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-ENERGY BEAM CURABLE HYDROPHILIC PRESSURE SENSITIVE

ADHESIVE COMPOSITION AND USE THEREOF
IELD OF THE TNVENTION

The present inveﬁtion relates to an energy beam
curable hydrophilic pressure sensitive adhesive
composition and a use thereof. More particularly, the
present invention relates to a pressure sensitive
adhesive composition suitable for use in a pressure
sensitive adhesive sheet.for protecting a wafer surface
which is used for protecting circuit patterns.on a wafer
surface from cutting dust, etc. during polishing of the

back of the wafer.

BACKGROUND OF THE TNVENTION

Circuit pattern is formed on a surface of a wafer
of semiconductor such as silicon or gallium gisenide by,
for example, etching or liftoff method. Subsequently,
the wafer having pattern formed thereon is subjected to
polishing the back of the wafer by means of, for

example, a grinder in the state that its patterned



serisitive adhesive sheet for protectlng a wafer surface whi ch is used
for protecting circuit patterns on a wafer 15 surface fromcutting dust,

,;ELB' during polishing of the back of the wafer.

ACKGROUND OF THE | NVENTI ON 20 Crcuit patternis forned on a
surface of a wafer of sem conduct®r such as silicon or gallium
arseni de by, for exanple, etching or liftoff nethod. Subsequently,
the wafer havi ngupgéégrl% fg%hgﬁg%i?eé&%}:écf vﬁ.'t‘,?ﬂ Scﬁﬁgsshﬁre sensBeliyehi ng the
back of the wafer of , exanple, a grinder in the state

that its patterQ&ﬂes1ve sheet. The first object of polishing the back
of the patterned wafer is to remove any oxide coating
which may occur on the back of the -wafer at the etching
5 step. The secqnd object of polishing the wafer back is
to regulate the thickness of the wafer having pattern
fqrmed thereon.
The polishing of the back of the wafer having
pattern formed on its surface is conducted while washihg
10 the wafer back with purified water in order to remove
dust raised by polishing and heat generated during the
polishing. Before the polishing.of the wafer back is
conducted, the pressure sensitive adhesive sheet.
(surface protective sheet) is adhered to the wafer
.15 "surface so that the pattern formed on the wafer surface
is protected from polishing dust and cutting water.
This type of pressure sensitive adhqsive sheet is,
for example,:
a hydrophilic one such as pressure sensitive
20 adhesive sheet of Japanese Patent Laid-open Publication
No. 62(1987)-101678 using a pressure_éensitive adhesive
containing a nonionic surfactant or pressure sensitive
adhesive sheet of Japanese Patent Publication No.
5(1993)-77284 using a water swellable pressure sensitive

25 adhesive, which, after the completion of the polishing,
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easily be removed by washing with purified water; or

an energy beam curable one such as pressure

5 sensitive adhesive sheet disclosed in Japanese Patent

Laid-open Publication No. 8(1996)-27239, which, after

the completion of back polishing, is irradiated with

energy beams to thereby extremely reduce the adhesive

strength to'the wafer so that traces of pressure

10 sensitive adhesive would not remain even upon peeling of

the pressure sensitive adhesive sheet.

Although the above two types of pressure sensitive

adhesive sheets for wafer back polishing have

appropriately been emploved in view of the respective

15 characteristics and in conformity with encountered

conditions, an energy beam curable pressure sensitive

adhesive sheet which exhibits low peeling resistance at

the time of peeling of pressure sensitive adhesive sheet

and is free from breaking the wafer would increasingly

20 be demanded in the future in accordance with increase of

the diameter of the wafer and reduction of the thickness

of the wafer.

However, this energy beam curable pressure

sensitive adhesive has not water washability. Thus, the

25 problem would be encountered such that, when a residual



(surface protective sheet) is adhered to the wafer 15 surface so that the

tpatt‘ern formed on the wafer surface Is protected from polishing dust
and cutting water. This type of pressure sensitive adhesive sheet
is,  for exanple,: a hydrophilic one such as pressure
sensitive 20 adhesive sheet of Japangse Patent Laid-open Publication

No. 62(1987)-101678 using a pressure sensitive adhesive containing a
noni oni ¢ surfactant or pressure sepsitjve ._adhesi ve sheet aof Japanese
Pat ent: Publ i cat PERSRIBFS Sensligygoaynesiis, neltRs, et e‘Ya%ﬁeﬁug%FSepr essure

sensitive 25 adhesive, which, after ' i i
for some reason (e.gE? sﬁ£¥%éa%pghe&hgﬂt{%ytJEEeB%&b§hlng’

beams applied at the irradiation therewith, abnormally
high.temperature caused by excess irradiation, energy

5 ©beam irradiation deficiency attributed to adhesion of
cutting dust raised at the time of wafer back polishing
onto the surface of the sheet, etc.), the residual
préssure sensitive adhesive cannot be removed by water
washing. Thus, when conventional energy beam curable

10 pressure sensitive adhesive remains on a wafer surface,
it is common practice to conduct washing with an organic
solvent. This, however, requires improvement from the

viewpoint of, for example, environmental-conservation.
15 OBJECT OF THE INVENTION

It is an object of the present invention to provide
a pressure sensitive adhesive composition suitable for_
use in a wafer surface protective sheet which, at the

20 time of polishing of a wafer back, is used to protect

the circuit pattern formed on the wafer surface from
cutting dust, etc.

It is another object of the present invention to
provide a pressure sensitive adhesive composition

25 suitable for use in a wafer surface protective sheet in



3 .7 is directly peeled so that the stain on wafer surface caused
by. pressure sensitive adhesive conponents can easily be renoved by
washing with purified water; or an energy beam curabl e one ‘such
as pressure 5 sensitive adhesive sheet disclosed in Japanese Pat ent

Lai d-open Publication No. 8(1996)-27239, Swhich, after t he conpletion
of back polishing, is irradiated with energy beans to thereby

extrenely reduce WhecRUNESdYEif a preBbufdddhditivRe adBbeive rdntdhst baces of
pressure 10 sensitive adhesive would not remain even upon peeling of

the pressure sensig wi€epdb@siate Hpoat peeling of thdl pReysilird ndieiget WO
types of pressure sensitive adhesi ve sheets for wafer back polishing

have appr opr iadhekyvé esticeti|plthpe des MAVA R Wrdlsstulte seseRtive/ adhaﬁlve
characteristics and in conformty with encountered

can easily be removed by washing with water.

The energy beém'curéble hydrophilic pressure

sensitive adhesive composition of the present invention
10 comprises a hydrophilic pressure sensitive adhesive (A)
and an energy beam polymerizable compound (B).

In the present invention, it is preferred that the
hydrophilic pressure sensitive adhesive (A) be composed
of a pressure sensitive adhesive composition formed

15 frcm:-

a carboxyl group containing copolymer obtained by
polymerizing a carboxyl group coﬁtaining polymerizable
monomer (Al) and another monomer (A2) that is
copolymerizable with the carboxyl group containing

20 polymerizable monomer according to solution
polymerization,

a neutralizer (A3), and

a crosslinking agent (24).

It is especially preferred that the other monomer

25 (A2) that is copolymerizable with the éarboxyl group

This Sheet Has Been Rei

AR




condi'ti ans, an energy beam curabl e pressure sensitive adhesi ve sheet
whi ch exhi'bits | ow peeling resistance at the time of peeling of
pressure sensitive adhesive sheet and is free from breaking the wafer
woul d increasingly 20 be demanded in the future in accordance with

I ncrease of the diameter of the wafer and reduction of the thickness
of the wafer. However, this energy beam curable pressure

sensitive adhesi w@nkasniy péllviieri@sbabi hbriiomer MéSa bBMpowdra probl em woul d
be encountered such that, when a resi dual

4 represented by the formula:

x! X2

AN /7
- C=C
3. Nco- (OR!), - OR?

X
wherein each of X1, x2 and X3 independently
represents h&drogen or a methyl group; RSl represénts a
divalent hydrocarbon group having 2 to 12 cérbon atoms;
R2 represents a hydrocarbon group having 1 to 10 carbon

10 atoms; and n is 1 t§ 10.

The energy beam polymerizable compound (B) is
preferably a compound that contains at least one energy
beam polymerizable carbon to carbon double bond in its
molecule and has a weight average molecular weight of

15 100 to 50,000. |

It is preferred that the energy beam curable
hydrophilic pressure sensitive édhesive composition of
the present invention comprise a photopolymerization
initiator (C) in addition to the above components.

20 The pressure sensitive adhesive-sheet of the
present invention comprises a substrate and,
superimposed thereon,.a pressure sensitive adhesive
layer composéd of the above energy beam curable

hydrophilic pressure sensitive adhesive composition. In



pressure sensitive adhesive remains on a wafer surface - for sone reason

(e.g., shortage in quantity of energy beans applied at the irradiation
therewith, abnormally hi gh tenperature caused by excess irradiation,
energy 5 beamirradiation deficiency attributed to adhesi on of

cutting dust raised at the tinme of wafe&f back polishing onto the
surface of the sheet, etc.), .the residual pressure sensitive adhesi ve
cannot be remoy { HALE enis %@Pe‘!!d}gehsgﬁﬁuw%fé%%‘é”&h | gner gy
beam cur abl e pressure sensitive esive remalns on a wafer surface,

it is common pr é éﬂg goggci b organic sol vent .

Thi s, however, reqdﬁges nproveﬁ% %F?%egsgﬂg vi ewpoi nt of, - for

FESEK#FCNG“VirO“WE“P%hmF958€éV8£é§Hhre seh8itive adhesive sheet CGRJECT OF THE

preferably used in a method of polishing a wafer back
5 comprising the steps of:
. aﬁhering the ebove pressure sensitive adhesive
sheet to a patterned wafer surface, and
polishing the back of.the wafer while feeding water
to the wafer back.

10 The pressure sensitive adhesive composition of the
present invention possesses not only energy beam
curability but also hydrophilicity.l Therefore, the
adhesive strength is sharply reduced by irradiation with
energy beams to thereby enable easily peeling the

15 pressure sensitive adhesive sheet from an adherend.
Further, even when the pressure sensitive adhesive
remains on an adherend surface for some reason, the
residual pressure sensitive adhesive can easily be
removed by washing with water.

20

DETATILED DESCRIPTION OF THE INVENTION

The energy beam curable hydrophilic pressure

sensitive adhesive composition and use thereof according



It is an object of the present invention to provide a pressure
sensitive adhesive conposition suitable for use in a wafer surface
protective sheet which, at the 20 tine of polishing of a wafer back, is
used to protect the circuit pattern formed on the wafer surface from
cutting dust, etc. It is an@ her object of the present invention
to provi de a pressure sensitive adhesive conposition 25 suitable for

use in a wafer surf, ﬁ%epgégéﬁftiﬁ/‘fenstll%ﬁtw g% be described in detai

5 which, even 1T a pressure sensitive adhesive remains on a wafer surface
upon peellng oftkﬁgmpressure sensitive

.The energy beam curable hydrophilic pressure
éensitive adhesive composition of the present invention
5 comprises a hydrgphilic pressure sensitive adhesive (A)
and an energy beam polymerizable compound (B). The
igdividual components will be described below with
- reference to examples thereof.
Hydrophilic grgsgure sensitive adhesive (A)

10 The hydrophilic pressure sensitive adhesive (A) is
a pressure sensitive adhesive which is dissolved or
swells upon being brought into contact with water.
Various hydrophilic pressure sensitive adhesives are
known, and the known hydrophilic pressure sensitive

15 adhesives can be used in the present invention without
any partigular limitation. However, the below
exemplified pressure sensitive adhesive compositions (1)
to (4) are preferred, and, of them, the pressure
sensitive adhesive composition (1) is especially

20 preferred as the hydrophilic pressure sensitive adhesive
(A) for use in the presént invention.

(1) Pressure sensitive adhesive composition formed
from a carboxyl group containing copolYmer obtained by
polymerizing a carboxyl group containing polymerizable

25 nonomer (Al) and another monomer (A2) that is

‘This Sheet Has Been Réplac
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adhesi ve sheet, the residual pressure sensitive adhesive can easily by
renmoved by washing with water. SUWWARY OF THE | NVENTI ON
The energy beam curabl e hydrophilic pressure sensitive adhesive conposition
of the present invention conprises a hydrophilic pressure sensitive
adhesive (A) and an energy beam: pol yn#izable conpound containing at

| east one pol ynerizabl e carbon to carbon double bond (B), wherein the

hydrophilic pr e%%g%gy@gpﬁ%g% ((g\,r%)tﬂ %h%\ogggﬁ%%:ﬁ)fgﬁugr ggﬁyéﬁﬁfd"lsi tive

adhesi ve conposit or e group contal ni'ng copol yner

obt ai ned by poI*Qﬁéb%%@g?glgq&gﬁﬁﬁk dray dﬁ&fq%L@dygtgghynerizable nononer

contai ning a poly a carbon to carbon double bond (Al) and anot her

mononer cont ai ni yﬁe@%b%ﬁ%&%ﬁ%ﬁh@uﬁ:@éﬂﬁe{*O(ﬁﬁr;b%ddgué Ss iA32) that

i's copol ynerizable wt oxyl group containing polynerizablle nononer
according to soljdiinen (g@) yneri zation, a neutralizer (A3), and a
crosslinki ng agent (AA), It is especially preferred that the other

monomer  (A2)sthat i sohePeLMiB1Z 3RoipebAt 11Fi dA'RPSYYmEt 0L obtained
by polymerizing a carboxyl group containing
pqumerizablé monomey (Al) and another monomer (AZ2) that
is copolymerizable with the carboxyl group containing
polymerizable monomer according to solution
10 polymerization.
The carboxyl group containing polymerizable monomer
(Al) is a monomer which contains both a polymerizable
carbon to carbon double bond and a carboxyl group. For
exémple, acrylic acid, methacrylic acid, crotonic acid,
15 itaconic acid, maleic acid, fumaric acigd,
monoalkylitaconic acid, monballemaleic acid or
monoalkylfumaric acid is used as the carboxyl grdup
containing polymerizable monomer (Al). Of these,
acrylic acid and methacrylic acid are preferably used in
20 the present invention. These carboxyl group containing
polymerizable monomers can be used either individually
or in combination.
Although wvarious monomérs can be used without any
particular limitation as the other monomer (A2) that is

25 copolymerizable with the above carboxyl group containing



6 cont ai ni ng pol yneri zabl.-e nonomer be a conpound . represented by
the formul a: [err] 5 “wherei n each
of X[err], X err] and X[ err] independently represents hydrogen or a
met hyl group; R[err] represents a di val ent hydrocarbon group having 2
to 12 carbon atons; R2 represend® a hydrocarbon group having 1 to 10
carbon 10 atoms; and nis 1 to 10. The energy beam

pol yneri zabl e cgapoHEsi4db1d &onomerpagfﬁ:eé)lasé e ReE Nébrigtinggont ai ns at
| east one ener gy beam pol yneri zabl e carbon to carbon double bond in

its having at least one polymerizable carbon to carbon

double bdnd,-it is preferred to employ the compounds

represented by the formula:

3 1
52
. NS
(2=(a\
x3/ CO - (OR}), - OR?
In the formula, each of X1, X2 and X3 independently
represents hydrogen or a methyl group, preferably,
10 hydrogen.

n is 1 to 10, preferably, 1 to 4.
Rl represents a divalent hydrocarbon group having 2
to 12 carbon atoms, preferably, an alkylene group having
2 to 5 carbon atoms such as ethylene, n-propylene, iso-
15 propylene, n-butylene, iso-butylene, tert-butylene, sec-
butylene or n-pentylene.
Of these, ethylene, n-propylene, n-butylene and
tert-butylene are preferably used as the group RI.
R2 represents a hydrocarbon group having 1 to 10
20 carbon atoms, préferably, an alkyl group having 1 to 6
carbon atoms such as methyl, ethyl, n-propyl, iso;
propyl, n-butyl, iso-butyl, tert-butyl, sec-butyl, n-

pentyl, iso-pentyl, neopentyl or n-hexyl.



mol ecul e and has a wei ght average nol ecul ar wei ght of

15 100 to 50, 000.

Lt is preferred that the energy beam curable hydr ophi l i c pressure
sensitive adhesi ve conposition of the present invention conprise a
phot opol yneri zati on initiator (C) in addition to the above conponents.

20 The pressure sensitive adhgsj ve sheet of the

present

I nvention conprises a substrate and, superi nposed t hereon, a pressure
sensitive adhesive . ayer_,co he, above energy. beam curabl e
hydrophlllc pressur8 SE%%? i éﬁﬁﬁﬁ 9508% cﬁﬁQWREprE g_b££§i’

iso-butyl and tert-butyl are preferably used as the

group- R2.

Accordingly, a prefefred example of the monomer

5 (A2) for use in the present invention is an alkoxy group

) containing (meth)acrylic acid ester such as 2-

methoxyethyl (meth)acrylate, 2-ethoxyethyl

(meth)acrylate, 3-methoxybutyl (meth)acrylate, 2-

butoxyethyl (meth)acrvlate, methoxydiethylene glycol

10 (meth)acrylate or ethoxydiethylene glycol

(meth)acrylate.

