- 1 - Specification SEM CONDUCTOR WAFER AND SEM CONDUCTOR DEVI CE  TECHNI CAL
FI ELD [ 0001] The present invention relates to a sem conductor wafer using
a resin conposition which is excellent in |ow stress properties and
adhesion or the like, and to a sem conductor device produced using the

sem conduct or waf er. BACKGROUND ART [0002] A polyimnde resin having
excel l ent heat resistance, electrical- preperties, nechanical properties or
the like has been used for a surface protective filmand interlayer
insulating filmof a sem conduct ogpRl-aFaat ildanever,

SEMICONDUCTOR WAFER AND SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a semiconductor wafer
using a resin composition which is excellent in low stress
properties and adhesion or the like, and to a semiconductor

device produced using the semiconductor wafer.

BACKGROUND ART
[0002]

A polyimide resin having excellent heat resistance,
electrical properties, mechanical properties or the like has
been used for a surface protective film and interlayer
insulating f£ilm of a semiconductor element. However,
improvement of properties such as thermal cycle resistance and
thermal shock resistance has been required due to high
integration and growth in size of the semiconductor element,
thickness reduction and miniaturization of an encapsulation
resin package, and shift to surface mounting by solder reflow
in recent years, and a polyimide resin having higher
performance has been required.

[0003]

On the other hand, attention has been focused on a

technique for imparting photosensitivity to the polyimide

resin itself. Examples of photosensitive polyimide resins



| mprovenent of properties such as thermal cycle resistance and thermal
shock resi stance has been required due to high integration and growh in
size of the sem conductor elenent, thickness reduction and mniaturization
of an encapsul ation resin package, and shift to surface nmounting by sol der
reflow in recent years, and a polyinide resin having higher perfornmance
has been required. [0003] On the other hand, attention has been focused on
a technique for inparting photosensitivity to the polyimde resin itself.
Exanpl es ixichindd osmesréeprvesented nbylethesfotléwingcformudae(B8¢present ed by
the followng fornula (8). [0004] [Formula 1]

[0004]
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[0005]

The use thereof allows simplification of a part of a
pattern producing process, resulting in shorteniﬁg the process.
However, since solvents such as N-methyl-2-pyrrolidone are
required for the development, there are problems in safety and
handling. Consequently, a positive photosensitive resin
developable in an alkaline water solution has been recently
developed. For example, a positive photosensitive resin
composed of a polybenzoxazole precursor and a diazoguinone
compound has been disclosed (for example, see patent document
1). This has high heat resistance, excellent electrical
properties and fine processability, and has a possibility not
only as a resin for wafer coat but also as a resin for

interlayer insulation. Referring to the development mechanism



1111 0CCO(;MCH2 OCCCH2 CH3 ~R1 HHCH3 H2C=CCO0-CH2 CH2 O-C
C-NR12-N 11 11 OO0 0O (Rh: R12: [0005] The use thereof allows
sinplification of a part of a pattern producing process, resulting in
shortening the process. However, since solvents such as

N-net hyl - 2-pyrrolidone are required for the devel opnment, there are probl ens
in safety and handling. Consequently,- & positive photosensitive resin

devel opabl e in an al kaline water solution has been recently devel oped. For

exanpl e, of pbdist ipos iicted phrdids ens irtdisien resdmosee 6fi e qupd il oxazol e
precursor and a di azoqui none conpound has been di sclosed (for exanple, see
pat ent deompeund of a non-exposure part is insoluble in the alkaline
water solution. The chemical reaction of the diazoquinone
compound is caused by exposure, and thereby the diazoquinone
compound becomes soluble in the alkaline water solution. The
coat pattern of only the non-exposure part can be produced by
using a difference between solubility in the exposure part and
that in the non-exposure part.
[0006]

When these photosensitive resins are actually used for
products, the adhesion between the photosensitive resin and
encapsulation resin becomes important. Since these mainly act
as a permanent protective film for interlayer insulation, and
exist between the circuit element and the encapsulation resin,
poor adhesion of the photosensitive resin and encapsulation
resin causes a problem in the generation of peelings at the
interface, resulting in a lack of practicality.

[0007]

In recent years, growth in size and thickness reduction
of a wafer has been particularly advanced, and 300 mm wafers
have been used. When a conventional photosensitive resin is
used, bending is often generated in the large wafers, and
there exists a problem in that wafers are broken in a process
for grinding a backside of the wafers to make them thinner.
Therefore, means for solving such problems has been required.

Patent Document 1: Japanese Patent Publication No. 1-

46862 B



1). This has high heat resistance, excellent electrical properties and fine
processability, and has a possibility not only as a resin for wafer coat
but also as a resin for interlayer insulation. Referring to the devel opnment
mechanism- 3 of this positive photosensitive resin, the diazoquinone
conpound of a non-exposure part is insoluble in the alkaline water

solution. The chem cal reaction of the di azoqui nhone conpound is caused by
exposure, and thereby the diazoqui none conpound becones soluble in the

al kal i ne yedetoSURRItOONTHE hEeNvEXPEtopat t ern of only the non-exposure part can
be produced by wusing a difference between solubility in the exposure part

and thatprOBIEMS TO)-BXSGLVED part. [0006] Wen these photosensitive resins
are actually used for

[0008]

The present invention provides a semiconductor wafer

using a cyclic olefin resin composition excellent in low

stress and adhesion properties, which has low residual stress

resulting in suppression of breakage of the semiconductor

wafer in a process for grinding the backside of the

semiconductor wafer to make them thinner and which has low

residual stress. Also, the present invention provides a

highly reliable semiconductor device produced using the

semiconductor wafer.

MEASURES FOR SOLVING THE PROBLEMS
[0009]

The present inventors have made extensive investigations
into means of suppression of wafer breakage in a process for
thinning the wafer, when preparing wafers having larger
diameter and more reduced thickness. As a result, the present
inventors have found that the bending of a wafer causing a
wafer breakage arises from a large difference in thermal
expansion coefficient between an Si wafer and a photosensitive
resin, and a wafer breakage in thinning the wafer can be
suppressed by controlling the residual stress of the resin
composition. Consequently, the present invention has been
completed.
fo010]

The present invention provides a semiconductor wafer in



products, the adhesion between the photosensitive resin and encapsul ation
resin becones inportant. Since these mainly act as a pernanent protective
filmfor interlayer insulation, and exist between the circuit el enent and
t he encapsul ation resin, poor adhesion of the photosensitive resin and
encapsul ation resin causes a problemin the generation of peelings at the
interface, resulting in a |l ack of praCTi%a]ity. [0007] In recent years,
growh in size and thickness reduction of a wafer has been particularly
advanced,whikgh F00vafenieeakagrecerering et avRFeesdnbent thhaning a
photosensitive resin is wused, bending is often generated in the |arge

waf ers, MREeX hkt SuBRLERSSed pr SMTIhem et ther Aresant FIBI&It 9P a process
for grinding a_backside of the wafers to nake themthi nner. Therefore,

means f orPEVIA¢T U prpirRnduct peeteYEeRi vetng the suppressed

semiconductor wafer and a semiconductor chip prepared by
dicing the semiconductor wafer, and having high reliability.
{0011]

That is, according to an aspect of the present invention,
there is provided a semiconductor wafer comprising a resin
layer composed of a resin composition comprising a cyclic
olefin resin (A) having an epoxy group and a photoacid
generator (B), wherein the resin layer is formed on a circuit
element forming surface, and the residual stress of the resin
layer after curing is 1 to 20 MPa.

[0012]

In an aspect of the present invention, the cyclic olefin
resin may be a polynorbornene resin. For example, the cyclic
olefin resin having an epoxy group containing a repeating unit
represented by the formula (1):

[0013]

[Formula 2]

M

n

1
R2 R3 R4

[0014]

wherein X is O, CH; or (CH,),; n is an integer of 0 to 5; R! to
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DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED [0008] The present

i nvention provides a sem conductor wafer using a cyclic olefin resin
conposition excellent in low stress and adhesion properties, which has | ow
residual stress resulting in suppressiaon of breakage of the sem conductor
wafer in a process for grinding the backside of the seniconductor wafer to
make them,thi nner and ich has | ow _resi stre Al so, the present

i nvent i orR| pPE¢i &€ "\H] i lvamed %c t% ngﬂ%eé’ R P usi ng

the Sen‘%_legégug@ 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,

may be used as the cyclic olefin resin.

[0015]

In another aspect of the present invention, the cyclic
olefin resin (A) having an epoxy group may be a cyclic olefin
resin containing repeating units represented by the formulae
(2) and (3):

[0016]

[Formula 3]

) (3)

R® RS R’

[0017]
wherein R! to R’ are each independently selected from a

hydrogen atom, an alkyl group, an alkenyl group, an alkynyl



MEASURES FOR SCOLVI NG THE PROBLEMS [0009] The present inventors have nade
extensive investigations into nmeans of suppression of wafer breakage in a
process for thinning the wafer, when preparing wafers having | arger

di aneter and nore reduced thickness. As a result, the present inventors
have found that the bending of a wafer ﬁausing a wafer breakage arises from
a large difference in thermal expansion Coefficient between an Si wafer and

a photosensitive resin, and a wafer breakage in thinning the wafer can be
suppr ess@F WP .c ARt AFVL FFMR A Pkl (HQUR & HAIRSHRak oFFIR ti on.

