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DESCRI PTI ON

HEAT- RESI STANT ADHESI VE SHEET FOR SEM CONDUCTCOR TESTI NG

Technical field
[ 0001]
The present i nventionrel atestoaheat-resistant adhesi ve

sheet for sem conductor testing.

Background art
[ 0002]

A sem conductor chi p can be producedinthefoll ow ng manner.
First, acircuit patternis formed on a sem conductor wafer and
an adhesi ve sheet i s bonded to t he sem conduct or waf er, and t hen,
t he sem conduct or wafer undergoes the followi ng steps: cutting
the wafer into chips (dicingstep); washing and dryi ng t he sheet;
expandi ng t he sheet (expansi on step); peeling the chips off from
t he sheet (pick-up step); and nounting the chips. It isrequired
t hat t he adhesi ve sheet such as a di ci ng tape used i n those steps
has a sufficient adhesive force to adhere the diced chips from
the dicing step to the drying step, whil e reduci ng such adhesi ve
forceinthe pick-up step to such an extent that adhesi ve deposit
does not occur.

[ 0003]

Ther e has been known an adhesi ve sheet formed by appl yi ng

an adhesive layer which wll be cured by polynerization wth

ultraviolet light and so forth, to a base material having a
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transmttivity when bei ng passed t hrough by an active |i ght such
as W light and/or an el ectron beam Wth this adhesive sheet,
the diced chips are picked up after the adhesive strength is
reduced by irradiating the adhesive | ayer with the UV |ight and
curing the adhesive |ayer with polynerization.
[ 0004]

Ther e has been di scl osed an adhesi ve sheet fornmed by coati ng
the base material surface with an adhesive | ayer containing a
compound ( pol yfuncti onal oligoner) having a photopol yneri zabl e
unsat ur at ed doubl e bond i nits nol ecul e, which may be turnedinto
a three-di nensi onal network by irradiationw th, for exanple, an
active light. This has been disclosed in Patent Literatures 1

and 2.

Ctation |ist

Patent Literature

[ 0005]

PTL1: Japanese Patent Application Laid-Qpen No. 2009-245989
PTL2: Japanese Patent Application Laid-Open No. 2012-248640

Summary of Invention
Techni cal Problemto be Solved by the Invention
[ 0006]

I n manufacturing a sem conductor, various processi ng and
performance testing are perfornmed in the foll ow ng steps:
-Dicing of a semiconductor wafer;

Performance testing at normal temperature;
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-Packaging; and
-Performance testing at both high temperature and normal
t enperat ure.

I nthe above-described process, it is not possibleto find
a chip which is defective under a high tenperature until the
performance testing after the packaging. Therefore, all the
chi psincl udi ngthose whi ch are def ecti ve under a hi ghtenperature
have t o be packaged, resultinginanincreased manufacturingcost.
[ 0007]

If the performance test after dicing coul d be perforned at
hi gh t enper ature, t he packagi ng cost woul d be reduced. However,
this performance testing is perforned under the condition that
t he sem conductor chi ps are bonded to an adhesi ve sheet such as
adicingtape, andthereforeif the sem conductor chi ps are heat ed
t he adhesi ve sheet is deforned or is excessively stick fast to
t he chi ps.

[ 0008]

When t he adhesi ve sheet is deforned, it is not possibleto
automatically alignelectrode pads formedonthewafer wwthatest
probe, and therefore it takes a long tine for the testing.
Moreover, if the adhesive sheet is significantly deforned, the
wafer islikelytocontact the test probe, and therefore thetest
may not be performed. |In addition, if the distance between the
sem conductor chips is narrow, the chi ps contact each ot her, and
therefore the chips are likely to be danaged or the strength of
the chi ps may be reduced.

[ 0009]
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Mor eover, when t he adhesi ve sheet i s excessively stick fast
to t he sem conduct or chi ps, the adhesi ve strength of the adhesi ve
| ayer is not sufficiently reduced even t hough t he adhesi ve | ayer
Is cured by irradiation with UV light and so forth. This makes
it difficult to pick up the chips or leads to a failure such as

adhesi ve deposit.

Solution to Problem
[ 0010]

The inventers of the present invention found that the
def ormati on of the adhesive sheet due to heating was caused by
the t hermal shrinkage andthe linear expansi on coefficient of the
base material, and that the reason why the adhesive |ayer was
softened by the heating was softening of tackifying resin
contai ned in the adhesive.

Based on these findings, the present invention provides
an adhesive sheet using a base material having a | ow thernal
shrinkage and a | ow |inear expansion coefficient.

