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DESCRIPTION

TITLE OF THE INVENTION: ADHESIVE COMPOSITION CONTAINING RESIN
HAVING CARBON-CARBON MULTIPLE BOND

TECHNICAL FIELD

[0001] The present invention relates to an adhesive composition.  More
specifically, the present invention relates to an adhesive composition for bonding layers
to cach other in a step of forming a laminate in 1C chips and other semiconductor

products, optical products, or the like.

BACKGROUND ART

[0002] Inrecent years, along with the trend toward higher functionality and a
smaller size of electronic equipment such as cellular phones and 1C cards, semiconducior
devices have been required to have enhanced integration.  In order to achieve this,
studies have been conducted on finer semiconductors and a stacked structure in which a
semiconductor element is stacked onto another.

In the fabrication of the stacked structure, semiconductor elements are bonded by an
adhesive.  Known adhesives such as acrylic resins, epoxy resins, and silicone resing
have, however, heat resistance of as Jow as about 250°C and therefore are not usable in
steps subjected 10 high temperatures of 250°C or higher such as a step of bonding, i meta
bump O ain elecliode and ai ion diffusion stej.

f0003]  To improve heat resistance, for example, a substrate {or thick film
technology obtained by forming, on an inorganic insulating substrate that is a glass base
material impregnated with a silicone resin, an undercoat containing 30% by volume to
45% by volume of a polycther ether ketone resin powder and a thermosctiing resin is

disclosed (Patent Document 1).



10

15

20

25

2

An adhesive that is used in a flexible printed circuit board and includes a polymer
containing a polyimide-based main chain and a functional terminal group having a
carbon-carbon triple bond is disclosed (Patent Document 2).

An adhesive composition that includes a polymer containing, in the main chain, a
phenyl group, urea, an amido group, and the like, and a functional group having a
carbon-carbon triple bond is disclosed (Patent Document 3).

An adhesive composition that includes a polymer containing polyether ether sulfone
having a sulfonic group and polyether cther ketone is disclosed (Patent Document 4).
Related Art Documents
Patent Documents

[0004] Patent Document 1: Japanese Patent Application Publication No.
2009-070875 (JP 2009-070875 A)

Patent Document 2: International Publication No. WO 2006-137369 pamphlet

Patent Document 3: Japanese Patent Application Publication No. 2010-065097 (JP
2010-065097 A)

Patent Document 4: Japanese Patent Application Publication No. 2005-264008 (JP

2005-264008 A)

SUMMARY OF THIZ INVENTION

Problem to be Solved by the lnvention

[0005]  As described above, known adhesives such as acrylic resins, epoxy resins,
and silicone resing have heat resistance of as Jow as about 250°C and therefore are not
usable al high temperataies of 2567C o highei.

To improve heat resistance, as disclosed in Patent Documents 1 to 4 and the like,
Common polyether ether ketones are low in solubility in solvents and resin solutions and
therefore cannot form an adhesive for application use, so they are formed into ink paste,

for example, to coat a material to be bonded by screen printing.  An excessive content of
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polyether ether ketone resins, however, renders the ink not usable in screen printing,
Therefore, in Patent Document 1, for example, the content of polyether ether ketone is
limited to 30% by volume to 45% by volume, which is, however, not enough to solve the
problem in heat resistance.

Thus, aromatic polyethers such as polyether ether ketone have extremely low
solvent solubility, virtually no solubility, and therefore are low in solvent selectivity, are
less capable of forming thicker films, and have inadequate coating properties.

In order to improve solvent solubility, suggestions have been made to introduce a
flexible structure typified by long-chain alkyl. However, heat resistance degrades in
maost cases,

[0006]  The present invention is devised considering the above problems, and an
object of the present invention is to provide a highly heat-resistant adhesive composition
that casily dissolves in various organic solvents, has excellent coating properties, and can
form a thick-enough adhesive layer and that undergoes little thermogravimetric loss
during high-temperature processes such as steps of metal bump bonding, CVD, and ion.
diffusion and achieves excellent bonding,

Means for Solving the Problem
[0007]  The present invention provides:
as a first aspect, an adhesive composition including a polymer that contains a unit

structure of Formula (1):

) "‘"Ll ‘““‘“D“‘“"T‘l“‘()% Formula (1)

(where 1.' is an arylene group or a combination of an arylene group and a suifonyi

Sroup or a Carbonyi group, and 1 isa ji\.iu’i\}dn\‘)}wij‘\, B, G

¢ alky

SR

arylene group having a substituent, or a combination of an arylene group optionally
having a substituent and a fluoroalkylene group or a cyclic alkylene group) and contains,

at a terminal or in a side chain or the main chain, at Jeast one group containing a structure

of Pormula (2-A), a structure of Formula (2-13), or both siructures:
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e
C=C Formula (2-13) ;
- Ny
as a second aspect, the adhesive composition according to the first aspect in which
the arylene groups in 1! and T' are independently a phenylene group, a naphthylene
group, or an anthrylene group;
as a third aspect, the adhesive composition according to the first aspect or the
second aspect in which the polymer is a homopolymer containing one kind of unit
structure.
as a fourth aspect, the adhesive composition according to the {irst aspect or the
second aspect in which the polymer is a copolymer containing at least two kinds of unit
structures;
as a fifth aspect, the adhesive composition according to any one of the f{irst aspect to
the fourth aspect including a polymer that contains the unit structure of Formula (1) with
L' being a divalent group of Formula (3) or a polymer that contains the unit structure of

Formula (1) with L' being a divalent group of Formula (4):

1
R )nl R3
R /
R S O
N
Formula (3) Formula (4)

(where _Ii’.‘:_ R ?,md 2 are independently a Cy_p alkyl group, a €4 thioroaikyl group,
a hydroxy group, an allyl group, an allyloxy gloup, ai ainine grodgs, & Cyans group,
nitro group, an acyl group, an acyloxy group, a carboxy group, a group containing a
tertiary-carbon structure, a cyclic alkyl group, or a combination of these, 1.2 is a sulfonyl
group, a carbonyl group, an ester group, an amido group, a sulfinyl group, or a

sulfonamido group, and each of nl, n2, and n3 is an integer of 0 to 4);



10

WAy

5

as a sixth aspect, the adhesive composition according to any one of the first aspect,
the second aspect, and the fourth aspect including a polymer that contains a combination
of the unit structure of Formula (1) with L' being the divalent group of Formula (3) in the
fifth aspect and the unit structure of Formula (1) with L' being the divalent group of
Formula (4) in the f{ifth aspect;

as a seventh aspect, the adhesive composition according to any one of the first
aspect to the sixth aspect including a polymer that contains the unit structure of Formula
(1) with T' being a divalent group of Formula (5) or a polymer that contains the unit

structure of Formula (1) with T! being a divalent group of Formula (6):

4
RY) 4 /1 16 } n6
A .
= —§ - M—C‘
Formula (5) Formula (6)

(where RY, R®, and R® are independently a Cy.jg alkyl group, a Cy.4 fluoroalkyl group,
a hydroxy group, an allyl group, an allyloxy group, an amino group, a cyano group, a
nitro group, an acyl group, an acyloxy group, a carboxy group, a group containing a
tertiary-carbon structure, a cyclic alkyl group, or a combination of these, each of n4, n5,
and n6 is an integer of 0 to 4, and T2 is a fluorealkylene group, a cyclic alkylene group, or
a combination of these);

as an eighth aspect, the adhesive composition according to any one of the first
aspect, the second aspect, and the fourth aspect to the sixth aspect including a polymer

% J Tl . o : oy H sap el oy e ) TR, C S o
that coniains o combination of the unit structure of Formuia (17 withi T benng the divalent

wha (1Y gl 1

1 G F Y
4 u)~. A

gioup of Fomiwa (3) i the seventh aspect and e unit structare of )
being the divalent group of Formula (6) in the seventh aspect;
as a ninth aspect, the adhesive composition according fo the fifth aspect or the sixth

aspeet in which, in Formula (3), R' has at least a cyano group and nl is an integer of 1 to

4:
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as a tenth aspect, the adhesive composition according to the seventh aspect or the
eighth aspect in which, in Formula (3), R' has at least a cyano group and nl is an integer
of 1to4;

as an eleventh aspect, the adhesive composition according to the fifth aspect or the

5 sixth aspect in which, in Formula (4), 1. is a sulfonyl group or a carbonyl group;

as a twellth aspect, the adhesive composition according to the seventh aspect or the
cighth aspect in which, in Formula (4), 1.2 is a sutfonyl group or a carbony! group;

as a thirteenth aspect, the adhesive composition according to any one of the first
aspect, the second aspect, and the fourth aspect to the twelfth aspect further including a

10 polymer that contains a unit structure of Formula (7):

‘%LB — QO Tamoa——‘ Formula (7)

(where L? is the divalent group of Formula (3) or Formula (4), and T% is an alkylene
group, a sulfonyl group, a carbonyl group, a Ce.30 arylene group, or a combination of
these);

15 as a fourteenth aspect, the adhesive composition according to the thirteenth aspect
in which the arylene group is a phenylene group, a naphthylene group, or an anthrylene
group;

as a fifteenth aspect, the adhesive composition according to the thirteenth aspect or

the fourteenth aspect in which T is a divalent group of Formula (8):

” .
,A\(/R ) n7 </R ) n3d
- _i k I 7 B

20 Formula (8)

(where cach of R and R® is a Cy.19 alkyl group, a Cy.4 fluoroalkyl proup, a hydroxy
group, an ally) group, an allyloxy group, an amino group, a cyano group, a nitro group, an
acyl proup, an acyloxy group, a carboxy group, a group conlaining a ertiary-carbon

structure, a cyclic alkyl group, or a combination of these, each of n7 and n8 is an integer
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of 0 to 4, and T"is an alkylene group, a sulfonyl group, a carbonyl group, a Ce.30 arylenc
group, or a combination of these);

as a sixteenth aspect, the adhesive composition according to any one of the fifth
aspect to the fifteenth aspect in which the group containing a tertiary-carbon structure is a
tertiary butyl group;

as a seventeenth aspect, the adhesive composition according to any one of the first
aspect to the sixteenth aspect in which the weight average molecular weight of the
polymer is 500 to 5,000,000;

as an eighteenth aspect, the adhesive composition according to any one of the first
aspect to the seventeenth aspect further including a solvent, in which the adhesive
composition has a viscosity of 0.001 to 5,000 Pa-s;

as a nineteenth aspect, a Jaminate including an adhesive layer formed from the
adhesive composition according to any one of the first aspect to the seventeenth aspect,
the adhesive layer being interposed between a first material being bonded and a second
material being bonded that is of the same kind as or of a different kind from the first
material, in which the adhesive layer has a thickness of 0.1 pm to 200 pm; and

as a twentieth aspect, the laminate according to the nincteenth aspect in which the
materials being bonded are each a silicon substrate, a glass substrate, a resin substrate, or
a ceramic substrate.
Effects of the Invention

[0008] According to the present invention, an adhesive composition that easily
dissolves in various solvents and can achieve excellent coating properties can be
obtamed.

ihe polymer used in the adhesive coinposition of e present invention has a
polyether structure such as a polyether ether ketone structure, a polyether ether sulfone
strocture, and a polyether ether arylene structure, and therefore can make the adhesive
composition be capable of forming an adhesive layer that is thick enough for bonding,
vidergoces Jitile thermogravimetrie Joss during high-temperature processes such as steps

of metal bump bonding, CVD, and ion diffusion, and achieves excellent bonding after the
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high-temperature processes.  Because of this, the adhesive composition is significantly
excellent in heat registance.
The adhesive composition of the present invention can also be suitably used in
bonding of workpieces (such as layers to be processed by healing, pressurization, and

lithography) that include a polymer containing a polyether structure.

MODES FOR CARRYING OUT THE INVENTION

[0009] The present invention provides an adhesive composition including a
polymer that contains a unit structure of Formula (1) and contains, at a terminal or in a
side chain or the main chain, at least one group containing a structure of Formula (2-A), a
structure of Formula (2-13), or both structures.

The adhesive composition may include a solvent in addition to the polymer, and can
further include an optional component such as an additional resin for enhancing the
performance of an adhesive, a tackifier, a plasticizer, an adhesive aid, a stabilizer, a
colorant, and a surfactant.

[0010] The solid content of the adhesive composition of the present invention,
which is the proportion of the material left after removing solvent from the adhesive
composition, is 0.1 to 80% by mass and is preferably 1 to 60% by mass.  The proportion,
in the solid matter, of the polymer that contains the unit structure of Formula (1) can be
30 to 100% by mass and can be preferably 50 to 100% by mass.

The polymer used in the present invention is preferably a thermosetting resin.

[0011)  The structore of Formula (2-A) is a carbon-carbon triple bond, while the
structure of Formuia (2-13) 1s a carbon-carbon doubie boiid,  When ithese struciures exist
at a terminal or i a side chain of the polymer, they are cither of the folowing

monovalent groups:

—C=CH —CH=CH>

In the main chain of the polymer, they are either a divalent group of Formula (2-A) or a
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tetravalent group of Formula (2-B).

[0012]  The carbon-carbon triple bond at a terminal or in a side chain or the main
chain of the polymer is, when heated (at 400°C or higher, for example), assumed to form
crosslinking between polymer molecules by forming successive unsaturated bonds (a
diene structure, for example) or an aromatic ring structure.

The carbon-carbon double bond is also assumed to form a crosslinked structure
when heated.