Consequently, the present invention h been onpl eted. [0010] The present
Cvent| o RTINS T8 Gt JERAE b dang ronal JEcup contatning 2

ketone group, and a functional group containing an ether
group; and R' to R’ may be different in a repetition of a
monomer.

{o018]

In another aspect of the present invention, the cyclic
olefin resin (A) having an epoxy group may be a cyclic olefin
resin containing repeating units represented by the formulae
(4), (5) and (6):

[0019]

[Formula 4]

@) (®) (6)

7
?Hz (CHy) .
0
\ 0O
[0020]

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.

{0021]



- 5 which a wafer breakage occurring in a process for thinning a wafer is
suppressed. Furthernore, the present invention provides a thin

sem conduct or device using the suppressed senm conductor wafer and a

sem conductor chip prepared by dicing the sem conductor wafer, and having
high reliability. [0011] That is, according to an aspect of the present

I nvention, there is provided a sem conduct or waf er conprising a resin

| ayer conposed of a resin conposition conprising a cyclic olefin resin (A)
havi ng an epoXp ghetpean@sRestodadihe PFesendt dnvemtiamhertdien q¥rl¥esin

| ayer is formed on a circuit  element form ng surface, and the residual
stress ofokefdln g@sin |eMayfing aneRRKY IBOUR) MAY Nk 2 [erabjc olefin

resin containing a repeating unit represented by the formula
(7):
[0022]

[Formula 5]
v

7)

R2 RS R4

[0023]

wherein Y is O, CH, or (CH,;)2; 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.

[0024]

In the present invention, the thickness of the
semiconductor wafer is not particularly limited. However, in
an aspect of the present invention, the thickness of the
semiconductor wafer is, for example, 10 to 200 pm, preferably

20 to 150 um and more preferably 30 to 100 pm.



In an aspect of the present invention, the cyclic olefin resin may be a
pol ynor bornene resin. For exanple, the cyclic olefin resin having an epoxy
group containing a repeating unit represented by the forrmula (1): [0013]
[Formula 2] X X ~1) n t RR2Z R3 R4 [0014] wherein Xis 0, CH or
(CH2)2; nis aninteger of 0 to 5 R to - 6 R are each independently
sel ected froma hydrogen atom an -9 -
[0025]
According to another aspect of the present invention,
there is provided a semiconductor chip prepared by dicing the
semiconductor wafer.
[0026]
According to another aspect of the present invention,

there is also provided a semiconductor device prepared using

the semiconductor chip.

EFFECTS OF THE INVENTION
[0027]

The present invention can provide a semiconductor wafer
using the cyclic olefin resin composition excellent in low
stress properties and adhesion or the like in which the wafer
breakage in a process for thinning the semiconductor wafer is
suppressed and which has low residual stress. The present
invention can also provide a semiconductor device using the

semiconductor wafer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

Figure 1 shows a portion used for calculating curvature

radius.

DESCRIPTION OF THE SYMBOLS
[0029]

1 A wafer having a surface on which a resin layer is formed



al kyl

group, a functional group containing an ester group, a functional group
contai ning a ketone group, a functional group containing an ether group,
a functional group containing an epoxy group; R to R4 may be different
a repetition of a nononer; and at |least one of RLto RA in all the

repeating units is the functional

as the cyclic olefin resin. [0015] In another aspect of the present
i nvent i orBESThéeMQDE IEQR CARRYING QUT THE HNMVENEBIGM epoxy group nmay be a

cyclic olefin

(2) and (3939b016]

A semiconductor wafer of the present invention comprises
a resin layer composed of a resin composition comprising a
cyclic olefin resin (A) having an epoxy group and a photoacid
generator (B), wherein the resin layer arranged on a surface
on which a circuit element is formed, and the residual stress
of the resin layer after curing being 1 to 20 MPa. The value
exceeding 20 MPa causes the bending of a silicon wafer in a
process for thinning the semiconductor wafer, which causes the
breakage. The residual stress in the present invention is 1
to 20 MPa. For example, the residual stress is 1 to 15 MPa,
and preferably 1 to 10 MPa. The residual stress can be
calculated from the curvature radius.

[0031]

General examples of cyclic olefin monomers used in the
present invention include monocyclic compounds such as
cyclohexene and cyclooctene, and polycyclic compounds such as
norbornene, norbornadiene, dicyclopentadiene,
dihydrodicyclopentadiene, tetracyclododecene,
tricyclopentadiene, dihydrotricyclopentadiene,
tetracyclopentadiene and dihydrotetracyclopentadiene.
Substituted compounds prepared by introducing functional
groups to these monomers can be also used.

[0032]

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

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

and
in

grouplflavi ng an epoxy group, nmay be used

resin containing repeating units represented by the fornul ae



[Formula 3] (2) (3) RLRR . RI R4 RS R6 R H2 CH2 [0017] wherein Rl to R7
are each independently selected froma hydrogen atom an al kyl group, an

al kenyl group, an alkynyl - 7 group, an aryl group, an aral kyl group, a
functional group containing an ester group, a functional group containing a
ket one group, and a functional group containing an ether group; and Rl to
R7 may be different in a repetition of &1 mononer.

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 oa-olefins, and
hydrogenated 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.

[0033]

Examples of the addition polymers of the cyclic olefin
resins include polynorbornene type monomers, that is, (1)
addition (co)polymers of norbornene type monomers prepared by
addition-(co)polymerizing the norbornene type monomers, (2)
addition copolymers of the norbornene type monomers and
ethylene or o-olefins, and (3) addition copolymers of the
norbornene type monomers, nonconjugated dienes and, as
necessary, other monomers. These resins can be prepared by
all the known polymerization methods.

[0034]

Examples of the ring-opening polymers of the cyclic
olefin resins include a polynorbornene resin. Specific
examples thereof include (4) ring-opening (co)polymers of the
norbornene type monomers and resins prepared by hydrogenating

the (co)polymer as necessary; (5) ring-opening copolymers of



[0018] I n another aspect of the present invention, the cyclic olefin resin
(A) having an epoxy group may be a cyclic olefin resin containing repeating
units represented by the forrmulae (4), (5) and (6): [0019] [Forrmula 4] (4)
(5 () RIR RBRRARR RERT RO RO Ro H2 (CH2) n OCH20O | [0020]
wherein n is an integer of O to 5 R to R10 are each independently
sel ected froma hydrogen atom an alkyllﬁrbup,

the norbornene type monomer and ethylene or a-olefins, and

resins prepared by hydrogenating 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.

[0035]

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.

[0036]

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
modification reaction after the polymerization. Examples of
the modification reactions include known methods such as a
method for subjecting an 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.

[0037]

The addition polymer of the cyclic olefin resin is



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

ket one group, and a functional group containing an ether group; and Rl to
R10 may be different in a repetition of a nononer. [0021] - 8 |In another
aspect of the present invention, the cyclic olefin resin (A having an
epoxy group may be a cyclic olefin resih tontaining a repeating unit
represen;ggp2¥eghgyfggggh%nagg%h %%gg%LrigE%&ggl%I5La%g;a37)
polymerization due to a metal catalyst. Of these, in the
coordination polymerization, a polymer is prepared by
polymerizing monomers in a solution in the presence of a
transition metal catalyst (NiCOLE R. GROVE et al. Journal of
Polymer Science: part B, Polymer Physics, Vol. 37, 3003 to
3010 (1999)).
[0038]

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,
(mesitylene)bis(perfluorophenyl)nickel,
(benzene)bis(perfluorophenyl)nickel,
bis(tetrahydro)bis(perfluorophenyl)nickel,
bis(ethylacetate)bis(perfluorophenyl)nickel, and
bis(dioxane)bis(perfluorophenyl)nickel.

[0039]

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

[0040]

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



R R2 R3 R4 [0023] wherein Yis 0, CH2 or (CH2)2; Zis -CH2-CH2 or -CH=CH;
1is an integer of O 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 containing
an ether group, and a functional grouplfontaining an epoxy group; R to R4
may be different in a repetition of a nonomer; and at |east one of Rl to

R4 in al lazdids@mahutiramiteilek (ABNboBergarh. P§OTRide . | FauREL present
i nvention, the thickness of the seniconductor wafer_is not particularly
limted HaReKide. jarobus dapfdionit e br azahis hamterenitnele hiahdess  of
the t-butyl hydrogen peroxide.

[0041]

The ring-opening polymer of the cyclic olefin resin is
prepared by ring-opening (co)polymerizing at least one kind of
norbornene type monomer using a titanium and tungsten
compounds as a catalyst by known ring-opening polymerization
methods to produce a ring-opening (co)polymer, followed 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.

[0042]

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, esters, lactones,
ketones and amides can be also used. These solvents may be
used singly or in admixture as the polymerization solvent.
[0043]

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



sem conductor wafer is, for exanple, 10 to 200 pm preferably 20 to 150 pm
and nore preferably 30 to 100 pm 9 - 002 51 According to anot her aspect of
the present invention, there is provided a sem conductor chip prepared by
dicing the sem conductor wafer. [0026] According to another aspect of the
present invention, there is also proyiggd a sem conductor device prepared
using the sem conductor chip. EFFECTS OF THE I NVENTION [0027] The present

[ nvent | 0N, £a0 ROV ilE) G PEI GG Bad A codtdM di G L g Ok ehnduf esi n

conposition excelTe
transfer catalyst as disclosed in U.S. Pat. No. 6,136,499. 1In

the present invention, a-olefins such as ethylene, propylene,
l-hexane, l-decene and 4-methyl-l-pentene are suitable for
controlling the molecular weight.

