene)bis(perfluorophenyl)nickel,
bis(tetrahydro)bis(perfluorophenyl)nickel,
bis(ethylacetate)bis(perfluorophenyl)nickel, and
bis(dioxane)bis(perfluorophenyl)nickel.

[0056]

Radical polymerization techniques are disclosed in
Encyclopedia of Polymer Science, John Wiley & Sons, 13, 708
(1988).

[0057]

In the radical polymerization, monomers are generally
reacted in a solution by raising the temperature of the
solution to 50°C to 150°C in the presence of a radical

initiator. Examples of the radical initiators include

azobis(isobutyronitrile) (AIBN), benzoyl peroxide, lauryl



[ 0056] Radi cal polymnerization techniques are disclosed in Encycl opedi a of
Pol ymer Science, John Wley & Sons, 13, 708 (1988). [0057] In the radical
pol yneri zati on, nononers are generally reacted in a solution by raising the
tenperature of the solution to 50Cto 150C in the presence of a radical
initiator. Exanples of the radical initiagtors include

azobi s(isobutyronitrile) (A BN), benzoyl “peroxide, lauryl 23 peroxide,

azobi skaptro nitrile zobis,isolero.nitrile _and.t-_butyl .hydrogen _peroxide.
0058] TRECPRME opBrRESRaPsRE: NS Tale- coEPPLTolBPLRLPLBLALE LS BPERE or by

ri ng-openjn o | ri.zing. | east one kind of norbornene type nononer
usi ng titéﬂ?ﬂ%1§%§g?§§§s#gﬁogéa Odunds as a catalyst by known ring-opening

ponnerizbegg nmet hods to produce a ring-opening (co)polymer, by
hydr ogenat I ng Ehe car bon-carbon doubl e bond in the ring-opening (co)pol yner

B ot ooy ASCSELR SR TR e SRS SpcpLoctety MELITRSSLE
above poLygpai-gal bNrexgl8pLhAfbULRNYELgMaER2EngOhYeNEasRNEnedk R bE
sol vents.” Exanpl es of theé hydrocarbon solvents 1nclude, but are not limted
to, pentapsrbbexene. tPpet ABRoABY using titanium and tungsten compounds
as a catalyst by known ring-opening polymerization methods to
produce a ring-opening (co)polymer, by hydrogenating the
carbon-carbon double bond in the ring-opening (co)polymer by a
usual hydrogenating method as necessary to produce a
thermoplastic saturated norbornene resin.
[0059]

Suitable polymerization solvents for the above
polymerization system include hydrocarbon solvents and
aromatic solvents. Examples of the hydrocarbon solvents
include, but are not limited to, pentane, hexane, heptane and
cyclohexane. Examples of the aromatic solvents, but are not
limited to, benzene, toluene, xylene and mesitylene. Diethyl
ether, tetrahydrofuran, ethyl acetate, ester, lactone, ketone
and amide can be also used. These solvents may be used singly
or in admixture as the polymerization solvent.

[0060]

The molecular weight of the cyclic olefin resin of the
present invention can be controlled by changing a ratio of an
initiator and monomer or changing polymerization time. When
the above metal catalyst for coordination polymerization is
used, the molecular weight can be controlled by using a chain

transfer catalyst as disclosed in U.S. Pat. No. 6, 136,499.



‘cycl ohexane. Exanples of the aromatic solvents, but are not limted to,
benzene, toluene, xylene and nesitylene. Diethyl ether, tetrahydrofuran,
et hyl acetate, ester, |lactone, ketone and am de can be al so used. These
solvents may be used singly or in adm xture as the pol ynerization sol vent.
[ 0060] The nol ecul ar wei ght of the cycgkc_olefin resin of the present
I nvention can be controlled by changing™a ratio of an initiator and nononer
or changiqglpolynerization tine. When _the above netal catal yst for

e

coord!nat¥ n Eﬁﬂ@?ﬁﬁ?%ﬁl??ﬁﬁ?%i°%s ﬂ?°%ﬁ§iﬁil%Eﬁma?sm%Fﬁﬁ%eE n be controlled
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136, 499. e preésent [nve a- ol efins ene,

propy! encey e DEKENEr 1ooEEEOR A0S ruBhO¥lRETyengpre  sultabl e Tor

controlling t ar wel g e present invention, the
wei ght aveg@ge; mol ecul ar weight is 10,000 to 500,000, preferably 30,000 to
100, 000, and nore preferably 50,000 to 80,000. The wei ght average

mol ecul ar vei g R gie JEBRAS WALV dIE] IR NRAIIAN avd¥LBRIRATARIYaK CGPC)
usi ng pol ynorbornene ‘as a standard (in reference to ASTMDS3536-91). Al

known conpeiigils 85 B0 pHed 086 So @E0Es 2t pFe £eRabBy Us€dooo The PHOL 0661 Jand
generator crosslinks the epoxy group and increases adhesiveness to a

substr at em@e€ op e fGri®ly heo , sOPSESUSO] 000! | Mthe Rl v pl es of the
phot oaci d

molecular weight can be measured by gel permeation
chromatography (GPC) using polynorbornene as a standard (in
reference to ASTMDS3536-91).

All known compounds as a photoacid generator can be used.
The photoacid generator crosslinks the epoxy group and
increases adhesiveness to a substrate according to the
subsequent curing. Preferable examples of the photoacid
generators include onium salts, halogen compounds, sulfonates
and the mixture thereof. Examples of the onium salts include
diazonium salts, ammonium salts, iodonium salts, sulfonium
salts, phosphonium salts, arsonium salts and oxonium salts.
As long as a compound can produce counter anions with the
above onium salts, the counter anions are not limited.
Examples of the counter anions include, but are not limited to,
boric acid, arsonium acid, phosphoric acid, antimonic acid,
sulfonate, carboxylic acid and chloride thereof. As the
photoacid generator of the onium salts, triphenylsulfonium
tetrafluoroborate, triphenylsulfonium tetrafluoroborate,
triphenylsulfonium tetrafluoroarsenate, triphenylsulfonium
tetrafluorophosphate, triphenylsulfonium pentafluorosulfate,

4-thiophenoxydiphenylsulfonium tetrafluoroborate, 4-



generators include oniumsalts, hal ogen conmpounds, sulfonates and the

m xture thereof. Exanples of the oniumsalts include diazoniumsalts,
ammoni um sal ts, iodoniumsalts, sulfonium salts, phosphonium salts,
arsonium salts and oxoniumsalts. As long as a conpound can produce counter
anions with the above oniumsalts, the counter anions are not limted.
Exanpl es of the counter anions include, 2but are not limted to, boric acid,
arsoni um aci d, phosphoric acid, antinonic acid, sulfonate, carboxylic acid
and chl orthilisopheneofdipisennksu bhom baw | Hex@ehtuetoanvimbhateni 4m sal t s,

tri phenyl sul fonium tetrafluoroborate, triphenylsul foniumtetrafluoroborate,
t ri phenyl shd dpiregnoxy @t plaéh yibs whf eeium chexaf phengassehate unt -

tetrafl uorophosphate, triphenyl sul foni um pentafl uorosulfate, 4-

t hi ophenodyibpitengx¥vdiphenyhsutfoniumoteoboatleordpiesphate, 4-

t hi ophenoxydi phenyl sul f oni um hexaf | uor oanti nonate, 4-
th|ophend@ﬂﬂﬁhﬁ#@*&@#?hﬁﬂ!ﬁﬁ¢k&%ﬁ1@mrb@;%b@%r@suhfonate 4-t-