[0013] The molecular weight of the polymer that contains the unit structure of
Formula (1) used in the present invention is 500 to 5,000,000, is preferably 1,000 to
1,000,000, and is preferably 1,000 to 100,000 in terms of weight average molecular
weight.

[0014)  The structure of the polymer that contains the unit structure of Formula (1)
used in the present invention is described below in detail.

[0015] In Formula (1), L' is an arylene group or a combination of an arylene
group and a sulfonyl group or a carbonyl group.

[0016] In Formula (1), T' is a fluoroalkylene group, a cyclic alkylene group, an
arylene group having a substituent, or a combination of an arylene group optionally
having a substituent and a fluoroalkylene group or a cyclic alkylene group.

The arylene group having a substituent will be described below.

The combination of an arylene group optionally having a substituent and a
fluoroatkylene group or a cyclic alkylene group is a combination of a substituted or
unsubstituted arylene group and a fluoroatkylene group or a cyclic alkylene group.

1

(00171 Tixamples of the arylene group in L' and 17 include a phenylene group, a

1

Vs cavner ghe
WOhC BRutip Ll 8

naphiliyi groups, aid an aothiyl group. Aniong these, a pheny
group can be preferably vsed.

[0018]  Tixamples of the fluoroalkylene group include Cyy9 fluoroalkylene groups,
which can be completely fluorinated (perfluorinated) groups or partly fluorinated
(monofluorinated, difluorinated, for example) alkylene proups,  Specific examples

thereof include a fluoromethylence group, a fluorocthylene group, a fluoro-n-propylene
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group, a fluoroisopropylene group, a fluoropropane-2,2-diyl group, a {fluoro-n-butylene
group, a fluoroisobutylene group, a fluoro-sec-butylene group, a fluoro-tert-butylene
group, and particularly C,4 fluoroalkylene groups such as a perfluoropropane-2,2-diyl
group.

[0019]  Examples of the cyclic alkylene group include Ca.3p cyclic alkylene groups
such as a cyclopropylene group, a cyclobutylene group, a cyclohexylene group, a
I-methyl-cyclopentylenc group, a 2-methyl-cyclopentylene group, a
3-methyl-cyclopentylene group, a 1-ethyl-cyclobutylene group, a 2-ethyl-cyclobutylene
group, a 3-ethyl-cyclobutylene group, a 1,2-dimethyl-cyclobutylene group, a
1,3-dimethyl-cyclobutylene group, a 2,2-dimethyli-cyclobutylene group, a
2,3-dimethyl-cyclobutylene group, a 2,4-dimethyl-cyclobutylene group, a
3,3-dimethyl-cyclobutylene group, a 1-n-propyl-cyclopropylene group, a
2-n-propyl-cyclopropylene group, a 1-isopropyl-cyclopropylene group, a
2-isopropyl-cyclopropylene group, a 1,2,2-trimethyl-cyclopropylene group, a
1,2,3-trimethyl-cyclopropylene group, a 2,2,3-trimethyl-cyclopropylene group, a
1-ethyl-2-methyl-cyclopropylene group, a 2-¢thyl-1-methyl-cyclopropylene group, a
2-ethyl-2-methyl-cyclopropylene group, and a 2-ethyl-3-methyl-cyclopropylene group.

A divalent organic group that is derived from adamantane or norbornene can also be used,
[0020]  As each of L' and T' in the polymer that contains the unit structure of
Formula (1) used in the present invention, the functional groups exemplified above, alone

or as a combination of a plurality of these, can be used.

The polymer can be a homopolymer containing a single repeating unit structure or a
copolymer containing two or more kinds of repeating umit structures.

jG021]  Ihe adhesive composition of the present invention way nclude & polyma
that containg the unit structure of FFormula (1) in which 1" is a divalent group of Formula
(3) or a divalent group of Formula (4).

That is, a polymer that contains the unit structure of Formula (1) in which L'is the
divalent group of Formula (3), a polymer that contains the unit structore of Formula (1) in

which 1." is the divalent group of Formula (4), or a polymer that contains a combination
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[0022] In Formulae (3) and (4), R' R?, and R? are independently a C_q alky!
group, a Cy.4 fluoroalkyl group, a hydroxy group, an allyl group, an allyloxy group, an
amino group, a cyano group, a nitro group, an acyl group, an acyloxy group, a carboxy
group, a group containing a tertiary-carbon structure, a cyclic alkyl group, or a
combination of these, 1.7 is a sulfonyl group, a carbonyl group, an ester group, an amido
group, a sulfinyl group, or a sulfonamido group, and each of nl, n2, and n3 is an integer
of 010 4.

[0023] Examples of the Cy.9 alkyl group include a methyl group, an ethyl group,
an n-propyl group, an isopropy!l group, an n-butyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, an n-pentyl group, a 1-methyl-n-butyl group, a
2-methyl-n-butyl group, a 3-methyl-n-butyl group, a I,1-dimethyl-n-propyl group, a
1,2-dimethyl-n-propyl group, a 2,2-dimethyl-n-propy! group, a 1-cthyl-n-propyl group,
an n-hexyl group, a 1-methyl-n-pentyl group, a 2-methyl-n-pentyl group, a
3-methyl-n-pentyl group, a 4-methyl-n-pentyl group, a I,l-dimethyl-n-butyl group, a
1,2-dimethyl-n-butyl group, a 1,3~-dimethyl-n-butyl group, a 2,2-dimethyl-n-butyl group,
a 2,3-dimethyl-n-butyl group, a 3,3-dimethyl-n-butyl group, a 1-ethyl-n-butyl group, a
2-ethyl-n-butyl group, a 1,1,2-trimethyl-n-propyl group, a 1,2,2-trimethyl-n-propyl group,
a 1-ethyl-1-methyl-n-propyl group, and a 1-ethyl-2-methyl-n-propyl group.

[0024]  As the C)4 fluoroalkyl group, a completely fluorinated (perfluorinated)
group or a partly fluorinated (monofluosinated, difluorinated, for example) alkyl group
can be used,  BExampies thereofl include a fluoromethyl group, a fluoroethyl group, 4
fluoro-n-propyl group, a fluoroisopropyl group, a fuoro-n-butyl proup, a fuoroisobutyi
EIOUp, a Huoro-sec-butyi group, and u fuoio-teit-butyl gioup.

[0025] Txamples of the acyl group include Co.yp acyl groups such as a
methylcarbonyl group, an ethylcarbonyl group, an n-propylcarbonyl group, an
isopropylcarbonyl group, a cyclopropylearbonyl proup, an n-butylcarbonyl group, an
isobutylcarbonyl group, a sce-butylcarbonyl group, a tert-butylcarhonyl group, a

cyclobutylearbonyl group, a T-methyl-cyclopropylcarbonyl group, a
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2-methyl-cyclopropylcarbonyl group, an n-pentylcarbonyl group, a
I-methyl-n-butylcarbonyl group, a 2-methyl-n-butylcarbonyl group, a
3-methyl-n-butylcarbonyl group, a 1,1-dimethyl-n-propylcarbonyl group, a
1,2-dimethyl-n-propylcarbonyl group, a 2,2-dimethyl-n-propylcarbonyl group, a
1-ethyl-n-propylcarbonyl group, a cyclopentylearbonyl group, a
1-methyl-cyclobutylcarbonyl group, a 2-methyl-cyclobutylcarbonyl group, a
3-methyl-cyclobutylcarbonyl group, a 1,2-dimethyl-cyclopropylcarbonyl group, a
2,3-dimethyl-cyclopropylcarbony! group, a 1-cthyl-cyclopropylcarbonyl group, a
2-ethyl-cyclopropylcarbonyl group, an n-hexylcarbonyl group, a
[-methyl-n-pentylcarbonyl group, a 2-methyl-n-pentylcarbonyl group, a
3-methyl-n-pentylcarbonyl group, a 4-methyl-n-pentylcarbonyl group, a
1,1-dimethyl-n-butylcarbonyl group, a 1,2-dimethyl-n-butylcarbonyl group, a
1,3-dimethyl-n-butylcarbonyl group, a 2,2-dimethyl-n-butylcarbonyl group, a
2,3-dimethyl-n-butylcarbonyl group, a 3,3-dimethyl-n-butylcarbonyl group, a
1-cthyl-n-butylcarbonyl group, a 2-ethyl-n-butylcarbonyl group, and a
1,1,2-trimethyl-n-propylcarbonyl group.

[0026] Examples of the acyloxy group include Cy.j0 acyloxy groups such as a
methylcarbonyloxy group, an ethylcarbonyloxy group,-an n-propylcarbonyloxy group, an
isopropylcarbonyloxy group, a cyclopropylearbonyloxy group, an n-butylcarbonyloxy
group, an isobutylcarbonyloxy group, a sec-butylearbonyloxy group, a
tert-butylcarbonyloxy group, a cyclobutylcarbonyloxy group, a
I-methyl-cyclopropylcarbonyloxy group, a 2-methyl-cyclopropylearbonyloxy group, an
n-pentylcarhonyioxy proup, a L-methyl-n-butylcarbonyloxy group, a
Z-methyi-n-butyicarbonyloxy group, a S-methyi-u-buiylcaboiylory gioup, o
1, 1-dimethyl-n-propylcarbonyloxy group, a 1,2-dimethyl-n-propylcarbonyloxy group, a
2,2-dimethyl-n-propylcarbonyloxy group, a 1-ethyl-n-propylcarbonyloxy group, a
cyclopentylcarbonyloxy group, a 1-methyl-cyclobutylcarbonyloxy group, a
2-methyl-cyclobutylecarbonyloxy group, a 3-methyl-cyclobutylcarbonyloxy group, a

1,2-dimethyl-cyclopropylcarbonyloxy group, a 2,3-dimethyl-cyclopropylcarbonyloxy
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group, a 1-ethyl-cyclopropylcarbonyloxy group, a 2-cthyl-cyclopropylearbonyloxy group,
an n-hexylcarbonyloxy group, a I-methyl-n-pentylcarbonyloxy group, a
2-methyl-n-pentylcarbonyloxy group, a 3-methyl-n-pentylcarbonyloxy group, a
4-methyl-n-pentylcarbonyloxy group, a 1,1-dimethyl-n-butylcarbonyloxy group, a
1,2-dimethyl-n-butylcarbonyloxy group, a 1,3-dimethyl-n-butylcarbonyloxy group, a
2,2-dimethyl-n-butylcarbonyloxy group, a 2,3-dimethyl-n-butylcarbonyloxy group, a
3.,3-dimethyl-n-butylcarbonyloxy group, a 1-cthyl-n-butylcarbonyloxy group, a
2-ethyl-n-butylcarbonyloxy group, and a 1,1,2-trimethyl-n-propylcarbonyloxy group.

[0027]  As the group containing a tertiary-carbon structure, a tertiary butyl group
can be preferably used.

[0028] Examples of the cyclic alky! group include Cs.3g cyclic alkyl groups such
as a cyclopropyl group, a cyclobutyl group, a cyclohexyl group, a 1-methyl-cyclopentyl
group, a 2-methyl-cyclopentyl group, a 3-methyl-cyclopentyl group, a 1-ethyl-cyclobutyl
group, a 2-ethyl-cyclobutyl group, a 3-ethyl-cyclobutyl group, a 1,2-dimethyl-cyclobutyl
group, a 1,3-dimethyl-cyclobutyl group, a 2,2-dimethyl-cyclobutyl group, a
2,3-dimethyl-cyclobuty! group, a 2,4-dimethyl-cyclobutyl group, a
3,3-dimethyl-cyclobutyl group, a 1-n-propyl-cyclopropyl group, a
2-n-propyl-cyclopropyl group, a 1-isopropyl-cyclopropyl group, a
2-isopropyl-cyclopropy! group, a 1,2,2-trimethyl-cyclopropyl group, a
1,2,3-trimethyl-cyclopropyl group, a 2,2,3-trimethyl-cyclopropyl group, a
1-ethyl-2-methyl-cyclopropyl group, a 2-ethyl-I-methyl-cyclopropyl group, a
2-ethyl-2-methyl-cyclopropyl group, and a 2-ethyl-3-methyl-cyclopropyl group. A
monovalent organic group that is derived from adamantane or norbomene can also be
used.

[0029} A preferable structure of Formula (3) can be one in which R' has a cyano
group and nl is an integer of 1 to 4.

The structure of Formula (4) can be one in which L% is a sulfonyl group or a
carbonyl group

[0030]  The polymer that contains the unit structure of Formula (1) used n the
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present inventlion can contain, irrespective of the selection of L' or associated with the
selection of L', a polymer that contains the unit structure of Formula (1) in which T isa
divalent group of Formula (5), a polymer that contains the unit structure of Formula (1) in
which T' is a divalent group of Formula (6), or a polymer that contains a combination of
these unit structures.

[0031] That is, the polymer used in the present invention can be a polymer that
contains the unit structure of Formula (1) in which L' is the divalent group of Formula
(3); the unit structure of Formula (1) in which L' is the divalent group of Formula (4); the
unit structure of Formula (1) in which T' is the divalent group of Formula (5); the unit
structure of Formula (1) in which T is the divalent group of Formula (6); the unit
structure of Formula (1) in which L is the divalent group of Formula (3) and T is the
divalent group of Formula (5); the unit structure of Formula (1) in which L'is the
divalent group of Formula (3) and T is the divalent group of Formula (6); the unit
structure of Formula (1) in which L' is the divalent group of Formula (4) and T' is the
divalent group of Formula (5); the unit structure of Formula (1) in which L'is the
divalent group of Formula (4) and T! is the divalent group of Formufa (6); or a
combination of these unit structures.