[0044]

In the present invention, the weight average molecular
weight is 10,000 to 500,000, preferably 30,000 to 100,000, and
more preferably 50,000 to 80,000. The weight average
molecular weight can be measured by gel permeation
chromatography (GPC) using polynorbornene as a standard (in
reference to ASTMDS3536-91).

As the cyclic olefin monomer used for producing the
cyclic olefin resin having an epoxy group used in the present
invention, the norbornene type monomer represented by the
formula (9) is preferable,

[0045]

{Formula 6]

(9)

1
R R2 R3 R4

[0046]
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,



stress properties and adhesion or the like in which the wafer breakage in a
process for thinning the sem conductor wafer is suppressed and whi ch has
| ow residual stress. The present invention can also provide a sem conductor
device using the sem conductor wafer. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0028] Figure 1 shows a portion used for calculating curvature radius.
DESCRI PTI ON OF THE SYMBOLS [0029] 1 A wafer having a surface on which a
resin layer is formed - 10 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0030]
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.

[0047]

Specific examples of the alkyl groups include methyl,
ethyl, propyl, isopropyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, dodecyl, cyclopentyl, cyclohexyl and cyclooctyl
groups. Examples of the alkenyl groups include vinyl, allyl,
butynyl and cyclohexyl groups. Examples of the alkynyl groups
include ethynyl, l-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.

[0048]

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.

[0049]
Examples of the cyclic olefin monomers used for producing

the cyclic olefin resin used in the present invention include



A sem conductor wafer of the present invention conprises a resin |ayer
conposed of a resin conposition conprising a cyclic olefin resin (A) having
an epoxy group and a photoacid generator (B), wherein the resin |ayer
arranged on a surface on which a circuit elenent is forned, and the
residual stress of the resin layer after curing being 1 to 20 MPa. The
val ue exceedi ng 20 MPa causes the bendlhg-of a silicon wafer in a process
for thinning the sem conductor wafer, which causes the breakage. The
resi dual Sstmeddwy 1i+2 nerhomrsa e, iSneditylorR inorbonnen®), MPprdnyl-ekanpl e, the
residual stress is 1 to 15 MPa, and preferably 1 to 10 MPa. The residual
stress caeipernegieculSattatt ¥dnndrbameng ure petils- 2 {rogqrnenser al
exanpl es of cyclic olefin nmononers used in the present invention include
monocycl i hesddodrdehpimene . S-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,
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-(l-methyl-3-butenyl)-2-
norbornene, 5-(5-hexenyl)-2-norbornene, 5-(l-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—n6rbornene, 5-
phenethyl-2-norbornene, 5-pentafluorophenylmethyl-2-norbornene,
5-(2-pentafluorophenylethyl)-2-norbornene, 5-(3-
pentafluorophenylpropyl)-2-norbornene as the monomer having an
aralkyl group; dimethylbis((5-norbornene-2-yl)methoxy)silane,

5-trimethoxysilyl-2-norbornene, 5-triethoxysilyl-2-norbornene,

5-(2-trimethoxysilylethyl)-2-norbornene, 5-(2-



cycl ohexene and cycl ooctene, and pol ycyclic conpounds such as norbornene,
nor bor nadi ene, dicycl opentadi ene, di hydrodicycl opent adi ene,

tetracycl ododecene, tricyclopentadi ene, dihydrotricycl opentadi ene,
tetracycl opent adi ene and di hydrotetracycl opent adi ene. Substituted conpounds
prepared by introducing functional groups to these nononers can be al so
used. [0032] Exanples of the cyclic olefin resins used in the present

pol yrror | SRTFRHSFOR LGB0 4 AU Ia Am S Hods - 11 such asrandom

R e R Ry e N AT

nnnoners&%%%&%&gge' and 5-trimethylsilylmethylether-2-norbornene as
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
(meth)acrylate, 5-norbornene-2-n-propyl (meth)acrylate,
5-norbornene-2-i-butyl (meth)acrylate, 5-norbornene-2-i-propyl
(meth)acrylate, 5-norbornene-2-hexyl (meth)acrylate,
5-norbornene-2-octyl (meth)acrylate, and 5-norbornene-2-decyl
(meth)acrylate; as the monomer having a hydroxyl group, an

ether group, a carboxyl group, an ester group, an acrylyl



nononers capabl e of being copol ynerized such as a-ol efins, and hydrogenated
conpounds of these copol yners. These cyclic olefin resins can be produced
by the known pol yneri zation nethods, and the exanples of the polynerization
met hods include an addition polynerization nmethod and a ring-opening

pol ymeri zati on nmethod. O these, polyneig prepared by

addi tion-(co)pol yneri zi ng the nor bor neng”nononers are preferable. However,

the present invention is not_limted therefo in an 0033 anpl es
of the a&FQ‘?R)rP%o?%’?%a%?YW%l cYePrR: offeﬁ r"é%‘?%@?‘g%‘?%ﬂ h‘}ﬁﬁ;r $or nene
type nononers, that is, additi.on (co) ners of norbornene type
monomer s PSR SAS 4 tT?RPT%B)?EN %@l%éf%%egﬁ%?gornene type

OO S. g 21 AL 95 FPOOLLAE} 18 {0 NPEPOLNRn g0, JTRgrTer s and
8-ethoxycarbonyltetracyclo[4.4.0.1%°.17-*°]dodec-3-ene,
8-n-propylcarbonyltetracyclo[4.4.0.1%°.17'1°Jdodec-3~ene,

7,10

8-i-propylcarbonyltetracyclo[4.4.0.1%°.17'°1dodec-3-~ene,

7.10

8-n-butoxycarbonyltetracyclo[4.4.0.1%*°.17°1dodec-3-ene, 8-

7.1%1d0dec-3-ene,

(2-methylpropoxy)carbonyltetracyclo[4.4.0.1%°.1
8- (1-methylpropoxy)carbonyltetracyclo[4.4.0.1%°.1""*°]dodec-3-
ene, 8-t-butoxycarbonyltetracyclo[4.4.0.1%5.17-*°]dodec-3-ene,

8-cyclohexyloxycarbonyltetracyclo[4.4.0.12:5,171°

]dodec-3-ene,
8-(4'-t-
butylcyclohexyloxy)carbonyltetracyclo[4.4.0.12'°.17%dodec-3-
ene, 8-phenoxycarbonyltetracyclo[4.4.0.1%'5.17'1°]dodec-3-ene,
8-tetrahydrofuranyloxycarbonyltetracyclo[4.4.0.1%°.17-1%]-3-
dodecene, 8-
tetrahydropyranyloxycarbonyltetracyclo[4.4.0.1%5%.17°1dodec-3-
ene, 8-methyl-8-

methoxycarbonyltetracyclo[4.4.0.12%-5,17-1°

Jdodec-3-ene, 8-
methyl-8-ethoxycarbonyltetracyclo[4.4.0.1%%.17''°]dodec-3-ene,
8-methyl-8-n-propoxycarbonyltetracyclo[4.4.0.1%°.17-°]dodec-3-
ene, 8-methyl-8-i-

propoxycarbonyltetracyclo[4.4.0.1%:5,17-1°

ldodec-3-ene, 8-
methyl-8-n-butoxycarbonyltetracyclo[4.4.0.12'%.17'2°]dodec-3-ene,
8-methyl-8-(2-
methylpropoxy)carbonyltetracyclo[4.4.0.1%5.17-'°]dodec-3-ene,
8-methyl-8-(1-

methylpropoxy)carbonyltetracyclo[4.4.0.1%°.17'1°1dodec-3-ene,



ethylene or a-olefins, and (3) addition copolynmers of the norbornene type
nononer s, nonconj ugated di enes and, as necessary, other nononers. These
resins can be prepared by all the known pol ynmerizati on methods. [0034]
Exanpl es of the ring-opening polyners of the cyclic olefin resins include a
pol ynor bornene resin. Specific exanpleg t hereof include (4) ring-opening
(co) polyners of the norbornene type non fers and resins prepared by

hydrogenatlng t he (c % as necessar ng pReni Ry ol yners of
-712 theB ¥ hediet t € 6&%?“3 HeEFﬂ§¥%%éF%r 4200ttt hs %ﬂf ége
prepared b hyg pg the (co)pol ymer as necessary; and (6)

ring- open €m£$s of the norbornene type nononer and nonconj ugat ed

di-ene or gfbhexy qg§§ar€ggy£€g£rac§cf8?£eg 0.1%%.17''%1dodec-3-ene, 8-
methyl-8-(4'-t-
butylcyclohexyloxy)carbonyltetracyclo[4.4.0.1%°.17-'°]dodec-3-
ene, 8-methyl-8-