thlophenoxydl henyl sul f oni um tetrafl| uor ophosphate, 4-

t hi ophendXy/ diphenvhselfoniwn obefy @@I°E°¥ate' 4-t-

butylphenyld| henyl sul fonium tetrafl uoroborate, 4-t-

but yI pherB ey ey L1 pash v wEsen | whr e¥at Hagkoarsenate, 4-t-

but yl phenyl di phen Isulfonlun1hexaf|uoroant|nDnate 4-1 -

but yl pherR\}i‘ ‘F]%?%‘H‘%rlb?)’lﬁ%%b‘ﬁ%%%tﬂwlﬁate 4-t-

23%%;F2ﬁ Id'iﬁﬁgﬁ#ﬁ%ﬁﬁﬁ%ﬁ?igyiéééﬁﬁﬁgﬁ%*gffgéfép ﬁ??%ﬁ%nyf)%ulfonlum

{ff;f‘z'_” YOO S Snytdd S dny TEAIWORIGIVEL PH L ORL ST PEXEL L UL oL pgnat e,
methylphenyl)sulfonium tetrafluoroborate, tris(4-
methylphenyl)sulfonium tetrafluoroborate, tris(4-
methylphenyl)sulfonium hexafluoroarsenate, tris(4-
methylphenyl)sulfonium hexafluorophosphate, tris(4-
methylphenyl)sulfonium hexafluorosulfonate, tris(4-
methoxyphenyl)sulfonium tetrafluoroborate, tris(4-
methylphenyl)sulfonium hexafluoroantimonate, tris(4-
methylphenyl)sulfonium hexafluorophosphonate, tris(4-
methylphenyl)sulfonium trifluorosulfonate, triphenyliodonium
tetrafluoroborate, triphenyliodonium hexafluoroantimonate,
triphenyliodonium hexafluoroarsenate, triphenyliodonium
hexafluorophosphonate, triphenyliodonium trifluorosulfonate,
3,3-dinitrodiphenyliodonium tetrafluoroborate, 3, 3-
dinitrodiphenyliodonium hexafluoroantimonate, 3,3~
dinitrodiphenyliodonium hexafluoroarsenate, 3,3-
dinitrodiphenyliodonium trifluorosulfonate, 4,4-
dinitrodiphenyliodonium tetrafluoroborate, 4,4-
dinitrodiphenyliodonium hexafluoroantimonate, 4,4-

dinitrodiphenyliodonium hexafluoroarsenate, and 4,4-



.met hyl phenyl ) sul f oni um hexaf | uor ophosphate, tris(4- nethyl phenyl)sul fonium
hexaf | uorosul fonate, tris(4- nmethoxyphenyl)sul foniumtetrafl uoroborate,
tris(4- methyl phenyl)sul foni um hexafl uoroantinonate, tris(4-

met hyl phenyl ) sul f oni um hexaf | uor ophosphonate, tris(4- mnethyl phenyl)sul foni um
trifluorosul fonate, triphenyliodonium t%trafluoroborate, tri phenyl i odoni um
hexaf | uor oant i nonat e, triphenyliodonruﬁlhéxafluoroarsenate,

tri phenyli odoni um hexaf| uorophosphonate, triphenyliodonium )

Lrif1 uor AT ErRALEheny bl odoRI WB  BRELYPT 0RBH SRA LRt PaY| ber Beef af tnoky 3.

di ni trodi phenyl i odoni um hexaf | uoroanti nonate, 3, 3- dinitrodi phenyliodonium
hexaf | uor r%%n%?@%xg?gg'dinitrodiphenyliodoniun1trif|uorosu|fonate, 4, 4-
dinitrodi@£e€¥LLodoniun1tetraf|uoroborate, 4, 4- dinitrodi phenyl i odoni um
hexaf | uor b3 nate, 4,4- dinitrodi phenyliodoni um hexafl uoroarsenate, and

Ly A I RS IR R B o2
01181 "BRMLTEAE, ENGuHie i ok heE1 ST 3T e e
2 o7bi o( b ol BrE Gt o e ny PrBage og: 12 TR R FTN oyl ene,
1’1’1_trigig(é&f%ﬁigﬁgﬁéfhyl)triazine, o,B.a-
tribromomethylphenylsulfone, a,a,2,3,5,6-hexachloroxylene,
2,2-bis(3,5-dibromo-4-hydroxyphenyl)-1,1,1,3,3,3-
hexafluoroxylene, 1,1,1-tris(3,5-dibromo-4-
hydroxyphenyl)ethane, and the mixture thereof.
[0063]

Examples of sulfonate photoacid generators include, but
are not limited to, 2-nitrobenzyl tosylate, 2,6-dinitrobenzyl
tosylate, 2, 4-dinitrobenzyl tosylate, 2-nitrobenzenemethyl
sulfonate, 2-nitrobenzyl acetate, 9,10-dimethoxy anthracene-2-
sulfonate, 1,2,3-tris(methane sulfonyloxy)benzene, 1,2,3-tris
(ethane sulfonyloxy)benzene, and 1,2,3-tris(propane
sulfonyloxy)benzene.

[0064]

Preferable examples of the photoacid generators include
4,4'-di- t-butylphenyl iodonium triflate, 4,4',4''-tris(t-
butylphenyl)sulphonium triflate; diphenyliodonium
tetrakis(pentafluorophenyl)borate;
triphenylsulfoniumdiphenyliodonium
tetrakis(pentafluorophenyl)borate; 4,4'-di-t-
butylphenyliodonium tetrakis(pentafluorophenyl)borate; tris(t-

butylphenyl)sulphonium tetrakis(pentafluorophenyl)borate,



hydr oxyphenyl ) et hane, and the m xture thereof. [0063] Exanples of sulfonate
phot oaci d generators include, but are not limted to, 2-nitrobenzyl

tosyl ate, 2,6-dinitrobenzyl tosylate, 2, 4-dinitrobenzyl tosylate,

2-ni trobenzenenet hyl sul fonate, 2-nitrobenzyl acetate, 9, 10-di nmethoxy

ant hracene- 2- sul fonate, 1,2,3-tris(netE?ne sul f onyl oxy) benzene, 1,2,3-tris
(et hane sul f onyl oxy) benzene, and 1, 2, 3-fli s(propane sul fonyl oxy)benzene.
[0064] Preferable exanples of the photoacid generators include 4,4 -di-

t - but yl phchyretieirheny 741 { hrrethylethyl) (phepyliofendWheny! ) sul phoni um
triflate;, di pheny)iodonium tetrakj ent af | uor opheny| ) bor at g;

tri phenyl%‘?ﬁf%?ﬁ%&ﬁﬁ’b’fﬁ##f?%?&h‘?@ﬁ %&?%ﬁd s?rb‘i.nﬁé? I’E%?%@bﬂ%n%?’é%?%t e;

4, 4" -di-t- é%flphenyliodoniun1tetrakis(pentaf|uorophenyl)borate; tris(t-
butylphen59§) phoni um t etraki s(pent af | uor ophenyl ) borate, 27 -

(4o ) PRt (o P RS RIS SRR apnegator o oo
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preferably 0.1 to 10 parts by weight.

[0066]

A sensitizer can be used for the cyclic olefin resin
composition of the present invention for higher
photosensitivity as necessary. The sensitizer can extend a
wavelength range capable of activating the photoacid generator,
and can be added in a range which has no direct influence on
the cross-linking reaction of the polymer. The optimal
sensitizer has the maximum light absorption coefficient near
the used light source and can pass the absorbed energy to the
photoacid generator efficiently. Examples of the sensitizers
for the photoacid generator include polycyclic aromatic
compounds such as anthracene, pyrene and parylene. Examples
thereof include 2-isopropyl-9H-thioxanthen-9-ene, 4-isopropyl-
9H-thioxanthen-9-one, 1l-chloro-4-propoxythioxanthene,
phenothiazine, and the mixture thereof. The mixed proportion
of the photoacid generator in the present invention is 0.1 to
10 parts by weight relative to 100 parts by weight of the
polymer, and more preferably 0.2 to 5 parts by weight. When
the light source has a long wavelength such as a g line
(436 nm) and an i line (365 nm), the sensitizer is effective

for activating the photoacid generator.