These alkoxy group containing (meth)acrylic acid

esters can be used either individually or in

combination.

15 - In addition to the above alkoxy group containing

20

25

(meth)acrylic acid esters, examples of the monomers (A2)
include (meth)acrylic acid esters of alkyl group having
1 to 18 carbon atoms, 2-hydroxyethyl (meth)acrylate, 2-
hydroxypropyl (meth)acrylate, N,N-dimethylaminocethyl
(meth)acrylate, N,N-dimethylacrylamide, N,N-
diethylacrylamide, N,N-dimethylaminopropylacrylamide,
N,N-diethylaminopropylacrylamide, N,N-di-n-
butoxymethylacrylamide ,' acryloylmorpholine, vinyl
acetate, styrene, acrylonitrile, glycidyl

(meth)acrylate, methylolacrylamide, vinylpyrrolidone,



particular, this pressure sensitive adhesive sheet is preferably used

A n wafer processing. The above pressure sensitive adhesive sheet
i's ~ preferably used in a nethod of polishing.a wafer back 5
conprising the steps of: . adhering the above pressure sensitive
adhesi ve sheet to a patterned wal@r surface, and pol i shing
t he back of the wafer while feeding water to the wafer back. 10,

The pressure segghii et Sithers ORPRSid ihydi-iBBe ethyldieeoitiel A@Nti ON
possesses not only energy beam curability but also hydrophilicity.
Therefore, the glycofPhaSiettyit (RO Nad:S 15Dl ¥hesd sl grefierablliat i on
wth energy beans to thereby enable easily peeling the 15 pressure

sensitive .adhesﬁ¥€d$ﬂ?%nﬂi%ti8naﬁfﬁim alkoxy group containing
{meth)acrylic acid ester. 1In this instance, the ratio
5 (weight ratio) of alkoxy group containing (meth)acrylic
: ' ' acid ester to other polymerizable monomer preferably
ranges from about 1/20 to 99/1.
The ratio of cérbbx}l group containing
polymerizable monomer (Al) to other monomer (A2) that is
10 copolymerizable with monomer (Al) (weight ratio of
monomer (Al)/monomer (A2)) in the carboxyl group
containing copolymer for use in the present invention
preferably ranges from 1/500 to 1/4, still preferably,
from 1/100 to 1/10. The weight average molecular weight
15 of the carboxyl group containing copolymer preferably
- ranges from 50 thousand to 1.5Q million, still
preferably, from 100 thousagd to 1 million.
The carboxyl group containing copolymer for use in
the present invention can be obtained by copolymerizing
20 the above carboxyl group containing polymerizable
monomer (Al) and other monomer (A2) that is
copolymerizable with the monomer (Al) in given
‘proportion. This copolymefization is conducted

according to the solution polyme:ization.



Fur'ther, even when the pressure sensitive adhesive remai ns on an

adherend surface for sone reason, the resi dual pressure sensitive
‘adhesi ve can easily be renoved by washing with water. 20

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The energy beam curabl e
hydrophilic pressure sen5|t|ve agiBesi ve conposition and use thereof
accordi ng . . 8 to the present invention
will be described i nydetail,dhehom, ner {4 i8ACE 0V cBEAMS APk Mydrophil i c
pressure sensitive a eS|ve conpos e present 1 nventfon conprises

a adding appropriate amounts of a solvent such as ethyl

acetate and a polymerization initiator such as
azobisisobutyronitrile to a mixture of the above
5 monomers (Al) and (A2), agitating the mixture under a
' ' stream of nitrogen.at room temperature for about 30 min
agd'performing a reaction at 40 to 100°C for about 4 to
10 hr. Aas coﬁpared with the emulsion polymerization,
this solution polymerization has.such advantages that

10 neither emulsifier nor thickener is needed to thereby
enable decreasing the amount of impurity ions and enable
easily performing control of polymerization conditions
and change of obtained polyﬁer composition. Moreover, a
surprising effect is realized such that the polymer

15 produced by the solution polymerization is stgong in
shearing direction action as-compared with the polymer
produced by the emulsion polymerization.

Thé above carboxyl group containing copolymers can
be used either individually or in combination.

20 Thé neutralizer (A3) is used to neutralize part or
all of the carboxyl groups of the above carboxyl group
containing copolymer so as to impart hydrophilicity or
water solubility to the carboxyl group containing
copolymer. Taking into account ionic impurities which

25 are detrimental to the wafer, it is preferred that a



hydfophilic pressure sensitive adhesive (A) and an energy beam

pol yneri zabl e conpound (B). The individual conponents will be descri bed
bel ow with reference to exanpl es thereof. . Hydrophilic pressure
sensitive adhesive (A The hydrophilic pressure sensitive adhesive
(A) is a pressure sensitive adhesive Wftch is dissolved or swells upon
bei ng brought into contact with water. The hydrophilic pressure

sensi tive adhesicsppobhdl Rt Usshtldlintifg 8h¢SENimdtM@NEhaThaFod@le il om a
pressure sensitive adhesive conposition formed froma carboxyl group

cont ai ni ng copoljtEmodbtaldask KsedohyMEhe ZhagraldaekoX)B) gr iR hai ni ng
pol yneri zabl e nononer (Al) and anot her nononer (A2) that is

9 copol ynesiriabkebiéid ddipotnaBossh ¢ Giplegedai Ghigbstituted
pol ymeri zabl e nononer according to solution
' or substituted amines are preferably used in the present
5 invention. Of them, water soluble aminé compounds are
! especially preferred.

Examples of the above amine éon\pounds include
ammonié, ammonium salts-exhibiting alkalinity and
organic amino compounds exhibiting alkalinity, primary

10 amines such as monoethylamine and monoethanolamine;
secondary amines such as diethylamine and
diethanolamine; tertiary amines such as triethylamine,
triethanolamine, N,N-dimethylformamide diethylacetal,
N,N,N'-trimethylethylenediamine, N-methyldiethanolamine |

15 and N,N-diethylhydroxylamine; amino compoﬁn‘ds having a
plurality of Ns in the molecule, such as diamine and
polyethyleneimine; and cyclic amino compounds such as
pyridine.

Triethanolamine and N,N-dimethylformamide

20 diethylacetal are preferably used in the present
invention. |

The above neutralizers can be used either
individually or in combination.

The neuﬁralizer (A3) is preferably used in an

25 amount of 0.0001 to 1 mol, still preferably, 0.01 to 0.5



polynerization; a neutralizer (A3); and-a crosslinking agent (A4).
5 The carboxyl group containing copolyner is obtained by

pol ymeri zi ng a carboxyl group contai ning pol.ymeri zabl e nononer (Al)
and anot her nononer (A2) that I's copol ynerizable with the carboxyl
group contai ni ng pol ymeri zabl e nbhomer according to solution 10
pol yneri zati on. The carboxyl group containing polynerizable

mononer () der BioTDBENBArNAAN ggBlbabAStR®tdbovedebybBkyEabl e
carbon to carbon doubl e bond and a carboxyl group. For exanpl e,

acrylic acid, npthigfiodntaidthd cépddymidrc acid, 15 itaconic acid, naleic
acid, fumaric acid, nonoal kyl i taconi ¢ aci d, nonoal kyl mal ei ¢ acid or

monoal kyl f umari ¢ acigthel srusstimeindageatbQxy) s Qued to pagvisiny ng
pol ynmeri zabl e nononer (Al). O these,
crosslink the above carboxyl group containing copolymer.
5 As the crosslinking agent (A4), use can be made of, for
example, compounds having a glycidyl group in the
mglecule, e.g., epoxy crosslinking agents such as
neopentyl glycol diglycidyl ether, polyethyléﬁe glycol
diglycidyl ether, bisphenol A diglycidyl ether,
iO bisphenol F diglycidyl ether, diglycidyl phthalate,
dimer acid diglycidyl ethef, triglycidyl isocyanurate,
diglycerol triglycidyl ether, sorbitol tetraglycidyl
ether, N,N,N',N'-tetraglycidyl-m-xylenediamine, 1,3-
bis (N, N-diglycidylaminomethyl)cyclohexane and N,N,N',N'-
15 tetraglycidyldiaminodiphenylmethane; compounds having an
isocyanate group in the molecule, e.g., isocyanate
crosslinking agents such as toiylene diisocyanate and
diphenylmethane diisocyanate; methylol crosslinking
agents such as melamine and phenol; chelating
20 crosslinking agents; and aziridine crosslinking agents.
Effecting a partial crosslinking of the carboxyl
group containing copolymer with thé crosslinking agent
(A4) enables regulating the peeling strength of obtained

pressure sensitive adhesive to an appropriate value and



acrylic acid and nethacrylic acid are preferably used in 20 the present

inventiron. These carboxyl group contai ning “pol yneri zabl e nononers can
be used either individually or in conbinatian. Al t hough

vari ous nononers can be used w thout any particular limtation as the
other monomer (A2) that is 25 copol¥Rerizable with the above carboxyl
group cont ai ni ng 10 '

pol ymeri zabl e nBRgPESs FrdR@dngSat Presane cRABUiUS adhesiveawhhighat | east
one pol ynerizabl e carbon to carbon doubl e bond, it is preferred to

enpl oy t he conpgualits in watefPwEeRait bding déskolvad atherein.

_The crosslinking agent (24) is preferably used in

an amount of 0.001 to 1.0 mol, still preferably, 0.0l to -
5 0.75 mol per mol of carboxyl group of the above carboxyl.
group containing copolymer.

The pressure sensitive adhesive composition (1) for .
use in the present invention comprises the carboxyl
group containing copolymer and the above components (A3)

10_. and (A4) as principal components and can be obtained by
appropriately mixing these components together.
Preferably, the carboxyl group containing copolymer is
first mixed with the neutralizef (23) and, thereafter, |
the crosslinking agent (A4) is added to the mixture to

. 15 thereby crosslink the carboxyl group containing
copolymer.

The mixing of the carboxyl group containing
copolymer with the neutralizer (A3) is conducted, for
example, by adaing the neui:ralizer (A3) directly or

20 after dilution with a solvent (e.g., alcohol or acetone’
to the carboxyl group containing c_opolymer at room
temperature and, thereafter, agitéting the mixture at 5
to 40°C for at least 25.min.

Further, the crosslinking agent (A4) is added

25 directly or after dilution with a solvent (e.g.,



5 ° [err] In the fornmula, each

of Xferr], Xerr] and X err] independently - represents hydrogen or a
nmet hyl group, preferably, 10 hydrogen. . nis 1to 10,
preferably, 1 to 4. Rlerr] represents a dival ent hydrocarbon
group having 2 to 12 carbon atoh®, preferably, an al kyl ene group
havi ng 2 to 5 carbon atons such as ethyl ene, n-propylene, iso- 15
propyl ene, n-bugyl i, ethybuiydtdita drelikopubpyEnglcdind) to théutyl ene or
n- pentyl ene. O these, ethylene, n-propylene, n-butylene and

tert-butyl ene aisoyd obthihbd mbetnss dtheogmotpmbeatdre and agitated
at 5 to 40°C for at least 5 min, thereby obtaining the
pressure sensitive adhesive cqmposition (1) of the
5 present invention.

The thus obtained pressure sensitive adhesive
cqmposition (1) is a pressure sensitive adhesive
composition which is_of solvent type and soiuble in
water (swellable in water) without the use of any trace

10 of surféctant. This pressure sensitive adhesive
composition has excellent water washability and exhibits
extremely small value of peeling electrification voltage
at the time of peeling of pressure sensitive adhesive
sheet because hydrophilicity is imparted to the pressure

15 sensitive adhesive polymer per se. Moreover, water |
solubility (water swellability)'is imparted to the
pressure sensitive adhesive.composition (1) without
conducting a polymer blend of water soluble polymer and
(meth)acrylic polymer, so that the amount of glue

20 residue which may occur at the time of peeling of
pressure sensitive adhesive sheet is extremely small.

In place of the above pressure sensitive adhesive
composition (1), the following pressure sensitive

adhesive compositions can be used as the hydrophilic
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Rl err.] repfesents a hydrocarbon group having 1 to 10 20 carbon atons,.

preferably, an alkyl group having 1 to 6 carbon atons such as nethyl,
et hyl, n-propyl, iso- propyl, n-butyl, iso-butyl, tert-butyl,

sec- butyl, n- pentyl, iso-pentyl, neopentyl or n-hexyl.

O these, ethyl, n-propyl, iso-propyll8n-butyl, i so-butyl and
tert-butyl are preferably used as the group Rlerr].

Accordingly, a ;pfe-és%ffeegeﬁéﬁmé% RihdIGBPEE the frRdkntor use in the
present invention is an al koxy group cont ai ni ng (neth)acryllc aci d

ester such as Z2{nyention.

. (2) Hydrophilic pressure sensitive adhesive

composition gomprising a pressure sensitive adhesive and
5 a surfactant.

The pressure sensitive adhesive is not particularly
limited, and use can be made of, for example, known
pressure sensitive adhesives coﬁtaining, as a base
polymer,.natural rubber, polyisobut&lene, polyisoprene,

10 a synthetic resin or synthetic rubber whose principal
component is a compound such as an acrylic ester, or the
like.

Polyolefin glycol surfactants are preferably used
as the surfactant. Examples thereof iﬁclude

15 polyethylene glycol alkylphenyl ethers, polyethylene
glycol alkyl ethers, polyethylene glycol fatty acid
esters and polypropylene glycol polyethylene glycol
ether. Those whose HLB value ranges from 8 to 18 are
preferably used. The above polyoclefin glycol

20 surfactants may be used either individually or in
combination.

It is desirable to add the polyolefin glycol
surfactant . in an amount qf about 0.1 to 10 pafts by
weight, especially, 0.5 to 8 parts by weight per 100

25 parts by weight of pressure sensitive adhesive.
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met’hoxyet hyl (nmeth)acrylate, 2-ethoxyethyl (nmeth)acryl ate,

3-net hoxybutyl (meth)acrylate, 2- but oxyet hyl (neth)acryl ate,

met hoxydi et hyl ene gl ycol 10 (meth)acryl ate or ethoxydi et hyl ene gl ycol
(meth)acryl ate. These al koxy group containing (nmeth)acrylic acid
esters can be used either individuall¥9or in conbi nation. 15

In addition to the above al koxy group containing (meth)acrylic acid
esters, exanples of mfd&a@ﬂsréf(éames ofi BRL UsiSoddTpirlaaiul i ¢ acid
esters of al kyl grou avi ng to 18 carbon atons, 2-hydroxyethyl

(meth)acryl ate, g %% tlve é&ﬁ% ééHBGsﬁEﬁ%hhxzﬁcéféaiébcﬂibed in, for
N- di met hyl am noe } )acrylate, N, N-di nethylacrylam de, N, N-
d'ethylacrylan‘Qﬁamﬁié&'%bﬁ%h@¥éafaégﬁﬁ(ﬂﬁﬂda6b¥haﬁﬁﬁﬁicatlon No.
62(1987)-101678.
5 (3) Emulsioh type pressure sensitive adhesive.

The terminélogy “émulsion type pressure sensitive
adhesive" used herein means a pressure sensitive
adhesive obtained by adding an emulsifier, a deionized
water and a polymerization initiator to a (meth)acrylic

10 ester monomer such as methyl methacrylate, butyl
acrylate or 2-ethylhexyl acrylate and performing an
emulsion polymerization in water. A suitable monomer
composition can be selected in conformity with required
adhesive-strength. The emulsion type pressure sensitive

15 adhesive thus obtained by polymerization generally has a
solid content of 20 to 60% by weight.

. According to necessity, a water soluble organic
compound and/or a_ﬁonionic surfactant can be added to
the above emulsion type pressure sensitive adhesive.

20 Examples of suitable water soluble organic
compounds include diethylene glycol monobutyl ether,
triethylene glycol monomethyl ether, ethylene glycol
monomethyl ether and diethylene glycol monobutyl ether

acetate. Of these, water soluble organic compounds
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N, N- di et hyl am nopr opyl acryl am de, N, N-di-n- but oxynet hyl acryl am de, -

_acryl oyl nor phol i ne, vinyl acetate, styrene, acrylonitrile, glycidyl
25 (meth)acryl ate, nethylolacrylam de, vinyl pyrrolidone,

12 vinyl methyl ether, maleic anhydride, ethylene oxide and

gl ycosyl oxyet hyl (neth)acrylate. Thes20are preferably used in-

conbi nation with the al koxy group containing- (nmeth)acrylic acid ester.
In this instancgayihe 4 aldiding pog.%'cgf'tld@’b' 8 RigléKOXaEpicarl1§oNt ai ni ng
(meth)acrylic acid ester 'to other polynerizabl e nononer pre erably

ranges from aboykodd 2} 1QgBeklare preferred.