phenoxycarbonyltetracyclo[4.4.0.1%°, 1710

Jdodec-3-ene, 8-
methyl-8-
tetrahydrofuranyloxycarbonyltetracyclo[4.4.0.1%°.17''°1dodec-3-
ene, 8-methyl-8-
tetrahydropyranyloxycarbonyltetracyclo[4.4.0.1%°.17-1%]-3-
dodecene, 8-methyl-8-acetoxytetracyclo[4.4.0.1%°.17'°]dodec-3-
ene, 8,9-di(methoxycarbonyl)tetracyclo[4.4.0.1%°.1"-'°]dodec-3-
ene, 8,9-di(ethoxycarbonyl)tetracyclo[4.4.0.1%°.17'%]dodec-3-
ene, 8,9-di(n-propoxycarbonyl)tetracyclo[4.4.0.1%5.17-'°1dodec-
3-ene, 8,9-di(i-
propoxycarbonyl)tetracyclo[4.4.0.1%°.17-'°1dodec-3-ene, 8,9-
di(n-butoxycarbonyl)tetracyclo[4.4.0.1%>.17'1dodec-3-ene,
8,9-di(t-butoxycarbonyl)tetracyclo[4.4.0.1%°.17''°1dodec-3-ene,
8,9-di(cyclohexyloxycarbonyl)tetracyclo[4.4.0.1%%.17'*°]dodec-
3-ene, 8,9-
di(phenoxyloxycarbonyl)tetracyclo[4.4.0.1%5.17''°Jdodec-3-ene,
8,9-
di(tetrahydrofuranyloxycarbonyl)tetracyclo[4.4.0.12°,17-191-3-
dodecene, 8,9-
di(tetrahydropyranyloxycarbonyl)tetracyclo{4.4.0.1%-%.17-1°]1-3-

dodecene, 8,9-tetracyclo[4.4.0.1%°.17"°1dodec-3-ene,

tetracyclo[4.4.0.1%°.17''°]Jdodec-3-ene-8-carboxylic acid,



by hydrogenating the (co)pol yner as necessary. These resins can be prepared
by all the known pol ynerization nethods. [0035] O these, (1) the addition
(co)polynmers prepared by addition-(co)polynerizing the norbornene type
nononers are preferable. However, the present invention is not limted
thereto in any way. [0036] Although the cyclic olefin resin (A) having an
epoxy group used in the present invent?Zbn-can be generally prepared by
directly polynerizing nonomers contaj ning the epoxy group.- in a nolecule,
the sane Horegrhylietragyelsiot pf dpak’ed. by  d dodechdd ener- §-eamsrdt i an epoxy
group into a side chain by nodification reaction after the polynerization
Exanpl es a3idt Hemeldi ¥} ealiraryelalcd i brs- 1 i bide 1d98Re Fete®ds such as a

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"'2]1dodec-3-ene, and
8-ethylidenetetracyclo[4.4.0.1%°.17'°0!®]dodec-~3-ene as the
monomer containing a tetracyclo ring.
[0050]

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 formula (10):
[0051]

[Formula 7]

(10)

n

1
R RZ R3 R4

[0052]

wherein X is O, CH; or (CH;),; n is an integer of 0 to 5; m is
an integer of 10 to 10,000; 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;



met hod for subjecting an unsaturated nonomer containing an epoxy group to
graft reaction with the above polyner, a nethod for reacting a reactive
functional noiety of the above polymer wth a conpound having an epoxy
group, and a nethod for directly epoxidizing the above pol yner having a
car bon-carbon double bond in a nol ecul e using an epoxidi zi ng agent such as
peracid and hydroperoxide. [0037] The addrti on polyner of the cyclic olefin
resin is 13 prepared by coordination polynerization or radical
pol ymer i zgl iten RiURayoba BRESbreataliyish. rEpethesen bl ahemonomerdi aaid @t
pol ynmeri zation, a polynmer is prepared by polynerizing nononers in a
sol uti on leastheoms eserre taf R4 inhr andi thenrepeatiagt ahjss hhisCOhE Rpo&ROVE et
al . Journal of

group.

[0053]

As the cyclic olefin resin (A) having an epoxy group used
in the present invention, polymers represented by the formulae
(11) and (12) are preferable in view of the polymer
characteristic after curing,

[0054]

[Formula 8]

1)

[0055]

wherein m and n are each independently an integer of 1 or
more; 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,

[0056]



Pol ymer Science: part B, Polyner Physics, Vol. 37, 3003 to 3010 (1999)).
[0038] Typical nickel and platinumcatal ysts as the netal catalysts used
for the coordination polynerization are disclosed in PCT WO 97/33198 and
PCT WD 00/ 20472. Exanples of the nmetal catalysts for coordination

pol ynmeri zation include known netal catal ysts such as (tol uene)

bi s(perfl uorophenyl )ni ckel, (nesitylen&}bfs(perfluorophenyl)nickel,
(benzene) bi s(perfluorophenyl)nickel,

bi s(t et r diedmedli®m KIper f | uor ophenyl ) ni ckel ,

bi s(et hyl acet at e) bi s(perfl uorophenyl ) ni ckel, and

bi s(di oxane) bi s(perf! uor enyl ) nj ckel . 0039]

(12)

[0057]

wherein 1, m and n are each independently 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 (12),
the solubility to polar solvents such as cyclopentanone and
heptanone used as a solvent for a negative type developer can
be enhanced by introducing the norbornene monomer having an
aralkyl group into the polymer, and the introduction has such
an advantage that the polymer has excellent operability.
[0058]

As the cyclic olefin resin (A) having an epoxy group used
in the present invention, a polymer represented by the formula
(13) is more desirable in view of the polymer characteristic
after curing,

[0059]



Radi cal pol ynerization techniques are disclosed in Encyclopedia of Polymner
Sci ence, John Wley & Sons, 13, 708 (1988). [0040] In the radical

pol ymeri 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 |n|t|ators I nclude 14 -

azobi s(isobutyronitrile) (AlIBN), benzoy? péroxide, |auryl peroxide,
azobis(kaptronitrileﬁ, azobi s(isoleronitrile) and t-butyl hydrogen

per oxi de.[F@ouilla Nk ring- openi ng pol yner of the cyclic olefin resinis
prepared by ring-opening (co)polynerizing at |east one kind of

5E Y-

CH2

ha &

[0060]

wherein 1, m and n are each independently an integer of 1 or
more. A film having low elastic modulus is obtained by
introducing a monomer having a decyl 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.

[0061]

The content of the monomer having an epoxy group in the
copolymer can be determined based on that the copolymer is
crosslinked by exposure and a crosslink density capable of
enduring the developer is obtained. The monomer having an
epoxy droup can be used at a ratio of 5 to 95 mol%, preferably
20 to 80 mol%*, and more preferably 30 to 70% in the polymer.
The polymer thus obtained exhibits excellent physical
characteristics such as low water absorbency (<0.3 wt%), low
dielectric constant (<2.6), low dielectric loss (0.001), and
glass transition temperature (170 to 400°C).

f0062]



nor bornene type nononer using a titanium and tungsten conpounds as a
cat al yst by known ring-opening polynerization nethods to produce a
ri ng-openi ng (co)polynmer, followed by hydrogenating the carbon-carbon
doubl e bond in the ring- opening (co)polyner by a usual hydrogenating nethod
as necessary to produce a thernoplastic saturated norbornene resin. [0042]
Sui t abl e pol ynmeri zation solvents for th&5above polynerization system
i ncl ude hydrocarbon solvents and aronatic solvents. Exanples of the
hydr ocar bon sdMerkmsown nodnpleyndsitcan ebenoised g el plog t peoti dngendreator,
hept ane and cycl ohexane. Exanples of the aromatic solvents, but are not
limted tBhebphetoacidogeraratayl enesshinkesthel epexyDgroupl andt her,
tetrahydrofuran, ethyl acetate, esters, |actones,
increases adhesion 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-thiophenoxydiphenylsulfonium hexafluoroantimonate,
4-thiophenoxydiphenylsulfonium hexafluoroarsenate,
4-thiophenoxydiphenylsulfonium tetrafluorophosphate,
4-thiophenoxydiphenylsulfonium trifluorosulfonate,
4-t-butylphenyldiphenylsulfonium tetrafluoroborate,
4-t-butylphenyldiphenylsulfonium hexafluoroarsenate,
4-t-butylphenyldiphenylsulfonium hexafluoroantimonate,
4-t-butylphenyldiphenylsulfonium hexafluorophosphonate,
4-t-butylphenyldiphenylsulfonium trifluorosulfonate,

tris(4-methylphenyl)sulfonium tetrafluoroborate,



ket ones and am des can be al so used. These solvents may be

used singly or

I n adm xture as the polynerization solvent. [0043] The nol ecul ar wei ght of
the cyclic olefin resin of the present invention can be controlled by
changing a ratio of an initiator and nonomer or changi ng pol ynerization
time. When the above netal catalyst for coordination polynerization is 15

used, the nol ecul ar wei ght can be contréfl ed by using a chai

n transfer

catal yst as disclosed in U S. Pat. No. 6,136,499. In the present invention,
a- ol ef i nstsiei aee Biiplenyl pswbfdreium tdthafkbnerodoxietene and
4-met hyl -1 -pentene are suitable for controlling the nol ecul ar weight.
[0044] |trishied mrethsniphenhl $Whionhem vikexmf luereaxsenatecul ar

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-dinitrodiphenyliodonium

trifluorosulfonate may be used singly or in admixture.