[0032] In Formulae (5) and (6), each of R, R®, and R®is a Cy.yp alkyl group, a
Cy.4 fluoroalkyl group, a hydroxy group, an allyl group, an allyloxy group, an amino
group, a cyano group, a nitro group, an acyl group, an acyloxy group, a carboxy group, a
group containing a tertiary-carbon structure, a cyclic alkyl group, or a combination of
these, and each of n4, n5, and n6 is an integer of 0 to 4. T%is a fluoroallkylene group, a
cyelic alkylene gronp, or a combination of these.

[0033]  As tie Cyap alkyl group, the O fuotaalkyl group, Bie acyl group, the
acyloxy group, the group containing a tertiary-carbon structure, and the cyclic alkyl
aroup, those groups exemplified above can be used.

As each of the fluoroalkylene proup and the eyclic alkylene group, thosce groups
exemplified above, alone or as a combination, can be used.

[0034]  As the polymer included in the adhesive composition of the present
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invention, a copolymer that contains both the unit structure of Formula (1) and the unit
structure of Formula (7) can be used.

[0035) In Formula (7), L} is the divalent group of Formula (3) or Formula (4),
while T? is an alkylene group, a sulfonyl group, a carbonyl group, a Ce.30 arylene group,
or a combination of these where the arylene group and the alkylene group can be those
groups exemplified above.

Examples of the alkylene group in Formula (7) include Cy.pp alkylene groups such
as a methylene group, an ethylene group, an n-propylene group, an isopropylene group, a
propane-2,2-diyl group, an n-butylene group, an isobutylene group, an sec-butylene
group, a tert-butylene group, and particularly C.q alkylene groups such as a
propane-2,2-diyl group.

The arylene group in Formula (7) can be a phenylene group or a naphthylene group
that is substituted or unsubstituted.

T% in Formula (7) can be a divalent group of Formula (8). In Formula (8), each of
R7 and R® is a Cy.19 alkyl group, a Cy.4 fluoroalkyl group, a hydroxy group, an altyl group,
an allyloxy group, an amino group, a cyano group, a nitro group, an acyl group, an
acyloxy group, a carboxy group, a group containing a tertiary-carbon structure, a cyclic
alkyl group, or a combination of these, each of n7 and n8 is an integer of 0 to 4, and Tis
an alkylene group, a sulfonyl group, a carbonyl group, a Cs.39 arylene group, or a
combination of these,

As the alkyl group, the C).4 fluoroalkyl group, the acyl group, the acyloxy group, the
group containing a iertiary-carbon structure, the cyclic alkyl group, the alkylene group,
and the arylene group, those exemplified above can be used.

{0036]  In ihe prosent inventioi, tic “giotp containing a tertiany cawbon stiucture”
means a functional group containing a tertiary-carbon structure, in which the functional
group substitutes for a hydrogen atom on a carbon atom {o form quaternary carbon.
Fixamples of an organic group bonded to carbon in the tertiary-carbon structure include
alkyl groups such as a methyl group, an ethyl group, and a propyl group and aryl groups

such as a phenyl group.  Among these, a methyl group is preferably used, and therefore,
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a tertiary butyl group having three methyl groups can be preferably used.
[0037] Examples of the polymer used in the adhesive composition of the present

invention may include the following polymers of FFormulae (1-1) to (1-42):

Cry
HC=C-CHy-O— @ )0 L—@o—} CHy-C=CH

Formula (1-1)

LFg
rescavo- (OO0 O Drop —euoson

Formula (1-2)

CFy
HC=C-CHy-0— - <}c, $) L—Qo)
er Formula (1-3)
CHy OH
4‘@—0 \ 7 b O‘)‘—-—CHZ Ce=CH
HO
CFs
HC=C-CHy-0— < )~ @O@-c—@—o+
CF3 Formula (1-4)
6}13

f@— c <) oJf —CHy-C=CH
C
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CF“@

HC=C-CHy-0— { ©_O'© C—Q_Oaﬁ —CHy"C=CH pomula (1-5)

CF3y

HCEC—CHz—o——EQ-o@(:;—@-o-} —~CHp-C=CH  Formula (1-6)
CN CF;

CFy

HC=C-CH-0— ‘{‘@‘O@*C—@*O-}' —CHy-C=CH Formula (1-7)

HC=C~CHy_ Cl Jy-C=CH

C= C CHy CH ~-C=CH
H 2 CF‘ 2
I—ICEC—CHZ-O—- \ / o}— ~CHy-C=CH

Formula (1-8)

CFs

HC=C-CHy-0— {—Q—o@é—@—o+ —CHy-C=CH Formula (1-9)
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(‘F‘a
HC=C-CHyO— \L<->
CHz-O _OO—@CO 5_ Formula (1-10)

HC C CH» O .
CH3 0-CHz-C=CH

L) c 0 \/c —)—»cmc"cr{
HC=C-CHy-0 Siy \-0-CHy-C=CH

CFy
HC=C-CHy O— —t@ (}o@c-@oT
HE=C-CH0

_ 0 _. CHs /O CHz-C=CH
w% 04 ,~?MC{—}——CI~12-CECH
O

O-CHg-C=CH

Formula (1-11)

(‘F‘a

HC=C~CHz-0~ —{@c@o@-&@—of ~CHz~C=C-CHg~

CF3 CF? Formula (1-12)

-(@'é—@—o@ c—@o} ~CHy C=CH

CI":;

HC=C-CHyO— O—o—@-c—@oﬁ— ~CHz~C=C-CHa-

CF CFa Formula (1-13)

ey @ o640 —crrosen

&F,

er

HO=C-CHy0— {304 ¥ ¢ ~ )09

e Fy ﬂb Formula (1-14)

HC=C~CH Shig-C=CH

H(Jb Lﬂ"lz (,,-Hz""(/ =CH
b#@of ~CHy~C=CH

CF3
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HCEC“CHZ\N ,CHy—C=CH
HO= C"- CH" N
CF3 / “CHp-C=CH

HC=C~CHy-O— O ©
2 @ @— O ) ‘>_ Formula (1-15)

. CF3
{_@-%—Qoo}— —CHp-C=CH
O

HC=C—CHa~ ,CHy—C=CH
c= C"‘ CHy™ N
B CF; / “CHp-C=CH

HC=C-CHz-0— {@— )04 T4 0%‘

cHy; CHj CF3 Formula (1-16)

>E0-00 [0 -awomn

HC=C—CHa~ ,CHz—C=CH
=C~CHy™ N
He cn\  CFy / “CHy-C=CH
HC=C-CHz-0— "(* O \_7 O%" Formula (1-17)

CN _ CHy CHg O
_(_@'_O@_‘_@—{~©—09~ —CHy-C=CH
CHa

CHsg
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CFy NC HO—- CH; ~OH
He=C-CHy- 0~ )—)-0— Jﬂ\)j‘o - o+
CFj 1K
HO 3
CN CFg F()lmuld(l -18)
{00} —ome=an
CF;

CFs CHj
HCEC~CH2-0—@+@ %@J@'OO%

CFa HO CHs

@LQOHOW O—} —CHy-C=CH loxmuld(l -19)

HC=C— ClIZ\

(‘H ~C=
Hc==c~CHz o~ C=CH
CF3 CFa CH.; C=CH

HC=C-CHz-0—) Q O~ - @

CF3

N Formula (1-20)

-(O‘ ) o)— —CHy-C=CH

CFa
0
I E‘:
= ~C=CH
CFs HC=C-Cony omy NH
0-O -0~ %@M@-@—Oﬁ@ ot

CFy ™ Formula (1-21)

{-@4@ D—C}—*—@o}ﬂq
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CFy
CHy=CH-CHy-0— -(—@ ‘@‘OO‘C—Q‘O% —CHy-CH=CH,

Fy Formula (1-22)

(JF‘;;

CHy=CH~CHy-0— {—@-c—{}o@g@o—} —CHp"CH=CH,
CFS Formula (1-23)
Cl—'g

CHy=CH-CHy-O— {—@*C@‘OQ‘C“‘® )

Formula (1-24)

HO ("Hg OH CFa :
b O~ —CHy"CH=CH,
HO -OH

Lty
O

CHy=CH~CHp-O— -@‘ @'005003"
¢y

OoH FFormula (1-25)

—(@—b@c%ﬁ} 0+ —CH,CH=CH

CH 3 OH
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Cl—'s
CHp=CH-CHg-O— -{—@\—o@ (,—Qo)— —CHy-CH=CHj
Formula (1-206)
Cl"s
CHy=CH-CHy- o~~Qo@0-@o - —CHy"CH=CH
CF3 Formula (1-27)

CHy=CH-CH;-O— {—Cr o )~ c—@—o—)— ~CHy-CH=CHj

C»l“ Formula (1-28)
CHp=CH-CHy_ C“z CH=CHy
CHz—CH CHy “CHp—CH=CHp
CHszH~CHz-o~{—@ b «_,40} ~~CHp-CH=CHj
Formula (1-29)
CFy

CHy=CH-—CHy-0— ——Qﬁc}@c—@—o+ —CHyCH=CH

Formula (1-30)



CHp=CH—CHy-0— {—O &@—o@-u—@—oﬁ—

CHy=CH-CHy-O

o CHy /~0-CHz~CH=CHj
“ C c—
)¢ 04 4 J:{%-} —CH,~CH=CHj

CHy=CH-~CHp-0— &H3 0-CHp— CH=CH;

Formula (1-31)

@) Cf‘3
CH=CH-CHy-0— T@—%— o@c Waths
O

CHy=CH—CH,-0 Fra Formula (1-32)
CI 13 O-CHz-CH=CIH,

{@f‘é@oﬂ (L,_(L -}—~CH3 CH=CHy
O

0-CHy—CH=CH
CHy=CH-CHy-O Eks g

CFy
CH2=CH—CH2—O—@ C<4 )04/ <,—@o7\ ~CHz-CH=CH-CHy~
{re Ly Formula (1-33)
) o—@c-@o—} —CHy-CH=CHj
CF;
CFy

CHy=CH-CHy-0— @— —.-o@c—@o)f ~CHy~CH=CH-CHy-

FFormula (1-34)

{—@~ —@—0—@?@0-}— ~—CHp-CH=CH,

CFa
C‘rs
CHp=CH~CHz-O— ]@[—0@@»@ 0
CF
CHy=CH—CH,_ ' PHaCH=CH,

~N Formula (1-35)
CHp= CH—‘(,-H; \ (F% f CH? CH==CH,

( TL’{\,;{\\/O) ~CHo~CEF=CH)y

\/I _{

o
LA 3 CF3



24

CH2~CH“’CHZ*\ CI‘IQ”CH:CI”IQ
H ~CH ~CHy™
. Ry [ CHa-CH=CH,
CHy=CH-CHy0~— @—q— 0 o)
CP 3 Formula (1-36)

{—@ 09- —CHy-CH=CH,

CHy=CH—CHa~ CHz-—CH:CHz
cH -—CH CHz™
2 CF3 CHz—CH=CH:
ll =
CHy=CH-CHg-O— ~ ~ @‘{”{‘40
2= 2 {—@ (/JHO + Formula (1-37)
CH3 3
—Qo w \ - o —~CHZ CH=CH,
CHa
cH2=CH—*CH2:N ,CHe—CH=CH,
CH,=CH~CHz: N
Cl\i CRs / “CHz-CH=CHjy
= {"H -~ w(Yr—— O =
CH,=CH~CH4-0O 0\ 7 b) Formula (1-38)
CHJ Cly

CH‘a
(—@—o _)~O— —CHy CH=CH,
Clg



25

cr 3

NC HO CH,
CHyp=CH~CHy- o‘—| \ )-O— }}}.—Q
CH;
’ ] “ormula (1-39)
{( )0—@—{—(\}0-} —CHz-CH=CHj

CFj
CFg HO- “Hs OII
(,Hz—-C,H“CHz'O_Q"I’_@ o M :)
[y CF4 HO
"6@"‘“‘6—0'“@—{”@"0'}‘ —CHy CH=CHz  p61myla (1-40)

CFy

CHy=CIH~ CHz\
CHy=CH-CHz™

CF3 F3 / “CHa~CH=CHj
CHy=CH-CHy- ()—@4—@0« ﬁﬁog d
CFa b3 Formula (1-41)
-@@ )——@—{—Q@} —CHz-CH=ClH

CHz"QH =CHg

CFq
o
I ‘E:
‘ . SCH=CH
CFy “HZ CH-C\\y  cF, NH :

1o-Or}-0r0- {O-O-0-0OCo

CF3
Formula (1-42)

M"‘W@O%*H

[0038] In the synthesis of the polymer that contains the unit structure of Formula
(1), a functional group having a hydroxy group can be introduced at the terminal or in a

side chain of the polymer during the steps.

5 Phe hydioxy group is then subjected o a reaction, which i
reaction, with a monohaloalkyne (the halogen is fluorine, chlorine, bromine, or jodine,
for example) or a monohaloalkene (the halogen is fluorine, chiorine, bromine, or iodine,
for example) to form a carbon-carbon tripic bond (an alkyne) or a carbon-carbon double
bond (an alkene) at the terminal or in a side chain,

10 Alternatively, a polymer containing a hydroxy group at a terminal or in a side chain
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is subjected to a reaction, which is a dehydrohalogenation reaction, with a dihaloalkyne
(the halogen is fluorine, chlorine, bromine, or iodine, for example) or a dibaloatkene (the
halogen is fluorine, chlorine, bromine, or iodine, for example) to form a carbon-carbon
triple bond (an alkyne) or a carbon-carbon double bond (an alkene) in the main chain of
5  the molecule.