. Examples of suitable nonionic surfactants include

polyoxyethylene octylphenol ether, alkanolamides,
5 polyoxyethylene nonylphenol ether, polyethylene glycol
and polyethyleneoxylauryl ether.
| When the water soluble organic compound is used, it
is preferably added in an amount of 1 to 100 pafts by
weight, still preferably, 5 to 50 parts by weight per
10 100 parts by weight of emulsion type pressure sensitive
adhesive.

When the nonionic surfactant is used, it is
preferably added in an amount of 0.01 to 50 parts by
weight, still preferably, 0.1 to.lo parts by weight per

15 100 parts by weight of emulsion type pressure sensitive
adhesive.

The details of examplés of fhe above pressure
sensitive adhesive composition (3) are described in, for
examble, Japanese Patent Publication No. 1(1989)-51511.

20 (4) Hydrophilic pressure sensitive adhesive
composition comprising a pressure sensitive adhesive and
a water soluble polymer.

An acrylic pressure sensitive adhesive or a rubber

pressure sensitive adhesive can suitably be used as the

25 pressure sensitive adhesive. Especially, a
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The ratio of carboxyl group containing pol.ymeri zabl e nononer (Al) to

ot her nononer

(A2) that is 10 copolynerizable with nononer (Al) (weight

ratio of monormer (Al)/nmononmer (A2)) in the carboxyl group
contai ning copolyner for use in the present invention preferably
ranges from 1/500 to 1/4, still -prefe2ably, from1/100 to 1/10. The

wei ght average nol ecul ar weight 15 of the carboxyl group containing

copol yner prefef Q%%htrhousan F%ljlé %%#Oﬂéﬁgﬂti\% ]a_lc_imsr.ﬁrle' ign, still

preferably, from
contai ni ng cop
by copol yneri zi

he car boxyl group
% gf%ﬁféH use in the present invention can be obtained
t’/he above carboxyl group containing pol ynerizabl e

ronomer (A1) and of her JRATGE-02) (J¥pd can HEORAYE kRabLgcuk L the

nmonomner (Al)

10

15

20

25

in given proportl

I's copol ynerization is conducted
soluble polymer, those capable of exerting surfactant

functions and plasticizer functions, such as
polypropylene gl&ﬁol, are preferred. Diol or triol type
polypropylene glycol is especially preferred.

The water soluble polymer is preferably added in an
amount of about 0.1 to 50 parts by weight, still
preferably, 1 to 20 parts by weight per 100 parts by
weight of pressure sensitive adhesive.

The details of examples of the above pressure
sensitive adhesive composition (4) are described in, for
example, Japanese Patent Laid-open Publication No.
5(1993)-335288.

ergy beam polvmerizable compound (B

The energy beam polymerizable compound (B) for use
in the present invention is a compound having at least
one energy beam polymerizable carbon to carbon double
bond in its molecule, which compound preferably has a
weight average molecular weight of 100 to 50,000, still
preferably, 500 to 30,000 and, optimally, 1000 to 20,000
and can be polymerized by irradiation with energy beams.

For example, energy beam polymerizabie compounds

disclosed in Japanese Patent Laid-open Publication No.
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according to the solution polynerization. :

13 The solution polynerization is carried out by addi ng
‘appropriate anounts of a solvent such as ethyl : acetate and a

pol yneri zation initiator such as azobi si sobutyronitrile to a m xture
of the above 5 nononers (A1) and (A2%, agitating the mixture under a
stream of nitrogen at roomtenperature for about -30 mn and perform ng

a reaction at 4gotpogdf)Qiev, bggf&adaﬁ@gnéet Patent H&idWopefs conpared with
t he enmul si on pol yneri zati on, hi's sol ution polynerlzatlon has such
advant ages t hat puﬁplcanﬂdmgb.eeykfgé.ﬂ,)erzz@czliabha%eﬁmew uxeadad tRet hereby
above energy beam polymerizable compound (B). Examples
of energy beam polymerizable compounds (B) include
5 trimeth&lolpropane triacrylate, tetramethylélmefhane
: ' tetraacrylate, peqtaerythritol triacrylate,
pgntaeryﬁhritol tetraacrylate, dipentaerythritol
ﬁonohydroxypentaacrylate, dipentgerythritol
hexaacrjlate, 1,4-butylene glycol diacrylate, 1,6-
10 hexanediol diacrylate, polvethylene glycol diacrylate
and commercially available oligoester acrylates.
In addition to the above acrylate compounds,
urethane acrylate oligomers can be used as the energy
beam polymerizable compound. Urethane acrylate
15 oligomers can be obtained b& reacting a polyester or
polvether type polyol compound with a polyisocyanate
compound such as 2,4-tolylene diisocyanate, 2,6-tolylene
diisocyanate, 1,3-xylylene diisocyanate, 1,4-xylylene
aiisocyanate or diphenylmethane-4,4'-diisocyanate to
20 thereby obtain an isocyanate-terminal urethane
prepolymer and by reacting this isocyanate-terminal
urethane prepolymer with a hydroxyl group containing
acrylate or methacrylate such as 2-hydroxyethyl

acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl
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enabl e decreasing the anount of inpurity ions and enable easily .
performng control of polynerization conditions and change of obtai ned
pol ymer conposition. Mreover, a surprising effect is realized such
that the polymer 15 produced by the solution polynerization is strong in
shearing direction action as conpare23ith the pol yner produced by the
enul si on pol yneri zati on. The above carboxyl group containing

copol ymers can ?%;) i, V5ot el LRt ik Bl Yok, igbivethynaséon. | 20

The neutralizer I S used to neutralize part or of the carboxyl

groups of the %?ay $o1C AR YL e WL YWb1yethyd SREAL T AL GRRGLYIPLaEE. as 10
I npart hydrophiTicity or © ma%g?ygg 3%|I|?gn¥o t he carggxyl group

L Senca Tor 2 e e s o] f et soeniisn 2
acrylate compound is preferably used in the present
S invention. For example, preferred use is made of a
product of reaction of a (meth)aérylic acid ester
containing at least one hydroxyl group in its molecule,
an organic polyisocyanate and a polyethylene glycol
monoalkyl ether having one hydroxyl group.
10 The above polyethylene glycol monoalkyl ether is a
compound represented by the formula:
H- (OCH2CH2) n—-OR
wherein R represents a lower alkyl group, and n is
an integer of 3 to 40.

15 The details of these preferred urethane acrylate
compounds are described in, for example, Japanese Patent
Laid-open Publication No. 6(1994)7287250.

In the pressure sensitive adhesive composition of
the present invention, the energy beam polymerizable-

20 compound (B) is preferably used in an amount of 10 to
200 parts by weight, still preferably, 50 to 150 parts
by weight and, optimally, 70 to 120 parts by weight per

'~ 100 parts by weight of hydrophilic pressure sensitive
adhesive (A). In these amounts, the initial adhesive

25 strength of obtained pressure sensitive adhesive is
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14 - conpound not containing any of netals and hal ogens in its
‘nDIecuIe be used as the neutralizer (A3). Although various basic
conpounds can be enpl oyed, unsubstituted or substituted am nes are
preferably used in the present 5 invention. O them water sol uble am ne
conmpounds are ~especially preferrgd. Exanpl es of the above
am ne conpounds i ncl ude ammoni a, ammonium salts exhibiting alkalinity

Such as monoet hYFRR neTahdis, Al iRy el 181 Lphy RieciRbed 0. o as

di ethyl am.ne angpon irradiation with energy beams to thereby facilitate '
peeling from an adherend and avoid the remaining of
pressure sensitive adhesive on the surface of the

5 adherend.

‘ ' When the amount of energy beam polymerizable
compound (B) is less than 10 parts by weight, the
decrease of the adhesive strength upon irradiation with
energy beams is not satisfactory. On the other hand,

10 when the amount exceeds 200 parts by weight, there is
unfavorably the possibility that it is difficult to
remove the pressure sensitive adhesive with water.

Photopolymerization initiator (C)
When curing is conducted by irradiétion with light,

15 the energy beam curable hydrophilic pressure sensitive
adhesive composition of the present invention can be
doped with a bhotopolymerization initiator (C). The
period of polymerization/curing by irradiation with
light and the light dosage can be reduced by the doping

20 with the photopolymerization initiator (C).

Examples of suitable photopolymerization initiators
(C) include 1l-hydroxycyclohexyl phenyl ketone, benzoin,
benzoin methyl ether, benzoin ethyl ether, benzoin

isopropyl ether, benzyl diphenyl sulfide,
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di et hanol am ne; tertiary am nes such as triethylam ne,

triethanol am ne, N, N-di methyl fornmam de’di et hyl acet al

N, N, N -trimet hyl et hyl enedi am ne, N nethyl di et hanolam ne 15 and

N, N- di et hyl hydr oxyl am ne; am no conpounds havi ng a plurality of Ns in
t he nol ecul e, such as di am ne and 25pol yet hyl enei mi ne; and cyclic anino
.conpounds such as pyri di ne. Tri et hanol am ne and

N, N-di met hyl f or pagi-ffet?A chduebRYhatsd Alfides BEEhesadbutiseAitRilép present
i nventi on. The above neutralizers can be used either

i ndi vi dual |y ordibensyihi kWHkicetyl and P-chlofbantbuagqainaer. (A3) -is
preferably used in an 25 amount of 0.0001 to 1 nol, still preferably,
0.01 to 0.5 It is preferred that the photopolymerization
initiator (C) be used in an amount ranging from 0.05 to
5 15 parts by weight, especially, from 0.1 to 10.parts by
: weight and, still especially, from 0.5 to 5 parts By
weight per 100 pérts by weight of energy beam
polymerizable compound (B).
Q_w.m
10 Moreover, for regulating the adhesive strength,
cohesive strength, tack, molecular weight, molecular
weight distribution, elasticity, glass transition
temperature, hydrophilicity, water resistance, etc. of
the pressure sensitive adhesive, the energy beam curable
15 hydrophilic pressure sensitive adhesive éomposition 6f
the present invention can be dopéd with a hydrophilic
plasticizer such as a water soluble polyhydric alcohol,
a tackifier resin, a pigment, a dye, an antifoaming
agent, an antiseptic, etc. according to necessity in an
20 amount not detrimental to the object of the present
invention. These other components are preferably added
in an amount of about 0.01 to 20 parts by weight per 100
parts by weight of component (a), although depending on

the particular purpose of the addition of individual

25 component.
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15~ nmol per nol. of carboxyl group of the above carboxyl gr oup

contai ni ng copol yner-. Thé crosslinking agent (A4) is used to
partially crosslink the above carboxyl group containing copolyner.
As the crosslinking agent (A4), use can be nade of, for . exanpl e,
conpounds having a glycidyl group in 2i6e nol ecul e, e.g., epoxy
crosslinking agents such as neopentyl glycol diglycidyl ether,

pol yet hyl ene gl ycpﬁnerg% %ﬁ% wr‘é}ﬁ%eeh@foP@iﬁRiﬂ'?ﬁlssﬁréi Qéﬁ{é:i]t_ﬁﬁie et her,

10 bisphenol F diglycradyl e I glycrdyl phthalate | mer acid

di gl yci dyl ether, triglycfdyl |sagﬁ@ggggiéme051tﬂ@hglycerol triglycidyl

ether, sorbitol tetraglycidyl er,

N, N, NI N -tetragl VC"ﬂ%{é ﬂ&%&eﬂg%a&%lé l’é(drophlllc pressure
sensitive adhesive composition of the present invention

5 can be obtained by blending together the above
hydrophilic pressure sensitive adhesive (A) and enexgy
beam polymefizable compound (B), .o.ptionally together
with the above photopolymerization- initiator (C).' end
other components, by the custohtary method.

10 This energy beam curable hydrophilic pressure
sensitive adhesive composition can be cured by
irradiation with energy heams to such a degtee that the
amount of pressure sensitive adhesive remaining on an
adherend after peeling can extremely be reduced.

15 _ f‘or example, ultraviolet rays and electron beams
are used as the energy beams. The energy beam dosage is
varied depending on the formulation of the pressure
sensiti\'re adhesive and the type of applied energy beams.
For example, when use is made of ultraviolet rays, the

20 dosage thereof is preferred to range from about 40 to
200 W/cm. When use is made of electron beams, the
dosage thereof is preferred to range from about 10 to
1000 krad. This energy beam irradiation realizes a
marked reduction of the adhesive strength of the

25 composition of the present invention. For example,
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bis(N,N—diegcidyIaninonethyl)cyclphexane and NN NN ,N- 15

tetragl yci dyl di am nodi phenyl net hane; conpounds havi ng an | socyanat e
‘group in the nolecule, e.g., isocyanate crosslinking agents such as
tol yl ene diisocyanate and di phenyl net hane dii socyanate; nethyl ol
crosslinking agents such as nel apiyne and phenol; chelating 20
crosslinking agents and aziridine crosslinking agents Ef fecting
a partial cross| nkln car box ¢ roup .cont ai ni olyner W th
Cho-crogs! i Nk nYRaEY the & ﬁﬁ}"%na%ﬁeégg Po Sl &t PagTrh S BERL G ot f engt h of

og ained PLESS &oneduc%@&' ke AdNeRl Y &.L8 ARLARPIAP dALBo%RLY5sand

mm before thé energy beam irradiation, control can be
effected so that the adhesive strength after-the energy
5 ©beam irradiation is about 0.5 to 50% of that before the
. energy beam irradiation.

Morxreover, the.pressure_sensitive adhesive
composition'éf the present iﬁvention, éven after having -
been cured by energy beams, maintains hydrophilicity due

10 td the hydrophilic pressure sensitive adhesive (A).

For example, when the above préssure sensitive
adhesive composition (1) is used as Ehe hydrophilic
pressure sensitive adhesive.(A), the hydrophilic
pressure sensitive adhesive polymer finitely swells in a

15 crosslinked state. The pressure sensitive adhesive
polymer swells even after irradiation with energy beams,
so that, even if the pressure sensitive adhesive remains
on-the wafer surface, washing can be performed. When
use is made of the pressure sensitive adhesive

20 compositions (2) to (4), water penetrates in the
interface of the pressure sensitive adhesive and the
wafer by the actions of the surfactant and water soluble
polymer.

The hydrophilicity of the pressure sensitive

25 adhesive is evaluated as follows. That is, only the
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enabl es producing a pressure sensitive adhesive which
W t hout bei ng di ssol ved therein.
preferably used in an armount of 0.001 to 1.0 nol,

group cont ai ni ng copol yner.

swells in water

still

The ~crossl i nki ng agent (A4)

S

pref erably,
0.01 to 5 0.75 nol per nol of carboxyl group of the above carboxyl

2Z'@e pressure sensitive adhesive

conposition (1) for use in the present invention conprises the

car boxyl gr. t ag
y r%é%s‘&% 8bRL DG ¢ tre2d

and (A4) as pri conponents and can be o talne

i xing these COMPANERLS.5OQE] Neka aipped el Qﬁacplvyatéxhe

cont ai ni ng copol yner 1s xed Wt

thereby crossllﬁi e car group contal ni ng

the neutra

thereafter r%&oi &Fé Weaeie 6oAkiLEvadaaldiQet b6 BLXtuUre to

LDRXY,

|zer

%nc QERapERss (A3)

10

appropriately

B

group

A3) and,

dissolved or swell in water to thereby be completely

5 removed from the adherend is measured.

: There is generally a step of.wéshing a polished

wafer with water, for example, in order to remove

polishing dust therefrom.

From the viewpoint of step adaptability, it is

10 preferred that the pressure sensitive adhesive

composition of the present invention be removed from the

adherend within 30 min, especially, within 10 min. When
more than 30 min is taken, the productivity may be
unfavorably lowered.

15 As apparent from the above, the pressure sensitive

adhesive composition of the present invention possesses

hydrophilicity even after having been cured by energy

beams, so that, even if the pressure sensitive adhesive

remains on the adherend surface after the curing,

20 residual pressure sensitive adhesive can be removed by

simple water washing.

Pressure sensitive adhesive sheet

The pressure sensitive adhesive sheet of the

present invention comprises a substrate and,

25 superimposed thereon, a pressure sensitive adhesive
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copol ymer.. The m xi ng of the carboxyl group containing

copolynmer with the neutralizer (A3) is conducted, for exanpl e, by
adding the neutralizer (A3) directly or 20 after dilution with a sol vent
(e.g., alcohol or acetone) to the carboxyl group containing copol yner
at room tenperature and, thereaf2t®r, agitating the m xture at 5

to 40[err] C for at Ieast 25 mn. Further, the crosslinking agent

(7910 S0 Ry SR o 0 s g
compos1t19n.
.Although the above substrate is not particularly
limited, it may be selected from among, for example,
5 films of polyethylene, polypropylene, polybutene,
' polybutadiene, polymethylpentene, polyvinyl chloride,
vihyi chloride copolymer, .polyethylene terephthalate,
._polyhutylene terephthalate, pdlyurethane, ethflene/vinyl
acetate copolymer, ionomer resin, ethylene/(meth)acrylie
10 acid copolymer, ethylene/(meth)acrylic acid ester
copolymer, polystyrene and polycarbonate, films produced
by crosslinking these and films composed of laminates
thereof. Furthermore, according to necessity, use can

be made of films produced by coloring the above films,

15 fluororesin films and the like. The thickness of the

subst:ate generally ranges from about 50 to 500 pm,
preferably, from ébbut 80 to 300 um. When the thickness
of the substrate is smaller than these, there is the
danger that the surface protecting capability of the

20 pressure sensitive adhesive sheet is deteriorated.