[0063]

Examples of the photoacid generators containing halogen

other than fluoride include 2,4,6-
tris(trichloromethyl)triazine, 2-allyl-4,6-

bis(trichloromethyl)triazine, a,f,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-



wei ght is 10,000 to 500, 000, preferably 30,000 to 100,000, and nore
preferably 50,000 to 80,000. The wei ght average nolecul ar wei ght can be
measured by gel permeation chromatography (GPC) using pol ynorbornene as a
standard (in reference to ASTMDS3536-91). As the cyclic olefin nononer used
for producing the <cyclic olefin resin having an epoxy group used in the
present invention, the norbornene tyDezﬁnnoner represented by the formula
(9) is preferable, [0045 [Formula 6] X (9) RL Rz R3 R4 [0046] wherein X
is 0, CHhwirgxyphenyl)ethape; nardethefmbxtyre: tiereef.
[0064]
Examples of sulfonate photoacid generators include, but
are not limited to, 2-nitrobenzyl tosylate, 2,6-dinitrobenzyl
tosylate, 2, 4-dinitrobenzyl tosylate, 2-nitrobenzylmethyl
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.
[0065]
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;
triphenysulfoniumdiphenyiodonium
tetrakis(pentafluorophenyl)borate; 4,4"'-di-t-
butylphenyliodonium tetrakis(pentafluorophenyl)borate; tris(t-
butylphenyl)sulphonium tetrakis(pentafluorophenyl)borate,
(4-methylphenyl-4-(1l-methylethyl) phenyliodonium
tetrakis(pentafluorophenyl)borate, and the mixture thereof.
[0066]
The mixed proportion of the photoacid generator in the
present invention is 0.1 to 100 parts by weight relative to
100 parts by weight of the cyclic olefin resin, and more
preferably 0.1 to 10 parts by weight.
[0067]

A sensitizer can be used for the cyclic olefin resin

composition of the present invention for higher



R4 are each independently selected froma hydrogen atom an al kyl group, an
al kenyl group, an al kynyl group, an aryl group, 16 an aral kyl 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 _gLgup [0047] Specific exanpl es of
t he al kyl groups include nethyl ethyl propyl | sopropyl, butyl, pentyl
hexyl , heptyl oct non dec dodec C clopentyl cIohex and
cycl ooct yPhOERSRRS %&%H%I 'RgCe %%aEYkeﬂy¥ J¥ é¥|y

but ynyl ang cycl o ex¥ groug Exangles ofa he a%%é ¥§ﬁ§q%%£%h InCIUqﬁHP

et hynyl , aYSERR@tR  Tande ofoRoPLe 196 uAThTVaLAiIo es

of the arXﬁdgéSH seig&$g e1£h§n¥aﬁge 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, 1-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.
[0068]

The resolution can be enhanced by adding small quantity
of acid scavenger as necessary into the cyclic olefin resin
composition used in the present invention. The acid scavenger
absorbs acids diffused to a non light-exposed portion during
the photochemical reaction. Examples of the acid scavengers
include, but are not limited to, a second and third amines
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 part by weight relative to 100 parts



napht hyl and ant hracenyl groups. Exanples of the aral kyl groups include
benzyl and phenet hyl groups. However, the present inventionis not limted
thereto in any way. [0048] 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 structure4*hereof is not particularly
limted. Preferable exanples of the functional groups containing the epoxy
group i nchudeedghtuaft tbgaPodvmep-havi ng a gl yci dyl ether group. However, as
|l ong as the functional group has the epoxy group, the structure thereof is
not parti €8P&PIy linmted. [0049] Exanples of the cyclic ol efin nononers

used for producing . L
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
used in the present invention and containing the cyclic olefin
resin (A) having an epoxy group and the photoacid generator
(B).

[0070]

In the presents 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
hydrocarbon solvents include, but are not limited to, alkane
and cycloalkane such as pentane, hexane, heptane, cyclohexane
and decahydronaphthalene. Examples of the aromatic solvents
include benzene, toluene, xylene and mesitylene. Diethyl
ether, tetrahydrofuran, anisole, acetate, ester, lactone,
ketone and amide are also useful. As the reactive solvents,
cyclo ether compounds such as cyclohexene oxide and o-pinene
oxide, aromatic cycloethers such as [methylenebis(4,1-
phenyleneoxymethylene) ]Jbis oxirane, alicyclic vinyl ether

compounds such as 1,4-cyclohexanedimethanoldivinyl ether, and



the cyclic olefin resin used in the present invention include - 17 -
5- net hyl - 2- nor bor nene, 5-et hyl - 2-nor bor nene, 5-propyl-2- norbornene,
5- butyl - 2- nor bor nene, 5-pentyl -2-norbornene, 5-hexyl-2-norbornene,
5- heptyl - 2- nor bor nene, 5-octyl-2- norbornene, 5-nonyl-2-norbornene and
5-decyl - 2- norbornene as the nonomer having an al kyl group;

5-al | yl - 2-norbornene, 5-nethylidene-2-A8r bor nene,

5- et hyl i dene- 2- nor bornene, 5-isopropylidene-2-norbornene,

( 2- pr opaprgma t e eonpourds, such (3s bt ehdt yivyhpheényhkmethane may be
(1- net hyl - 2- propenyl ) - 2- nor bor nene, 5-(4-pentenyl)-2-norbornene,
(1- ret §$e@-Hineky | 9r 2in imbytere, he neaaihive splywardorkene,
(1-nethyl -4- pentenyl)-2-norbornene, 5-(2,3-dinethyl-3-butenyl)-2-
or bor nernerefeyaby Hyes Bt plereyand 2deerhpdrenaphthakége. They are

inethyl-4-genten | ) - 2-nor bornene, 5-(7-octenyl)-2-norbornene,
optimal for coating resins on substrates made of silicon,

5
5
5
5
n
d

silicon oxide, silicon nitride and silicon oxynitride or the
like.
[0071]

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.

[0072]

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,
the silane coupling agent and the filler or the like.

[0073]

Next, the semiconductor wafer and manufacturing method of
the semiconductor device of the present invention will be
described. First, a cyclic olefin resin composition is coated
on a silicon wafer. As the method for coating, there are spin
coating using a spinner, spray coating using a spray coater,
immersion, printing, and roll coating or the like. Then,
prebaking is conducted at 90 to 140°C to dry the coating £ilm,

after which an actinic ray is applied in a desired pattern.



5- (2- net hyl - 6- hept enyl ) - 2- nor bor nene, 5-(1, 2-di net hyl -
hexenyl ) - 2- nor bor nene, 5-(5-ethyl -5-hexenyl)-2-norbornene, and
5-(1,2,3-trinethyl-4-pentenyl)-2-norbornene; as the nononer having an
alkenyl group; 5-ethynyl-2-norbornene as the nononer having an al kynyl
group; 1,1,3,3,5, 5-hexanet hyl -1, 5-

di met hyl bi s(2- (5- nor bor nene- 2- yI)ethyr)@Fi§ionane as the nononer having a
silyl group; 5-phenyl-2-norborpene, 5- naphthyl-2-norbornene,

5- pentafIﬁﬁrﬁbﬂeﬁ9F12lﬁoF68vnéh@rﬁsCPHebenBﬁﬁﬁePnh§vFﬁ§ aRNaPHECEESD:

5-b | - 2- b - ph thyl -2 b
g ?nggfig??gghg%gﬁﬂgfﬁyﬁo eﬁg b8 ﬁeﬁggor o ggie light or the like.
en uor o e nor bor nene -
b LoRBRHBRE nEBEy AP Eink 5 5B% BRR1RE 2, 8okl et tnas: 290 k0 208 B
group; dlneth¥Fg régiénorbornene 2-yl ) met hoxy) si | ane,

5-trineth5§yg r bor nene, 5-triethoxysilyl-2-norbornene,
5-(2-trin?ngzxsiIerthyI)-2-norbornene, 5-(2

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.
The baking conditions are preferably set to 80 to 150°C, and
more preferably 90 to 130°C.

[0075]

Then, the non-actinic ray-applied portion is dissolved
and removed with a developer to obtain a relief pattern.
Examples of the developers 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 ketones such as
cyclopentanone, cyclohexanone and 2-heptanone. There can be
suitably used organic solvents prepared by adding an
appropriate amount of a surfactant thereto.

[0076]

As the method for development, a means such as spraying,
paddle, immersion and ultrasonic wave or the like is usable.
Then, the relief pattern formed by development is rinsed. As
the rinsing liquid, alcohol is used. Then, a heat treatment
is applied at 50 to 200°C to remove the developer and the

rinsing liguid, and the curing of the epoxy group is completed



- 18 - triethoxysilylethyl)-2-norbornene, 5-(3-

tri met hoxysilyl propyl)-2-norbornene, 5-(4-trinmethoxybutyl)-2- norbornene,
and 5-trimethyl silyl methyl et her-2-norbornene as the nonomer having an

al koxysi lyl group; 5-norbornene-2- nethanol and its al kyl ether,

5-nor bor nene- 2-net hyl acetate, 5-norbornene-2-nethyl propionate,

5- nor bor nene- 2-net hyl butyrate, 5-noFb8?néne-2-nEthyI val er at e,

5- nor bornene-2- nethyl caproate, 5-norbornene-2-nethyl capryl ate,

5- nor bor nEReRBt 3R 1| f%fa?%’?t%r%olil%ﬁ%%n%l@ neealy| TesiFhaRce -

5-nor bor nene-2-net hyl stearate, 5-norbornene-2-nethyl ol eate,
5-norborn%%%zblnethyl | i nol enate, 5-norbornene-2-carboxylic acid, nethyl

3 nor BOrnene: 3581 DU el o A LAl B GRLeRy 1 21
trinethylgéégleg-gg{bg&ngpfﬁging the backside of the wafer.