[0039] The adhesive composition of the present invention can be a coating
mixture containing an organic solvent. The viscosity of a solution of the polymer that
contains the unit structure of Formula (1) in the organic solvent is preferably within the
range of 0.001 to 5,000 Pa-s, which can make the coating mixture ready for spin coating.

10 [0040] The organic solvent is not particularly limited provided that it is usable in
other semiconductor fabrication steps, and is preferably a ketone such as cyclohexanone,
methyl isoamyl ketone, and 2-heptanone; a polyhydric alcohol such as monomethyl ether,
monoethyl ether, monopropyl ether, monobutyl ether, and monophenyl ether of ethylene
glycol, ethylene glycol monoacetate, diethylene glycol, diethylene glycol monoacetate,

15 propylene glycol, propylene glycol monoacetate, dipropylene glycol, or dipropylene
glycol monoacetate, or a derivative thereof; a cyclic ether such as dioxanes; or an ester
such as methyl lactate, ethyl lactate, methy} acetate, ethyl acetate, butyl acetate, methyl
pyruvate, ethyl pyruvate, methyl methoxypropionate, and ethyl ethoxypropionate,
These may be used alone or as a mixture of two or more of these.

20 [0041]  To the adhesive composition of the embodiment of the present invention, a
commonly used, miscible additive such as an additional resin for enhancing the
performance of an adhesive, a tackifier, a plasticizer, an adhesive aid, a stabilizer, a
colorant, and a surfactant can be further added provided that they do nof impair the
essenilal fearures of tie present veniioi.

[0042])  As the additional resin (polymer) for enhancing the performance of an

»
IS
()

adhesive, an addition polymer or a condensation polymer such as polyesters, polystyrene,
polyimides, acrylic polymers, methacryl polymers, poly(vinyl ether), phenol novolac,
naphthol novolac, polyethers, polyamides, and polycarbonates can be used, and a

polymer containing an aromatic ring structure such as a benzene ring, a naphthalene ring,
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an anthracene ring, a triazine ring, a quinoline ring, and a quinoxaline ring is preferably
used.

[0043] Examples of the additional resin (polymer) include addition polymers that
contain, as a structural unit, an addition-palymerizable monomer such as benzyl acrylate,
benzyl methacrylate, phenyl acrylate, naphthyl acrylate, anthryl methacrylate,
anthrylmethyl methacrylate, styrene, hydroxystyrene, benzyl vinyl ether, and
N-phenylmaleimide, and condensation polymers such as phienol novolac and naphthol
novolac.

[0044]  As the additional resin (polymer), a polymer containing no aromatic ring
structure can also be used.  Examples of the polymer include addition polymers that
contain, as the only structural unit, an addition-polymerizable monomer containing no
aromatic ring structure such as alkyl acrylates, alkyl methacrylates, vinyl ethers, alkyl
vinyl ethers, acrylonitrile, maleimide, N-alkylmaleimide, and mal¢ic anhydrides.

[0045] The addition polymer used as the additional resin (polymer) may be a
homopolymer or a copolymer. The addition polymer is produced using an
addition-polymerizable monomer, Examples of the addition-polymerizable monomer
include acrylic acid, methacrylic acid, acrylic acid ester compounds, methacrylic acid
ester compounds, acrylamide compounds, methacrylamide compounds, vinyl compounds,
styrene compounds, maleimide compounds, maleic anhydrides, and acrylonitrile.

[0046] Examples of the acrylic acid ester compounds include methyl acrylate,
ethyl acrylate, normal hexyl acrylate, isopropyl acrylate, cyclohexyl acrylate, benzyl
acrylate, phenyl acrylate, anthrylmethyl acrylate, 2-hydroxyethyl acrylate,

3-chloro-2-hydroxypropyl acrylate, 2-hydroxypropyl acrylate, 2.2, 2-trifluoroethyl

5 AL e

acryiate, 2,2, 2-trichiorocthyi acrylaie, Z-bromociyi acry
2-methoxyethyl acrylate, tetrahydrofurfuryd acrylate, 2-methyl-2-adamanty! acrylate,
S-acryloyloxy-6-hydroxynorborene-2-carboxylic-6-lactone,
3-acryloxypropyltriethoxysilane, and glycidyl acrylate.

[0047)  Tixamples of the methacrylic acid ester compounds 1nelude methyl

methacrylate, ethyl methacrylate, norinal hexyl methacrylate, isopropyl methacrylate,
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cyclohexyl methacrylate, benzyl methacrylate, phenyl methacrylate, anthrylmethyl
methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate,
2,2,2-trifluoroethyl methacrylate, 2,2,2-trichloroethyl methacrylate, 2-bromoethyl
methacrylate, 4-hydroxybutyl methacrylate, 2-methoxyethyl methacrylate,
tetrahydrofurfuryl methacrylate, 2-methyl-2-adamantyl methacrylate,
5-methacryloyloxy-6-hydroxynorbornene-2-carboxylic-6-lactone,
3-methacryloxypropyltriethoxysilane, glycidyl methacrylate, 2-phenylethy] methacrylate,
hydroxyphenyl methaerylate, and bromophenyl methacrylate.

[0048] Examples of the acrylamide compounds include acrylamide,
N-methylacrylamide, N-ethylacrylamide, N-benzylacrylamide, N-phenylacrylamide,
N,N-dimethylacrylamide, and N-anthrylacrylamide,

[0049] Examples of the methacrylamide compounds include methacrylamide,
N-methylmethacrylamide, N-ethylmethacrylamide, N-benzylmethacrylamide,
N-phenylmethacrylamide, N,N-dimethylmethacrylamide, and N-anthrylacrylamide.

[0050] Examples of the vinyl compounds include vinyl alcohol, 2-hydroxyethyl
vinyl ether, methyl vinyl ether, ethyl vinyl ether, benzyl vinyl ether, vinylacetic acid,
vinyltrimethoxysilane, 2-chloroethyl vinyl ether, 2-methoxyethyl vinyl ether,
vinylnaphthalene, and vinylanthracene.

[0051] Examples of the styrene compounds include styrene, hydroxystyrene,
chlorostyrene, bromostyrene, methoxystyrene, cyanostyrene, and acetylstyrene.

[0052]  Examples of the maleimide compounds include maleimide,
N-methylmaleimide, N-phenylmaleimide, N-cyclohexyhmaleimide, N-benzylmaleumide,
and N-hydroxyethylmaleimide.

053] The mojecuiar weight of the additionsl resia {polymier) used in the
adhesive composition of the present invention is, for example, 1,000 to 1,000,000, 3,000
to 300,000, 5,000 to 200,000, or 10,000 to 100,000 in terms of weight average molecular
weight.

[0054]  When the additional resin (polymer) 1s included in the adhesive

composition of the present invention, the content thereof in the solid matter is, for
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example, 0 to 40% by mass, 0 to 20% by mass, or 1 to 19% by mass.

[0055] The tackifier is added so as to control the modulus of elasticity, the
viscosity, and the surface state.  The tackifier is preferably selected in consideration of
the viscosity, and specific examples thereof include aliphatic petroleum resins, aromatic
petroleum resins, aliphatic/aromatic-copolymer petroleum resins, alicyclic hydrogenated
petroleum resins, alkyl phenolic resins, xylene resing, coumarone-indene resins, terpene
resins, terpene phenolic resins, aromatic-modified terpene resins, hydrogenated terpene
resins, rosin resins, hydrogenated rosin resins, disproportionated rosin resins, dimerized
rosin resins, and esterified rosin resins, which are used alone or as a combination of two
or more of these, The content of the tackifier can be 0 to 100 parts by mass relative to
100 parts by mass of the main component of the adhesive composition, which is
polyether, When the amount of the tackifier exceeds 100 parts by mass, heat resistance
may become inadequate.

Therefore, the amount of the tackifier is more preferably within the range of 0 to
100 parts by mass and is {urther preferably within the range of 0 to 50 parts by mass.

[0056] In the present invention, the adhesive composition of the present invention
is applied by spin coating to a material to be bonded such as a substrate, followed by
baking at 50 to 300°C to form an adhesive layer, onto which another material to be
bonded that is of the same kind as or of a different kind from the preceding material is
applied to achieve bonding, thereby obtaining a faminate that includes layers of the
material being bonded and the adhesive layer interposed between the layers of the
material being bonded.  The Jayers of the material being bonded in the Jaminate may be
subjected to processing.

As described above, for spin coaling, the adhesive cotuposition of thic preseit
mvention that includes an organic solvent can be suitably used.

[0057] As the material to be bonded to which the adhesive composition of the
present invention can be used to form a laminate, an inorganic material such as silicon,
silicon oxide, glass, and silicon nitride, a metal material such as aluminum and copper, or

a resin material such as polyamide resing, polyimide resins, epoxy resins, polyacrylic
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resins, polymethacrylic resins, polybenzoxazole resins, polyhydroxystyrene resins, and
benzocyclobutene resins is used, for example.

As a support to which the adhesive composition of the present invention can be used,
silicon substrates, glass substrates, resin substrates, and ceramic substrates are
exemplified.

[0058])  In the present invention, when the adhesive composition (as a coating
mixture) is applied to the material to be bonded (substrate, for example) by spin coating
or a similar method, the thickness of the adhesive layer formed is preferably not smaller
than 0.1 um and not greater than 200 pum.

When the adhesive layer is used in a semiconductor wafer or the like and the
adhesive layer formed on a material being bonded is too thin, the adhesive layer cannot
follow the surface asperities at the time of bonding, resulting in a possible occurrence of a
void, while when too thick, the adhesive layer can have a crack., A preferable thickness
of the adhesive layer is desirably 1 pm to 50 pm.
ixamples

[0059]  The present invention will be described more specifically by Examples
and Comparative Examples. The scope of the present invention is, however, not limited
to these.

GPC analysis of polymer compounds to be obtained in Synthesis Examples below is
carried out by using the following devices under the following measurement conditions.

Device: an integrated high-performance GPC system HILC-8220 GPC manufactured
by Tosoh Corporation

Cohonn: KEF-G, KEF804 1,

Colummn icimperaiure; 467C

Solvent: TIIF

Flow rate: 1.0 m)./minute

Standard sample: polystyrene

Detector: R

[0060]  Synthesis Example 1
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In a three-necked flask equipped with a stirver, a thermometer, and a Dimroth
condenser, 54.56 g of 4,4’-dichlorodiphenyl sulfone and 67.25 g of
2,2-bis(4-hydroxyphenyl)hexafluoropropane were dissolved in 753.46 ¢ of
1-methyl-2-pyrrolidone, to which 28.88 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 190°C for 20 hours.

The reaction solution was subjected Lo suction filtration by a Kiriyama-rohto funnel,
and to the filtrate, a solution of IN hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was
added so as to make the resultant acidic, which was confirmed using a strip of litmus
paper. Subsequently, the resulting solution was added dropwise to a mixture of
water:methanol = 1:9 for reprecipitation.  After dropwise addition, the resultant was
subjected to suction filtration by a Buchner funnel and was washed with methanol three
times, water twice, and methanol three times in this order, followed by drying the
resulting powder in a vacuum dryer for 12 hours.

10 g of the resulting powder was dissolved in 100 g of tetrahydrofuran, to which
2.16 g of potassium carbonate and 1.69 g of propargyl bromide were added, followed by
allowing a reaction to proceed under reflux for 20 hours.  The resulting reaction solution
was subjected to suction filtration by a Kiriyama-rohto funnel, and to the resulting
solution, a solution of IN hydrochloric acid:1-methy}-2-pyrrolidone = 1:9 was added so
as to make the resultant acidic, which was confirmed using a strip of litmus paper.
Subsequently, the resulting solution was added dropwise to a mixture of water:methanol
= 1:9 for reprecipitation.  After dropwise addition, the resultant was subjected to suction
filtration by a Buchney funnel and was washed with methanol three tmes, water iwice,

T P
s

and methanol three ihmes in diis order, (oliowed by diying (e resulling powder in g
vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound {corresponding to the compound
of Formula (1-1)) showed the weight average molecular weight to be 19,000 in terms of
standard polystyrene.

[0061]  Synthesis Example 2
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In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 40.37 g of 4,4’ -difluorobenzophenone and 69.11 ¢ of
2,2-bis(4-hydroxyphenyl)hexafluoropropane were dissolved in 558.56 g of
I-methyl-2-pyrrolidone, to which 76.71 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 190°C for 20 hours.

The reaction solution was subjected to suction filtration by a Kiriyama-rohito funnel,
and to the filtrate, a solution of 1N hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was
added so as to make the resultant acidic, which was confirmed vsing a strip of litmus
paper. Subsequently, the resulting solution was added dropwise to a mixture of
water:methanol = 1:9 for reprecipitation.  After dropwise addition, the resultant was
subjected to suction filtration by a Buchner funnel and was washed with methanol three
times, water twice, and methanol three times in this order, followed by drying the
resulting powder in a vacuum dryer for 12 hours.

10 g of the resulting powder was dissotved in 100 g of tetrahydrofuran, to which
2.16 g of potassium carbonate and 1.69 g of propargyl bromide were added, followed by
allowing a reaction to proceed under reflux for 20 hours,  The resulting reaction solution
was subjected to suction filtration by a Kiriyama-rohto funnel, and to the resulting
solution, a solution of 1N hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was added so
as to make the resultant acidic, which was confirmed using a strip of litmus paper,
Subsequently, the resulting solution was added dropwise to a mixture of water:methanol
= 1:9 for reprecipitation.  After dropwise addition, the resultant was subjected to suction
a Buchner funnel and was washed with meihanol ihree times, water twice,
and methanol three times 1 this order, followed by diying the resulting powder in a
vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-2)) showed the weight average molecular weight to be 15,000 in terms of
standard polystyrene.