The pressure sensitive adhesive sheet of the
present invention can be obtainéd by coating a variable
substrate in appropriate thickness with the above
pressure sensitive adhesive composition according to the

25 customary technique employing a comma coater, gravure
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obtained m xture at roomtenperature and agitated at 5 to 40[err]C for at
lLeast 5 min, thereby obtaining the pressure sensitive adhesive conposition-
of the present invention. The thus obtained pressure - sensitive

- adhesi ve conposition is a pressure sensitive adhesive conposition which is
of solvent type. and soluble in water (3@ellable in water) without the use
of any trace of surfactant. This pressure sensitive adhesive conposition

has excel | ent wapgard@siRl ldohyeRNOr&xdtidhidoarext 68MBhy S lnwal ue of

peeling electrification voltage at the tinme of peeling of pressure

sensi tTve adhes gey Shioaind eeasg: byds 0B dhicticky. Esrh W icaibuce, L he pressure

sensitive adhesive ymer per se. Moreover, water solubility (water

swel I ability) isgbippfivd dabekifePl I $RRS 5hb¥Eraees iwrRnconposi ti on
wi t hout conducting a polyner blend of water sol uble polynmer and

(meth)acrylic pobyi@idersd hledbskify 2D W1 RlsedkHBet 65 Upp1WRIACBnERY OCCUr
at the tinme of peeling of pressure sensitive adhesive sheet is extrenely

smal | . 5 thOSeREAMBALY IR Za’%ﬁl&i%”ﬁﬁ%‘éf‘.(B) The energy beam

pol yneri zabl e conpound (B) for use in the prese i nvention is a conpound

having at |east one eiHPgREFaTPEH YIEIdriBRIGC oh2EROTuSS, Do dREEsS bond
inits nolecule, which conpound preferably has a wei ght average nolecul ar

wei ght of 100 ofothé%r@%@ure sthii e e iRhablive PAPert Geterdd8yand,
optimally, 1000 to 20,000 and can be polynerized by irradiation with energy

beans. For examdgds, froneabyubenin {1 50TpE, Z phk fetalbinouftdmdabob OS2l i n
Japanese Patent Lai d-open Publication No.
to 40 um. When the thickness of the pressure sensitive

10 adhesive layer is smaller thaq thesé, there is the
danger that the surface protecting capability of the
pressure sensitive adhesive sheet is deteriorated.

The configuration of the pressure sensitive
adhesive sheet of the present invention is not limited

15 and the pressure sensitive adhesive sheet may have the
fo;m of, for example, a tape or a label.

The above pressure sensitive adhesive sheet of the
present invention can suitably be used for protecting
the surface of a wafer, etc.

20 That is, the pressure sensitive adhesive sheet
comprising the above constituents prevents the
penetration of polishing dust, cutting dust, etc. into
the interface between the pressure sensitive adhesive
layer and the adherend surface during the step of wafer

25 processing to thereby enable satisfactorily protecting
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18 60(1985)-196,956 and Japanese Patent Lai d-open Publication No.
60(1985)-223,139 are widely used as the above energy beam pol.yneri zabl e
conpound (B). Exanples of energy beam pol yneri zable conpounds (B)

i nclude trinethlol propane triacryl ate, t et r anet hl ol nmet hane
tetraacrylate, pentaerythritol triacryjate, pentaerythritol tetraacrylate,
di pent aerythritol nonhydr oxypent aacryl at e,

1. B hexanedi ol heePyrk: B iAR ot MorBsenr yiof e HriEle RESERRRr a1y
cval Lable o [ 9ogaiansdsl Xhalsiye oLl B0, L B AR KeRCH Witer.
Feact i ng o pol yERRE the SBRSLRG B cahi fer oRRIseign, B gt e ™Y
POl YL Sooyanate SIPUy BN B Skl S RGOSR o ool ene
o L phemy| 8 o LA YA Rk L AL Blaure
socyenst e {of s cuhiflet ey RRSPRLYIL o8 e U Bilh GO0
2- hydr oxyet hyl nethacrylate,'2-hydrﬁéz£5&m3% use '
fhe above pressure'sensiti§e'adhesive sheet of the
present invention can suitably be used as a surface
10 protective sheet, especially, during wafer processing.
A method of polishing a wéfer back with the use of the
pressure sensitive adhesive sheet of the present
invention will be described below.
When a release sheet is disposed on an upper
15 surface of the pressure sensitive adhesive sheet, the
release sheet is removed. Subsequently, a wafer whose
back is to be polishedlis adhered to the pressure
sensitive adhesive layer of the pressuré sensitive
adhesive sheet. This ;ahering is so conducted that a
20 patterned surface of the wafer contacts the pressure
sensitive adhesive layer.
| In-this form, the wafer back is polished by means
of a grinder or the like to thereby not only remove any
oxide layer having occurred on the wafer back but also

25 regulate the thickness of the wafer to desired one.
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19 acryl ate,. 2- hydroxypropyl net hacryl ate, pol yet hyl ene gl ycol
acrylate or polyethyl ene glycol nethacryl ate. O these urethane
acrylates, a hydrophilic urethane acryl ate conpound is preferably used
in the present 5 invention. For exanple, preferred use is nmade of a
product of reaction of a (nmeth)acryl 3@ acid ester contai ning at | east
one hydroxyl group in its nolecul e, an organi c polyi socyanate and a

oL, IhBShg onto TG LA B N DU Bt 1 ©
h??&gifgﬁ??ca{g%? g{??i%%ying dust is washed away from the wafer and
heat generated during the polishing is absorbed.

Upon the completion of the polishing, the pressure

5 sensitive adhesive sheet is peeled fiom the wafer. 1In

. ' the pressure sensitive_adhesive sheet of the presént

invention, as apparent from the foregoing, the adhesive
stfencth can be reduced tc an extremely low level by
irradiating'with energy beam, so that the pressure

10 sensitive adhesive sheet can easily be peeled from the
wafer surface. Furthermore, even if the pressure
sensitive adhesive remaics on the wafer surface after
the peeling of the pressure sensitive adhesive sheet,
the residual pressure sensitive adhesive can easily be

15 washed away with purified water.

In summing up, the pressure sensitive adhesive
layer of the pressure sensitive adhesiVe sheet of the
present invention is composed of the pressure sensitive
adhesive composition containing specific ccmponents, S0

20 that the adhesive strength is extremely reduced by
irradiation with energy beams to thereby enable easily
conducting the peeling. Moreover, even if the pressure
sensitive adhesive remains on the wafer surface, the
residual pressure sensitive adhesive can easily be

25 washed away with purified water without the need to use

L]
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wherein R represents a |ower alkyl group, and nis ~an integer of 3 to
40. 15 The details of these preferred urethane acryl ate

conpounds are described in, for exanple, Japanese. Patent Lai d- open
Publ i cati on No. 6(1994)-287260. In the pressure sensitive
adhesi ve conposition of t he preks®nt invention, the energy beam

pol yneri zable 20 conpound (B) is preferably used in an anmount of 10 to
200 parts by wej | rabhy .. .oQ. & par, b | ght and,
optimally, 70 t%‘grﬁfﬁ%’t&rét §°g{§&f‘m‘gi%§t"y€€r Qr_aehié‘?%b f)lgr:etrs‘?fgﬁ/\e.é{%%fé of
hydrophilic preféq%&% tkt b¥ ving aa%Qasgﬁfléé)ce I HiRse A s, the

i nitial adhesive rengt obt ai ned pressure sensitive adhesive is
or causing environmental pollution. Although the prior

art has required two steps of washing the wafer surface
S having the pressure sensitive adhesive adhering thereto

with an organic éolﬁent such as trichlene and,
thereafter{ washing with ﬁater, only washing of the
wafer sufface having.the preésure sensitive édhesive
adhering thereto with purified water, for example, in an

10 uitrasonic washer is satisfactory in the present
invention with the result that the washing can be
accomplished by one step in the present invention.
Furthermore, the pressure sensitive adhesive sheet of
the present invention is adhered to the wafer with

15 satisfactory adhesive strength during the poliéhing of
the wafer back, so that penetration of wafer polishing
dust into the interface between the wafer surface and
the pressure sensitive adhesive sheet to thereby break
the pattern formed on the.wafer surface can be avoided.

20

EFFECT OF THE INVENTION

The pressure sensitive adhesive composition of the
present invention possesses both energy beam curability

25 and hydrophilicity. Therefore, the adhesive strength is
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20 | ar-ge, and the adhesive strength is sharply decreased upon
Lrradiation wth energy beans to thereby facilitate peeling from an
adherend and avoid the renaini ng of pressure sensitive adhesive on
the surface of the 5 adherend. When t he anobunt of energy beam
pol ymeri zabl e conpound (B) 'is legg than 10 parts by weight, the
decrease of the adhesive strength upon irradiation with ener gy beans
is not satisfactory. .On tgg g&3ﬁ§ hand,., .10 mheggthe amount _exceeds 200
parts by wei ght SXEHEIGHY; Feduc 1OReWHER THFHH: PRREL EPt i s
difficult to renove e pressure sensitive adhesive with,water.
Photopolynerizaf??ﬁé§¥HQHF§E8rg?fj Y peéilng_%he pressure sensitive

adhesive sheet from the adherend. Further, even if the
pressure sensitive adhesive remains on the adherend
5 surface for some reason, the residual pressure sensitive

) . adhesive can easily be removed by washing with water.

EXAMPLE
The present invention will further be illustrated
10 Dbelow with reference to the following Exampleé which in
no way limit the scope of the invention.

In the following Examples and Comparative Examples,
the "residual parficle", "water washability®" and
radhesive strength" were evaluated in the following

15 manners.
Measurement of residual particle
.The pressure sensitive adhesive sheet obtained in
each of the following Examples and Comparative Examples
was adhered onto the mirror surface of a 4-inch silicon
20 wafer in 23°C/65% RH atmosphere by reciprocating a 2 kg
rubber roller thereon, and allowed to stand still for 20
min. From the substrate film side, the pressure
sensitive adhesive sheet was irradiated at a line speed
of 5 m/min with ultraviolet rays emitted from a high

25 pressure mercury lamp (80 W/cm) disposed at a distance
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When curing is conducted by irradiation with light, 15 the energy beam
curabl e hydrophilic pressure sensitive adhesi ve conposition of the
present invention can be doped with a photopol yneri zation initiator
(Q. The period of polynerization/curing by irradiation with

light and the |ight dosage can be red@dced by the doping 20 with the
phot opol yneri zation initiator (C). Exanpl es of suitable

phot opol Y| 281 95 L 44l &8 prepentOadidihide datiusaxumueonexyl pheny

ket one, benzoin, enzol n ether, benzoin ethyl ether, benzoin
£i0pr0py| Ethe&hegggfﬂgr 'ﬂﬂ@@5¥gs§ﬂfé'§gh51t1ve adhesive sheet was

peeled. The number of particles with a particle size of
at least 0.27 um (diameter) remaining on the wafer
5 surface was measured by the use of a laser surface
inspecting instrument (LS 5000 manufactured by Hitachi
Electronic Engineering Co., Ltd.).
Water washability
The pressure sensitive adhesive only produced in

10 eaéh of the following Examples‘and Comparative Examples
was applied and dried to obtain a coating with a
thickness of 50 pm, cut into 20 mm squares, adhered onto
mirror wafer and allowed to stand still for 20 min. The
pressure sensitive adhesive layer was irradiated at a

15 1line speedlof 5 m/min with ultraviolet rays emitted from
a high pressure mercury lamp (80 W/cm) disposed at a
distance of 10 cm from the layer. Thereafter, the wafer
ﬁith pressure sensitive adhesive coating was immersed in
pure water at ordinary temperaturé, and the time

20 required for the pressure sensitive adhesive to be
removed was measured. Judgment indicated in the table
was made on the following criteria:

good: < 10 min,

fair: 10 to 30 min, and

25 failure: > 30 min.
NN




t et ramet hyl t hi uram noposul fi de, azobi si sobutyronitrile, di benzyl ,
di acetyl and [err]-chl oroant hraqui none. - ° It is preferred that the
phot opol yneri zati on initiator (C) be used in an anmount ranging from
0.05to 5 15 parts by weight, espe_cgsa ly, from0.1 to 10 parts by
wei ght and, still especially, fromO. o 5 parts by wei ght per 100
parts by wei ght of energy beam pol yneri zabl e conpound (B). '
O her conponent Adhezive strepgthyver, for regul ating the adhesive strength,
cohesive strength, tack, -nol ecul ar wei ght, nolecul ar wei ght
di stribution, elasti @heyprgbause tsenssitivenadhesivewedt obbained in
hydrophilicity, water resistance, etc. of the pressure sensitive
adhesi ve, the ersadly dfe&irecfolbbwindgl Exampiespand i Conpegasive Examples/e
adhesi ve conposition of the present invention can be doped with a
hydr ophi lic was adhered onto the back (polished by #2000) of a
5 semiconductor wafer in 23°C/65% RH atmbsphere by
reciprocating a 2 kg rubber foller thereon, allowed to
stand still for 20 min and peeled by means of a
universal tensile tester (TENSILON/UTM-4-100
manufactured by Orientec Corporation) at a peeling speed
10 of 300 mm/min to thereby determine a 180° peeling
adhesive strength (g/25 mm). Also, the pressure
sensitive adhesive sheet was adhered and allowed to
stand still under the same conditions, and, from the
substrate film side, the pressure sensitive adhesive
15 sheet was irradiated at a line speed of 5 m/min with
ultraviolet rays emitted from a high pressure mercury
lamp (80 W/cm) disposed at a distance of 10 cm from the
pressure sensitive adhesive sheet. Thereafter, the 180°
peeling adhesive strength was measured in the same
20 manner.
Employed abbreviations stand for the following
matter.
[energy beam polymerizable compound]

Bl: reaction product (80% ethyl acetate solution)

25 (weight average molecular weight: 2500) from 343.5 parts
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pl asticizer such as a water sol uble pol yhydric al cohol, a tackifier

resin, a pignent, a dye, an antifoam ng agent, an antiseptic, etc.
according to necessity in an 20 anount not detri-nental to the object of

t he present i nvention. These other conponents are preferably added

in an ampunt of about 0.01 to 20 part$ by weight per 100 parts by

wei ght of conponent (A), although depending on the particul ar purpose
of the additionf weighti 8fHexatfetbolpadediisocyanate trimer (trade

22 Ener gy beam curabl e hydrophilic pressure sensitive

adhesi ve conposidam@l Coronate HX, produced by Nippon Polyurethane Co.
. Ltd.), 166.3 parts by weight of hydroxypropylh acrylate
and 190.3 parts by weight .of polyethylene glycol
5 monomethyl ether.
| B2: reaction product (80% ethyl acetate solution)

' (weight averé.ge molecular weight: 2000’ from 52.8 parts
by weight of hexamethjlene diisocyanate, 10.7 parts by
weight of pentaerythritol and 36.5 parts by weight of 2-

10 hydroxyethyl écrylate.

B3: reaction product (40% toluene solution) {weight
average molecular weight: 15,000) from 51.8 parts by
weight of hydrogenated tolfflene diisocyanate, 623.0
parts by weight of polykbutylene oxide)diol and 25.2

15 parts by weight of 2—hyd1;'oxyethyl acrylate.
[photopolymerization initiator]

C: l-hydroxycyclohexyl phenyl ketone (trade name:

Irgacure 184 produced by Ciba-Geigy) .
Example 1 | |

20 [Preparation of pressure sensitive adhesive composition]
(1) Production of hydrophilic pressure sensitive
adhesive:

3 parts by weight of acrylic acid, 90 parts by
weight of 2-methoxyethyl acrylate, 7 parts by weight of

25 2-hydroxyethyl acrylate, 200 parts by weight of ethyl
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The energy beam curabl e hydrophilic pressure sensitive adhesive
conposition of the present invention 5 can be obtained by bl ending

t oget her the above hydrophilic pressure sensitive adhesive (A) and
ener gy beam pol yneri zabl e conpoungs(B), optional ly together wth-
t he above photopol ynerization initiator 9 C) and ot her conponents, by
the customary nethod. 10 Thi s energy beam curabl e hydrophilic '
pressure seasetave ah@sbvpacbripysi¢ight ofinabebisisnbusyronitrile
irradiation with energy beans to such a degree that the . anount of
pressure sensiti veradhksiede incanfountpnecketh flask edtipmed] witther peel i ng can
extrenely be reduced. 15 For exanple, ultraviolet rays and el ectron
beans are usefilus ¢dislensergyabeagiktatthe enthgymémetraxiosngénest

vari ed depending on the formulation of the pressure
gas introducing tube and a dropping funnel. The mixture

5 was agitated in a stream of nitrogen for 30 min and
T reacted at 60°C for about 8 hr, thereby obtaining a
carboxyl group containing copolymer.