Furthermore, the wafer is cut into individual pieces by dicing
to obtain a semiconductor chip. The semiconductor chip and
the lead frame are adhered and fixed by heating adhesion, and
are electrically connected with each other by a gold wire.
Then, the semiconductor chip is sealed using an epoxy
encapsulation resin to produce a semiconductor device. As the
encapsulation method, there can be used methods such as a
transfer mold, a compression mold and an injection mold.
Examples
[0078]

The present invention is specifically described below by
way of Examples.
<Example 1>

This example illustrates a copolymer (A-1) of 5-decyl-2-
norbornene (hereinafter, referred to as “decyl norbornene”)/5-
[(2,3-epoxypropoxy)methyl]-2-norbornene (hereinafter, referred
to as "glycidyl methyl ether norbornene”) = 70/30.
[0079]

All glassware was dried at 60°C under a 0.1 torr vacuum
for 18 hours. The glassware was then transferred into a
glovebox and attached thereto. 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

into a reaction flask, the reaction flask was taken out from



carboxyl ate, triethylsilyl 5-norbornene-2-carboxylate, isobornyl

5- nor bor nene- 2- car boxyl ate, 2-hydroxyethyl 5- norbornene-2-carboxyl ate,
met hyl 5-nor bornene- 2- net hyl - 2- carboxyl ate, 5-norbornene-2-net hyl

ci nnamat e, 5-norbornene-2- nethyl ethyl carbonate, 5-norbornene-2-nethyl
n- butyl carbonate, 5-norbornene-2- nethg t-butyl carbonate, 5-nethoxy-

2- nor bor nene, 5-norbor nene- 2- net hyl ﬁ)acrylate 5- nor bor nene- 2- et hyl
(neth)acrylat 5- nor bor nene- 2- n- butyl (nmeth)acryl ate,

5- nor bor e SiQV?P Spy | AR GeARY R1LFegen gﬁﬁdﬁﬁ%o%%%ﬁ%dQQ?dbﬁP§P the
(meth)acryl ate, 5-porhbornene-2-i-propyl (nmeth)acrylate,

5- nor bor >l x€} $Hheth)acryl ate, 5-norbornene-2-octyl (meth)acrylate,
and 5-norﬁﬂgﬁ§£e-2-decyl (meth)acrylate; as the nononer having a hydroxyl
group, an r group, a carboxyl group, an ester group, an acrylyl 19

The reaction medium was degassed by passing a stream of
nitrogen gas through the solution for 30 minutes. Inside the
glovebox, a nickel catalyst, i.e.,
bis{toluene)bis(perfluorophenyl) nickel (9.36 g, 19.5 mmol),
was dissolved in 15 ml of toluene, and taken up in a 25 mL
syringe. The syringe was taken out from the glovebox and the
solution was added into the reaction flask. The reaction was
completed after stirring of 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 separate. The water
layer was removed and 1 liter of distilled water was added.
The solution was stirred for 20 minutes. The water layer was
permitted to separate and was removed. Further, the wash with
1l liter of distilled water was performed total 3 times. The
reaction mixture containing polymer was then poured into
methanol. After the resulting precipitate was collected by
filtration, washed sufficiently with water, and dried under
vacuum. 243 g of dry polymer (96% conversion) was obtained
after drying. The resulting polymer had a molecular weight by
GPC Mw=115,366 Mn=47,000, Mw/Mn=2.43. Polymer composition by
'H-NMR 70 mole % decyl norbornene: 30 mole % glycidyl methyl
ether norbornene.

[o081)

After 228 g of the synthesized polymer (A-1) was



group or a methacryl oyl group; 5-[(2, 3-epoxypropoxy)nethyl]-2- norbornene as
t he nononer havi ng an epoxy group;

8- met hoxycar bonyl tetracyclo[4.4.0.12.5.17, 10] dodec- 3- ene,

8- et hoxycarbonyl tetracycl o[ 4.4.0.12,5. 17, 10] dodec- 3- ene,

8- n-propyl carbonyltetracyclo[4.4 . O . 12 5 . 17, 10] dodec- 3-ene,

8-1-propyl carbonyl tetracyclo[4.4.0.12"5. f‘"lO]dodec 3-ene,

8- n- but oxycar bonyl tetracyclo[4.4.0. 12' 5.17, 10Ldodec 3-ene,
(2-nethyI%%%ﬁ%%Y?@aiBoﬁﬁl?é?rac9€I6FQaEYGr°EQPB E?lfﬂfdode@5§h¥ﬁehenYl'

8-(1l-neth g %carbon ltetrac cIo 4.4.0.12.5. 17,10] dodec- 3- ene,
8-t- butoxg é?FﬁX} IBPﬁnxlé°§9 gum7' 10] dodec- 3- ene

8- cyclohexyloxggarbon¥ltetra0 yclo[4.4.0.12.5.17, 10] dodec- 3- ene 94 -t
but yl cycl bAERFK&R{PER eéﬁyprephaeyéoefzaﬁeo(922351791012daaeé 307 mo

8- phenoxycarb |tetracyclo[4.4.0.12'5. 17, 10] dodec- 3- ene -4

- Dot r any G GROPERy AOREORPHBR S bhiaEgREBPRoa 8. 83650172161 5. 10 mol).,

phenothiazine (0.054 g, 2.71 x 10™* mol), and 3,5-di-t-butyl-4-
hydroxyhydrocinnamate (0.1378 g, 2.60 x 107" mol) were added
thereto to be dissolved. The resulting solution was filtered
through a 0.2 pum fluoro-resin filter to obtain a cyclic olefin
resin composition.
[0082]

The produced cyclic olefin resin composition was coated
on a silicon wafer (thickness: 725 pum) of 12 inches using a
spin coater, followed by drying on a hot plate at 120°C for
5 minutes to obtain a coating film having a thickness of about
10 um. To this coating film was applied a light at 300 mJ/cm?
through a reticle using an i-line stepper, NSR-4425i
(manufactured by Nikon Corporation). The coating film was
then heated in order to promote the cross-linking reaction of
a light-exposed portion at 100°C for 4 minutes by the hot
plate.
[0083]

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, 99.6%. In the remaining

pattern, detailed pattern peeling was not observed at all, and



dodecene, 8 tetrahydropyranyl oxycarbonyltetracyclo[4.4.0.12.5.1" 10] dodec- 3-
ene, 8-nmethyl -8 nethoxycarbonyltetracyclo[4.4.0.12'5. 17'1D] dodec- 3-ene, 8-
nmet hyl - 8- et hoxycar bonyl tetracycl o[ 4.4.0.12.5.17, 10] dodec- 3- ene,

8- net hyl - 8- n- propoxycar bonyl tetracycl o[4.4.0.12.5.17, 10] dodec- 3- ene,
8-nmet hyl -8-i propoxycarbonyltetracyclo[4.4.0.12.5.17, 10] dodec- 3-ene, 8-
nethyl-8-n-butoxycarbony|tetracyclo[4f4§§.'12.5.17,10]dodec-3-ene,

8- et hyl - 8- (2 net hyl propoxy) carbonyl tetracycl o[ 4. 4. 0.
12_5_17-1g¥ggaégng_gﬁggsignngpﬁ}pggtpg development could be observed.

met hyl propoxy) carbonyl tetracycl o(4.4.0.12.5. 17'10] dodec-3-ene, - 2 0 -
8- met hy| - 8he- batbryvavbBsnyhedt cuegdl af41400C 1005, 69 nbpabese- 8nd the

cross-linking reaction was completed. The elastic modulus of
this cured film was 0.5 GPa, and the water absorption was 0.2%.
Then, the bending of this wafer measured by a surface

roughness meter (Surfcoml400 D-64 type, manufactured by Tokyo
Seimitsu) was 30 um.

[o0084]

Then, the backside of this wafer was ground to 50 pm.
However, breaking and cracking or the like d4id not occur, and
a thin wafer was obtained.

[o085]

The stress applied to the wafer was small and the bending
of the wafer also became small. The stress calculated from
change of the curvature radius of the wafer before and after
forming the cyclic olefin resin film was 5 MPa. The stress
was calculated by the following formulae.
fo086]

[Equation 1]

a+ 4X2
8X

R=
[0087]

[Equation 2]

D’E
6Rt(1— v)

stress —




ene, 8-nethyl-8

cycl ohexyl oxycar bonyl tetracyclo[4.4.0.12.1.1"' "' 10] dodec- 3-ene, 8-

met hyl - 8- (4' -t

but yl cycl ohexyl oxy) car bonyl tetracycl o[ 4. 4. 0. 12. 5. 17, 10] dodec- 3- ene,
8- net hyl - 8 phenoxycar bonyl tetracycl o[ 4.4,0.12.5.17' 10] dodec- 3- ene, 8-

net hyl - 8 tetrahydrofuranyloxycarbonylfét‘%dyclo[4.4.0.12.5.17'10]dodec-3-

ene, 8-nethgl-8 t et rahydr opyr anyl oxycar bonyl tetracyclo[4.4.0.12.5.17,10 ]-3-
dodecene, [80&8dhyl - 8- acet oxytetracycl o[ 4. 4. 0. 12. 5. 17' 10] dodec- 3- ene,
8,9-di(nethoxgcarbonyl%tetracycl?(4.4.0.12'5. 17' 10] dodec- 3- ene,

8, 9- di (et RoxFRAVBEHYP) FadANsydMBP4. 4. 0. 12' 5. 17' 10] dodec- 3- ene,

8,9-d|(n-gﬂoggﬁﬁgggbggyb%%%%r %%Sl?ggé4pgg%%551%7'1D]d0dec‘ 3-ene, 8,9-di (i

a: length (mm) (see Figure 1)

D: thickness of wafer (mm)

E: elastic modulus (MPa) of silicon
t: thickness of resin (mm)

v: Poisson’'s ratio (0.3)

The dicing of the thin wafer ground to 50 pm was
conducted to obtain a semiconductor chip. This semiconductor
chip was adhered on a lead frame using an adhesive (IBF-3021,
manufactured by Sumitomo Bakelite Co., Ltd.), and was
electrically connected by a gold wire. The semiconductor chip
was sealed and formed by an epoxy resin sealant (EME-7730L,
manufactured by Sumitomo Bakelite Co., Ltd.) to obtain a
semiconductor device.