[0062]  Synthesis Example 3
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In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 25.83 g of 4,4’-difluorobenzophenone, 50.43 g of
2,2-bis(4-hydroxyphenyl)hexafluoropropane, and 2.75 g of.

2,27 -bis(4-hydroxy-3,5-dihydroxymethylphenyl)propane were dissolved in 504.22 g of
1-methyl-2-pyrrolidone, to which 21.82 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 160°C for 20 hours.

The reaction solution was subjected to suction filtration by a Kiriyama-rohto funnel,
and to the filtrate, a solution of 1N hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was
added so as to make the resultant acidic, which was confirmed vsing a strip of litmus
paper.  Subsequently, the resulting solution was added dropwise to a mixture of
water:methanol = 1:9 for reprecipitation.  After dropwise addition, the resultant was
subjected to suction filtration by a Buchner funnel and was washed with methanol three
times, water twice, and methanol three times in this order, followed by drying the
resulting powder in a vacuum dryer for 12 hours.

10 g of the resulting powder was dissolved in 100 g of tetrahydrofuran, to which
2.16 g of potassium carbonate and 1.69 g of propargyl bromide were added, followed by
allowing a reaction to proceed under reflux for 20 hours.  The resulting reaction solution
was subjected to suction filtration by a Kiriyama-rohto funnel, and to the resulting
solution, a solution of 1N hydrochloric acid:1-methyl-2-pyrrohdone = 1:9 was added so
as to make the resultant acidic, which was confirmed using a strip of litmus paper.
Subsequently, the resulting solution was added dropwise to a mixture of water:methanol
< 1:9 for reprecipitation.  Affer dropwise addition, the resultant was subjecied to suction
flration by a Bucimer fuiinel and was washed with miethanol three times, waler twice,
and methanol three times in this order, followed by drying the resulting powder in a
vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-3)) showed the weight average molecular weight to be 22,000 in {erms of

standard polystyrene.
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[0063]  Synthesis Example 4

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 43.07 g of 4,4’-dichlorodiphenyl sulfone, 50.43 g of
2,2-bis(4-hydroxyphenyhexafluoropropane, and 2.75 g of
2,2’-bis(4-hydroxy-3,5-dihydroxymethylphenyl)propane were dissolved in 590.40 g of
1-methyl-2-pyrrolidone, to which 21.82 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 160°C for 20 hours.

The reaction solution was subjected to suction filtration by a Kiriyama-rohto funnel,
and to the filtrate, a solution of 1N hydrochloric acid: 1-methyl-2-pyrrolidone = 1.9 was
added so as to make the resultant acidic, which was confirmed using a strip of litmus
paper, Subsequently, the resulting solution was added dropwise to a mixture of
water:methanol = 1:9 for reprecipitation.  After dropwise addition, the resultant was
subjected to suction filiration by a Buchner funnel and was washed with methanol three
times, water twice, and methanol three times in this order, followed by drying the
resulting powder in a vacuum dryer for 12 hours.

10 g of the resulting powder was dissolved in 100 g of tetrahydrofuran, to which
2.16 g of potassium carbonate and .69 g of propargyl bromide were added, followed by
allowing a reaction to proceed under reflux for 20 hours.  The resulting reaction solution
was subjected to suction filtration by a Kiriyama-rohto funnel, and to the resulting
solution, a solution of 1N hydrochloric acid:1-methyl-2-pysrolidone = 1:9 was added so
as to make the resultant acidic, which was confirmed using a strip of litmus paper,
Subsequently, the resulting solution was added dropwise 10 a pixture of waterimethanol
= 119 for reprecipitation.  Alfter dropwise addition, the resultai was subjected W suction
filtration by a Buclhner funnel and was washed with methanol three times, water twice,
and methano! three times in this order, followed by dryimg the resulting powder in a
vacuum dryer for 12 bours.

GPC analysis of the resulting polymear compound (corresponding to the compound

of Formula (1-4)) showed the weight average molecular weight to be 26,000 in terms of
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standard polystyrene.

[0064)  Synthesis Example 5

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 10.43 g of 2,4-diflucrobenzonitrile and 26.54 g of
2,2-bis(4-hydroxyphenyhexafluoropropane were dissolved in 204.22 g of
I-methyl-2-pyrrolidone, to which 31.10 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 190°C for 20 hours.

The reaction solution was subjected to suction filtration by a Kiriyama-rohto funnel,
and to the filtrate, a solution of 1N hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was
added so as to make the resultant acidic, which was confirmed using a strip of litmus
paper.  Subsequently, the resulting solution was added dropwise to a mixture of
water:methanol = 1:9 for reprecipitation.  After dropwise addition, the resultant was
subjected to suction filtration by a Buchner funnel and was washed with methanol three
times, water twice, and methanol three times in this order, followed by drying the
resulting powder in a vacuum dryer for 12 hours.

10 g of the resulting powder was dissolved in 100 g of tetrahydrofuran, to which
2.16 g of potassium carbonate and 1.69 g of propargyl bromide were added, followed by
allowing a reaction to proceed under reflux for 20 hours.  The resulting reaction solution
was subjected to suction filtration by a Kiriyama-rohto funnel, and to the resulting
solution, a solution of 1N hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was added so
as to make the resultant acidic, which was confirmed using a strip of litmas paper.
Subseguently, the resulting sofution was added dropwise o a mixture of waternnethanol
= 119 for reprecipitation,  Adier dropwise addition, thie resultant was subjected Lo suclion
Sltration by a Buchner funnel and was washed with methano] three times, water twice,
and methanol three times in this order, followed by drying the resulting powder in a
vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound (corresponding 1o the compousnd

of Formula (1-5)) showed the weight average molecular weight to be 7,000 in terms of
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standard polystyrene.

f0065]  Synthesis Example 6

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 10.76 g of 2,5-difluorobenzonitrile and 26.54 g of
2,2-bis(4-hydroxyphenylhexafluoropropane were dissolved in 204.22 g of
1-methyl-2-pyrrolidone, to which 31.10 ¢ of potassium carbonate was added, followed by
subjecting the system fo replacement with nitrogen.

The resultant was subjected 1o a reaction in an oil bath at 190°C for 20 hours.

The reaction solution was subjected to suction filtration by a Kiriyama-rohto funnel,
and to the filtrate, a solution of 1N hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was
added so as to make the resultant acidic, which was confirmed using a strip of litmus
paper.  Subsequently, the resulting solution was added dropwise to a mixture of
water:methanol = 1:9 for reprecipitation.  After dropwise addition, the resultant was
subjected to suction filiration by a Buchner funnel and was washed with methanol three
times, water twice, and methanol three times in this order, followed by drying the
resulting powder in a vacuum dryer for 12 hours.

10 g of the resulting powder was dissolved in 100 g of tetrahydrofuran, to which
2.16 g of potassium carbonate and 1.69 g of propargyl bromide were added, followed by
allowing a reaction to proceed under reflux for 20 hours.  The resulting reaction solution
was subjected to suction filtration by a Kiriyama-rolito funnel, and to the resulting
solution, a solution of IN hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was added so
as to make the resultant acidic, which was confirmed using a steip of litmus paper.
Subsequently, the resulting soluiion was added dropwise to a mixiure ol water:methanol
= 1.9 for reprecipitation.  Afler dropwise additivii, the resultant was subjected o suction
filtration by a Buchner funnel and was washed with methanol three times, water twice,
and methano! three times in this order, followed by drying (he resulting powder in a
vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound (corresponding o the compound

of Formula (1-6)) showed the weight averape molecular weight to be 12,000 in terms of
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standard polystyrene.

[0066]  Synthesis Example 7

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 10.76 g of 2,6-difluorobenzonitrile and 26.54 g of
2,2-bis(4-hydroxyphenyl)hexafluoropropane were dissolved in 204.22 g of
1-methyi-2-pyrrolidone, to which 31.10 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 190°C for 20 hours.

The reaction solution was subjected to suction {iltration by a Kiriyama-rohto funnel,
and to the filtrate, a solution of 1N hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was
added so as to make the resultant acidic, which was confirmed using a strip of litmus
paper.  Subsequently, the resulting solution was added dropwise to a mixture of
waterimethanol = 1.9 for reprecipitation,  After dropwise addition, the resultant was
subjected to suction filtration by a Buchner funnel and was washed with methanol three
times, water twice, and methanol three times in this order, followed by drying the
resulting powder in a vacuum dryer for 12 hours.

10 g of the resulting powder was dissolved in 100 g of tetrahydrofuran, to which
2.16 g of potassium carbonate and 1.69 g of propargyl bromide were added, followed by
allowing a reaction to proceed under reflux for 20 hours.  The resulting reaction solution
was subjected to suction filtration by a Kiriyama-rohto funnel, and to the resulting
solution, a solution of IN hydrochloric acid: 1-methyl-2-pyrrolidone = 1:9 was added so
as to make the resultant acidic, which was conlirmed using a stnip of litmus paper.
Subsequently, the resulting solution was added dropwise (o a mixture of waterimethanol
= 1.9 for reprecipitation.  Alter dropwise addition, the resuliant was subjecied W suction
filtration by a Buchner funnel and was washed with methanol three times, water twice,
and methanol three times in this order, followed by drying the resulting powder in a
vacuum dryer for 12 hours.

GPC analysis of the resulting polymer componnd (corresponding to the compound

of Formula (1-7)) showed the weight average molecular weight to be 11,000 in terms of
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standard polystyrene.

[0067] Synthesis Example 8

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 25.84 g of 4,4’ -dichlorodiphenyl sulfone and 26.54 g of
2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane were dissolved in 204.22 g of
1-methyl-2-pyrrolidone, to which 31.10 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 190°C for 20 hours.

After the completion of the reaction, cooling was performed until the temperature
inside the system reached 80°C, and thereto, 12.44 g of potassium carbonate and 22.54 ¢
of propargyl bromide were added, followed by allowing a reaction to proceed at 80°C for
20 hours.

After the completion of the reaction, the reaction solution was subjected to suction
filtration by a Kiriyama-rohto funnel, and to the filtrate, a solution of 1N hydrochloric
acid:1-methyl-2-pyrrolidone = 1:9 was added so as to make the resultant acidic, which
was confirmed using a strip of litmus paper.  Subsequently, the resulting solution was
added dropwise to a mixture of water:methanol = 1:9 for reprecipitation.  After
dropwise addition, the resultant was subjected to suction filtration by a Buchner funnel
and was washed with methanol three times, water twice, and methanol three times in this
order, followed by drying the resulting powder in a vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-8)) showed the weight average molecular weight 1o be 40,000 in terms of
standard polystyrenc.

[00b8]  Synthesis xampie Y

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 10.21 g of 2 47 -dichlorobenzotrifhvoride, 9.16 g of
2,2-bis(3-amino-4-hydroxyphenyl)hexatluoropropane, and 8.41 g of
2,2-bis(4-hydroxyphenyDhexalluoropropane were dissolved in 204.22 g of

I-methyl-2-pyrrolidone, to which 20.73 g of potassium carbonate was added, followed by
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subjecting the system o replacement with pitrogen.

The resultant was subjected to a reaction in an oil bath at 190°C for 20 hours.

After the completion of the reaction, cooling was performed until the temperature
inside the system reached 80°C, and thercto, 14.14 g of propargyl bromide was added,
followed by allowing a reaction to proceed at 80°C for 20 hours,

After the completion of the reaction, the reaction solution was subjected to suction
filtration by a Kiriyama-rohto funnel, and to the filtrate, a solution of 1N hydrochloric
acid:1-methyl-2-pyrrolidone = 1:9 was added so as to make the resultant acidic, which
was confirmed using a strip of litmus paper.  Subsequently, the resulting solution was
added dropwise to a mixture of water:methanol = 1:9 for reprecipitation.  After
dropwise addition, the resultant was subjected to suction filtration by a Buchner funnel
and was washed with methano] three times, water twice, and methanol three times in this
order, followed by drying the resulting powder in a vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-14)) showed the weight average molecular weight to be 40,000 in terms of
standard polystyrene.

[0069]  Synthesis Example 10

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 10.81 g of bis(4-fluorophenyl)sulfone, 9.16 g of
2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane, and 6.71 g of
1,1-bis(4-hydroxyphenyl) cyclohexane were dissolved in 80.01 g of
1-methyl-2-pyrrolidone, to which 20.73 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen

Fhe resultant was subjected 10 a reaction it an 03l baih at 16G7C for 20 houis.

After the completion of the reaction, cooling was performed until the temperature
inside the system reached 80°C, to which 66.54 g of allyl bromide dissolved in 43.31 g of
1-methyl-2-pyrrolidone and 20.73 g of potassium carbonate were added, followed by
stirring at 80°C for 20 bours to allow a reaction fo proceed at a phenolic gronp and an

amino group at a polymeyr terminal.
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After the completion of the reaction, the reaction solution was subjected to suction
{iltration by a Kiriyama-rohto funnel, and 1o the filtrate, a solution of 2N hydrochloric
acid:1-methyl-2-pyrrolidone = 1:9 was added so as to make the resultant acidic, which
was confirmed using a strip of litmus paper.  Subsequently, the resulting solution was
added dropwise to a mixture of water:methanol = 1:9 for reprecipitation.  After
dropwise addition, the resultant was subjected to suction filtration by a Buchner funnel
and was washed with methanol three times, waler twice, and methanol three times in this
order, followed by drying the resulting powder in a vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-36)) showed the weight average molecular weight to be 13,400 in terms of
standard polystyrenc and the reaction rate of the phenolic group and the amino group at
the terminal to be 88%.