According to the present invention, the heat-resistant
adhesi ve sheet for sem conductor testing, used in a perfornmance
test while sem conductor chips are heated, includes a base
mat eri al, and an adhesi ve | ayer provided on the base materi al.
The base nmateri al has a thermal shrinkage of | ower than 1 %when
bei ng heated at 150 degrees Cel sius for 30 m nutes and a | i near
expansi on coefficient of equal to or | ower than 5.0x10°at 60 to
150 degr ees Cel sius. The adhesi velayer contains a(neth)acrylic

acid ester copolyner, a photopolynerizable conpound, a
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pol yfuncti onal i socyanat e curing agent, and photoinitiator. The
adhesive layer contains 5 to 200 parts by nmass of the
phot opol yneri zabl e conpound, 0.5 to 20 parts by mass of the
pol yfunctional isocyanate curing agent, and 0.1 to 20 parts by
mass of the photoinitiator, with respect to 100 parts by mass of
the(nmeth)acrylic acid ester copolyner. The adhesive |layer is
free of tackifying resin.

Preferably, the adhesive |ayer contains a silicone-based
graft copolyner. In addition, it 1is preferred that the
pol yfunctional isocyanate curing agent contains three or nore
I socyanat e groups. Moreover, it is preferred that when the
tenperature of the photoinitiator is increased from23 degrees
Celsius at a rate of tenperature increase of 10 degrees
Cel sius/mn, the tenperature, at which the nass reduction rate
of the photoinitiator is10% is equal toor higher than 250 degr ee
Celsius. Furthernore, it is preferred that the heat-resistant
adhesive sheet is wused in a nmethod of manufacturing a
sem conductor. Thenethodi ncludes: (a) abondi ng step of bondi ng
t he adhesi ve sheet tothe sem conduct or chi ps; (b) astickingfast
step of sticking the sem conductor chips to which the adhesive
sheet i s bonded fast to a stage having a tenperature of 60 to 150
degrees Cel sius whil e the adhesi ve sheet contacts the stage; (c)
a test step of testing performance of the sem conductor chips
while the stage i s heated at 60 to 150 degrees Cel sius; (d) a W
irradiation step of irradiating the adhesive sheet wth
ultraviolet light; and (e) a pick-up step of picking up the

sem conduct or chi ps fromt he adhesi ve sheet. Furthernore, it is
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preferred that the heat-resistant adhesive sheet is used in a
met hod of manufacturing a sem conductor. The method i ncl udes:
(a) a bondi ng step of bondi ngthe adhesi ve sheet to a sem conduct or
waf er or asubstrate; (b) adicingstepof dicingthe sem conduct or
waf er or the substrate i nto sem conductor chips; (c) a sticking
fast step of sticking the sem conductor chips to which the
adhesi ve sheet i s bonded fast to a stage havi ng a tenperat ure of
60 to 150 degrees Cel sius whil e the adhesi ve sheet contacts the
stage; (d) atest step of testing performance of the sem conduct or
chips while the stage is heated at 60 to 150 degrees Cel sius, (e)
a W irradiation step of irradiating the adhesive sheet wth
ultraviolet light; and (f) a pick-up step of picking up the
sem conduct or chips fromthe adhesive sheet.

[0011]

Moreover, the present invention provides a nethod of
manuf act uri ng el ectroni ¢c conponents, i ncludi ng a step of heating
the el ectroni c conponents to which an adhesi ve sheet is bonded
at 60 to 150 degrees Cel sius. The adhesive sheet is formed by
| am natingalight curing adhesi ve |l ayer on a base nateri al havi ng
a |l owthermal shrinkage and a | ow | i near expansi on coefficient.
The I'ight curing adhesive contains a (neth)acrylic acid ester
copol ynmer, a photopol ynerizable conpound, a polyfunctional
i socyanate curing agent, and photoinitiator, and is free of
tacki fying resin.

[0012]
Here, “tackifying resin” has been conventionally used to

i nprove t he adhesi veness of the acrylic adhesive, and i ncl udes,
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for exanple, rosin resin, terpene resin, aliphatic petrol eum
resin, aromati c petrol eumresin, hydrogener at ed petrol eumresin,
counmar one-i ndene resin, styrene resin, xylene resin, and a

m xture thereof.

Ef fect of the invention
[ 0013]

According to the present invention, it is possible to
provi de an adhesi ve sheet that is resistant to heating so that
t he adhesi ve sheet is not likely to be deforned and t he adhesi ve
| ayer is not likely to be softened. As aresult, it is possible
to test a heated sem conductor wafer. Conventionally, a wafer
is tested in a heated state after the packaging step of
sem conduct or manufacturing. However, the present invention
allows the wafer to be tested in the heated state before the
packagi ng step. That is, inthe present invention, it is possible
todeterm newhether achipisdefectiveinthe heatedstatebefore
t he packagi ng step, and therefore to prevent the defective chip
frombei ng packaged. As aresult, it is possible to reduce the

packagi ng cost.