‘A sensitizer can be used for the cyclic olefin resin conposition of the
present invention for higher photosensitivity as necessary. The sensitizer
can extend a wavel ength range capable of activating the photoacid
generator, and can be added in a range which has no direct influence on
the cross-linking reaction of the polynsg._The optimal sensitizer has the
maxi mum | i ght absorption coefficient near the used |light source and can
pass the ﬂ@??ffed energy to the photoacid generator efficiently. Exanples
of the se ers for the photoacid generator include polycyclic aromatic

2 Bopropy! - S R b. ool 6 el R 107 aa i i bRy ' "
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m xed propor oacrd generator rnt resent invention is 0.1

to 10 p el ght o1 ty 1 by ' . of ymer, and
nor e pre%é@%?%lgfglgt%fS?ﬂﬁgr?ggﬁéﬂae?lg%?&{%ﬁ%h ?ﬁéeg%lgcﬁtsi%ﬁﬁ%e as a |ong
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is effective for activating the photoacid generator. 2% - [0067] The

resol uti oph&aphbeoChEAIERT bY¥asddbny FidpIUERNE dhe Ul shBriRGeT as
necessary into the cyclic olefin resin conposition of the present

i nventi onindhedeci BubCa¥eNgst 1aRELE8StEC] ASs8bbhdsafldt ehardoami hest - exposed
portion during the photochem cal reaction. Exanples of the acid scavengers
such as pyridine, lutidine, phenothiazine, tri-n-propyl amine
and triethyl amine. The mixed proportion of the acid
scavenger is 0.10 to 0.05 parts by weight relative to 100
parts by weight of the polymer.
[0068]

In the present invention, additive agents, such as a
leveling agent, an antioxidant, a fire retardant, a
plasticizer, a silane coupling agent and a filler can be added
as necessary into the resin composition containing the cyclic
olefin resin (A) having an epoxy group and the photoacid
generator (B).

[0069]

In the present invention, these components are dissolved
in a solvent and used in a varnish state. Examples of the
solvents include non-reactive and reactive solvents. The non-
reactive solvent acts as the career of the polymer or additive,
and is removed in the processes of the coating and curing.

The reactive solvent contains a reactive group having a
compatibility with the curing agent added into the resin
composition. Examples of non-reactive solvents include

hydrocarbon solvents and aromatic solvents. Examples of the



‘include, but are not limted to, a second and third am nes such as
pyridine, lutidine, phenothiazine, tri-n-propyl amne and triethyl am ne.
The m xed proportion of the acid scavenger is 0.10 to 0.05 parts by wei ght
relative to 100 parts by weight of the polymer. [0068] In the present

i nvention, additive agents, such as a_ égvgling agent, an antioxidant, a
fire retardant, a plasticizer, a silang&”coupling agent and a filler can be
added as necessary into the resin conposition containing the cyclic olefin
resin (APYERATRIREP SAMEYrDUGHIA? hPPhATRARAE Jg’e'WeF%@oFO(BalkT%esg] In
the present. i Wely! theﬁglconponents are dissolved in a soivent and used
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cycl ohexane and decahydr onaphthal ene.” Exanpl es of the aromatic sol vents

i ncl ude hepzRNG& tHH Usdtfp ot d € NG AN h FESHE ¥ iEend &E{We and a-pinene
oxide, aromatic cycloethers such as [methylenebis(4,1-
phenyleneoxymethylene) ]bis oxirane, alicyclic vinyl ether
compounds such as 1,4-cyclohexanedimethanoldivinyl ether, and
aromatic compounds such as bis(4-vinylphenyl) methane may be
used singly or in admixture. The reactive solvent is
preferably mesitylene and decahydronaphthalene. They are
optimal for coating resins on substrates made of silicon,
silicon oxide, silicon nitride and silicon oxynitride or the
like.

[0070]

The resin solid content of the resin composition used for
the present invention is 5 to 60% by weight. The resin solid
content is more preferably 30 to 55% by weight, and still more
preferably 35 to 45% by weight. The viscosity of the solution
is 10 to 25,000 cP, and preferably 100 to 3,000 cP.

[0071]

The resin composition used for the present invention is
prepared by simply mixing the cyclic norbornene resin having
an epoxy group, the photoacid generator, and as necessary, the
solvent, the sensitizer, the acid scavenger, the leveling

agent, the antioxidant, the fire retardant, the plasticizer,



-ether, tetrahydrofuran, anisole, acetate, ester, |actone, ketone and am de
are also useful. As the reactive solvents, cyclo ether conpounds such as
cycl ohexene oxi de and a-pi nene oxide, aromatic cycl oethers such as

[ met hyl enebi s(4, 1- phenyl eneoxynet hyl ene)] bi s oxirane, alicyclic vinyl ether
conpounds such as 1, 4-cycl ohexanedi net h %old|V|nyI ether, and aromatic
conpounds such as bIS(4 vi nyl phenyl) methane nay be used S|ngly or in

adm xture,, The.reactive oIvent e a nesity
decahydrdﬁﬁ%h?h%?%ﬁecoqg §n%r39e8§t?ﬁé Lﬁgrg %ﬁ?Fnﬁr tﬁ %agﬁ substr at es
made of St ggg silicon oxide, silicon nitride and silicon oxynitride or
the |ike. ? 0] The resin solid content of the resin conposition used for
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an epoxy ‘group, ot oaci d gener at or, as neces the solven the
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filler orctihengj keheré08%25ts a problem in that the resistance value is
increased.
[0073]

When the elastic modulus after curing of the resin
composition used for the present invention exceeds 2.0 GPa,
the stress of the resin itself causes the occurrence of cracks
in a chip or reduces the curing for easing external stress.
The elastic modulus of less than 0.1 GPa may cause the
occurrence of cracks in metal when a metal layer is formed on
an insulating layer. The elastic modulus is preferably
0.4 GPa to 1.0 GPa.

[0074]

When the dielectric constant after curing of the resin
composition used for the present invention is 2.6 or more, a
problem exists in that signal delay is caused. The dielectric
constant is preferably 2.6 or less, and more preferably 2.50
or less.

[0075]

A method for using the cyclic olefin resin composition
used for the present invention will be explained. First, the
resin composition is coated on an appropriate substrate, for

example, a silicon wafer, a ceramic substrate and an aluminum



.The cure tenperature of the resin conposition used for the present

i nvention is preferably 250C or less, and nore preferably 210C or |ess.
Since the cure tenperature exceeding 250C causes the sinultaneous

oxi di zation of copper wiring in curing, there exists a problemin that the
resi stance value is increased. [0073] _Wen the elastic nodulus after
curing of the resin conposition used 8t the present invention exceeds 2.0
GPa, the stress of the resin itself causes the occurrence of cracks in a

chip or reiREERENCTUFING IR - edS e medhed for coatinthe ters iareodul us
of less than 0.1 GPa may, cause the occurrence of cracks in netal when a
netal | ay@10 LIBRG NG A i SRINRT nFRERRECOTHENS | L3117 E FoRAE i s
preferably 0.4 GPa to 1,0 GPa.. [0074] en e dielectric,_constant after
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be used an X-ray, an electron beam, an ultraviolet light and a
visible light or the like. However, an actinic ray having a
wavelength of 200 to 700 nm is preferable.
[0076]

Baking is conducted after the irradiation of the actinic
ray. This step increases the reaction velocity of epoxy
cross-linkage. The baking conditions are set to 50 to 200°C
for about 5 to 60 minutes. The baking conditions are
preferably set to 100 to 150°C for about 10 to 40 minutes, and
more preferably 110 to 130°C for about 15 to 30 minutes.