Triethanolamine as a neutralizer was added in an
amount of 1.25 parts by weight (0.2 mol per mol of

10 carboxyl group) per 100 parts by weight, in terms of
solid contents, of the above obtained carboxyl group
containing copolymer and satisfactorilylagitated.

' Thereafter, epoxy crosslinking agent (trade name:
Tetrad C, produced by MITSUBISHI GAS CHEMICAL CO., INC.)

15 as a crosslinking agent was added in an amount of 0.5
part by weight (0.03 mol per mol of carboxyl group) and
satisfactorily agitated, thereby obtaining a hydrophilic
pressure sensitive adhesive.

(2) Production of energy beam curable hydrophilic

20 pressure sensitive adhesive composition:

120 parts by weight of energy beam polymerizable
compound Bl and 4.8 parts by weight of
photopolymerization initiator C were added to 101.75
parts by weight of the above obtained hydrophilic

25 pressure sensitive adhesive and satisfactorily blended,
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sensi tive-adhesive and the type of applied energy beans. For exanpl e,
when use is nade of ultraviolet rays, the 20 dosage thereof is preferred

to range from about 40 to 200 Wcm When use is nade of electron
beans, the dosage thereof is pref%rred to range fromabout 10 to
1000 krad. This energy beam i rradiatiof’realizes a mar ked reduction

of the adhesive strength of the 25 conposition of the present invention.
For exanpl e, thereby obtaining an energy beam ciRablVigydrophidiadhesi ve
strength to a mrror surface of sem conductor wafer ranges from about 100
to 1000 g/ 25 nmm peésserdt heerevicige bdhasive atimpoisdbionontrol can be effected
so that the adhesive strength after the energy beamirradi ation i s about
0.5 to 50% of thdPrbdtictiomn lvf presgyre sensitive adhesive sheet]

A corona treated surface of a 110 pm thick
5 polyethylene film was coated with the above obtained
: ' pressure sensitive adhesive composition so that the
thickness of the coating having been dried was 20 pm.
Thus, a pressure sensitive adhesive sheet with a total
thickness of i30 im was obtained.

10 The "residual particle", "water washability“ and
radhesive strength" of the pressure sensitive adhesive
sheet were evaluated by the above methods. The results
are given in Table 2. | :
Example 2

15 [Preparation of preésure sensitive adhesive composition]
(1) Production of hydrophilic pressure sensitive
adhesive:

A hydrophilic pressure sensitive adhesive was
obtained in the same manner as in Example 1 éxcept that

20 the amount of added neutralizer triethanolamine was
changed to 1.75 parts by weight (0.3 mol per mol of
carboxyl group).

{(2) Production of energy beam curable hydrophilic

pressure sensitive adhesive composition:

(L
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beamirradiation. . Mor.eover, the pressure sensitive adhesive conposition
of the present invention, even after having been cured by energy beans,

mai nt ai ns hydrophilicity due to ~ the hydrophilic pressure sensitive
adhesive (A). For exanmple, the drophilic pressure sensitive
adhesive polyner finitely swells in a4agosslinked state. The pressure
sensitive adhesive polyner swells even after irradiation with energy beans,

so that, even if thei2oepatte Benadighte oBdbrery e e ipddvaeritepMaf er
surface, washing can be perforned. The-hydrophilicity of the pressure

sensi tive adhesiognpgounderal aad efl 8 pas-ts bglh@mght of That s, only
t he - pressure sensitive adhesive

is stuck to an gswiopodymerizdtion qmma&ebi: @npexrh RaAdd per3{G2 /4L wat er.
The tine . required for the pressure sensitive adhesive to be
di ssol ved or swgdrtshbyawaight, tiietRitnsbofcospid@tcintents, of the
5 above obtained hydrophilic pressure sensitive adhesive
- and satisfactorily blended, thereby obtaining an energy
beam éurable hydr&philic pressure sensitive adhesive
domposition.
[Production of pressure sensitive adhesive sheet]
10 A pressure sensitive adhésive sheet was obtained in
the same manner as in Example 1. . The results are given
in Table 2.
Example 3
{Preparation of pressure sensitive adhesive composition]
15 (1) Production of hydrophilic pressure sensitive
adhesive:

Polymerization-was conducted in the same manner as
in Example 1 except that the monomer mixture was changed
to 10 parts by weight of acrylic acid, 5 parts by weight

20 of 2-hydroxyethyl acrylate, 80 parts by weight of butyl
acrylate and 5 parts by weight of methyl acrylate. 9
parts by weight (0.4 mol per mol of carboxyl group) of
triethanolamine was added to the resulting polymer and

satisfactorily agitated.

(T
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5 renoved fromthe adherend is neasured. - There is generally a
step of washing a polished wafer with water, for exanple, in order to
renove . polishing dust therefrom From the viewpoint of step
adaptability, it is 10 preferred that the pressure sensitive adhesive
conposition of the present invention ¥d renoved fromthe adherend -
within 30 mn, especially, within 10 m n. Wen - nmore than 30 mn is

taken, the producti vihy¥ré@td’s epoxyUsieysTaiind ayened(trade name: AS
apparent fromthe above, the pressure sensitive adhesi ve conposition

of the present ire¢eadi 0N PASHERESEDy MITSHBTEIOPEAS chEMIENSTTES,t atndlavi ng
been cured by energy beans, so that, even if the pressure sensitive

adhesi ve I g@BhNeresslirkiadhagent was faddediineant Afowtt 6.1 pdet
resi dual pressure sensitive adhesive can be renoved by
by weight (0.02 mol per mol of carboxyl group) and
5 satisfactorily agitated, thereby obtaining a hydrophilié
: pressure sensitive adhesive.
(2) Production of energy beam curable hydrophilic
pressure sensitive. adhesive composition: |
100 parts by weight of energy beam polymerizable
10 compound Bl and 4 parts by v{rei_ght of photopolymerization
initiator C were added per 110.0 parts by weight, in
terms of solid contents, of the above obtained
hydrophilic pressure sensitive adhesive and
satisfactorily blended, thereby obtaining an energy beam
15 curable hydrophilic pressure sensitive adhesive-
compos_ition. |
[Production of pressure sensitive adhesive sheet]
A pressure sensitive adhesive sheet was obtained in
the san.1e manner as in Example 1. The results are given
20 in Table 2.
Example 4
[Preparation of pressure sensitive adhggive composition]
(1) Production of hydrophiiic pressure sensitive

adhesive:

WA

This Sheet Has Been Reilaoed



si mpl e wat er washi ng. Pressure sensitive adhesive sheet
The pressure sensitive adhesive sheet of the present invention
conprises a substrate and, 25 superinposed thereon, a pressure sensitive
adhesi ve _ 25 | ayer conposed of the
above pressure sen5|t|ve adhesi ve ‘4200nposition. Al t hough the
above substrate is not particularly limted, it nay be selected from

anong, for exanple, A hydfrépimildic prlepetbyl eansiyisiey pohpyieaavagol ybut ene,
pol ybut adi ene, pol ynmet hyl pent ene, pol yvinyl chlori de,
' obtained in the same manner as in Example 1.
(2) Production of energy beam curable hydrophilic
pressure sensitive adhesive composition:

5 120 parts .by weight of energy beam polymerizable
compound B3 and 4.8 parts by weight of
photopolymerization initiator C were added per 102.25
parts by weight of the abov.e obtained hydrophilic
pressure sensitive adhesive and satisfactorily blended,

10 thereby obtaining an energy beam curable hydrophilic
pressure sensitive adhesive composition.
[Proddction of pressure sensitive adhesive sheet]
‘A pressure s'ensitive adhesive sheet was obtained in
the same manner as in Example 1. The results are given
15 in Table 2.
Comparative Ex el
[Preparation of pressure sensitive adhesive composition]
(1) Production of pressure sensitive adhesive:
S parts by weight of 2-hydroxyethyl acrylate and 95
20 parts by weight of butyl acrylate were polymerized. 0.2
part by weight of isocyanate crosslinking agent (trade
name: Coronate L, produced by Nippon Polyurethane Co.
Ltd.) as a crosslinking agent was added thereto and

satisfactorily agitated. Thus, a pressure sensitive

25 adhesive was obtained.
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vinyl chloride copol yner, polyethyl ene terephthal ate, pol ybut yl ene
t.erepht hal ate, pol yurethane, ethyl ene/vinyl acet ate copol yner, i onomer
resin, ethylene/(meth)acrylic 10 acid copolyner, ethylene/(nmeth)acrylic
acid ester copol ynmer, polystyrene and pol ycarbonate, filns produced

by crosslinking these and films conpo48d of |amnates t her eof .
Furthernore, according to necessity, use can be made of filnms produced

by col oring the (apopgodidtifon oESenbigpv¥a6 idhrkbl BBpA8skiRe ddnsetivdhe
t hi ckness of the substrate generally ranges from about 50 to 500

[err]m pPeghes b YoorfiorAtabaUt 80 to 300 [err]m Wien the thickness
of the substrate is smaller than these, there is the - danger that the

surface protecting cap@lpdritsyb9f wehight U¥ dHelgyUbeai Sl ynetd zamhesi ve sheet
Is deteriorated. _ The pressure sensitive adhesive sheet of the
compound-Bl and 4 parts by weight of photopolymerization
5 initiator C were added per 100.2 parts by weight, in
! , terms of solid contents, of the above obtained pressure
sensitivé adhésive and satisfactofily blended, thereby
obtaining an enérgy bean curable préssure sensitive
adhesive composition.
10 . [Production of pressure sensitive adhesive sheet]
A pressure sensitive adhesive sheet was obtained in
the same manner as in Example 1. The results are given
in Table 2.
Comparative Example 2
15 The same procedure as in Example 1 was repeated
except that the neutralizer triethanolamine was not used
and that the amount of added energy beam polymefizable
compound Bl was changed to 100 parts by weight. The

results are given in Table 2.
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pr esent
appropriate thickness with the above
conposition according to the. 25
coater, gravure

coater,
thereby forma pressure
When consi dered necessary,
pressure sensitive adhesive |ayer.

reverse coater or the |like amﬁ4

a rel eaBabkhdet

i Avention can be obtained by coating a variable

substrate in

pressure sensitive adhesive

customary techni.que enpl oying a conma
coater,
drying the conposition to

sensitive adhesive |ayer on the substrate.
is applied onto
Al t hough vari ed dependi ng on

die

5 the

t he use, the thickness of the pressure sensitive adhesive | ayer
general ly Pressure Energy beam Photopolymn
sensitive polymerizable compd. initiator
adhesive {pts.wt) :
(pts.wt) Bl B2 B3 {(pts.wt)
Ex. 1 101.75 120 - - 4.8
) Ex. 2 102.25 - 120 - 4.8
Ex. 3 110. 0 100 | - - 4
Ex. 4 102.25 - - 120 4.8 |
Comp.
Ex. 1 100. 2 100 - - 4
Comp.
EX. 100. 2 100 - - 4

. The pressure sensitive adhesives of the Examples are

5  hydrophilic while those of the Comparative Examples are
 hydrophobic.
Table 2
No. of . Adhesive Adhesive
residual Water washability | gtrength strength
particles _ before after
time judgment | oV uv .
(no./4" wafer) | required irradiation | irradiation
> 0.27 fm for {g/25 mm) (g/25 mm)
. removal to SUS, JIS | to SUS, JIS
Ex. 1 18 2 min good 350 15
Ex. 2 12 9 min | good 400 5
Ex. 3 23 27 min fair 380 20
Ex. 4 30 12 min | fair 450 25
Comp. )
Ex. 1 27 > 2 hrs| fail 320 10
Comp.
Ex. 2 17 > 2 hrs| fail 340 15
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rangés fromabout 10 to 50 [err]m preferably, from about 20
When the thickness of the pressure sensitive 10 adhesive IH lm ' I"
than these, there is the danger that the surface protec c SUY

of the pressure sensitive adhesive sheet is deteriorated.

The configuration of the pressure sens4five adhesi ve sheet of the
present inventionis not limted 15 and the pressure sensitive adhesive
sheet may have tfe . is c1h9ady0ig. fOr exanple, a tape or a |abel.

The above pressure sensifrve adhesi ve sheet. of the present invention
can suitably be used for protecting the surface of a wafer, etc.- 20
That is, the pressure sensitive adhesive sheet conprising t he above

constituents prevents thep, @g 'd%QaBiep&%$§ H}élng dust
[ nS|t|v

etc. into t he |nterface Be e pressur eS|ve
sensitive adhesive comp051t10n comprising a hydrophllic

5 pressure sensitive adhesive (A) and an energy beam

polymerizable compound (B).

2. fhe energy'beam curable hydrophilic pressuré
sensitive adhesive composition as claimed in claim 1,
10 wherein the hydrophilic pressure sensitive adhesive (Ai
is composed of a pressure sensitive adhesive composition
formed from:
a cérboxyl group containing copolymer obtained by.
polymerizing a carboxyl group containing polymerizable
15 monomer (Al) and another monomer (A2) that is |
copolymerizable with the carboxyl group containing
polymerizable monomer according to solution
polymerization,
a neutralizer (A3), and

20 a crosslinking agent (A4).

3. The energy beam curable hydrophilic pressure
sensitive adhesive composition as claimed in claim 2,

wherein the other monomer (A2) that is copolymerizable
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| ayer and the adherend surface during t he step of

Lhereby enabl e satisfactorily protecting  can the pressul@IIIIIIlIIIIIIIWIIIIIIHIII

sensi tive adhesive sheet be easily peeled fromthe wafer affer"the
conpl etion of required processing but 4a so, even if the pressure
sensitive adhesive sticks to and 5 remai ns on the wafer surface t he

resi dual pressurg ¢y thesg%éﬂegq%gtgﬁgéﬁ % r?%dl&r@%ﬂ%ﬂ vvi th

wat er .

pressure sen5|t a@Bﬁ%b#E %ﬂ&ﬁ%s@ktggeby the;ggymgﬂg:lnventlon can

suitably be used

X, /¥
c=C
x3/ N co- (ORN), - OR?

~ wherein each of X1, X2 and X3 independently
represents hydrogeﬁ §r a methyl group; Rl represents a
divalent hydrocarbon group having 2 tq 12 carbon étoms:
Rz'represents a.hydrocarbon group having 1 to 10 carbon '

10 atoms; and n is 1 to 10.

4. The energy beam curable hydrophilic preésure
sensitive adhesive composition as claimed in any of
claims 1 to 3, wherein the energy beam polymerizable

15 compound (B) is a compound that contains at least one
energy beam polymerizable carbon to carbon double bond
in its molecule and has a weight average molecular

weight of 100 to 50,000.

20 5. The energy beam curable hydrophilic pressure
sensitive adhesive composition as claimed in any of
claims 1 to 4, which further comprises a

photopolymerization initiator (C).
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10 brotective sheet, especially, during wafer processing. A nmethod of
polishing a wafer back with the use of the pressure sens““’m(ﬂmﬂ"ﬂ ﬂl"l
sheet of the present invention will be described bel ow !7{HEETEEEEE .
a rel ease sheet is disposed on an upper 15 surface of the pressure
sensitive adhesive sheet, the relggpse sheet is renoved. Subsequently,

a waf er whose back is to be polished is adhered to the pressure
sensitive adhesive | ayer of 1.h e r Sitive. . hesi v eet .

This adhering is so %dndugtgég%%%%é %aﬁﬁgtfggl%égﬁéiyeé3PF§€ég§%p€%€?aﬂéfer
contacts the pres 141 agdhesi] I In this

form the mafer%%ggégfgaﬁ%lééﬁ%%{géi%bgﬁg éagh£€¥§§mePﬁ e%eor the like to

ther eby not onl ./ £RYe: f0Ypressu® sURsh B8 JMAAGCEEHEEE Qb Lo vaf er

back but also
claimed in any of claims 1 to 5.

5
7. The pressure sensitive adhesive sheet as
claimed in claim 6, which is used as a pressure
sensitive adhesive sheet for processing a wafer.
10 8. The pressure sensitive adhesive sheet as

claimed in claim 6, which is used as a pressure

sensitive adhesive sheet for protecting a wafer surface.
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25 regulate the thickness of the wafer to desired one.