Description of Enbodi nents
[ 0014]

Hereinafter, a preferred enbodinent of the present
invention will be described. Here, the enbodi ment descri bed
later is only one exanple of the enbodi nents of the present

i nvention, and does not Iimt the scope of the invention.
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1. Adhesive sheet
(1) Base nateri al
(2) Li ght curing adhesive
(2-1) Free of tackifying resin
(2-2) (Meth)acrylic acid ester copol yner
(2-3) Photopol yneri zabl e conpound
(2-4) Pol yfunctional isocyanate curing agent
(2-5) Photoinitiator
2. Method of manufacturing electronic conponents
(1) Bondi ng step
(2) Heating step
(3) Dicing step
(4) W irradiation step
(5) Pick-up step
[ 0015]
1. Adhesive sheet

The adhesi ve sheet according to the present invention is
formed by |l ami nating a |light curing adhesive | ayer (hereinafter
referred to as “adhesive |l ayer”) on a base material having a | ow
t hermal shrinkage and al owl i near expansi on coefficient, andthe
adhesive | ayer is free of tackifying resin. The adhesive sheet
according to the present invention is not deforned when it is
heated. In addition, the adhesive sheet accordingtothe present
I nventionis not excessivelystickfast tothe sem conduct or waf er
because t he adhesi ve |l ayer is not softened due to the softening
of thetackifyingresin. Therefore, the adhesive sheet accordi ng

to the present invention can prevent a testing tinme from being



10

15

20

25

| engt hened and sem conduct or chi ps frombei ng damaged, whi ch are
ot herw se caused due to the deformation of the adhesive sheet.
Moreover, it is possible to sufficiently reduce the adhesive
strength by the irradiation with U/ light and so forth, and
therefore to prevent pick-up failure and adhesive deposit.
[ 0016]
(1) Base naterial

It is preferred that the thermal shrinkage of the base
material is equal to or less than 1 %when the base material is
heat ed at 150 degrees Celsius for 30 mnutes. |If the thernal
shrinkage is greater than 1 % the base material shrinks in the
heat ed state, and therefore the adhesi ve sheet may be def or ned.
Here, the thermal shrinkage is calculated by the follow ng
equati on.

(LO-L1)/LO%100 (%

where, LO represents thel ength of t he base materi al before
heating (10 cm; and L1 represents the |l ength of the base materi al
after the base material is heated at 150 degrees Cel sius for 30
m nutes and cool ed down to the roomtenperature. |In addition,
it ispreferredthat thelinear expansion coefficient of the base
material is equal to or less than 5.0x10° K. |f the linear
expansion coefficient of the base nmaterial is greater than
5.0x10°°/ K, the difference in the |inear expansion coefficient
I sincreased between the base material andtheringframeto which
t he adhesi ve sheet i s bonded or t he sem conduct or waf er and chi ps
whi ch are to be tested, and consequently the adhesi ve sheet may

be deforned. The base naterial may be made of plastic such as
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pol yet hyl enenapht hal ate (PEN), polyphenylene sulfide (PPS),
pol yet her et her ket one (PEEK), pol yam de-im de (PAI), polyimde
(PI)

or paper such as Japanese paper, prem um grade paper,
gl assi ne, and crepe paper. Moreover, the paper base naterial nay
be inpregnated or filled with | atex.
[0017]

The base material nmay be a single-layer filmsheet or a
mul tilayer fil m sheet made of t he above-described nmaterials, or
a multilayer filmformed by lamnating filnms nmade of various
materials. The thickness of the base material is 50 to 200 um,
preferably 70 to 150 um.

[ 0018]

It ispreferredthat antistatictreatnent is appliedtothe
base material. The antistatic treatnent may i ncl ude bl endi ng an
antistatic agent intothe base material, applyingthe antistatic
agent to the base materi al surface, and usi ng a corona di schar ge.
[0019]

For exanple, a quaternary am ne salt nononer nmay be used
as the antistatic agent. Exanples of the quaternary am ne salt
nmononmer may i nclude a di nethyl am noethyl (neth)acryl ate
quat ernary chl oride, a diethylam noethyl (nmeth)acrylate
quat ernary chl oride, a nethylethyl am noethyl (meth)acryl ate
quaternary chloride, a p-dinethylam nostyrene quaternary
chl oride, and a p-diethyl am nostyrene quaternary chloride.
Particul arly, the di nmethyl am noet hyl (neth)acryl ate quaternary

chloride is preferred.

10
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[ 0020]
(2) Light curing adhesive

The | i ght curing adhesi ve form ng t he adhesi ve | ayer of the
adhesi ve sheet according to the present invention contains a
(meth)acrylic acid ester copolynmer, a photopolynerizable
conpound, a polyfunctional isocyanate curing agent, and
photoinitiator, and is free of tackifying resin.