[0077]

Then, the non-actinic ray-applied portion is dissolved
and removed with a developing solution to obtain a relief
pattern. Examples of the developing solutions include
hydrocarbon solvents such as alkane and cycloalkane e.g.,
pentane, hexane, heptane and cyclohexane, and aromatic
solvents such as toluene, mesitylene, xylene and mesitylene.
There can be used terpenes such as limonene, dipentene, pinene
and menthane, and there can be suitably used organic solvents
prepared by adding an appropriate amount of a surfactant to
the terpenes.

[0078]



substrate or the like. As the nethod for coating, there are spin coating
using a spinner, spray coating using a spray coater, inmersion, printing,
and roll coating or the like. Then, prebaking is conducted at 90 to 140C
for about 1 to 30 mnutes to dry the coating film after which an actinic
ray is applied in a desired pattern. A$ the actinic ray, there can be used
an X-ray, an electron beam an uItraV|o Bt “light and a visible light or the
| i ke. However, an actinic ra havi n wavel ength of 200 to 700 nmis
preferabl e. [6@76113 B&H‘ﬁ‘& OTc G ee§'f‘3t el t’ﬂ‘?@nisr 1SAEPa @S0 FPERVIRG .act i ni c

ray. This step increases the reaction VE|OCIH% %@S%%L cross-1linkage. The
baki ng cARdionsiMieF San PSR LFRREC MRVaRFutt ko 1 mAke The

baki dit f bl t 100.to 150C f bout 1 t 40
mnut s, EHAR e Tk At en SRR EY gie mefs‘)I:os""s%l“qﬁ t eds
Wth 3 oo gty Tl i ¢ JS%%IIE' 15Ty ey o SécéiFV%ﬁFé' ReRt e o
with a de ‘e a e
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anount of a surfactant to the terpene
resistance.

[0079]

Next, the semiconductor device of the present invention
will be explained referring to the accompanying drawings.
Figure 1 is an enlarged sectional view of a pad portion of a
semiconductor device having a bump, of the present invention.
As shown in Figure 1, an Al pad 2 for input and output is
formed on a silicon wafer 1; thereon is formed a passivation
film 3; and a via hole is formed in the passivation f£ilm 3.
Thereon is formed a polynorbornene resin film (a buffer coat
film) 4. Furthermore, a metal (e.g. Cr or Ti) f£ilm 5 is
formed so as to contact with the Al pad 2. The metal film 5
is removed by etching, in the vicinity of a solder bump 10 to
secure insulation between pads. A barrier metal 8 and a
solder bump 10 are formed for the insulated pad. Since the
norbornene resin is excellent in low stress properties and the
warpage of the wafer is small, the exposure and the conveyance
of the wafer can be performed with high accuracy. Since the
stress from the sealing resin can be eased also in mounting,
the damage of a Low k layer can be prevented, and thereby the

semiconductor device having high reliability can be provided.



"[00781 32 As the nethod for devel opnent, a neans such as spraying, paddle,
I rer.sion and ultrasonic wave or the like is usable. Then, the relief
pattern fornmed by devel opnent is rinsed. As the rinsing liquid, alcohol is
used. Then, a heat treatnment is applied at 50 to 200C to renove the

devel oping solution and the rinsing Lig ?Id, and the curing of the epoxy
group is conpleted to obtain a final tern havi ng high heat resistance.
[00791 Next, the sem conductor device of the present invention will be

expl ai ned referring to the acconpanying drawings. Figure 1 is an enlarged
sectional1¥ a pad portion of a sem conductor device having a bunp, of
the presen ventlon As shown in Figure 1, an Al pad 2 for input and

output is cﬁéﬁ d on a silicon wafer 1; thereon is fornmed a passivation
film3; and a via hole is formed in the passivation film3. Thereon is

formed a pol yRgIDeyig ¢ vedlda (& @Héﬁff&aﬂy fdddBr ihed HGF B €

nmetal (e.g. C or Ti) film5is fornedso as to contact wth the Al “pad 2
The neteuw59I@@5ExaﬁpI@§pved by etching, in the vicinity of a solder bump 10
to secure insulation between pads. A barrier netal 8 and a solder bunp 10

are fonnxhiémpiémq}rgyﬁgﬁ@ghgagf b gfet he norbornene resin is excellent
in |ow stress properties and the warpage of the wafer is small, the

exposure and tTe sC @ReeEARS 6 1 10fs et e fee re ol yare o oA -ar esk V8 tdediiighe -

accuracy. Since the
norbornene (hereinafter, referred to as "decyl norbornene")/5-
[(2,3-epoxypropoxy)methyl]-2-norbornene (hereinafter, referred
to as "glycidyl methyl ether norbornene”) = 50/50.
[0081]

All glasswares were dried at 60°C under a 0.1 torr vacuum

for 18 hours. The glasswares were then transferred into a
glovebox and attached to the glovebox. After ethyl acetate
(917 g)., cyclohexane (917 g), decyl norbornene (137 g, 0.585
mol), and glycidyl methyl ether norbornene (105 g, 0.585 mol)
were added into a reaction flask, the reaction flask was
removed from the glovebox, and dry nitrogen gas was introduced
into the reaction flask. The reaction medium was degassed by
passing a stream of nitrogen gas through the solution for 30
minutes. Inside the glovebox, 9.36 g (19.5 mmol) of a nickel
catalyst, i.e., bis(toluene)bis(perfluorophenyl) nickel, was
dissolved in 15 ml of toluene, taken up in a 25 mL syringe,
removed from the glovebox and added into the reaction flask.
The reaction was completed by stirring the solution at 20°C
for 5 hours. Next, a peracetic acid solution (975 mmol) was
added, and the solution was stirred for 18 hours. Stirring

was stopped and water and solvent layers were allowed to



"stress fromthe sealing resin can be eased also in nounting, the damage of
a Low k |l ayer can be prevented, and thereby the sem conductor device having
high reliability can be provided. 33 - Exanples [0080] The present
invention is specifically described below by way of Exanples. <Exanple 1>
Synt hesis of Polynmer This exanple illusgBrates a copolynmer (A-1) of
5-decyl - 2- norbornene (hereinafter, referred to as "decyl norbornene")/5-

[ (2, 3- eposepedexy) mifehydted NAHVRAT RRIRE rdiRRINANE, Tiefef rgd to as
"glycidyl nethyl ether norbornene"”) = 50/50. [0081] Al glasswares were
dried at &drinned wafed was rad@edlMTHeOlsollf i wasl et ighasd Wwgres wer e t hen
transferred into a glovebox and attached to the gl ovebox. After ethyl

acetate Z0Imimitesyc|Theexamten AbFey) wadepdrmicartedt tensegphiaty dhdd@as nol ),
and gl ycidyl nethyl ether norbornene (105 g, 0.585 nmol) were added into a
reacti on féraskedt hd@heeardshowifthadk Migder rodfimeldest iflrlerd twastegt oweebox, and dry
nitrogen gas was introduced into the reaction flask. The reaction nedi um
was degaspexifoymepasstogah of r2abinés ni thodgmermamas Hharglpadwimidlattadon f or
30 mnutes. Inside the glovebox, 9.36 g (19.5 nmol) of a nickel catalyst,
i .e., bi Y ord@dihblon sipee fmeithaphbny Afteckdle sedsid diclymlerewas 15 ml  of
tol uene, taken up in a 25 nL syringe, renoved fromthe glovebox and added
i nto the FeeRYeredfhyskiltration and sufficiently washed with water,

the so0lid polymer was dried under vacuum. 222 g of dry

polymer (94% conversion) was recovered after drying. Polymer

molecular weight by GPC Mw=114,000 Mn=47,000, monodispersity

(PDI)=2.42. Tg by DMA=180°C. Polymer composition by H-NMR 48

mole % decyl norbornene: 52 mole % epoxy norbornene.