28 During this step, purified water ‘is sprayed to the wafer - SO

t hat polishing dust is washed away fromthe wafer and heat generat ed
during the polishing is absorbed. Upon the conpletion of the
polishing, the pressure 5 sensitive adhesive sheet is peeled fromthe.
wafer. In the pressure sensitive adhesive sheet of the present

i nvention, as apparent fromthe foregoin t he adhesive strength can
be reduced to angRy I irradiating with energy beam
so that the pressure NEEX‘M Eg#‘gﬁgpﬁgﬁg%gg%&ﬂe%‘EE%%‘hR‘ga%W%I%V%eeI ed

fromthe E THEREOF

ABSTRACT
An energy beam curable hydrophilic pressure

sensitive adhesive composition comprising a hydrophilic
pressure sensitive adhesive (A) and an energy beam

5 polymerizable compound (B), optionally together with a
photopolymerization initiator (C) added according to
necessity. Thusf a pressure sensitive adhesive
comboeition suitable for use in a wafer surface
protective sheet is provided, which enables easily

10 removing any Yesidual pressure sensitive adhesive by
washing with water, even if a pressure sensitive
adhesive remains on a wafer surface after peeling of a

pressure sensitive adhesive sheet.
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waf er surface. Furthernore, even if the pressure sensitive Zgﬁﬁgﬁﬂﬁ*’l’
remains on the wafer surface after the peeling of the pressut@@g’gcop
sensi tizve adhesi ve sheet, t he residual pressure sensitive adhesive cgﬂ
easily be 15 washed away with purified water. In summ ng up, the
pressure sensitive adhesive | ayer gf the pressure sensitive adhesive
sheet of the present invention is conposed of the pressure sensitive
adhesi ve conposition containing specific conponents, so 20 that the
adhesive strength is extrenely reduced by, . irradiation wth energy
bears to (HEraby SHEBI dledsi PYeoSure EERUAELRg AINEPIE (TN eBUer even
i f the pregstse surfad€nshpbne padeshye HEMLAE OpreBeuwal eketigifase the
resi dual pressure sensitive adhesive can easily be 25 washed away with
purified vedkesiye heheethe Heed nepigiml pressure sensitive adhesive

can easily by removed by washing with water.

SUMMARY OF THE INVENTION

The energy beam curable hydrophilic pressure sensitive

adhesive composition of the present invention comprises a
hydrophilic pressure sensitive adhesive (A) and an energy
beam polymerizable compound containing at least one
polymerizable carbon to carbon double bond (B), wherein the
hydrophilic pressure adhesive (A) is composed of a pressure
sensitive adhesive composition formed from :
' A carboxyl group containing copolymer obtained by
polymerizing a carboxyl group containing polymerizable
monomer containing a polymerizable carbon to carbon double
bond (Al) and another monomer containing a polymerizable
carbon to carbon double bond (A2) that is copolymerizable
with the carboxyl group containing polymerizable monomer
according to solution polymerization,

a neutralizer (A3), and -

a crosslinking agent (A4),

It is especially preferred that the other monomer (A2)

that is copolymerizable with the carboxyl group
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29 an organi ¢ sol vent such as trichlene. Therefore, there IS no
danger of having a bad influence on human health or causi ng
envi rormnment al pollution. Although the prior art has required two
steps of washing the wafer surface 5 having the pressure sensitive
adhesi ve adhering thereto ~ with an grganic solvent such as trichlene
and, thereafter, washing with water, only washing of the waf er
surface having the pressure sensitive adhesi ve adhering thereto with
urified wag f XA S t e ctory
Pn t he preseﬁ%he pres nventlon W hW)flgl %séﬁ%%?&eﬁg &eé |$\Sééc];?\$b
acconpl i shed byﬂuﬂeenenyylheamecprabéathyﬂrephudﬁc pressure sensitive

adhesive composition of the present invention comprises a
hydrophilic pressure sensitive adhesive (A) and an energy
beam polymerizable compound (B). The individual components

will be described below with reference to examples thereof.

Hydrophilic pressure sensitive adhesive (A)

The hydrophilic pressure sensitive adhesive (A) is a
pressure sensitive adhesive which is dissolved or swells
upon being brought into contact with water.

The hydrophilic pressure sensitive adhesive (A) for
use in the present invention is made from a pressure
sengitive adhesive composition formed from a carboxyl group
containing copolymer obtained by polymerizing a carboxyl
group containing polymerizable monomer (Al) and another

monomer (A2) that is
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Furthernore, the pressure sensitive adhesive sheet of t he present

i nvention is adhered to the wafer with 15 satisfactory adhesive strength
during % he polishing of t he waf er back,” so that penetration of wafer
pol i shi ng dust into the interface between the wafer surface and

t he pressure sensitive adhesive sheet t;6 thereby break t he pattern
formed on the wafer surface can be avoided. 20

EFFECT OF THE | NVENTI ON The pressure sensitive adhesive

CoMmos! ) PBedd e PLERRAL ! "L AGOP ST RENIGH" LAY, BERD
obtained mixture at room temperature and agitated at 5 to
40°C for at 1least 5 min, thereby obtaining the pressure
sensitive adhesive composition of the present invention.

The thus obtained pressure sensitive adhesive
composition 1is a pressure sensitive adhesive composition
which is of solvent type and soluble in water (swellable in
water) without the use of any trace of surfactant. This
pressure sensitive adhesive composition has excellent water
washability and exhibhits extremely small value of peeling
electrification voltage at the time of peeling of pressure
sensitive adhesive sheet because hydrophilicity is imparted
to the pressure sensitive adhesive polymer per se.
Moreover, water solubility (water swellability) is imparted
to the pressure sensitive adhesive composition without
conducting a polymer blend of water soluble polymer and
(meth)acrylic polymer, so that the amount of glue residue
which may occur at the time of peeling of pressure
sensitive adhesive sheet is extremely éﬁall.

Energy beam polymerizable compound (B)

The energy beam polymerizable compound (B) for use in
the present invention is a compound having at least one
energy beam polymerizable carbon to carbon double bond in
its molecule, which "~compound preferably has a weight
average molecular weight of 100 to 50,000, still
preferably, 500 to 30,000 and, optimally, 1000 to 20,000
and can be polymerized by irradiation with energy beams.

For example, energy beam polymerizable compounds

disclosed in Japanese Patent Laid-open Publication No.
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30 extrenmely reduced by irradiation with energy beans to -t her eby
enabl e easily peeling the pressure sensitive adhesi ve sheet fromthe
adherend. Further, even if the | pressure sensitive adhesive remains on
t he adherend 5 surface for sone reason, the residual pressure sensitive
adhesi ve can easily be renoved by washipg with water.

EXAVPLE The present invention will further be illustrated 10

bel ow wi t 69 £1288hck96 095 he ahd| |Tapane<Rx aRptest whiadd-open Pubpbi awiyd dmi mi t

Che Scope gL AMETEOAR, . wre b Ak B0 L BRAES e,

Conpar at i ve~ Exanplés,

and beam polymerizable compound (B). Examples of energy beam
polymerizable compounds (B) include trimethlolpropane
triacrylate, tetramethlolmethane tetraacrylate,

pentaerythritol triacrylate, pentaerythritol tetraacrylate,
dipentaerythritol monhydroxypentaacrylate,
dipentaerythritol hexaacrylate, 1,4-butylene glycol
diacrylate, 1,6-hexanediol diacrylate, polyethylene glycol
diacrylate and commerically available oligoester acrylates.

In addition to the above acrylate compounds, urethane
acrylate oligomers can be wused as the energy beam
polymerizable compound. Urethane acrylate oligomers can be
obtained by reacting a polyester or polyether type polyol
compound with a polyisocyanate compound such as 2,4-
tolylene diisocyanate, 2,6-tolylene diisocyanate, 1,3-
xylylene diisocyanate, 1,4-xylylene diisocyanate or
diphenylmethane-4,4’'-diisocyanate to thereby obtain an
isocyanate-terminal urethane prepolymer and by reacting
this isocyanate-terminal urethane prepolymer with a

hydroxyl group containing acrylate or methacrylate such as

2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl

REPLACEME:’_\H SHEET

01 NOV 1999




"adhesi ve strength" were evaluated in the foll'owng 15 nmanners.
Measurenent of residual particle The pressure sensitive adhesive
sheet obtained in each of the followi ng Exanpl es and Conparative
Exanpl es was adhered onto the mrror surface of a 4-inch silicon 20
wafer in 23[err]C/ 65% RH at nosphere by yeeci procating a 2 kg rubber
roller thereon, and allowed to stand still for 20 mn. Fromthe

substrate film sidlgn e QLW)S?ropylﬁl_éBﬁééimtaﬂhp&:ﬂ.yet]slhmie was
irradiated at a line speed of 5 mMmn wth ultraviolet rays emtted
froma high 25 gQp&s3sdceyiBEE Wy darRthileMé callydtis peshdcaylateli st ance
_Of these urethane acrylates, a hydrophilic urethane
acrylate compound is preferably used in the present
5 invention. For example, preferred use is made of a
product of reaction of a (meth)acrylic acid ester
cqntaining at least one hydroxyl group in its molecule,
an organic polyisocyanate and a polyethylene glycol
U monoalkyl ether having one hydroxyl group.
10 The above polyethylene glycol monoalkyl ether is a
compound represented by the formula:
H- (OCH2CH2) n—OR
wherein R represents a lower alkyl group, and n is
an integer of 3 to 40.
15 The details of these preferred urethane acrylate
compounds are described in, for example, Japanese Patent
Laid-open Publication No. 6(1994)-287260.
\_ In the pressure sensitive adhesive composition of
the present invention, the energy beam polymerizable
20 compound (B) is preferably used in an amount of 10 to
200 parts by weight, still preferably, 50 to 150 parts
by. weight and, optimally, 70 to 120 parts by weight per
100 parts by weight of hydrophilic pressure sersitive
adhesive (A). In these amounts, the initial adhesive

25 strength of obtained pressure sensitive adhesive is
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31 of 10 cmfromthe pressure sensitive adhesive sheet.

Thereafter, the pressure sensitive adhesive sheet was peel ed. The
nunber of particles with a particle size of at least 0.27 [err]m
(diameter) remai ning on the wafer 5 surface was neasured by the use of a
| aser surface I nspecting i nst r urht (LS 5000 manufactured by Hitachi
El ectroni ¢ Engi neering Co., Ltd.). Wat er washability The
pressure sensit iiu@gadhgss ienORidheRl 98USEEendth 1 sBaeR19faddreadddd owi ng
Exanpl es and Conparative Exanpl es was applied and dried to obtain a
coating w t_h a ypon LPr&dNESorwitl BARr&YibddM 80 tRaY-y of £5i 1 iadfer ed
onto mrror wafer and allowed to stand still for 20 mn. The

pressure sensitipélagdfesiog driathevefidi 4@ Uiy thle 2emdbnind nee speed of 5
mmn with ultraviolet rays emtted from
pressure sensitive adhesive on the surface of the _
S adherend.

: ' When the amount of energy beam polymerizable
compound (B) is less than 10 parts by weight, the
decrease of the adhesive strength upon irradiation with

Lo energy beams is not satisfactory. On the other hand,
10 when the amount exceeds 200 parts by weight, there is
unfavorably the possibility that it is difficult to
remove the pressure sensitive adhesive with water.
Photopolymerization initiator (C)
When curing is conducted byl irradié.tion with light,
15 the energy beam curable hydrophilic pressure sensitive
adhesive composition of the present invention can be
doped with a photopolymerization initiator (C). The
\_ period of polymerization/curing by irradiation with
light and the light dosage cah be reduced by the doping
20 with the photopolymerization initiator (C).
Examples of suitable photopolymerization initiators
(C). include 1-hydroxycyclohexyl phenyl ketone, benzoin,
benzoin methyl ether, benzoin ethyl ether, benzoin

isopropyl ether, benzyl diphenyl sulfide,
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a high pressure nmercury lanp (80 Wcm -di sposed at a di stance of 10 cm
fromthe layer. Thereafter, the wafer Wi th pressure sensitive adhesive
coating was i mersed in pure water at ordinary tenperature, and the
time 20 required for the pressure sepgitive adhesive to be renoved
was neasured. Judgnment indicated in the table was nmade on the
followng criteria: good: < 10 min, fair: 10 to
30 min, and 25 tetrametfigillthivram Bhogulfide, azobisisobutyronitrile,

32 Adhesi ve strength
: dibenzyl, diacetyl and PB-chloroanthraquinone.

It is preferred that the photopolymerization
initiator (C) be used in an amount ranging from 0.05 to
5 15 parts by weight, especially, from 0.1l to 10 parts by
weight and, still especially, from 0.5 to 5 parts b&
weight per 100 pérts by weight of energy beam
polymerizable compound (B).
Other components

10 Moreover, for regulating the adhesive strength,
cohesive strength, tack, molecular weight, molecular
weight distribution, elasticity, glass transition
temperature, hydrophilicity, water resistance, etc. of
the pressure sensitive adhesive, the energy beam curable

15 hydrophilic pressure sensitive adhesive composition 6f
the preéent invention can be doped with a hydrophilic
plasticizer such as.a water soluble polyhydric alcohol,
a tackifier resin, a pigment, a dye, an antifoaming
agent, an antiseptic, etc. according to necessity in an

20 amount not detrimental to the object of the present
invention. These other components are preferably added
in an amount of about 0.01 to 20 parts by weight per 100
parts by weight of component (A), although depending on
the particular purpose of the addition of individual

25 component.
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The pressure sensitive adhesi ve sheet obtained in each. of the
foll ow ng Exanpl es and Conparative Exanpl es was adhered onto the back
(pal i shed by #2000) of a 5 sem conductor wafer .in 23[err] C/ 65% RH

at nosphere by reciprocating a 2 kg rubber roller thereon, allowed to
stand still for 20 m n and peel ed by 22ans of a uni versal tensile
tester (TENSILOV UTM 4-100 manuf actured by Orientec Corporation) at a

peeling speed . 10 F%r%QObéEﬂ réd}ab@et@ £bivh TiEitce FeRBu e 18 STt ivapeel i ng
adhesi ve strength g SO, e pressure sensitive adhesive
sheet was adhered and al | owed toadhe81§éa@§h§§gﬂdlohnder t he sane
conditions, and, fromthe substrate filmside, the pressure sensitive
adhesi ve 15  sheet #gs ddd:a ﬁﬁl rébld ﬁﬁ;ﬁ%@ﬁél% Prd¥ire Wi th

ultraviolet rays em tted from a pressure nercury
sensitive adhesive composition of the present invention

5 can be obtained by blending together the above
hydrophilic pressure sensitive adhesive (A) and energy
beam polymerizable compound (B), optlonally together
with the above photopolymerlzatlon initiator (C) and

\ other components, by the customary method.

10 This energy beam curable hydrophilic pressure
sensitive adhesive composition can be cured by
irradiation with energy beams to such a degree that the
amount of pressure sensitive adhesive remaining on an
adherend after peeling can extremely be reduced.

15 For example, ultraviolet rays and electron beams
are used as the energy beams. The energy beam dosage is
varied depending on the formulation of the pressure

\_ sensitiye adhesive and the type of applied energy beams.
For example, when use is made of ultraviolet rays, the

20 dosage thereof is preferred to range from about 40 to
200 W/cm. When use is made of electron beams, the
dosage thereof is preferred to range from about 10 to
1000 krad. This energy beam irradiation realizes a
marked reduction of the adhesive strength of the

25 composition of the present invention. For example,
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lanp (80 Wcm disposed at a distance of 10 cmfromthe pressure

sensitive adhesive sheet. Thereafter, the 180[err] peel i ng adhesi ve
strength was neasured in the sane 20 rmanner. Enpl oyed

abbrevi ations stand for the follow ng matter. [ ener gy beam

pol yneri zabl e conpound] Bl: jeaction product (80%ethyl acetate
solution) 25 (wei ght average nol.ecul ar wei ght: 2500) from 343.5 parts
33 by wei ght of hexamet hyl ene diisocyanate trinmer (trade nane:

CDronaFe F%ﬁegégdugﬁg bthLBE%Q P% %agkﬁan%oooa mirror surface of

semiconductor wafer ranges from about 100 to 1000 g/25 mm
before the energy beam irradiation, control can be effected
so that the adhesive strength after the energy beam
irradiation is about 0.5 to 50% of that before the energy
beam irradiation.

Moreover, the pressure sensitive adhesive composition
of the present invention, even after having been cured by
energy  beams, maintains hydrophilicity due to the
hydrophilic pressure sensitive adhesive (A4).

For example, the hydrophilic pressure sensitive
adhesive polymer finitely swells in a crosslinked state.
The pressure sensitive adhesive polymer swells even after
irradiation with energy beams, so that, even if the
pressure sensitive adhesive remains on the wafer surface,
washing can be performed.