[0070] Synthesis Example 11

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 37.09 g of 4,4’-diftuorobenzophenone, 36.63 g of
2,2-bis(3-amino-4-hydroxypheny!)hexafluoropropane, and 34.65 g of
1,3-bis[2-(4-hydroxyphenyl)-2-propyl]|benzene were dissolved in 325.10 g of
1-methyl-2-pyrrolidone, to which 82.93 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 160°C for 20 hours.

After the complction of the reaction, cooling was performed until the temperature
inside the system reached 80°C, to which 193.57 g of allyl bromide dissolved in 156.76 g

of T-methyl-2-pyrrolidone and 138.21 p of potassium carbonate were added, followed by

stirring at 8G7C for 20 hours (o allow o icaction w proceed at a phenolic group and an
amino group at a polymer terminal.

After the completion of the reaction, the reaction solution was subjected to suction
filtration by a Kiriyama-rohto funncl, and to the filtrate, a solution of 2N hydrochloric
acid:1-methyl-2-pyrrolidone = 1:9 was added so as to make the resultant acidic, which

was confirmed using a strip of litmus paper.  Subsequently, the resulting solution was
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added dropwise to a mixture of water:methanol = 1:9 for reprecipitation.  After
dropwise addition, the resultant was subjected to suction filtration by a Buchner funnel
and was washed with methanol three times, water twice, and methanol three times in this
order, followed by drying the resulting powder in a vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-37)) showed the weight average molecular weight to be 13,900 in terms of
standard polystyrene and the reaction rate of the phenolic group and the amino group at
the terminal to be §8%.

[0071] Synthesis Example 12

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimyroth
condenser, 9.27 g of 4,4’ -difluorobenzophenone, 9.16 g of
2,2-bis(3-amino-4-hydroxyphenylhexafluoropropane, and 8.66 g of
1,3-bis[2-(4-hydroxyphenyl)-2-propyljbenzene were dissolved in 81.27 g of
I-methyl-2-pyrrolidone, to which 20.73 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 160°C for 20 hours.

After the completion of the reaction, cooling was performed until the temperature
inside the system reached 80°C, to which 50.56 g of propargyl bromide dissolved in
39.73 g of 1-methyl-2-pyrrolidone and 20.73 g of potassium carbonate were added,
followed by stirring at 80°C for 20 hours to allow a reaction to proceed at a phenolic
group and an amino group at a polymer terminal.

After the completion of the reaction, the reaction solution was subjected to suction
{iliration by a Kiriyama-rohto funnel, and to the filtrate, a solution of 2N hydrochloric
acid: I -methyi-Z-pyrrofidone = 1,9 was added so as W0 make the resultant acidic, which
was confirmed using a strip of litmus paper.  Subsequently, the resulting solution was
added dropwise to a mixture of water:methanol = 1:9 for reprecipitation.  Afier
dropwise addition, the resultant was subjected to suction filtration by a Buchner funnel
and was washed with methano! three times, water twice, and methanol three times i this

order, followed by drying the resulting powder in a vacuum dryer for 12 hours.
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GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-16)) showed the weight average molecular weight to be 14,700 in terms of
standard polystyrene and the reaction rate of the phenolic group and the amino group at
the terminal to be 86%.

[0072]  Synthesis Example 13

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 9.27 g of 4,4’-difluorobenzophenone, 9.16 g of
2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane, and 8.66 g of
1,3-bis[2-(4-hydroxyphenyl)-2-propyl]benzene were dissolved in 81.27 g of
1-methyl-2-pyrrolidone, to which 20.73 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected {o a reaction in an oil bath at 160°C for 20 hours.

After the completion of the reaction, cooling was performed until the temperature
inside the system reached 80°C, to which 12.64 g of propargy! bromide dissolved in
39.73 g of 1-methyl-2-pyrrolidone and 20.73 g of potassium carbonate were added,
followed by stirring at 80°C for 20 hours to allow a reaction to proceed at a phenolic
group and an amino group at a polymer terminal.

After the completion of the reaction, the reaction solution was subjected to suction
filtration by a Kiriyama-tohto funnel, and 1o the filtrate, a solution of 2N hydrochloric
acid:T-methyl-2-pyrrolidone = 1:9 was added so as to make the resultant acidic, which
was confirmed using a strip of litmus paper.  Subsequently, the resulting solution was
added dropwise to a mixture of waterimethanol == 1:9 for reprecipitation.  After
dropwise addition, the resultant was subjected 1o suction filiration by a Buchner funnel
and was washed with methanol three nmes, waier twice, and inethanol thiree Gines i this
order, followed by drying the resulting powder in a vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-16)) showed the weight average molecular weight to be 14,700 in terms of
standard polystyrene and the reaction rate of the phenofic group and the amino group at

the terminal to be 52%.
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[0073] Synthesis Example 14

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
condenser, 6.61 g of 2,4-difluorobenzonitrile, 9.16 g of
2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane, and 8.66 g of
1,3-bis[2-(4-hydroxyphenyl)-2-propyllbenzene were dissolved in 73.28 g of
1-methyl-2-pyrrolidone, to which 20.73 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 160°C for 20 houss.

After the completion of the reaction, cooling was performed until the temperature
inside the system reached 80°C, to which 14.13 g of propargyl bromide dissolved in
27.96 g of I-methyl-2-pyrrolidone was added, followed by stirring at 80°C for 20 hours
to allow a reaction to proceed at a phenolic group and an amino group at a polymer
terminal,

After the completion of the reaction, the reaction solution was subjected to suction
filtration by a Kiriyama-rohto funnel, and to the filtrate, a solution of 2N hydrochloric
acid:1-methyl-2-pyrrolidone = 1:9 was added so as to make the resultant acidic, which
was confirmed using a strip of litmus paper.  Subsequently, the resulting solution was
added dropwise to a mixture of water:methanol = 1:9 for reprecipitation.  After
dropwise addition, the resultant was subjected to suction filtration by a Buchner funnel
and was washed with methanol three times, water twice, and methanol three times in this
order, followed by drying the resulting powder in a vacuum dryer for 12 hours,

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-17)) showed the weight average molecular weight (o be 12,700 1 terms of
standard polystyrene and the reaction rate oi the phenobe group aid tie aiiiiio gioup a
the terminal to be 50%.

[0074)  Synthesis Example 15

In a three-necked flask equipped with a stirrer, a thermomeler, and a Dimroth
condenser, 20,86 p of 2,6-diflworobenzonitile, 54.91 g of

2,2-bis(d-hydroxyphenyhexafluoropropane, and 1.16 g of
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2,2’-bis(4-hydroxy-3,5-dihydroxymethylpheny))propane wese dissolved in 489.50 g of

1-methyl-2-pyrrolidone, to which 20.93 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 160°C for 20 hours.

After the completion of the reaction, the reaction solution was subjected to suction
filtration by a Kiriyama-rohto funnel, and to the filtrate, a solution of 1N hydrochloric
acid: 1-methyl-2-pyrrolidone = 1:9 was added so as to make the resultant acidic, which
was confirmed using a strip of litmus paper. Subsequently, the resulting solution was
added dropwise to a mixture of water:methanol = 1:9 for reprecipitation.  After
dropwise addition, the resultant was subjected to suction filtration by a Buchner funnel
and was washed with methanol three times, water twice, and methanol three times in this
order, followed by drying the resulting powder in a vacuum dryer for 12 hours.

10 g of the resulting powder was dissolved in 100 g of tetrahydrofuran, to which
2.16 g of potassium carbonate and 1.69 g of propargyl bromide were added, followed by
allowing a reaction to proceed under reflux for 20 hours.  The resuliing reaction sofution
was subjected to suction filtration by a Kiriyama-rohto funpel, and fo the resulting
solution, a solution of 1N hydrochloric acid: I -methyl-2-pyrrolidone = 1:9 was added so
as to make the resultant acidic, which was confirmed using a strip of Jitmus paper.
Subsequently, the resulting solution was added dropwise to a mixture of waler:methanol
= 1:9 for reprecipitation.  After dropwise addition, the resultant was subjected to suction
filtration by a Buchner funnel and was washed with methanol three times, watey twice,
and methanol three times in this order, followed by drying the resulting powder in a
vacuum dryer for 12 hours,

e VRTINS

GPC analysis ol ihe resuliing polyiner compound (corresponding o the compound
of Formula (1-18)) showed the weight average molecular weight to be 18,000 in terms of
standard polystyrene.

10075]  Synthesis Example 16

In a three-necked flask equipped with a stirver, a thermometer, and a Dimroth

condenser, 29.05 g of 4,4’ -difluorabenzophenone, 50.43 ¢ of
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2,2-bis(4-hydroxyphenyl)hexafluoropropane, and 1.06 g of
2,2’-bis(4-hydroxy-3,5-dihydroxymethylphenyl)propane were dissolved in 519.13 g of
1-methyl-2-pyrrolidone, to which 21.82 g of potassium carbonate was added, followed by
subjecting the system to replacement with nitrogen.

The resultant was subjected to a reaction in an oil bath at 160°C for 20 hours.

The reaction solution was subjected to suction filtration by a Kiriyama-rohto funnel,
and to the filtrate, a solution of 1N hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 wasg
added so as to make the resultant acidic, which was confirmed using a strip of litmus
paper.  Subsequently, the resulting solution was added dropwise to a mixture of
water:methanol = 1.9 for reprecipitation.  After dropwise addition, the resultant was
subjected to suction filtration by a Buchner funnel and was washed with methanol three
times, wateyr twice, and methanol three times in this order, followed by drying the
resulting powder in a vacuum dryer for 12 hours.

10 g of the resulting powder was dissolved in 100 g of tetrahydrofuran, to which
2.16 g of potassium carbonate and 1.97 g of allyl bromide were added, followed by
altowing a reaction to proceed under reflux for 20 hours.  The resulting reaction solution
was subjected to suction filtration by a Kiriyama-rohto funnel, and to the resulting
solution, a solution of 1N hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was added so
as to make the resultant acidic, which was confirmed using a strip of litmus paper.
Subsequently, the resulting solution was added dropwise to a mixture of water:methanol
= 1:9 for reprecipitation.  After dropwise addition, the resultant was subjected to suction
filtration by a Buchner funnel and was washed with methanol three times, water twice,
and methano) three times in this order, followed by dryimg the resuliing powder in a
vacuum dryer for i2 nours.

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-40)) showed the weight average molecular weight to be 27,000 in terms of
standard polystyrene.

(00761 Synthesis xample 17

In a three-necked flask equipped with a stirrer, a thermometer, and a Dimroth
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condenser, 20.44 ¢ of 2,6-difluorobenzonitrile, 50.44 g of

2,2-bis(4-hydroxyphenylhexafluoropropane, and 1.12 g of
2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane were dissolved in 528.50 g of
1-methyl-2-pyrrolidone, to which 63.43 g of potassium carbonate was added, [ollowed by
subjecting the system to replacement with nitrogen,

The resultant was subjected to a reaction in an oil bath at 160°C for 20 howrs.

After the completion of the reaction, cooling was performed until the temperature
inside the system reached 80°C, to which 17.84 g of propargy! bromide dissolved in
53.53 g of 1-methyl-2-pyrrolidone, 6.02 g of potassium iodide, and 22.80 g of potassium
carbonate were added, followed by stirring at 80°C for 20 hours to allow a reaction to
proceed at a phenolic group and an amino group at a polymer terminal.

The reaction solution was subjected to suction filtration by a Kiriyama-rohto funnel,
and 1o the filtrate, a solution of 1N hydrochloric acid: 1-methyl-2-pyrrolidone = 1:9 was
added so as to make the resultant acidic, which was confirmed using a strip of litmus
paper. Subsequently, the resulting solution was added dropwise to a mixture of
water:methanol = 1:9 for reprecipitation.  After dropwise addition, the resultant was
subjected to suction filtration by a Buchner funnel and was washed with methanol three
times, water twice, and methanol three times in this order, followed by drying the
resulting powder in a vacuum dryer for 12 howrs.

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-20)) showed the weight average molecular weight to be 23,000 in terms of
standard polystyrene,

[0077)]  Synthesis Hxamplie 18

ina three-necked flask equipped with a stine, a tharmoncter, and a Dinroth
condenser, 20.67 g of 4,4°-difluorobenzophenone, 33.62 g of
2,2-bis(4-hydroxyphenyDhexafluoropropane, and 1.92 g of
2,2-bis(3-amino-4-hydroxyphenyDhexafluoropropane were dissolved in 361.12 g of
Jamnethyl-2-pyrrolidone, to which 20.67 g of potassium carbonate was added, followed by

subjecting the system to replacement with nitrogen.
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The resultant was subjected to a reaction in an oil bath at 160°C for 20 hours.

The reaction solution was subjected to suction filtration by a Kiriyama-rohto funnel,
and to the filtrate, a solution of IN hydrochloric acid:1-methyl-2-pyrrolidone = 1:9 was
added so as to make the resultant acidic, which was confirmed using a strip of litmus
paper.  Subsequently, the resulting solution was added dropwise to a mixture of
water:methanol = 1:9 for reprecipitation,  After dropwise addition, the resultant was
subjected to suction filtration by a Buchner funnel and was washed with methanol three
times, water twice, and methanol three times in this order, followed by drying the
resulting powder in a vacuum dryer for 12 hours.