<Example 2> Synthesis of Polymer

This example illustrates a copolymer (A-2) of decyl
norbornene/glycidyl methyl ether norbornene = 70/30.
[0082]
All glasswares were dried at 60°C under a 0.1 torr vacuum

for 18 hours. The glasswares were then transferred into a

glovebox and attached to the glovebox. After ethyl acetate

(917 g), cyclohexane (917 g), decyl norbornene (192 g, 0.82

mol), and glycidyl methyl ether norbornene (62 g, 0.35 mol)

were added to a reaction flask, the reaction flask was removed

from the glovebox, and dry nitrogen gas was introduced into

the reaction flask. The reaction medium was degassed by

passing a stream of nitrogen gas through the solution for 30

minutes. Inside the glovebox, 9.36 g (19.5 mmol) of a nickel

catalyst, i.e., bis(toluene)bis(perfluorophenyl) nickel, was

dissolved in 15 ml of toluene, taken up in a 25 mL syringe,



"The reaction was conpleted by stirring the solution at 20C for 5 hours.
Next, a peracetic acid solution (975 mol) was added, and the sol ution was
stirred for 18 hours. Stirring was stopped and water and sol vent | ayers
were allowed to 34 separate. The water |ayer was renmoved and 1 |iter of
distilled water was added. The solutiani3sas stirred for 20 m nutes. The
wat er | ayer was permtted to separate and was renoved. The wash with 1

liter of FéﬁBbéheérﬁﬁt%ﬁe“@iov@ﬁ&&oéﬁﬁdaadéﬁtihtgftﬁetkgﬁétlgﬂl¥ﬁ85kwa5 then
precipitated by addition into nethanol. After the solid polyner was

recover edpRy £e5&£ﬁahoaaaneoﬁﬁiéteaeeglgtm@§ﬁﬁe WhihsWahehon hhexeatid

pol ymer was dried under vacuum 222 g of dry polynmer (94% conversion) was
recover edfatt srhéuysng. N&ot y e rper@teeit adci@i §bhiubiosPO® Mvddd PGlas

Vh=47, 000, nonodi spersity (PDl)=2.42. Tg by DVMA=180C. Pol yner conposition
by H NVR d8dedp! anéo dheykohathonngas: sb2rreleférepexioneshorsenerimdgxanpl e
2> Synthesis of Polynmer This exanple illustrates a copolyner (A-2) of decyl
nor bor neneagl gytopgpednahflyivateheandosbavennelayéts3®ere[ AQ&2Wwedl togl asswar es
were dried at 60C under a 0.1 torr vacuum for 18 hours. The gl asswares were
t hen transéparatei ntthe watewecbagenwasittendreed tand he i oeebok. After ethyl
acetate (917 g), cyclohexane (917 g), decyl norbornene (192 g, 0.82 nol),
and gl yci dybtidiag| wataer wasr bddadne T2 s0l0tHBon Mphy shiereeddbtied to a
reaction flask, the reaction flask was renoved

20 minutes. The water layer was permitted to separate and was

removed. The wash with 1 liter of distilled water was

performed a total of 3 times. Polymer was then precipitated

by addition into methanol. After the so0lid polymer was

recovered by filtration and sufficiently washed with water,

the solid polymer was dried under vacuum. 243 g of dry

polymer (96% conversion) was recovered after drying. Polymer

molecular weight by GPC Mw=115,366 Mn=47,000, monodispersity

(PDI)=2.43. Polymer composition by H-NMR 70 mole % decyl

norbornene: 30 mole % epoxy norbornene.

{Example 3> Synthesis of Polymer

This example illustrates a copolymer (A-3) of decyl
norbornene/glycidyl methyl ether norbornene = 40/60.
[0083]
All glasswares were dried at 60°C under a 0.1 torr vacuum

for 18 hours. The glasswares were then transferred into a

glovebox and attached to the glovebox. After ethyl acetate

(917 g), cyclohexane (917 g), decyl norbornene (29.43 g, 0.144

mol), and glycidyl methyl ether norbornene (16.6 g, 0.212 mol)

were added to a reaction flask, the reaction flask was removed

from the glovebox, and dry nitrogen gas was introduced into



fromthe gl ovebox, and dry nitrogen gas was introduced into the reaction
flask. The reaction nedi um was degassed by passing a stream of nitrogen gas
through the solution for 30 mnutes. Inside the glovebox, 9.36 g (19.5
mmol ) of a nickel ~catalyst, i.e., bis(toluene)bis(perfluorophenyl) nickel,
was dissolved in 15 m of toluene, takgg up in a 25 nL syringe, 35 renoved
fromthe gl ovebox and added into the reaction flask. The reaction was

com eLedy il dhimicol thioncabiAlt plih DAY Spolitha Byperocel e

acid solutio the Solution s stirred for 18

h . Styadd t dt
cpar a1 SRR L B A o RN R e

separate.” The water |ayer was renoved and 1 |iter

added. The sAlnHied Wahside’ t8d GAbvEBoX NYLES. TS WAl GohgyeE WeS
permtted to separate and was renoved. fhée wash with 1 liter of distilled

wat er wasidkif et wst ot al e of Bi&i(ﬁBiueHQbMﬂE(pé@ﬁlﬁBEBpHéﬁ‘}igi hakrdl, by
addition into nethanol. After the solid polyner was recovered by filtration

and suf f ivsise@ilgsolasdted Vit mMaifertolddife SAldkb Ay B avao ORIl ety
vacuum 243 g of dry polyner (96% conversion) was recovered after drying.
Pol ymer renoaad @roseitdid diyovdoxMuemld it vty , ¥, reautoidi s (Fl 8K .Y
(PDI')=2.43. Polyner conposition by HNVR 70 nol e % decyl norbornene: 30

mol e % efTowey reaAdidoIeMas dondT e B byBytihasirg afhdPadoaetiohist ectapl e

illustrates a copolyner (A-3) of decyl norbornene/glycidyl nethyl ether

nor bor nef®xr=- Y4Wycd®;,. Next, 180 g of ion-exchange resin Amberlite
IRC-718 was added, and the solution was stirred for 5 hours.
After the solution was filtered, polymer was then precipitated
by addition into methanol. After the solid polymer was
recovered by filtration and sufficiently washed with water,
the solid polymer was dried under vacuum. 74 g of dry polymer
(92.5% conversion) was recovered after drying. Polymer
molecular weight by GPC Mw=164,941 Mn=59,454, monodispersity
(PDI)=2.77.
<Example 4>
Production of Photosensitive Resin composition

After 228 g of the resin synthesized in Example 1 was

dissolved in 342 g of mesitylene, 4-methylphenyl-4-(1-
methylethyl) phenyliodonium tetrakis(pentafluorophenyl) borate
(0.2757 g, 2. 71 x 107" mol), 1l-chloro-4-propoxy-9H-
thioxanthone (0.826 g, 2. 71 x 107* mol), phenothiazine (0.054
g, 2.71 x 10™* mol), and 3,5-di-t-butyl-4-hydroxyhydrocinnamate
(0.1378 g, 2.60 x 10™* mol) were added thereto, and dissolved.
The resulting solution was filtered through a 0.2 um fluoro-

resin filter to obtain a photosensitive resin composition.