The hydrophilicity of the pressure sensitive adhesive

is evaluated as follows. That is, only the
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Ltd.), 166.3 parts by wei ght of hydroxypropyl acrylate and 190. 3 parts

by wei ght of polyethylene glycol 5 nononethyl ether. B2: -
reaction product (80% ethyl acetate sol ution) (wei ght aver age

nmol ecul ar wei ght: 2000) from 52.8 parts by wei ght of hexamnet hyl ene

di i socyanate, 10.7 parts by wei ghit of pentaerythritol and 36.5 parts
by weight of 2- 10 hydroxyethyl acrylate. B3: reaction product
(40% t ol uene solgitdditire( WBhENEive adiBLaNAIEsNBLESH @] ateb@RbreAd. 000) from
51.8 parts by wei ght of hydrogenated tolyl ene diisocyanate, 623.0
parts by weight fiﬁiﬂ%lﬂ’%%&‘b e8Ra o Slsadliigl 28PE vdaxed. 1amePRihe by wei ght
of 2-hydroxyet hyl acryl ate. [ phot opol yneri zation initiator]

C. 1-hydroxycycl phgrredr k8py th& ehrisrle @d8si18{®e adhesive to be

dissolved or swell in water to thereby be completely
5 removed from the adherend is measured.

There is generally a step of washing a polished
wafer with water, for example, in order to remove
polishing dust therefrom.

From the viewpoint of step adaptability, it is

10 preferred that the pressure sensitive adhesive
composition of the present invention be removed from the
adherend within 30 min, especially, within 10 min. When
more than 30 min is taken, the productivity may be
unfavorably lowered.

15 As apparent from the above, the pressure sensitive
adhesive composition of the present invention possesses
hydrophilicity even after having been cured by energy

\yg beams, so that, even if the pressure sensitive adhesive

remains on the adherend surface after the curing,

20 residual pressure sensitive adhesive can be removed by

simple water washing.
Pressure sensitive adhesive sheet
The pressure sensitive adhesive sheet of the
present invention comprises a substrate and,

25 superimposed thereon, a pressure sensitive adhesive
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| rgacure 184 produced by C ba-&eigy). Exanmple 1 20 [ Preparation of
pressure sensitive adhesive conposition] (1) Production of
hydrophilic pressure sensitive adhesi ve: : 3 parts by wei ght

of acrylic acid,

90 parts by wei ght of 2-net hoxyethyl acrylate, 7

parts by weight of 25 2-hydroxyethyl "acrylate, 200 parts by wei ght of

et hyl

34 acetate and 0.5 part by

wei ght of azobi silsybut gorgpuded lof the abwvre prescedei sersittive rdblesdvél ask

equi pped with a

3

b.
10
15

K/:
20
25

reflux condenser, an agitator, a thernoneter, an inert
composition. .

.Although the above substrate is not particularly
limited, it may be selected from among, for example,
films of polyethylene, polypropylene, polybutene,
polybutadiene, polymethylpentene, polyvinyl chloride,
vinyl chloride copolymer, polyethylene terephthalate,
polybutylene terephthalate, pélyurethane, ethylene/vinyl
acetate copolymer, ionomer resin, ethylene/(meth)acrylié
acid copolymer, ethylene/(meth)acrylic acid ester
copolymer, polystyrene and polycarbonate, films produced
by crosslinking these and films composed of laminates
thereof. Furthermore, according to necessity, use can
be made of films produced by coloring the above films,

fluororesin films and the like. The thickness of the

substrate generally ranges from about 50 to 500 pum,
preferably, from ébout 80 to 300 um. When the thickness
of the substrate is smaller than these, there is the
danger that the surface protecting capability of the
pressure sensitive adhesive sheet is deteriorated.

The pressure sensitive adhesive sheet of the
present invention can be obtained by coating a variable
substrate in appropriate thickness with the abé&e |
pressure sensitive adhesive composition according to the

customary technique employing a comma coater, gravure
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gas introduci ng tube and a dropping funnel. The m xture 5 was agitated
in a streamof nitrogen for 30 mn and reacted at 60[err]C for about 8
hr, -t hereby obtaining a car boxyl group containing copol yner
Tri et hanol am ne as a neutralizer was agded in an anount of 1.25 parts
by weight (0.2 nol per nol of 10 carboxyl group) per 100 parts by weight,
in terns of solid contents, of the above obtai ned carboxyl group
cont ai ni ng copol goererandisatoatact araversagicbated. or the like ailflereafter,
epoxy crosslinking agent (trade nane: Tetrad C, produced by M TSUBI SH
GAS CHEM CAL CO dryiM@ xhelbompssit izl ithlerabyafermt avasremgded i n an anount
of 0.5 part by weight (0.03 nol -per nol of carboxyl group) and
satisfactorily asgrsittddre atibesbye dbtysmiong thehsdbsiatatie.c When pressure
sensitive adhesive. (2) Production of energy beam curable hydrophilic
considered necessary, a release sheet is applied onto
5 the pressure sensitive adhesive layer.
’ _ Although varied depending on the use, the thickness

of the pressure sensitive adhesive layer generally

ranges from about 10 to 50 um, preferably, from about 20

. to 40 pm. When the thickness of the pressure sensitive

10 adhesive layer is smaller than thesé, there is the
danger that the surface protecting capability of the
pressure sensitive adhesive sheet is deteriorated.

The configuration of the pressure sensitive
adhesive sheet of the present invention is not limited

15 and the pressure sensitive adhesive sheet may have the
fo;m of, for example, a tape or a label.

The above pressure sensitive adhesive sheet of the
\_ _ present .invention can suitably be used for protecting
the surface of a wafer, etc.

20 .That is, the pressure sensitive adhesive sheet
comprising the above constituents prevents the
penetration of polishing dust, cutting dust, etc. into
the interface between the pressure sensitive adhesive
layer and the adherend surface during the step of wafer

25 processing to thereby enable satisfactorily protecting
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20 pressure sensitive adhesive conposition: 120 parts by wei ght

of energy beam pol yneri zabl e "~ conpound Bl and 4.8 parts by weight of
phot.opol yneri zation initiator C were added to 101.75 parts by wei ght
of the above obtained hydrophlllc 25 pressure sensitive adhesive and
satisfactorily bl ended, 27 35

t hereby obtaining an energy beam curabl e hydrophilic pressure
sensitive adhesighg GRPFPPSdUrARe. Mored WX BA1PT cat agadl 6f‘ce%%{l§ét'Ve
adhesi ve sheet] A corona treated surface of a 110 [err]mthick

5 polyethyl ene fiehs Wose BRI VY bRedb oS 190baENEE from the wafer
after. the completion of required processing but also,
even if the pressure sensitive adhesive sticks to and

5 remain§ on the wafer surface, the residual pressure
sensitive adhesive can easily be washed away with water.
“ Method of use
The above pressure sensiti#e adhesive sheet of the
U present invention can suitably be used as a surface
10 protective sheet, especially, during wafer processing.
A method of polishing a wafer back with the use of the
pressure sensitive adhesive sheet of the present
invention will be described below.
When a release sheet is disposed on an upper
15 surface of the pressure sensitive adhesive sheet, the
release sheet is removed. Subsequently, a wafer whose
back is to be polished is adhered to the pressure
\_/ sensitive adhesive layer of the pressure sensitive
adhesive sheet. This ;dhering is so conducted that a
20 patterned surface of the wafer contacts the pressure
sensitive adhesive layer.
In.this form, the wafer back is polished by means
of a grinder or the like to thereby not only remove any
oxide layer having occurred on the wafer back but also

25 regulate the thickness of the wafer to desired one.
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pressure sensitive adhesive conposition so that the t hi ckness of the

coating having been dried was 20 [err]m Thus, a pressure sensitive
adhesi ve sheet with a total t hi ckness of 130 pm was obtained. 10

The "residual particle", "water washability" and "adhesi ve strength”
of the pressure sensitive adhesive 28 sheet were eval uated by the above
net hods. The results are given in Table 2. Exanple 2 15
[Preparation obupsagsuhes SRt ! i BI0ESIYEL AP ABELYAA] co the Wablr
Production of hydrophilic préssure sensitive adhesi ve: A

hydrophilic pregsungeSeopi sty allestyew@sed away ¢RbAl ORE JdEdh@ng@m®
manner as in Exanple 1 except that 20 the annung-of added neutrali zer
triethanol am N@-WeSgenerated during the polishing is absorbed.
Upon the completion of the polishing, the pressure
5 sensitive adhesive sheet is peeled from the wafer. In
the pressure sensitive adhesive sheet of the presént
invention, as apparent from the foregoing, the adhesive
strength can be reduced to an extremely low level by
v irradiating with energy beam, so that the pressure
10 sensitive adhesive sheet can easily be peeled from the
wafer surface. Furthermore, even if the pressure
sensitive adhesive remains on the wafer surface after
the peeling of the pressure sensitive adhesive sheet,
the residual pressure sensitive adhesive can easily be
15 washed away with purified water.
In summing up, the pressure sensitive adhesive
layer of the pressure sensitive adhesive sheet of the
U present invention is composed of the pressure sensitive
adhesive composition containing specific components, so
20 that the adhesive strength is extremely reduced by
irradiation with energy beams to thereby enable easily
conducting the peeling. Moreover, even if the pressure
sensitive adhesive remains on the wafer surface, the
residual pressure sensitive adhesive can easily be

25 washed away with purified water without the need to use
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changed to 1.75 parts by weight (0.3 nol per nol of car boxyl group).

(2) Production of energy beam curable hydrophilic pressure sensitive
adhesi ve conposition: : 36 120
parts by wei ght of energy beam pol yneri zabl e conpound B2 and 4.8 parts
by wei ght of phot opol yneri zati on i48 ti ator C were added per 102.25

parts by weight, in terms of solid contents, of the 5 above obtained
hydrophi i ¢ pressiicrgaansi sbierdioehves tricllthesat rBbactsxd,| enaranded,

t her eby obtai ni ng an energy beam curabl e hydrophilic pressure
sensitive adhesii no danger of having a bad influence on human health
or causing environmental pollution. Although the prior
art has required two steps of washing the wafer surface
5 having the pressure sensitive adhesive adhering thereto
with an organic sol&ent such as trichlene and,
thereafter, washing with water, only washing of the
wafer surface having'the preésure sensitive adhesive
K,) . adhering thereto with purified water, for example, in an
10 ultrasonic washer is satisfactory in the present
invention with the result that the washing can be
accomplished by one step in the present invention.
Furthermore, the pressure sensitive adhesive sheet of
the present invention is adhered to the wafer with
15 satisfactory adhesive strength during the polishing of
the wafer back, so that penetration of wafer polishing
dust into the interface between the wafer surface and
\_ the pressure sensitive adhesive sheet to thereby break
the pattern formed on the wafer surface can be avoided.

20

EFFECT OF THE INVENTION

The pressure sensitive adhesive composition of the
present invention possesses both energy beam curability

25 and hydrophilicity. Therefore, the adhesive strength is
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conposition.- . [ Producti on of pressure sensitive adhesive sheet] 10

A pressure sensitive adhesive sheet was obtained in t he sanme manner as
in Exanple 1. The results are given in Table 2. Exanpl e 3

[ Preparation of pressure sensitive adfgsi ve conposition] 15 (1) Production
of hydrophilic pressure sensitive adhesi ve: Pol yneri zati on
was conducted in the.sanme manner as i n Exanple 1 except that the

nononmer m xture change t 0, 10 part.s_by.weight of ;acryvlic acid, 5
parts by wei ght exmgge%?kﬁ@%ﬁ%&rcg%ah%ﬁraaécllraaﬁﬁlé)tne%lgﬁ %%er]fgg’ 6337 iﬁﬁt of butyl
acrylate and 5 { Y. haht _of.methyl. acryl ate. 9 ar by wei ght
(0.4 o per moroerennesRIt sediy Rl e bR AR ke ehtded Lo
the resulting pghﬂggivéﬂgﬂeet from the adherend. Further, even if the

- pressure sensitive adhesive remains on the adherend

5 surface for some reason, the residual pressure sensitive

adhesive can easily be removed by washing with water.

EXAMPLE
o The present invention will further be illustrated
10 below with reference to the following Exampleé which in
no way limit the scope of the invention.
In the following Examples and Comparative Examples,
the "residual particle", "water washability" and
*adhesive strength" were evaluated in the following
15 manners.
Measurement of residual particle
The pressure sensitive adhesive sheet obtained in
\v; each of the following Examples and Comparative Examples
was adhered onto the mirror surface of a 4-inch silicon
20 wafer in 23°C/65% RH atmosphere by reciprocating a 2 kg
rubber roller thereon, and allowed to stand still for 20
min., From the substrate film side, the pressure
sensitive adhesive sheet was irradiated at a line speed
6f 5 m/min with ultraviolet rays emitted from a high

25 pressure mercury lamp (80 W/cm) disposed at a distance
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satisfact.orily agitated. 37
Thereafter, epoxy crosslinking agent (trade nane: Tetrad C, produced
by M TSUBI SH GAS CHEM CAL CO., INC.) as a crosslinking agent was
added in an anount of 1 part by wei ght (0.02 nol per nol of carboxyl
group) and 5 satisfactorily agi tatdd, t her eby obtaining a hydrophilic
pressure sensitive adhesive. (2) Production of energy beam curable

hydrophilic - ,eDhBSEHT £rGE e tb¥@sw@%a&l%qmeoaaﬁéme sheet. 100
parts by wei ght of ener gy beam pol yneri zabl e conpound Bl and 4 parts

by wei ght of phai,pah¥fEF) 23ld PRessure sensitive adhesive sheet was
peeled. The number of particles with a particle size of
at least 0.27 pum {(diameter) remaining on the wafer
5 surface was measured by the use of a laser surface
inspecting instrument (LS 5000 manufactured by Hitachi
Electronic Engineering Co., Ltd.).
Water washability
U The pressure sensitive adhesive only produced in
10 eaéh of the following Examples and Comparative Examples
was applied and dried to obtain a coating with a
thickness of 50 gum, cut into 20 mm squares, adhered onto
mirror wafer and allowed to stand still for 20 min. The
pressure sensitive adhesive layer was irradiated at a
15 1line speed of 5 m/min with ultraviolet rays emitted from
a high pressure mercury lamp (80 W/cm) disposed at a
distance of 10 cm from the layer. Thereafter, the wafer
W ﬁith pressure sensitive adhesive coating was immersed in
pure water at ordinary temperaturé, and the time
20 required for the pressure sensitive adhesive to be
removed was measured. Judgment indicated in the table
was- made on the following criteria:
good: < 10 min,
fair: 10 to 30 min, and

25 failure: > 30 min.
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initiator C were added per 110.0 parts by weight, in terms of solid

contents, of the above obtai ned “hydrophilic pressure sensitive
adhesi ve' and satisfactorily bl ended, thereby obtaining an energy beam
15 curable hydrophilic pressure sensi.tjve adhesive conposi tion.

[ Production of pressure sensitive adhésive sheet] A pressure
sensitive adhesive sheet was obtained in the sane manner as in
Exanpl e 1. The achekfiveaserepigtdn 20 in Table 2. Exanpl e 4

[ Preparation of pressure.sensitive adhesive conposition] (1)

Producti on of hydropithei pr¢gassisensénivei adhesive atieesi vlbtained in
each of the following Examples and Comparative Examples
was adhered onto the back (polished by #2000) of a
5 semiconductor wafer in 23°C/65% RH atmosphere by
reciprocating a 2 kg rubber foller thereon, allowed to
stand still for 20 min and peeled by means of a
universal tensile tester (TENSILON/UTM-4-100
p manufactured‘ by Orientec Corporation) at a peeling speed
10 of 300 mm/min to thereby determine a 180° peeling
adhesive strength (g/25 mm). Also, the pressure
sensitive adhesive sheet was adhered and allowed to
stand still under the same conditions, and, from the
substrate film side, the pressure sensitive adhesive
15 sheet was irradiated at a line speed of 5 m/min with
ultraviolet rays emitted from a high pressure mercury
lamp (80 W/cm) disposed at a distance of 10 cm from the
\_ pressure sensitive adhesive sheet. Thereafter, the 180°
peeling adhesive strength was measured in the same
20 manner.
Employed abbreviations stand for the following
matter.
[energy beam polymerizable compbund]
Bl: reaction product (80% ethyl acetate solution)

25 (weight average molecular weight: 2500) from 343.5 parts
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38 . A hydrophilic pressure sensitive adhesive was obtained in
the sanme manner as in Exanple 1. (2) Production of energy beam curable
hydrophilic pressure sensitive adhesive conposition: 5 120
parts by wei ght of energy beam pol ynerj_zabl e conpound B3 and 4.8 parts
by wei ght of photopolynerizationq%ﬂtiaior C were added per 102.25
parts by weight of the above obtained hydrophilic pressure sensitive

e oo, F oLt o Besaietn 0o ciscebi ol s tocgasr oy bear
[ Production of ppessure 3Rtk e eRiee by ' REbbon Polyurethane Co.
' Ltd.), 166.3 parts by weight of hydroxypropyllacrylate
and 190.3 parts by weight of polyethylene glycol
5 nmnonomethyl ether.

B2: reaction product (80% ethyl acetate solution)
(weight averége molecular weight: 2000) from 52.8 parts
by weight of hexamethylene diisocyanate, 10.7 parts by
weight of pentaerythritol and 36.5 parts by weight of 2-

10 hydroxyethyl acrylate.