[0089]

A solder reflow test was carried out using the above
semiconductor device. In a constant temperature and humidity
chamber in which temperature and humidity were respectively
set to 85°C and 85%, this semiconductor device was exposed to
moisture for 72 hours. Then, solder reflow was carried out in
the reflow condition of 240°C/10 seconds, and the generated
number of the external crack of the semiconductor device was
observed under a microscope (magnification ratio: 15
magnifications). Five samples were each subjected to the test
to check for generation of cracks, and no crack was observed

(i.e. number of samples generating any cracks was 0/5). As a



propoxycar bonyl )tetracyclo[4.4.0. 12'5.17' 10] dodec- 3-ene, 8, 9-

di (n-but oxycar bonyl )tetracycl o[ 4.4.0.12.5. 17" 10] dodec- 3- ene,

8, 9-di (t-butoxycarbonyl)tetracyclo[4.4.0.12.5.17' 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 oxycar bonyl )tetracycl o[4.4.0 ;2;5.1"10]d0dec-3-ene, 8,9
di(tetrahydrofuranyloxycarbonyl)tetraéyél0[4.4.0.12.5.17,1]-3- dodecene, 8,9

o et T RAREY SR RSB ) hLERLALS: ‘018 *aHad Lid uB00E"on
tetracyclo[4,4.0.12 5.17, 10] dodec- 3-ene:8-carpoxylic acjd, 21._-
bt bl (R0 F IO R 40 &8 S5 (AENeL BECRESE Chrgait| badra pa

8-methyltetracye] of 4 i O ddr 2t 1dn 181 90068 £08hauctor device, the

normal operation of the semiconductor device was confirmed.
[0090]

Chip Size: 8mm x 10 mm

Lead Frame: 14 mm x 20 mm x 2mm copper frame
{Example 2>

The backside of the wafer produced in the same manner as
in Example 1 and having a thickness of 725 pum was ground to
200 pum. However, breaking and cracking or the like did not
occur, and a thin wafer was obtained. Then, the bending of
this wafer measured by the surface roughness meter was 370 pm.
The stress calculated was 5 MPa.
{Example 3>

A terpolymer (A-2) of decyl norbornene/glycidyl methyl
ether norbornene/phenethyl norbornene =55/30/15 was obtained
in the same manner as in Example 1 except that decyl
norbornene (129 g, 0.55 mol) and glycidyl methyl ether
norbornene (177 g, 0.30 mol) and 5-(2-phenylethyl)-2-
norbornene (hereinafter, referred to as "phenethyl
norbornene”) (29.7 g, 0.15 mol) were used in place of decyl
norbornene (192 g, 0.82 mol) and glycidyl methyl ether
norbornene (62 g, 0.35 mol) of Example 1. The polymerization
and the reprecipitation were carried out, and 309 g (yield:
92 %) of a polymer after drying was collected. The polymer
obtained had a molecular weight by GPC Mw=30000, Mn=68000,

Mw/Mn=2.3. Polymer composition by H-NMR 54 mole % decyl



8-ethyltetracyclo[4.4.0.12.5.17. 10] dodec- 3- ene,
8-nethyltetracyclo[4.4.0.12.5.01' 6] dodec- 3- ene,

8-et hylidenetetracyclo[4.4.0.12.1.17,12] dodec- 3-ene, and
8-ethylidenetetracyclo[4.4.0.12'5.17' 1001, 6] dodec- 3-ene as the

nononer

containing a tetracyclo ring. [0050] The cyclic olefin resin (A) having an
epoxy group used in the present i nvertti38n s an addition (co)polyner of a

nor bornene type nononer represented by the fornmula (10): [0051]
t Xm (10)noxbgrnene; 31 mole % glycidyl methyl ether norbornene;

mole % phenethyl norbornene.

[0091]

[ Fornmul a 7]
and 15

Evaluation was made in the same manner as in Example 1.

[0092]

The solder reflow resistance test and the operation

confirmation of the semiconductor device were carried out in

the same manner as in Example 1. In the solder reflow

resistance test, the generated number of the cracks was 0/5.

As a result of carrying out the operation confirmation

of the

semiconductor device after the solder reflow resistance test,

the normal operation of the semiconductor device was confirmed.

{Example 4>

This example illustrates an example of a ring-opening

metathesis copolymer (A-3) of decyl norbornene and phenethyl

norbornene copolymer.

[0093]

All glassware was dried at 60°C under a 0.1 torr vacuum

for 18 hours. The glassware was then transferred into a

glovebox of which internal oxygen concentration and humidity

were respectively suppressed within 1%, and attached thereto.

Toluene (917 g), cyclohexane (917 g), decyl norbornene

0.55 mol) and phenethyl norbornene (29.7 g, 0.55 mol),

(129 g,

and

l-hexene (368 g, 2.2 mol) were added into the reaction flask.

The reaction flask was taken out from the glovebox, and dry

nitrogen gas was introduced into the reaction flask. The

solution of the reaction intermediates was degassed by passing

a stream of nitrogen gas through the solution for 30 minutes.



1 RRRRB R4 [0052] 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 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 ketone group, a functional
group containing an ether group, and a Punctlonal group contai ning an epoxy
group; - 22 Rl to R4 may be different in a repetition of a nononmer; _and at

| east onetofoRatienph0; 8o anelihd ?5p55?9ﬁbeﬂnP?%tﬁﬁgl?ﬁéd%péﬁyt BREHp.

0053
[ ] alcohol/methanol (mole ratio: 0.35/0.3) was prepared in the

glovebox. the solution (3.78 g) and a co-catalytic solution
(0.634 g) in which triethyl aluminum (0.011 g) was dissolved
in toluene (25 g) were added into the reaction flask. The
reaction was completed after stirring of the solution at 20°C
for 5 hours.

[0094]

Then, this solution was taken up in an autoclave, and
RuHC1(CO)[P(CsHs)3]ls (40.02 g) was added. Hydrogen was
introduced until the internal pressure became 100 kg/cmz, and
the solution was heated and stirred at 165°C for 3 hours.
After the heating was completed, the solution was cooled to
room temperature, and the reaction product was added to
methanol (975 mmol). The deposited solid was isolated and
dissolved in 1 liter of toluene. Furthermore, 1 liter of
distilled water was added, and the solution was stirred for
18 hours. Stirring was stopped and water and solvent layers
were allowed to separate. The water layer was removed and
l liter of distilled water was added. The solution was
stirred for 20 minutes. The water layer was permitted to
separate and was removed. Further, the wash with 1 liter of
distilled water was performed total 3 times. The reaction
mixture containing polymer was then poured into methanol. The
resulting precipitate was collected by filtration, washed
sufficiently with water, and dried under vacuum. 320 g of dry
polymer (85% conversion) was obtained after drying. The

resulting polymer had a molecular weight by GPC Mw=22,000,



As the cyclic olefin resin (A) having an epoxy group used in the present

I nvention, polyners represented by the fornulae (11) and (12) are
preferable in view of the polynmer characteristic after curing, [0054]
[Formula 81 g In (11) R4 RS RGBR7 W CH2 O CH2-/~ [0055] wherein mand n
are each independently an integer of 1 gro

Mn=9,600, Mw/Mn=2.3. Tg measured by DMA is 150°C. Polymer
composition by 'H-NMR 48 mole % decyl norbornene: 52 mole $
phenethyl norbornene.

[0095]

After 50 parts by weight of the obtained polymer, 6 parts
by weight of 5,6-epoxy-1l-hexene and 1.5 parts by weight of
dicumyl peroxide were dissolved in 120 parts by weight of
cyclohexane and the resulting solution was reacted in the
autoclave at 150°C for 3 hours, the obtained reaction product
solution was poured into 240 parts by weight of isopropyl
alcohol to solidify the reaction product. The solidified
epoxy-modified polymer was vacuum dried at 100°C for 5 hours
to obtain 50 weight parts of the epoxy-modified polymer. Tg
of this epoxy-modified polymer measured by DMA is 15°C. The
epoxy-modified polymer obtained had a molecular weight by GPC
Mw=23,000, Mn=10,000, Mw/Mn=2.3. The epoxy modification ratio
of this epoxy-modified polymer was 2%. Evaluation of the
obtained epoxy-modified polymer was made in the same manner as
in Example 1.