[0083] Al glasswares were dried at 60C under a 0.1 torr vacuum for 18
hours. The gl asswares were then transferred into a gl ovebox and attached to
t he gl ovebox. After ethyl acetate (917 g), cycl ohexane (917 g), decyl

nor bornene (29.43 g, 0.144 nol), and glycidyl nethyl ether norbornene (16.6
g, 0.212 nol) were added to a reactiongflask, the reaction flask was
renmoved fromthe glovebox, and dry nitrogen gas was introduced into 36 the

reaction S The reaci.ion, medi was degassed by passing a stream of
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ni trogen rou fiutes. I nside the gl ovebox, 1.59
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recovered by filtration and sufficien shed wth water,” the solid

pol ymer vegspTidd@th UNDgHt VAE W00 n(d/ &m0t hHoagholay Pyt 1 132 dedngpaer si on) was
recovered after drying. Polynmer nolecular weight by GPC Mv=164, 941

Mh=59, 454 - T ts Sep it texpd $hte ~NSR- 4 £ Nth&ndPar0eeE th P Nfon
Phot osensitive Resin conposition
Corporation). The coating film was then heated in order to
promote the cross-linking reaction of a light-exposed portion
at 115°C for 15 minutes by the hot plate.
[0084]

Then, the resulting material was immersed in limonene for
60 seconds to dissolve and remove a non-light-exposed portion,
and rinsed with isopropyl alcohol for 20 seconds. As a result,
the formation of a pattern could be observed. The residual
film ratio (film thickness after development/film thickness
before development) was very high at 99.6%. In the remaining
pattern, detailed pattern peeling was not observed at all, and
excellent adhesiveness during the development could be
observed. The pattern was then cured at 200°C for 60 minutes,
and the cross-linking reaction was completed.

[0085]

After a photosensitive resin composition was
independently coated on a silicon wafer (thickness: 625 um) of
6 inches similarly and prebaked, the photosensitive resin
composition was cured by heating at 200°C for 60 minutes. The
measured warpage of the wafer was 28 um. Also, the water

absorption of this cured film was 0.2%.



After 228 g of the resin synthesized in Exanple 1 was dissolved in 342 g of
nesi tyl ene, 4-nethyl phenyl-4-(1- nethylethyl) phenyliodoni um

t et raki s(pent af | uor ophenyl ) borate (0.2757 g, 2. 71 x 10-4 nol),

1- chl or o- 4- propoxy-9H t hi oxant hone (0.826 g, 2. 71 x 10-4 nol),
phenot hi azine (0.054 g, 2.71 x 10-4 gngé,_and

3,5-di -t-butyl -4-hydroxyhydroci nnanat e 0.1378 g, 2.60 x 10-4 nol) were
added thq&gﬁo and dissolved. The resulting solution was filtered through a
0.2 pmfl Qﬁlresin filter to obtain a photosensitive resin conposition. 37
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(manuf actured kon  Corporation e coatling en heated in
order to 5dd@fcd ReiH O | ¢ N 840 & i®on of a light-exposed portion at
115C for 15 i nut esh'gly t he Emt p‘* ate.g?%'fm] Then, the resulting material
was i merggggin | inonene for 60 seconds to dissolve and renove a

non-1i ght-exposed portion, and rinsed with isopropyl alcohol for 20

seconds. As aNetUl tthe M UrIdRIrINY HethdAldrethe Adnti haRagved. The
residual filmratio (filmthickness after devel opnent/fil mthickness

bef ore devaliopadvyin@stewatédebe Pp&Ikadd $HLudiBe NbHdthe present

invention will be explained. Then, as shown in Figure 2C, a
wiring metal film was formed by plating. Then, as shown in
Figure 2D, the photosensitive resin composition was coated and
a pattern (an insulating film) 7 was formed via
photolithography. Then, as shown in Figure 3B, a barrier
metal 8 and a solder 10 were deposited in this order, by
plating. Then, as shown in Figure 4A, a flux 11 was coated
and the solder 10 was melted by heating. Then, the flux 11
was removed by washing, to form a solder bump 12 as shown in
Figure 4B, and dicing was conducted along a scribing line to
obtain individual chips.
<Example 6>

Preparation was made in the same manner as in Example 4
and evaluation was made in the same manner as in Example 5
except that the resin synthesized in Example 1 was replaced by
228 g of the resin synthesized in Example 2. The results are
shown in Table 1.
<Example 7>

Preparation was made in the same manner as in Example 4

and evaluation was made in the same manner as in Example 5



pattern, detailed pattern peeling was not observed at all, and excellent
adhesi veness during the devel opnent could be observed. The pattern was then
cured at 200C for 60 nminutes, and the cross-linking reaction was conpl et ed.
[0085] After a photosensitive resin conposition was independently coated
on a silicon wafer (thickness: 625 m) _ofg 6 inches simlarly and prebaked,

t he photosensitive resin conposition wasS cured by heating at 200C for 60

' . Th f Lh fer, 28 I h
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in accorQaﬁﬁ%ﬂqﬂf&;ﬁf&(&§481 was 2.5. [0087] Next, the manufacturing

met hod of the sem conductor device having the wafer |evel package structure
of the pregsefhpid nyention will be explained. Then, as shown in Figure 2C a
wiring netal filmwas fornmed by plating. Then, as shown in Figure 2D, the

phot osensi ti VevAsidt IR e Was 1RatRhaithnrePad &) Hxdihgsy ating
film 7 was forned via photolithography. Then, as shown in Figure 3B, a
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in Example 6. The results are shown in Table 1.
{Example 9>

Evaluation was made in the same manner as in Example 6
except that the curing conditions were changed to 160°C for
60 minutes in Example 6. The results are shown in Table 1.
<{Example 10>

Evaluation was made in the same manner as in Example 6
except that the curing conditions were changed to 260°C for
60 minutes in Example 6. The results are shown in Table 1.
{Comparative Example 1>

A flip chip similar to that of Example 1 was produced by
using a non-photosensitive polyimide resin, CRC-6061
(manufactured by Sumitomo Bakelite Co., Ltd.). Coating was
made, by using a spin coater, on a wafer wherein a via hole
had been formed in a passivation film using a resist. Then,
drying was conducted on a hot plate at 140°C for 4 minutes to
form a coating film having a thickness of about 10 um.

Thereon was coated a positive resist, OFPR-800 (manufactured
by Tokyo Ohka Kogyo Co., Ltd.) by using a spin coater,
followed by drying on a hot plate at 100°C for 2 minutes to

obtain a coating film having a thickness of about 2 pm. To

this coating film was applied a light at 400 mJ/cm’ through a



and the solder 10 was nelted by heating. Then, the flux 11 was renoved by
washing, to forma solder bunp 12 as shown in Figure 4B, and dicing was
conducted along a scribing line to obtain individual chips. <Exanple 6>
Preparati on was made in the same nmanner as in Exanple 4 and eval uation was
made in the same nmanner as in Exanple_545except that the resin synthesized
in Exanple 1 was replaced by 228 g of tﬂe resin synthesized in Exanple 2.

The resulia Alfe SPONLAD JoPLede SRABMRL e fio RLEDANG Of s 10 the

sane nmanner as I n and eva S nade 1Tn e Sanme nmanner as

I n Exarrplﬁne'fht acwg&)tt?@mkéﬁ]ecﬁé\f]ﬁ%%r%i zed in Exanple 1 was repl aced

by 228 g o e resin esl ze e 3. The results are shown in
Tabl e 1. | e 8> Eval uation was made in the sane manner as in Exanple 6
except that the filmthickness after coating was set to 20 pm in Exanple 6.

The results angeshowhd Fekl@ny mdRed e wis Bdldiidonmas g in the

sanme manner as in Exanple 6 except that the curing conditions were changed

to 160C ffuedifs Ndith &fe iy Fxaiiph Burf - hyldio% 284! 51 @ Lot ey 60 débdead -
<Exanpl e 10> Eval uation was nmade in the sanme manner as in Exanple 6
to dissolve and remove the light-exposed portion, and was
rinsed with pure water for 30 seconds.
[0089]

Then, the resulting material was subjected to curing in a
clean oven under nitrogen atmosphere at 150°C for 30 minutes
and at 350°C for 30 minutes. The water absorption of the cured
film was 1.5%. Thus, the cured film has a high water
absorption of 1.5% and is inferior in reliability.