B3: reaction product (40% toluene solution) (weight
average molecular weight: 15,000) from 51.8 parts by
weight of hydrogenated tol&lene diisocyanate, 623.0
parts by weight of poly(butylene oxide)diol and 25.2

15 parts by weight of 2-hydroxyethyl acrylate.
{photopolymerization initiator]
C: l-hydroxycyclohexyl phenyl ketone (trade name:
i Irgacure 184 produced by Ciba-Geigy) .
Example 1
20 [Preparation of pressure sensitive adhesive composition]
(1) Production of hydrophilic pressure sensitive
adhesive:
3 parts by weight of acrylic acid, 90 parts by
weight of 2-methoxyethyl acrylate, 7 parts by weight of

25 2-hydroxyethyl acrylate, 200 parts by weight of ethyl
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A pressure sensitive adhesive sheet was obtained in t he sane manner as

in Exanple 1. The results are given 15 in Table 2. Conparative
Exanpl e 1 [ Preparation of pressure sensitive adhesive conposition]

(1) Production of pressure sensitive adhesive: 5 parts by wei ght
of 2-hydroxyethyl acrylate and 95 20 3¢arts by weight of butyl acrylate
were polynerized. 0.2 part by wei ght of isocyanate crosslinking
agent (trade aceBREE adeP00BALErk: b d}P oEYa%BPQ&&QlWo%EQ%‘!@e
Ltd.) as a crosslinking agent was added thereto and sati sfact orlly

agitated. Thus, gePEeSPAE& I8Nl EbUP-neckeAHIRITKY BQURSOED WAILIE S
reflux condenser, an agitator, a thermometer, an inert
gas introducing tube and a dropping funnel. The mixture

5 was agitated in a stream of nitrogen for 30 min and
. reacted at 60°C for about 8 hr, thereby obtaining a
carboxyl group containing copolymer.

Triethanolamine as a neutralizer was added in an

\_ amount of 1.25 parts by weight (0.2 mol per mol of
10 carboxyl group) per 100 parts by weight, in terms of
solid contents, of the above obtained carboxyl group
containing copolymer and satisfactorily agitated.
" Thereafter, epoxy crosslinking agent (trade name:
Tetrad C, produced by MITSUBISHI GAS CHEMICAL CO., INC.)
15 as a crosslinking agent was added in an amount of 0.5
part by weight (0.03 mol per mol of carboxyl group) and
satisfactorily agitated, thereby obtaining a hydrophilic
\_ pressure sensitive adhesive.
(2) Production of energy beam curable hydrophilic
20 pressure sensitive adhesive composition:

120 parts by weight of energy beam polymerizable
compound Bl and 4.8 parts by weight of
photopolymerization initiator C were added to 101.75
parts by weight of the above obtained hydrophilic

25 pressure sensitive adhesive and satisfactorily blended,
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39 (2) Production of energy beam curable pressure sensitive

adhesi ve conposition: . 100 parts by wei ght of energy beam

pol yneri'zabl e conpound Bl and 4 parts by wei ght of photopol ynerization
5 initiator C were added per 100.2 parts by weight, in terms of solid
contents, of the above obtained pressuP sensitive adhesive and
satisfactorily bl ended, thereby obt ai ni ng an energy beam curabl e
pressure sensiti\thereby a8t£EiIMEy @ANPAGHIY Aveam Lhrabfl Brhgdedgtdn ief pressure
sensitive adhesi ve sheet] A pressure sensitive adhesive sheet was
obtained in prieesapeessmdlitdiveaadhas Bx@gumpokitiba.resul ts are given

I n Table 2.

[Production of pressure sensitive adhesive sheet]
A corona treated surface of a 110 pm thick
5 polyethylene film was coated with the above obtained
pressure sensitive adhesive composition so that the

thickness of the coating having been dried was 20 pum.

Thué, a pressure sensitive adhesive sheet with a total
thickness of 130 pm was obtained.

10 The "residual particle", "waﬁer washability" and
*adhesive strength" of the pressure sensitive adhesive
sheet were evaluated by the above methods. The results
are given in Table 2. .
Example 2

15 [Preparation of pressure sensitive adhesive composition]
(1) Production of hydrophilic pressure sensitive
adhesive:

\_ A hydrophilic pressure sensitive adhesive was

obtained in the same manner as in Example 1 except that
20 the amount of added neutralizer triethanolamine was

changed to 1.75 parts by weight (0.3 mol per mol of

carboxyl group).

(2) Production of energy beam curable hydrophiilic

pressure sensitive adhesive composition:
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Conparative Exanple 2 15 The sane procedure as in Exanple 1 was

r epeat ed except that the neutralizer triethanol am ne was not used
and .t hat” t he anount of added energy bean1po|ynerizab|e conmpound B1
was changed to 100 parts by wei-ght. g results are given in Table 2.
40 Tabl €61 Pressure

Ener gy beam Phot opol ymm sensitive pol yneri zabl e
conpd. initiator 120 parts by wadlhsi € energy bean( pbiyiépizable

(pts.wt) Bl B2 B3 (pts:wt) Ex. 1 101. 75

120 - compound B2 ard 8.8 parts by weight of

photopolymerization initiator C were added per 102.25
parts by weight, in terms of solid contents, of thé
S above obtained hydrophilic pressure sensitive adhesive
’ ' and satisfactorily blended, thereby obtaining an energy

beam curable hydrophilic pressure sensitive adhesive

éomposition.
L [Production of pressure sensitive adhesive sheet]
10 A pressure sensitive adhesive sheet was obtained in
the same manner as in Example 1. The results are given
in Table 2.
Example 3
[Preparation of pressure sensitive adhesive composition]
15 (1) Production of hydrophilic pressure sensitive
adhesive:
Polymerization.was conducted in the same manner as
\_ | in Example 1 except that the monomer mixture was changed

to 10 parts by weight of acrylic acid, 5 parts by weight
20 of 2-hydroxyethyl acrylate, 80 parts by weight of butyl
acrylate and 5 parts by weight of methyl acrylate.' 9
parts by weight (0.4 mol per mol of carboxyl group) of
triethanolamine was added to the resulting polymer and

satisfactorily agitated.




Ex. 2 102. 25 - 120 - 4.8 Ex. 3

0 100 | _ - 4 Ex. 4 102. 25 -

120 - 4.8 Conp. Ex. 1 100. 2 100 T -
4 Conp. Ex. 2 100. 2 100 - - 4

. The pressure sensitive adhesives of t3e Exanples are 5 hydrophilic while

t hose of the Conparative Exanples are hydr ophobi c.
Mereaffter, epoxy crosslinking ageitthdtirade nAddesi ve

Wat er washability strength strength particles
af t erTetrad C, produced by MITSUBISHE GAS |CHEMIEAL CY., INC.)

Table 2
resi dual
bef ore
(no./4" waf
[err]m for

JISto SUS, JIS

15

er)

10

15

20

required irradiation irradiation > 0.
as a. cros(sg/iﬁﬁln@”)agéxgi aasmajided in an amemovabf 1 part o SUS,

: Ex. 2 mn good 350
by weight (0.02 mol per mol of carboxyl group) and

satisfactorily agitated, thereby obtaining a hydrophilic
pressure sensitive adhesive.

(2) Production of energy beam curable hydrophilic
pressure sensitive adhesive composition:

100 parts by weight of energy beam polymerizable
compound Bl and 4 parts by weight of photopolymerization
initiator C were added per 110.0 parts by weight, in
terms of solid contents, of the above obtained
hydrophilic pressure sensitive adhesive and
satisfactorily blended, thereby obtaining an energy beam
curable hydrophilic pressure sensitive adhesive
composition.

[Production of pressure sensitive adhesive sheet]

A pressure sensitive adhesive sheet was obtained in
the saﬁe manner as in Example 1. The resuits are givén.--
in Table 2.

Example 4
[Preparation of pressure sensitive adhesive composition]
(1) Production of hydrophiiic pressure sensitive

adhesive:

w
27
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Ex. 2 12 9 mn good 400 5 Ex. 3

23 27 mn fair 380 20 Ex. 4 30 12
mn. fdir 450 25 Conp. Ex. 1 27 > 2 hrs
fail 320 10 Conp. Ex. 2 17 > 2hrs fai
340 15 38 41 Wat is clained is
1. An energy beam curable hydrophilic pressure sensitive adhesive
conposi tion conpri sing, QR kss@a@ésg&%lca%saaha&v@d}a%slve (A)
and an energy beam polyrerizable conmpound cont ai ni ng at | east

one pol ymeri zablg, garbon i aiarhas fonbbe Hong ERhmpyber ein the hydrophilic
pressure sensitive adhesive (A) iIs conposed of a pressure sensitive
adhesi ve conmposihi 0Brb@idEihbd 0¥ Nenergy beam curable hydrophilic

pressure sensitive adhesive composition:

5 120 parts by weight of energy beam polymerizable
compound B3 and 4.8 parts by weight of
photopolymerization initiator C were added per 102.25
parts by weight of the above obtainéd hydrophilic

\,) pressure sensitive adhesive and satisfactorily blended,
10 thereby obtaining an energy-beam curable hydrophilic
pressure sensitive adhesive composition.
[Prodﬁction of pressure sensitive adhesive sheet]
A pressure sénsitive adhesive sheet was obtained in
the same manner as in Example 1. The results are given
15 in Table 2.
Comparative Example 1
[Preparation of pressure sensitive adhesive composition]
(1) Production of pressure sensitive adhesive:
S parts by weight of 2-hydroxyethyl acrylate and 95
20 parts by weight of butyl acrylate were polymerized. 0.2
part by weight of isocyanate crosslinking agent (trade
name: Coronate L, produced by Nippon Polyurethane Co.
Ltd.) as a crosslinking agent was added thereto and
satisfactorily agitated. Thus, a pressure sensitive

25 adhesive was obtained.
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a carboxyl group containing copolynmer obtained by polymerizing a carboxyl
group containing pol ynerizabl e nononer containing a polynerizable carbon to
carbon doubl e bond (Al) and anot her nopger cont ai ning a polynerizable
carbon to carbon double bond (A2) that™fs copol ynerizable with the carboxyl
group containing polynerizabl e nononmer according to sol ution

pol yneri zati on, a neutralizer (A3), and a crosslinking agent (A4).

2. The energy (F???%d&ﬁi%@il Bf Qﬂéfvﬁﬁpfﬂééx@ cuRhBSE UpLeshifie isevieiaghesi ve
conposition as clainmed in claiml, erein the other nmononer (A2) that is

copol yneri zabl e ggnesive composition: 42 wth the
car boxyl group containing polynerizabl e nononer Is a conmpound
represented by the f@§iyldts by weight of energy beah&bslymerizable
' compound-Bl and 4 éarts by weight of photopolymerization
5 jnitiator C were added per 100.2 parts by weight, in
' _ terms of solid contents, of the above obtained pressure
sensitive adhésive and satisfactorily blended, thereby
obtaining an enérgy beam curable pressure sensitive
U adhesive composition.
10 [Production of pressure sensitive adhesive sheet]
A pressure sensitive adhesive sheet wés obtained in
the same manner as in Example 1. The results are given
in Table 2.
Comparative_Examgle 2
15 The same procedure as in Example 1 was repeated
except that the neutralizer triethanolamine was not used
and that the amount of added energy beam polymerizable
L compound Bl was changed to 100 parts by weight. The

results are given in Table 2.

[ s area s s o
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5 -wherein each of Xerr],

represents hydrogen or a nethyl

X err]

and X[erf]
group; R err]

hydr.ocar bon group having 2 to 12 carbon atons;

hydr ocar bon group having 1 to 10 carbong 10 atonsf

3. The energy beam curabl e hydrophilic pressure
conposition as clainmed in claim1l or

pol ymeri zabl e conpound (B)
ener gy beam

i nd

represents a

R2 re
and n
se

nol ecul e and has a wei ght average nol ecul ar wei ght of

ependent |y

presents a
is 1to 10.

nsitive adhesive
2, wherein the energy beam

15 is a conmpgsmyd 1t hat contains at
pol yneri zabl e carbon to carbon double bond inits
100 to 50, 000.

Pressure Energy beam Photopolymn
sensitive polymerizable compd. initiator
adhesive (pts.wt) '
(pts.wt) Bl B2 B3 (pts.wt)
Ex. 1 101.75 120 - - 4.8
Ex. 2 102.25 - 120 - 4.8
Ex. 3 110. 0] 100 - - 4
Ex. 4 102.25 - - 120 4.8
. Comp.
w Ex. 1 100. 2 100 - - 4
Comp.
Ex. 2 100. 2 100 - - 4
. The pressure sensitive adhesives of the Examples are
5 Thydrophilic while those of the Comparative Examples are
hydrophobic.
Table 2
No. of L Adhesive adhesive
residual Water washability | s¢rength strength
particles before after
: time judgment | UV uv
/ (no./4" wafer) | required irradiation | irradiation
> 0.27 pm for (g/25 mm) (g/25 mm)
removal to SUS, JIS | to SUS, JIS
Ex. 1 18 2 min good 350 15
Ex. 2 12 9 min good 400 5
Ex. 3 23 27 min fair 380 20
Ex. 4 30 12 min fair 450 25
Comp. )
Ex. 1 27 > 2 hrs| fail 320 10
Comp.
Ex. 2 17 fail 340 15

> 2 hrs

di val ent

| east one
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20 4. The energy beam curabl e hydrophilic pressure
adhesi ve conposition as clained in any of clains 1t IH'IIW@W“MITT“'
further-conprises a phot opol yneri zation initiator (C)

43 ° 5. A pressure sensitive adhesive sheet conprisi ng
substrate coated with the energy beam curabl e hydr ophi lic pressure
sensitive adhesive conposition as 4? ained in any of clains 1 to 4. 5

What is claimed is

1. An energy beam curable hydrophilic pressure
sensitive adhesive composition comprising a hydrophilic
pressure sensitive adhesive (A) and an energy beam
polymerizable compound °~ containing at least one
polymerizable carbon to carbon double bond (B), wherein the
hydrophilic pressure sensitive adhesive (A) is composed of
a pressure sensitive adhesive composition formed from :

a carboxyl group containing copolymer obtained by
polymerizing a carboxyl group containing polymerizable
monomer containing a polymerizable carbon to carbon double
bond (Al) and another monomer containing a polymerizable
carbon to carbon double bond (A2) that is copolymerizable
with the carboxyl group containing polymerizable monomer
according to solution polymerization,

a-neutralizer (A3), and

a crosslinking agent (A4).

2. The energy beam curable hydrophilic pressure
sensitive adhesive composition as claimed in claim 1,

wherein the other wmonomer (A2) that is copolymerizable
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6. The pressure sensitive adhesive sheet as clainmed in ' | =
Is used as a pressure sensitive adhesi ve sheet for proc%ﬂ iﬂgﬂ l H‘ u"
10 * 7. The pressure sensitive adhesive sheet as * L s %

-

claim5, which is used as a pressure 42 sensitive adhesive sheet for
protecting a wafer surface.

with thiée carboxyl group containing polymerizablé nonomer

is a compound represented by the formula:

Xl\ y, X2
C=C

x* N co-(ORY),- OR?

_ wherein each of X1, x2 and X3 independently
represents hydrogeﬁ §r a methyl group; rl represents a
\_; divalent hydrocarbon group having 2 to 12 carbon atoms;
R2 represents a hydrocarbon group having 1 to 10 carbon

10 ‘atoms; and n is 1 to 10.

3. The energy beam curable hydrophilic pressure
sensitive adhesive composition as claimed inc¢laim 1 or
2, wherein the energy beam polymerizable compound (B)
15 is a.compound that contaipé-at least one energy beam
polymgrizable carbon to carbon double bond in its
molecglg and has a weight average molecular weight of

100 to 50,000.

20 4. The energy beam curable hydrophilic pressure
sensitive adhesive composition as claimed in any of
claims 1 to 3, which further comprises a

photopolymerization initiator (C).
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5. A pressure sensitive adhesive sheet comprising
a substrate coated with the energy beam curable
hydrophilic pressure sensitive adhesive composition as

claimed in any of claims 1 to 4.

6 - The pressure sensitive adhesive sheet as
claimed in claim 5, which is used as a pressure

sensitive adhesive sheet for processing a wafer.

7. The pressure sensitive adhesive sheet as
claimed in claim 5, which is used as a pressure

sensitive adhesive sheet for protecting a wafer surface.
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ENERGY BEAM CURABLE HYDROPHILIC PRESSURE SENSITIVE
ADHESIVE COMPOSITION AND USE THEREOF

ABSTRAM
An energy beam curable hydrophilic pressure

sensitive adhesive composition comprising a hydrophilic
pressure sensitive adhesive (A) and an energy beam

5 polymerizable compound (B), optionally togéther with a
photopolymerization initiator (C) added according to
necessity. Thus, a pressure sensitive adhesive
composition suitable for use in a Qafer surface
protective sheet is provided, which enables easily

10 removing any residual pressure sensitive adhesive by
washing with water, even if a pressure sensitive
adhesive remains on a wafer surface after peeling of a

pressure sensitive adhesive sheet.
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