10 ¢ of the resulting powder was dissolved in 100 g of tetrahydrofuran and to which,
0.45 g of triethylamine was added, followed by cooling to 0°C and adding dropwise
thereto 0.36 g of acryloyl chloride dissolved in 10 g of tetrahydrofuran over 10 minutes,
Subsequently, the resultant was left to increase the temperature, followed by allowing a
reaction to proceed for 20 hours.  The resulting solution was added dropwise to a
mixture of water:methanol = 1:9 for reprecipitation.  After dropwise addition, the
resultant was subjected to suction filtration by a Buchner funnel and was washed with
methanol three times, water twice, and methanol three times in this order, followed by
drying the resulting powder in a vacuum dryer for 12 hours.

GPC analysis of the resulting polymer compound (corresponding to the compound
of Formula (1-42)) showed the weight average molecular weight to be NI in terms of
standard polystyrene.

[0078]  Comparative Synthesis Example |

In a flask equipped with a stirring device, a refluxer, a thennometer, and a vesse for
dropwise addiiion, 15.00 g of 4,4 -dichiorodiphenyl-sulfone, 12.56 g of
2,2-bis(4-hydroxyphenyl)propane, 8.37 g of potassium carbonate, and 82.61 g of
N-methyl-2-pyrrolidone were placed, and the system was subjected to replacement with
nitrogen, followed by heating it to reach 160°C to allow a reaction to proceed for 20
hours.  The aromatic polyether cther sulfone thus synthesized was cooled 1o reach room

femperature and was filtrated, followed by mixing the collected filtrate with 30 ml of'a
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mixture of N-methyl-2-pyrrolidone : 2 mol/l hydrochloric acid = 90:10 in volume.
Subsequently, the resultant was added to methano! to be purified by reprecipitation.
After washed with methanol and water, vacuum drying was performed at 85°C for 1
day to obtain an aromatic polyether ether sulfone (corresponding to a compound of
Formula (2-1)), which was to be used in Comparative Example 1. GPC analysis of the
resulting aromatic polyether showed the weight average molecular weight to be 16,700 in

terms of standard polystyrene.

CFly

O
@‘i’@‘ﬁ) \_/ ‘2:3@0—} Formula (2-1)
CH;

[0079] Comparative Synthesis Example 2

Polymethyl methacrylate (manufactured by Wako Pure Chemical Industries, Ltd.),
which was a commercially available synthetic acrylic resin, was prepared.

[0080]  (Evaluation of solvent solubility)

To 5 parts by mass of the aromatic polyether obtained in each of Synthesis
Examples 1 to 18 or the polymer obtained in either of Comparative Synthesis Examples 1
and 2, 95 parts by mass of either of (1) propylene glycol monomethyl ether (PGME), (2)
propylene glycol monomethyl ether acetate (PGMEA), (3) ethyl lactate (1iL), (4)
cyclohexanone (Cy), (5) N-methyl-2-pyrrolidone (NMP), (6) dimethylacetamide
(DMAC), (7) 4~-methyl 2-pentanone (MIBK), (8) 5-methyl-2-hexanone (MIAK), (9) ethyl
acetoacetate (EAA), (10) y-butyrolactone (GBL), and (11) cyclopentanone (Cp) was
added to evaluate solubility.  The results are shown in Table 1. © ndicates dissolved,

A indicaies shghtly dissolved, and % indicates hardly dissolved.

[008] [ $avie 1]

e e @ e O @ © ) 1)
Synthesis Ex. | O o O O o 9 o o o O O
Synthesis Ex. 2 O 5 A o o o o o o o O
Synthesis Ix. 3 o o o o o o O o O o o

Synthesis Iix. 4 1§ o o 6 o o o O o o) o)
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Synthesis Ex. 5 o o o) O 6 o o 0 0 o 0
Synthesis Ex. 6 0 O 0 o o o} 0 0 o O o)
Synthesis Ex. 7 o © O o o o O o) o o 0
Synthesis Ex. 8 o o o 0 ¢ e} ¢ o o O 0
Synthesis Ex. 9 o o 0 o 0 o ) O o o o
Synthesis Ex. 10 o o 0 0 0 o o o o o 0
Synthesis Ex. 11 o O o 0 o o o O o O o
Synthesis Ex. 12 o o o) o) O o o) o o o o
Synthesis Ex. 13 o o o o o o o o o o o
Synthesis Ex. 14 o o ) o 0 o 0 ) o o o
Synthesis Ex. 15 o o o 0 0 o} o o O 0 O
Synthesis Ex. 16 o o 0 o} 0 o o o 0 0 o
Synthesis Ex. 17 o o o 0 0 o} 0 0 o) O 0
Synthesis Ex. 18 O o o o o 0 o} 0 o O 0
Comparative
Syntllljesis Ex. 1 % % . A = £ B * * . X
Comparative

o o o) o o o o O o o o

Synthesis Ex. 2

w

[0082]  The polyethers obtained in Synthesis ]3xamp]<,s 1I It.'o 18 showed the same
level of solubility as that of the acrylic resin of Comparative Synthesis Example 2 and
showed higher solubility than that of the polysulfone obtained in Comparative Synthesis
Example 1.

[0083] (Evaluation of hieat resistance)

The heat resistance of the polyethers obtained 1 Synth sriples 1t 18 and

Compa mple T and the nolymethyl methacrylate of Comparative
Synthesis Example 2 was evaluated from the temperature at which loss reached 5% by
mass, using a TG-DTA (TG/DTA2010SR manufactured by Bruker AXS K.K.) with the

temperature raised at 10°C/minute.  ‘The results are shown in Table 2.
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[0084]  [Table 2]

Temperature of 5%-by-mass weight loss

Synthesis Hxample ] 505°C
Synthesis Example 2 S18°C
Synthesis Example 3 493°C
Synthesis Example 4 476°C
Synthesis Example 5 482°C
Synthesis Example 6 480°C
Synthesis Example 7 S§l1°C
Synthesis Example 8 353°C
Synthesis Example 9 427°C
Synthesis Example 10 380°C
Synthesis Iixample 11 390°C
Synthesis Example 12 419°C
Synthesis FExample 13 428°C
Synthesis Example 14 425°C
Synthesis Example 15 507°C
Synthesis Example 16 510°C
Synthesis Example 17 506°C
Synthesis Example 18 503°C
Comparative Synthesis Example 1 500°C
Comparative Synthesis Example 2 323°C )

[0085]  The polyethers obtained in Synthesis IExamples 1 to 18 showed heat
resistance as high as 350°C or higher, which was higher than that of the acrylic resin of
Comparative Synthesis Example 2.

[0086]  (Preparation of adhesive composition)

[Example 1]

3 g of the polymer compound obtained in Synthesis Example 1 was dissolved in 12
g of cyclohexanone, followed by filtrating with a polyethylene microfilter having a pore
size of 1.0 jum to prepare an adhesive composition including 20% by mass of solid
matter.

[Example 2]

3 g of the polymer compound obtamned in Synihesis hxarmpic 2 was dissojved i i2
p of cyclohexanone, followed by filtrating with a polyethylene microfilter having a pore
size of 1.0 pm to prepare an adhesive composition including 20% by mass of solid
matter.

[Example 3]
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3 g of the polymer compound obtained in Synthesis Example 3 was dissolved in 12
g of cyclohexanone, followed by filtrating with a polyethylenc microfilier having a pore
size of 1.0 nm to prepare an adhesive composition including 20% by mass of solid
matter,

[Example 4]

3 g of the polymer compound obtained in Synthesis Example 4 was dissolved in 12
g of cyclohexanone, followed by filtrating with a polyethylene microfilter having a pore
size of 1.0 pm to prepare an adhesive composition including 20% by mass of solid
matter.

[Example 5]

3 p of the polymer compound obtained in Synthesis Example 5 was dissolved in 12
g of cyclohexanone, followed by filtrating with a polyethylene microfilter having a pore
size of 1.0 wm to prepare an adhesive composition including 20% by mass of solid
matter,

[Example 6)

3 g of the polymer compound obtained in Synthesis Example 6 was dissolved in 12
g of cyclohexanone, followed by filtrating with a polyethylene microfilter having a pore
size of 1.0 um to prepare an adhesive composition including 20% by mass of solid
matter.

[Example 7]

3 g of the polymer compound obtained in Synthesis Example 7 was dissolved in 12
¢ of cyclohexanone, followed by Hltrating with a polyethylene microfilter having a pore
size of 1.0 pm to prepare an adhesive compogition including 20% by mass of sahid
matter.

[Example 8]

3 g of the polymer compound obtained in Synthesis Example 8 was dissolved in 12
g of eyclohexanone, followed by filtrating with a polyethylene microfilter baving a pore
size of 1.0 i to prepare an adhesive composition inchuding 20% by mass of solid

matter,
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[Example 9]

3 g of the polymer compound obtained in Synthesis Example 9 was dissolved in 12
g of cyclohexanone, followed by filtrating with a polyethylene microfilter having a pore
size of 1.0 pm to prepare an adhesive composition including 20% by mass of solid
matler.
[Example 10]

3 g of the polymer compound obtained in Synthesis Example 10 was dissolved in 9
g of cyclohexanone, followed by filtrating with a polyethylene microfilter having a pore
size of 1.0 um to prepare an adhesive cmhposition including 25% by mass of solid
matter.
[Example 11]

3 g of the polymer compound obtained in Synthesis Example 11 was dissolved in
5.57 g of cyclopentanone, followed by filtrating with a polyethylene microfilter having a
pore size of 1.0 pm to prepare an adhesive composition including 35% by mass of solid
matter.
[Example 12]

3 g of the polymer compound obtained in Synthesis Example 12 was dissolved in 7
g of cyclopentanone, followed by filtrating with a polyethylenc microfilter having a pore
size of 1.0 pum to prepare an adhesive composition including 30% by mass of solid
matter,
[Example 13]

3 g of the polymer compound obtained in Synthesis Example 13 was dissolved in 7
o of eyclopentanone, followed by filtrating with a polyethylene microfilter having a pore
size of 1.0 pm to prepare an adhesive composition including 30% by mass of sulid
matter.
[Example 14)

3 ¢ of the polymer compound obtained in Synthesis Example 14 was dissolved in 7

g of cyclopentanone, followed by filtrating with a polyethylene microfilter having a pore



10

15

20

53
size of 1.0 pm to prepare an adhesive composition including 30% by mass of solid
malter.
[Example 15]

3 g of the polymer compound obtained in Synthesis Example 15 was dissolved in
12 g of cyclohexanone, followed by filtrating with a polyethylene microfilter having a
pore size of 1.0 um to prepare an adhesive composition including 20% by mass of solid
maltter.

[Example 16]

3 g of the polymer compound obtained in Synthesis Example 16 was dissolved in
12 g of cyclohexanone, followed by filtrating with a polyethylene microfilter having a
pore size of 1.0 pm to prepare an adhesive composition including 20% by mass of solid
matter.

[Example 17]

3 g of the polymer compound obtained in Synthesis Example 17 was dissolved in
12 g of cyclohexanone, followed by filtrating with a polyethylene microfilter having a
pore size of 1.0 um to prepare an adhesive composition including 20% by mass of solid
matter.

[Example 18]

3 g of the polymer compound obtained in Synthesis Example 18 was dissolved in
12 g of cyclohexanone, followed by filtrating with a polyethylene microfilter having a
pore size of 1.0 um to prepare an adhesive composition including 20% by mass of solid
matter,

[0087) |Comparative Fxample 1]

The aromatic polyether obtained in Comparaive Synthesis Bxampie I was
dissolved in N-methyl-2-pyrrolidone, followed by filtrating with a polyethylene
microfilter having a pore size of 1.0 pm to prepare an adhesive composition including
10% by mass of solid matter,

[Comparative Example 2)
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The polymethyl methacrylate of Comparative Synthesis Example 2 was dissolved in
cyclohexanone, followed by filtrating with a polyethylene microfilier having a pore size
of 1.0 pm to prepare an adhesive composition including 20% by mass of solid matter.

[0088] (Evaluation of coating properties)

5 Fach of the adhesive compositions obtained in Examples 1 to 18 and Comparative
Examples 1 and 2 was applied to a silicon wafer by spin coating under application
conditions of 1,000 rpm for 30 seconds, and was then baked at 100°C and 200°C each for

2 minutes {o form a film, which was subjected to evaluation.  The results are shown in

Table 3.
10 [0089]  [Table 3]
- Coating Film thickness
Example 1 - Excellent 1T pmo
Example 2 ixcellent 2.1 pm
Example 3 Excellent 1.7 um
Example 4 Excellent 2.0 pm
Example 5 Excellent 43 pum
Example 6 Excellent 4.1 um
Example 7 Excellent 3.2 pm
Example 8 Excellent 4.7 pm
Example 9 IExcellent 2.5 pm
Example 10 Excellent 2.8 1um
Example 11 Iixcellent 4.7 pm
Example 12 Ixcellent 4.6 pm
Example 13 Excellent 5.1 um
Example 14 Excellent 4.4 pm
Example 15 FExcellent 1.6 pm
Example 16 IExcellent 1.7 pm
Iixample 17 Excellent 1.8 um
Example 18 Excellent 2.0 fum
Comparative [Example ] Poor :
Comparative Example 2 Excellent 6.5 um
[0G9G)  As showi in Table 3, a uniforin Gl was not formed due Lo poor coating

in Comparative Example 1, while the aromatic polyethers of the present invention in
Fxamples 1 to 18 and the acrylic resin of Comparative Synthesis Example 2 formed
uniform films of 1 pun or thicker.