[0090]

After a photosensitive resin composition was
independently coated on a silicon wafer (thickness: 625 um) of
6 inches similarly and prebaked, the photosensitive resin
composition was cured by heating at 350°C for 30 minutes. The
measured warpage of the wafer was 35 um. The dielectric
constant of this cured film was 3.5.

{Comparative Example 2>

Evaluation was made in the same manner as in Example 1
except that the curing conditions were changed to 150°C for 30
minutes and 280°C for 30 minutes under nitrogen atmosphere in
Example 1. Since the ring closure reaction was insufficient
at 280°C, cracks appeared in the buffer coat film after the
formation of a bump.

[0091]



except that the curing conditions were changed to 260C for 60 mnutes in
Exanple 6. The results are shown in Table 1. <Conparative Exanple 1> Aflip
chip simlar to that of Exanple 1 was produced by using a
non- phot osensitive polyimde resin, CRC 6061 (rmanufactured by Sumtono
Bakelite Co., Ltd.). Coating was nade, Qy using a spin coater, on a wafer
wherein a via hole had been forned in & passi vation filmusing a resist.
Then, drying was conducted on a hot plate at_ 140C for 4 mnutes to forma
coating film N nFE 4 Khal2 D boiitsS 157 i XaMPks 2 oA halsORBaE L %e
positive esis% OFPR- 800 nanu%ac urfd by Tokyo Ohka Kogyo Co., Ltd.) by
using a S%Fﬁmﬁ afefr® FRPFBWED B§P4fying on a hot plate at 100C for 2
m nut es tf %gggain a coating filmhaving a thickness of about 2 M To this
coating f P s applied a light at 400 miJ/cnR2 through a 40 reticle by
using a gg%%gffgggpper exposure, NSR-1505G3A (rmanufactured by N kon

nj.

Cor porati 8] Then, the resulting material was imersed in a 2.38%
aqueous tﬁggﬁge?hylannoniun1hydroxide solution for 60 seconds to dissolve
and renove the Tight-exposed portion, and was rinsed with pure water for 30
seconds. ([0089]| Then, the resulftilng natéut%ﬂg\Miﬁl&ﬁb}@CDE@hdqmrmur'g} Lma
cl ean oven undgrPoayhedgeneat NSphkressaf CABOCI o MQubnnYt @snstand angagf)C for
30 mnutgs. The water absorptionped the (ECumech) (Gpa) (%)

Ex. 5 A-1 10 200/60 0.60 2.5 7

Ex. 6 A-2 10 200/60 0.45 2.5 5

Ex. 7 A-3 10 200/60 0.80 2.6 9

Ex. 8 A-2 20 200/60 0.45 2.5 5

Ex. 9 A-2 10 160/60 0.45 2.5 5

com. CRC-6061 10 350/30 3.00 3.5 35

Ex. 1

com. CRC-6061 10 280/30 2.80 3.8 30

Ex. 2

INDUSTRIAL APPLICABILITY
[0093]

The present invention is used suitably for a resin-sealed
semiconductor device having a lead on chip structure which 1is
excellent in low stress properties, solvent resistance, low
water absorbency, electric insulation properties and

adhesiveness or the like.



filmwas 1.5% Thus, the cured filmhas a high water absorption of 1.5% and
isinferior inreliability. [0090] After a photosensitive resin conposition
was i ndependently coated on a silicon wafer (thickness: 625 pun) of 6
inches simlarly and prebaked, the photosensitive resin conposition was
cured by heating at 350C for 30 m nutesygp The neasured warpage of the wafer
was 35 pun. The dielectric constant of this cured filmwas 3.5.
<Conparative Exanple 2> Eval uation wag Amfe in the same manner as in Exanple
1 except that the curing conditions were changed to 150C for 30 m nutes
and 280C for 30 m nutes under nitrogen atnosphere in Exanple 1. Since the
ring closure reaction was insufficient at 280C, cracks appeared in the

buf f t L fil : i . ) 1} - .41 | t f
meacur ement & i n Bedonreeidugt e akyRerhat BT, vl heyed pachlape 1o ©
0092 Tahl J i E | el ect ] Pal bor nene
%hickLesg C%ﬁiﬁﬁﬁﬁf%%%ﬁmﬁgﬁ%%ggfgﬂi f&%3?“4%#3§¥§%$%§ﬁfﬁi§f¥?gg MPa) EX.
S5 A1 10 20@9@@f@-@ﬁé%f§ fesin (A) having an epoxy group and a
photoacid generator (B), Where;n the resin layer has an

elastic modulus after curing of 0.1 GPa or more but no

more than 2.0 GPa.

2, A semiconductor device -according to claim 1, having
a wafer level package structure comprising a resin layer

having a dielectric constant of 2.6 or less.

3. A semiconductor device according to claim 1 or 2,
having a wafer level package.- structure comprising a resin
layer composed of a resin composition which is curable at

250°C or less.

4. The semiconductor device according to any one of
claims 1 to 3, wherein the cyclic olefin resin (A) having
an epoxy group contains a repeating unit represented by

the formula (1):



Ex. 6 A-2 10 200/60 0.45 2.5 5 Ex. 7 A-3 10 200/60 0.80 2.6 9 Ex. 8 A-2 20
200/60 0.45 2.5 5 Ex. 9 A-2 10 160/60 0.45 2.5 5 Com Ex. 1 CRC-6061 10
350/30 3.00 3.5 35 Com CRC-6061 10 280/30 2.80 3.8 30 Ex. 2 I NDUSTRI AL
APPLI CABI LITY [0093] The present invention is used suitably for a
resin-sealed sem conductor device havipg a | ead on chip structure which is
excellent in |ow stress properties, solvent resistance, |low water
absorbency, electric insulation properties and adhesiveness or the like. 42
- CLAIMS 1. i coffduct or device having a wafer |evel package structure
conposed of onposi tion containing a cyclic olefin resin (A having
an epoxy grou phot oaci d generator (B), wherein the resin | ayer has
an elastic A ter curing of 0.1 GPa or nore but no nore than 2.0
GPa. 2. A sem or device according to claiml1, having a wafer |evel
package structure Ccnprising1y resin layer having a dielectric constant of
2.6 or |ess. A seN conductor device according to claiml1 or 2, having a
waf er | evel ructure conprising a resin

wherein X is O, CH; or (CH;),; n is an integer of 0 to 5;
R' to R! are each independently selected from a hydrogen
atom, an alkyl group, an alkenyl group, an alkynyl group,
an aryl group, an aralkyl group, a functional group
containing an ester group, a functional group containing
a ketone group, a functional group containing an ether
group, and a functional group containing an epoxy group;
R! to R* may be different in a repetition of a monomer;
and at least one of R! to R* in all the repeating units

is the functional group having an epoxy group.

5. The semiconductor device according to any one of
claims 1 to 4, wherein the cyclic olefin resin (A) having
an epoxy group contains repeating units represented by

the formulae (2) and (3):



| ayer conposed of a resin conposition which is curable at 250C or |ess. 4.
The sem conduct or device according to any one of <clains 1 to 3, wherein the
cyclic olefin resin (A having an epoxy group contains a repeating unit
represented by the formula (1): 43 - X ~1) n Rl R2 R 3R 4 wherein X is 0,
CH2 or (CH2)2; nis an integer of O to4; -RL to R4 are each independently
selected froma hydrogen atom an al kyl group, an al kenyl group, an al kynyl
group, an aryl an aral kyl group, a functiqnal group containing an
ester group, ¥ onal group containi ng~a ketofe group, a functiona
group cont ai ni group, and a fun |/ group containing an epoxy
group; Rl to in a repe of a nononer; and at
| east one of R)repeati ng is the fun(3)i onal group
e according to any one of
ving an epoxy group
e (2) and (3): 44 (2)

clains 1 toR, Sidthe cyclic olefin gg&iln (A
cont ai ns repeaﬁi i'ts represented by theR%rR

g
(3) RV2R R4 R5 P

0
o
\CHz,@

wherein R!' to R’ are each independently selected from a
hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an aryl group, an aralkyl group, a
functional group containing an ester group, a functional
group containing a ketone group, and a functional group
containing an ether group; and R' to R’ may be different

in a repetition of a monomer.