[0096]

The solder reflow resistance test and the operation
confirmation of the semiconductor device were carried out in
the same manner as in Example 1. In the solder reflow
resistance test, the generated number of the cracks was 0/5.
As a result of carrying out the operation confirmation of the
semiconductor device after the solder reflow resistance test,
the normal operation of the semiconductor device was confirmed.

{Comparative Example 1)



nor e;
al kyl

gr oup,

Rl to R7 are each independently selected froma hydrogen atom an
group, an al kenyl group, an al kynyl group, an aryl group, an aral kyl
a functional group containing an ester group, a functional group

contai ning a ketone group, and a functional group containing an ether

group;
[ 0057]

and R1 to R7 may be different in a repetition of a nononer, [0056]
23 - [Formula 9] fRn (12) RR2 ::. £ ¥R Re RO Ria CH2 (CH2)p O CH2L\

Into a four-necked separable flask provided with a
thermometer, a stirrer, a raw material inlet and a dry
nitrogen gas-introducing tube were placed 4,4'-
diaminodiphenylether (19.02 g, 95 mol%). Anhydrous N-methyl-
2-pyrrolidone of only the amount in which the solid content
rate in the total amount of raw materials becomes 15% by
weight was added thereto and dissolved. Then, the flask was
immersed in a water bath of 0 to 50°C, and 21.81 g (100 mol%)
of the refined pyromellitic dianhydride was added while the
generation of heat was suppressed. After the pyromellitic
dianhydride was dissolved, the temperature of the system was
kept at 20°C, and the reaction was continued for 10 hours. A
polyimide precursor (B-1) obtained by reacting was coated on a
silicon wafer (thickness: 725 pym) of 12 inches using a spin
coater, followed by drying on a hot plate at 140°C for 5
minutes to obtain a coating film having a thickness of about
14 pm.

[0097]

Then, the coating film was cured at 350°C for 60 minutes
and cyclization reaction was completed to obtain a coating
film of about 10 um after curing. Evaluation was made in the
same manner as in Examples 1 and 2.

{Comparative Example 2)

In Comparative Example 1, benzophenone tetracarboxylic
acid dianhydride (32.2 g, 100 mol%) (B-2) was used in place of
pyromellitic dianhydride, and the reaction was carried out by
the same device and operation as Comparative Example 1.

[0098]



wherein 1, mand n are each independently an integer of 1 or nore; p is an
integer of 0O to 5; RL to RLO 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, and a functional group
containing an ether group; and Rl to Rl@znﬁy be different in a repetition
of a mononer. As shown in the fornmula (12), the solubility to polar

sol vents such The SpEisH SOMPeGes thh @ Eyadidtd ais &8 3Lt X erampkas ol
negati ve type devel oper can be enhanced by introducing the norbornene
nonomer HeRih@nth COMRATITLIVR FHATRERS thetQot ks , CARtEEHEVEHY r BR0ERI R has
such an advantage that the pol yner has excellent operability. [0058] As
the cyclit@®®fln resin (A having an epoxy group used

[0099]

Since the elastic modulus and residual stress of the film
after curing in Comparative Examples were high, the wafer was
broken in grinding the backside thereof. Therefore, the
solder reflow resistance test and the operation confirmation
of the semiconductor device were not carried out.

[0100]

[Formula 11]

_H<::>—O—<::>F_.NHOC:I::]:COHM

HOOC

B-1
COOH

—-@—OG NHOCD\ CONH — B2
C

HOOC COOH

O

[0101]



in the present invention, a polynmer represented by the fornmula (13) is nore
desirable in view of the polynmer characteristic after curing, [0059] - 24 -
[Formula 10] mn (13) CH2 I CH2 0 O/ CH2 [0060] wherein 1, mand n are
each independently an integer of 1 or nore. Afilmhaving |low elastic
nodul us i s obtained by

- 43 -
[Table 1]
4 Bending amount (pm)
Elastic Wafer Wafer Wafer |Residual
Resin | modulus | haying a having a | having a | Stress
(GPa) thickness | thickness | thickness (MPa)
of 725 pm of 200 pm of 50 um
Example 1 A-1 0.5 30 - good 5
Example 2 A-1 0.5 - 370 - 5
Example 3 A-2 0.9 45 600 good 9
Example 4 A-3 1.4 70 900 good 12
Comparative B-1 2.6 170 2200 generation 30
Example 1 of cracks
Comparative B-2 3.0 190 2500 generation 34
Example 2 of cracks

INDUSTRIAL APPLICABILITY
[0102]

Since the semiconductor wafer of the present invention
uses the cyclic olefin resin composition which is excellent in
low stress properties and adhesion or the like, and the
residual stress of the resin layer after curing is low, the
wafer breakage in polishing the backside of the wafer is not
generated. The semiconductor wafer of the present invention
is suitably used as the semiconductor chip produced from the
wafer and the thin semiconductor device using the

semiconductor chip.



i ntroduci ng a nononer having a decyl group. Also, a film excellent in |ow
wat er absorbency, chem cal resistance and polar solvent solubility is
obtai ned by introducing a nononmer having a phenyl ethyl group. [0061] The
content of the nmononmer having an epoxy gfoup in the copolynmer can be
determ ned based on that the copolymer is crosslinked by exposure and a
crosslink density capable of enduring the devel oper is obtained. The
nononer having an epoxy group can be used at a ratio of 5 to 95 nold,
preferably 20 to 80 nold, and nore pledd3bly 30 to 70%in the pol yner.
The pol yner _t hus_obt ai ned, exhi bits excel |l ent, physical characteristics such

as | ow wat et - absDrIFEHGP Y P Lfep o 1] PP HT 8188 1F FESdAn5T ¥R PEPBEY | ow

dielectric |gss (0001) ;a0 Alass L1 ANS| U ancteyeer 81 e, (410, 19,4000

having an epoxy group and a photoacid generator (B),

wherein the resin layer is formed on a circuit element
forming surface, and the residual stress of the resin layer
after curing is 1 to 20 MPa,

whereinthecyclicolefinresinisapolynorbornene resin.

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

a repeating unit represented by the formula (1):

(1)

n
1
R R2 R3 R4

wherein X is 0, CH; or (CH3),; 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*



[0062] 25 AlIl known conpounds can be used as a photoacid generator. The
phot oaci d generator crosslinks the epoxy group and increases adhesion to a
substrate according to the subsequent curing. Preferable exanples of the
phot oaci d generators include onium sal s, hal ogen conpounds, sulfonates and
the mxture thereof. Exanples of the oniumsalts include diazoniumsalts,
ammoni um salts, iodoniumsalts, sulfonium salts, phosphoniumsalts,

ar soni um sal {3 A0 XOPLUEL £ahL 1 A4 110BAC3E, A COTRAUNSL §3N PIATHE S cOuNt o1

anions with above |un1s count er ani ons

Exanpl es of %ﬁ@&%ogﬂigé anions include, but are not limted to, boric aci d,
arsoni um aci ic acid, antinmonic acid, sulfonate, carboxylic acid
and chl ori de thereof As the

3. The semiconductor wafer according toclaiml or 2, wherein
the cyclic olefin resin (A) having an epoxy group contains

repeating units represented by the formulae (2) and (3):

(2) (3)

RS RS R’

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, anda functional group containingan ether group;

and R! to R’ may be different in a repetition of a monomer.

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

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



phot oaci d generator of the oniumsalts, triphenyl sulfonium

tetrafl uoroborate, triphenylsulfoniumtetrafluoroborate, triphenylsulfonium
tetrafl uoroarsenate, triphenylsulfonium tetrafluorophosphate,

tri phenyl sul f oni um pent af | uorosul f ate, . 44-t hi ophenoxydi phenyl sul f oni um
tetrafl uoroborate, 4-thiophenoxydi phenyl sul foni um hexafl uoroanti nonat e,

4-t hi ophenoxydi phenyl sul f oni um hexaf | uor oar senat e,

4-t hi ophenoxydi phenyl sul foni um tetrafl uorophosphat e,

4-t hi ophenoxygdi phenysul foni um tri onat e,
4-t - but yl phenylzdipRenyl sul f oni um t et\r/a soroborate
4-t-buty|phenw‘ﬂldhinylsulfoniun1he af ugQhoar senat e,
4-t - butyl phen gnyl sul f@pi um hexa oant i ate, (6)
4-t - butyl pheny phenyl sul f oni um hex vrophosp onat e,
4-t-butyl pheyTdi phemyl sul f oni um tRFT g fonate, R 1. 1>p1o
tris(4-methyl pf&znylz_l | f oni um t et r af IRfor obog at e, R* R

e (CH2&1

0]

0]
Nt

wherein n is an integer of 0 to 5; R! to R!Y 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.

5. The semiconductor wafer according to any one of claims
1 or 4, wherein the cyclic olefin resin (A) having an epoxy

group contains a repeating unit represented by the formula

/f

(7):

(7)

R1

R2 R3 R4

wherein Y is O, CH, or (CHj),; Z is -CH;-CH, or -CH=CH-;
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1 is an integer of 0 to 5; R' to R* are each independently
selected fromahydrogenatom, analkyl group, analkenyl group,
analkynyl group, anaryl group, anaralkyl 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.

6. The semiconductor wafer according to any one of claims
1 to 5, wherein the semiconductor wafer has a thickness of

10 to 200 pm.

7. A semiconductor chippreparedbydicing the semiconductor

wafer according to any one of claims 1 to 6.

8. A semiconductor device prepared using the semiconductor

chip according to claim 7.