15 |0091] (Fvaluation of adhesion)
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FEach of the adhesive compositions obtained in Examples 1 to 18 and Comparative
Examples 1 and 2 was applicd under application conditions of 1,000 rpm for 30 seconds
and was then baked at 100°C and 250°C each for 2 minutes to form a film on a silicon
wafer. The silicon wafer was cut into a S-mm square and was placed, with the coated
surface downward, on a glass wafer that had been left still standing on a hot plate at
270°C, followed by pressing from above into adhesion, which was evaluated.  The
results are shown in Table 4. When looked from the side of the glass wafer, the state of

adhesion with no void (hole) was evaluated as excellent.

S Adhesion
Example 1 Excellent
Example 2 Excellent
Example 3 Excellent
Example 4 Excellent
Example 5 Excellent
Example 6 Excellent
Example 7 ixcellent
Example 8 Excellent
Sxample 9 Excellent

Example 10 Fixcellent
Example 11 Excellent
Example 12 Excellent
Example 13 Excellent
Example 14 Excellent
Example 15 Excellent
Example 16 Excellent
Example 17 Excellent
Example 18 Excellent
Comparative Example 1 Poor
Comparative Example 2 Excellent

[0093]  The adhesive c.omp(;gii:io:) obtained in f_:,fompa rative Fxample 1 did not
achieve unifonm adhesion due to poor adhesion, while the adhesive compaositions of the
present mnvention in kxamples I to I8 achieved excelient adhesion as willi the adiiesive
composition of Comparative Example 2.

[0094]  (Preparation of sample for adhesion force evaluation)

A sample for adhesion force evaluation of each polymer obtained in Synthesis
Example 1, Synthesis Fxample 3, Synthesis Example 6, Synthesis xample 7, or

Comparative Synthesis Example 2 was prepared as follows.
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[Example 19]

The aromalic polyether obtained in Synthesis Fxample 1 was dissolved in
cyclohexanone to prepare an adhesive composition including 30% by mass of solid
matter, which was applied to a 4-inch silicon wafer by spin coating under application
conditions of 1500 rpm for 30 seconds, followed by baking at 100°C and 200°C each for
2 minutes to form a film with thickness of 4.6 pm. The resultant was bonded to a 4-inch
glass wafer using a bonding system (VJ-300 manufactured by Ayumi Industries
Company Limited) under the conditions of a degree of vacuum of not higher than 10 Pa,
a temperature of 280°C, and bonding force of 200 kg, and the resulting wafer was cut into
a 1-cm square with a dicing device (DAD321 manufactured by DISCO Corporation) to
prepare a sample.

[Example 20]

The aromatic polyether obtained in Synthesis Example 3 was dissolved in
cyclohexanone to prepare an adhesive composition including 30% by mass of solid
matter, which was applied to a 4-inch silicon wafer by spin coating under application
conditions of 1500 rpm for 30 seconds, followed by baking at 100°C and 200°C each for
2 minutes to form a film with thickness of 4.6 um.  The resultant was bonded to a 4-inch
glass wafer using a bonding system (VJ-300 manufactured by Ayumi Industries
Company Limited) under the conditions of a degree of vacuum of not higher than 10 Pa,
a temperature of 240°C, and bonding force of 400 kg, and the resulting wafer was cut into
a I-cm square with a dicing device (DAD321 manufactured by DISCO Corporation) to
prepare a sample.

Example 21)

The aromatic poiyether obiained in Synthesis Bxanpic 6 was dissolved in
cyclohexanone (o prepare an adbesive composition including 30% by mass of solid
matter, which was applied to a 4-inch silicon wafer by spin coating under application
conditions of 1000 rpm for 30 seconds, followed by baking at 100°C and 200°C cach for
2 minutes o form a film with thickness of 5.1 yum,  The resultant was bonded to a 4-inch

glass wafer using a bonding system (VI-300 manufactured by Ayumi Industrics
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Company Limited) under the conditions of a degree of vacuum of not higher than 10 Pa,
a temperature of 260°C, and bonding force of 200 kg, and the resulting wafer was cut into
a 1-cm square with a dicing device (DAD321 manufactured by DISCO Corporation) to
prepare a sample.
[Example 22]

The aromatic polyether obtained in Synthesis Example 7 was dissolved in
cyclohexanone to prepare an adhesive composition including 30% by mass of solid
matter, which was applied to a 4-inch silicon wafer by spin coating under application
conditions of 1000 rpm for 30 seconds, followed by baking at 100°C and 200°C each for
2 minutes to form a film with thickness of 4.2 pm.  The resultant was bonded to a 4-inch
glass wafer using a bonding system (VI-300 manufactured by Ayumi Industries
Company Limited) under the conditions of a degree of vacuum of not higher than 10 Pa,
a temperature of 240°C, and bonding force of 200 kg, and the resulting wafer was cut into
a 1-cm square with a dicing device (IDAD321 manufactured by DISCO Corporation) to
prepare a sample.

[Comparative Example 3]

The acrylic resin obtained in Comparative Synthesis Example 2 was dissolved in
cyclohexanone to prepare an adhesive composition including 20% by mass of solid
matter, which was applied to a 4-inch silicon wafer by spin coating under application
conditions of 1300 rpm for 60 seconds, followed by baking at 100°C and 200°C each for
2 minutes fo form a film with thickness of 5.0 um.  The resultant was bonded to a 4-inch
glass wafer using a bonding, system (VJ-300 manufactured by Ayumi Industries
Company Limited) under the conditions of & degree of vacuum of not higher than 10 PPa,
a temperature of 270°C, and bonding force of 400 kg, and the resulting waics was cul v
a l-em square with a dicing saw (DAD321 manulactured by DISCO Corporation) 1o
prepare a sample.

[0095] (Adhesion force evaluation 1)

The both sides of cach sample for adhesion force evaluation obtained in Example 19,

Example 20, Example 21, Example 22, or Comparative Example 3 were applied with
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Araldite 2014 (trade name; manufactured by Huntsman Advanced Materials) and were
bonded to a jig specifically designed for measuring adhesion force (shearing), followed
by evaluation of adhesion force (shearing) using an autograph (autograph AGS-100NX
manufactured by SHIMADZU CORPORATION).  Adhesion force was measured at a
strain rate of | mm/minute. The results are shown in Table 5.

[0096]  [Table 5]

“Adhesion force (shearing)

Example 19 1000 N or greater
Example 20 1000 N or greater
Example 21 1000 N or greater
Example 22 1000 N or greater
Comparative Example 3 708 N -

[0097] In Table 5, an adhesion force of 1000 N or ér_eatejf indicates that it is
beyond the capacity of the adhesion force-measuring instrument.

The samples obtained in Example 19, Example 20, Example 21, and Example 22
showed adhesion force higher than that of the sample obtained in Comparative Example
3.

[0098]  (Adhesion force evaluation 2)

Each sample for adhesion force evaluation obtained in Example 19, Example 20,
Example 21, Example 22, or Comparative Example 3 was baked in an oven at 350°C for
1 hour. Subsequently, the both sides of each sample were applied with Araldite 2014
(trade name, epoxy adhesive manufactured by Huntsman Advanced Materials) and were
bonded 1o a jig specifically designed for measuring adhesion force (shearing), followed
by evaluation of adhesion force (shearing) using an autograph (autograph AGS-100NX
manufactured by SHIMADZU CORPORATION).  Adhesion force was measured at a
strain cate of 1 mm/miaute. The results are shown in Tahle 6.

[0099]  [Table 6]

~ Adhesion foree Ghearing)
1000 N or greater

- Bxample 19

Fxample 20 1000 N or greater
Example 21 1000 N or greater
Example 22 1000 N or greater

Comparative Ixample 3 - 409 N
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{0100] In Table 6, an adhesion force of 1000 N or greater indicates that it is
beyond the capacity of the adhesion force-measuring instrument.
The samples obtained in Example 19, Example 20, Example 21, and Example 22
showed adhesion force higher than that of the sample obtained in Comparative Example

3 after heat treatment, which means they are excellent in heat resistance.

INDUSTRIAL APPLICABILITY

[0101) The adhesive composition of the present invention easily dissolves in
various organic solvents, has excellent coating properties, can form a thick-enough
adhesive layer, which undergoes little thermogravimetric loss during high-temperature
processes such as steps of metal bump bonding, CVD, and ion diffusion and achieves
excellent bonding, and therefore is expected to be used as a highly heat-resistant adhesive

composition that is useful in the manufacture of semiconductor devices.
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CLAIMS

1. An adhesive composition comprising:

a polymer that contains a unit structure of Formula (1):

{—Ll ——o—Tl—o—)—— Formula (1)

where L! is an arylene group or a combination of an arylene group and a sulfonyl group or a
carbonyl group, and T' is a fluoroalkylene group, a cyclic alkylene group, or a combination of an
arylene group optionally having a substituent and a fluoroalkylene group or a cyclic alkylene
group, and contains, at a terminal or in a side chain or the main chain, at least one group

10  containing a structure of Formula (2-A), a structure of Formula (2-B), or both structures:

—C=C—  Formula (2-A)

~ e
—~C=C_  Formula(2-B)

wherein the arylene groups in L' and T' are independently a phenylene group, a naphthylene
group, or an anthrylene group, and
wherein the polymer contains the unit structure of Formula (1) with L! being a divalent
15  group of Formula (3) or the unit structure of Formula (1) with L' being a divalent group of

Formula (4):

Rl)n ( 3 -
hl./*)n b ./:’ ;
_J N

Formula (3) Formula (4)
where R!, R?, and R? are independently a Ci.1o alkyl group, a Ci.4 fluoroalkyl group, a
20  hydroxy group, an allyl group, an allyloxy group, an amino group, a cyano group, a nitro group,

an acyl group, an acyloxy group, a carboxy group, a group containing a tertiary-carbon structure,

a cyclic alkyl group, or a combination of these, L? is a sulfonyl
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group, a carbonyl group, an ester group, an amido group, a sulfinyl group, or a sulfonamido group,

and each of nl, n2, and n3 is an integer of 0 to 4.

2. The adhesive composition according to claim 1, wherein the polymer is a homopolymer

containing one kind of unit structure.

3. The adhesive composition according to claim 1, wherein the polymer is a copolymer

containing at least two kinds of unit structures.

4. The adhesive composition according to any one of claims land 3, comprising:
a polymer that contains a combination of the unit structure of Formula (1) with L! being the
divalent group of Formula (3) in claim 1 and the unit structure of Formula (1) with L' being the

divalent group of Formula (4) in claim 1.

5. The adhesive composition according to any one of claims 1 to 4, comprising:
a polymer that contains the unit structure of Formula (1) with T being a divalent group of

Formula (6):

(/Rs) nd (/RG) né
__@ ﬁ_Tzh@h_
Formula (6)
where R® and R® are independently a Ci.19 alkyl group, a Ci.4 fluoroalkyl group, a hydroxy
group, an allyl group, an allyloxy group, an amino group, a cyano group, a nitro group, an acyl
group, an acyloxy group, a carboxy group, a group containing a tertiary-carbon structure, a cyclic
alkyl group, or a combination of these, each of n5 and n6 is an integer of 0 to 4, and T? is a

fluoroalkylene group, a cyclic alkylene group, or a combination of these.
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6. The adhesive composition according to claim 1 or 4, wherein, in Formula (3), R! has at

least a cyano group and nl is an integer of 1 to 4.

7. The adhesive composition according to claim 5, wherein, in Formula (3), R! has at least a

5  cyano group and nl is an integer of 1 to 4.

8. The adhesive composition according to claim 1 or 4, wherein, in Formula (4), L? is a

sulfonyl group or a carbonyl group.

10 9. The adhesive composition according to claim 5, wherein, in Formula (4), L? is a sulfonyl

group or a carbonyl group.

10. The adhesive composition according to any one of claims 1 and 3 to 9, further
comprising:

15 a polymer that contains a unit structure of Formula (7):

—FLS—O—T?’—O%—- Formula (7)

where L? is the divalent group of Formula (3) or Formula (4), and T? is an alkylene group, a

sulfonyl group, a carbonyl group, a Cs-30 arylene group, or a combination of these.

20 11. The adhesive composition according to claim 10, wherein the arylene group is a

phenylene group, a naphthylene group, or an anthrylene group.

25
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12. The adhesive composition according to claim 10 or 11, wherein T? is a divalent group

of Formula (8):
(/R7) 7 (/RB) n8
-
Formula (8)
where each of R7 and R8 is a Cj.10 alkyl group, a C.4 fluoroalkyl group, a hydroxy group, an
allyl group, an allyloxy group, an amino group, a cyano group, a nitro group, an acyl group, an
acyloxy group, a carboxy group, a group containing a tertiary-carbon structure, a cyclic alkyl

group, or a combination of these, each of n7 and n8 is an integer of 0 to 4, and T* is an alkylene

group, a sulfonyl group, a carbonyl group, a Cs.30 arylene group, or a combination of these.

13. The adhesive composition according to any one of claims 1 to 12, wherein the group

containing a tertiary-carbon structure is a tertiary butyl group.

14. A laminate comprising:

an adhesive layer formed from the adhesive composition according to any one of claims 1
to 13, the adhesive layer being interposed between a first material being bonded and a second
material being bonded that is of the same kind as or of a different kind from the first material,
wherein

the adhesive layer has a thickness of 0.1 pm to 200 um.

15. The laminate according to claim 14, wherein the materials being bonded are each a

silicon substrate, a glass substrate, a resin substrate, or a ceramic substrate.