6. The semiconductor device according to any one of
claims 1 to 5, wherein the cyclic olefin resin (A) having
an epoxy group contains repeating units represented by

the formulae (4), (5) and (6):

() (5) (6)
R1 R2 R3 R’ RB R® R1o
i
o
o
\CHz“A

wherein n is an integer of 0 to 5; R' to R' are each

independently selected from a hydrogen atom, an alkyl



CH2 00 \CH2 wherein R to R7 are each independently selected froma
hydr ogen atom an al kyl group, an al kenyl group, an al kynyl group, an aryl
group, an aral kyl group, a functional group containing an ester group, a
functional group containing a ketone group, and a functional group
containing an ether group; and Rl to R74gay be different in a repetition of
a nononer. 6. The sem conductor device according to any one of <clains 1 to
5, wherein gheupychhCalbkehyDd gesup, (A ABXYAYL §PoePPXadngapyp §864p| NS
repeating units represented by the fornulae (4), (5 and (6): (4) (5) (6)
R~ R2 R3 R &b &YaReyR6gFROuRl (a Ean¢ €i2nal Gyt cohtakning as astent eger of
O0to 5 Rl to R10 are each independently selected froma hydrogen atom an
al kyl 45 ggoonpp, aa flkehybngl ogpoupncankyiygingrauketaneagybugr oapd an
aral kyl group, a functional group containing an ester group, a functional
group cont aa nfugchiaradbngrgupuegontbaiiningf ancetbenl ggewpp amdt&}nkng an et her
group; and R_.to R o may be different in a repetition of a nononer.

R'® may be different in a repetition of a monomer.

7. The semiconductor device according to claim 1 or 2,
wherein the cyclic olefin resin (A) having an epoxy group

contains a repeating unit represented by the formula (7):

/f

(7)

R1

R2 R3 R4

wherein Y is O, CH, or (CH;).; Z is -CH;-CH,- or -CH=CH-;
1 is an integer of 0 to 5; R' to R* are each
independently selected from a hydrogen atom, an alkyl
group, an alkenyl group, an alkynyl group, an aryl group,
an aralkyl group, a functional group containing an ester
group, a functional group containing a ketone group, a
functional group containing an ether group, and a
functional group containing an epoxy group; R! to R* may
be different in a repetition of a monomer; and at least
one of R' to R* in all the repeating units has the epoxy

group.



7. The semiconductor device according to claim1 or 2, wherein the cyclic
olefin resin (A having an epoxy group contains a repeating unit
represented by the fornula (7): 2Z/~ (7)) R R2 R3 R4 wherein Y is 0, CH2 or
(CH2)2; Zis -CHzZ-CH2- or -CH=CH; 1 is an integer of 0 to 5; RLto R4 are
each independently selected froma hydmwogen atom an al kyl group, an

al kenyl group, an al kynyl group, an aryl group, an aralkyl group, a

functi onal g1 oUpCAAbeLREAGs PVESLEL:n OkOMR0s Tt URCLERRELNIRGUR cONt i Ning 2

ket one group, a nctronal group contarnihg an ethér group, ~a

functional gieuR LOTERUN HSAR QRYX KAt anRbiky gy i ¢ fferent in a

repetition of a nononer; and at |east one of to™”4 in all the repeating

units has theoeRatid GeddRatdd (&) AwBiehopeaviildese SRS u@ARQS i | on ,
containing a cyclic olefin resin (A) having an epoxy group and a photoacid

generator (Besithiiayel Ruvdey aht @MaG4hicNthoduli@Sidr loaeicpaavmamaoa el astic
nmodul us of 0.1 GPa or nore but no nore than 2.0 GPa, wherein the cyclic

ol efin resi but(Ab MdteNEhah SNOXGPH,Owhet@indithe TycAARADIREiMNidesin
represented by the formula (1): X (1) n
(A) having an epoxy group contains a repeating unit

represented by the formula (1):

(1)

n

1
R |22 |23|R4

wherein X is 0, CH; or (CH,;),; n is an integer of 0 to 5;
R’ to R! are each independently selected from a hydrogen
atom, an alkyl group, an alkenyl group, an alkynyl group,
an aryl group, an aralkyl group, a functional group
containing an ester group, a functional group containing
a ketone group, a functional group containing an ether
group, and a functional group containing an epoxy group;
R' to R! may be different in a repetition of a monomer;
and at least one of R' to R* in all the repeating units

is the functional group having an epoxy group.



Rl R2 R3 R4 wherein Xis 0, CH2 or (CH2)2; nis an integer of 0 to 5, Rl to
R4 are each independently selected froma hydrogen atom an al kyl group, an
al kenyl group, an al kynyl group, an aryl group, an aral kyl group, a
functional group containing an ester group, a functional group containing

a ketone group, a functional group conyugi ni ng an ether group, and a
functional group containing an epoxy group; Rl to R4 may be different in a
repetition of a pononer; and at |least one of Rl to R4 in all the repeating
units is tfe fuﬁc??%ﬁ%fe@?bﬁbvﬁay?ﬁbnaﬂo%56§§t§96u60097d199 Bo
photosen5|t| e.resin c ﬁgOSItI n accgrdlng claln1i erein the cyclic
ol efin reS|ﬁ gAm AV|W§ fing 58y CYFSLF ﬁf&Pn§eFéﬁe @ﬁnggﬁﬁpﬁsapepresented
by the fornul ae V2R" R6R 7 / Q\ CH2
wherei n Ri EBORY éFéueaSHﬁ%‘aé% RGBRPRga Bt ad TFRGREE CAHPYg SHeat om an
al kyl group Ike rau an al kynyl group, an aryl group, an aralkyl
group, a fﬁ%ploﬁgl?égou 4 gﬁ?a|n|ng an ester group, a functional group
contai ning a ketone group, and a functional group

(2) 3)

1 4
R R3 R R5 RG R7

wherein R' to R’ are each independently selected from a
hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an aryl group, an aralkyl group, a
functional group containing an ester group, a functional
group containing a ketone group, and a functional group
containing an ether group; and R' to R’ may be different

in a repetition of a monomer.

10. A photosensitive resin composition according to
claim 8, wherein the cyclic olefin resin (A) having an
epoxy group contains repeating units represented by the

formulae (4), (5) and (6):



containing an ether group; and R to R7 may be different in a repetition of
a nononer. 10. A photosensitive resin conposition according to claimS8,
wherein the cyclic olefin resin (A having an epoxy group contains
repeating units represented by the fornulae (4), (5 and (6): 48 (4) (5)
(6) | R2RM\B R4 RS R6 R7T RB RO Ro CH2gCH n O CH2L\ wherein nis an
integer of 0 to 5; RlL to R10 are each independently selected froma

hydr ogen aton1 an aIkyI group, an al kenyl group, an alkynyl group, an aryl
group, an ars NQi an ester group, a
functional gr .ontalnlng a ke ‘ jroup, and a onal group
cont ai ni ng an in ? repetition
of a nonomer. 6)

R1 R3 RG R7 RB RQ R1°
?Hz (CHY ,
0
\ (o)
CHz'A

wherein n is an integer of 0 to 5; R! to R' are each
independently selected from a hydrogen atom, an alkyl
group, an alkenyl group, an alkynyl group, an aryl group,
an aralkyl group, a functional group containing an ester
group, a functional group containing a ketone group, and
a functional group containing an ether group; and R' to

R'? may be different in a repetition of a monomer.