[ 0021]
(2-1) Free of tackifying resin

Exanpl es of the tackifying resin which causes the adhesi ve
| ayer to be softened due to heating may include rosin resin,
terpene resin, aliphatic petroleum resin, aromatic petrol eum
resin, hydrogenerated petrol eumresin, coumarone-indene resin,
styrene resin, xylene resin, and a m xture thereof.

[ 0022]

Vari ous addi tives, such as a peel i ng agent, an age resi stor,
afiller, an ultraviolet absorber, and a light stabilizer, may
be added to the adhesive as |l ong as they are free of tackifying
resin. The peeling agent may include, for exanple, a
silicone-basedgraft polynmer (thesilicone polynmer shownin Tabl e
1). Here, the tackifying resinis not used i n Exanpl es but used
i n Conparative exanples of the present invention.

[ 0023]
(2-2) (Meth)acrylic acid ester copol yner

The (meth)acrylic acid ester copolynmer may be a pol yner
consisting of a (neth)acrylic acid ester nononer, or a copol yner

consisting of a (nmeth)acrylic acid ester nononer and a vinyl

11
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compound nononer. Here, acrylate and nethacrylate are
collectively referred to as “(nmeth)acrylate.” Likew se,
compounds with and without “nmeth” are correctively referred to
as conpound with “nmeth” such as (nmeth)acrylic acid.

[ 0024]

Exanpl es of the (meth)acrylic acid ester nononer may
i nclude 2-butyl (nmeth)acrylate, t-butyl (meth)acryl ate,
pentyl (nmeth)acryl ate, octyl (meth)acryl ate,

2- et hyl hexyl (et h) acryl ate, nonyl (neth)acryl ate,

decyl (neth)acryl ate, lauryl (neth)acryl ate,

nmet hyl (nmet h) acryl ate, ethyl (neth)acryl ate

i sopropyl (nmeth)acrylate, tridecyl (nmeth)acryl ate,
nyristyl (neth)acrylate, cetyl (neth)acryl ate,

stearyl (neth)acryl ate, cycl ohexyl (neth)acryl ate,

I sobornyl (nmet h)acryl ate, dicycl opentenyl (neth)acryl ate,
benzi | (net h)acryl ate, net hoxyet hyl (net h)acryl at e,

et hoxyet hyl (nmet h) acryl ate, but oxynet hyl (et h) acryl at e,
et hoxy- n-propyl (net h)acryl ate, 2-hydroxyet hyl (nmet h)acryl at e,
2- hydr oxypropyl (net h) acryl ate, and

4- hydr oxybut yl (et h) acryl at e.

[ 0025]

The vi nyl conmpound nonomer whi ch can be copol ynerized with
the (meth)acrylic acid ester nononer nay include a functional
gr oup- cont ai ni ng nonomer havi ng one or nore ki nds of functional
groups, such as a car boxyl group, an epoxi de group, an anm de gr oup
an am no group, a nethylol group, a sulfonate group, a sulfamc

acid group and a phosphoester group.

12
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[ 0026]

The nononer havi ng a car boxyl group may i ncl ude, for exanpl e
(et h)acrylicacid, crotonicacid, nmal ei c aci d, nal ei c anhydri de,
itaconic acid, fumaric acid, acrylam de-Nglycolic acid, and
cinnami c acid. The nononer havi ng a epoxi de group may i ncl ude,
for exanpl e, allyl glycidyl ether and (nmeth)acrylic acidglycidyl
et her. The nononer havi ng an am de group may i ncl ude, for exanpl e,
(met h)acryl am de. The nononer havi ng an am no group may i ncl ude
for exanpl e, N, N-di net hyl am noet hyl (net h) acryl ate. The nononer
having a nethylol group may include, for exanple,
N- net hyl ol acryl am de.
[0027]
(2-3) Photopol yneri zabl e conpound

As the phot opol yneri zabl e conpound, for exanpl e,
trimethyl ol propane triacryl ate, tetranethyl ol met hane
tetraacrylate, pentaerythritol triacrylate, pentaerythritol
tetraacryl ate, dipentaerythritol nonohydroxy pentaacryl ate,

di pentaerythritol hexaacryl ate, 1, 4-butyl ene gl ycol diacryl ate,
1, 6- hexanedi ol diacryl ate, polyethylene glycol diacrylate,
cyanuric acid triethyl acrylate, and commercially avail abl e
ol i goester acrylate may be used.

[ 0028]

As t he phot opol yneri zabl e conmpound, an urethane acryl ate
oligoner may be wused, in addition to the above-described
acryl at e- based conpounds. The urethane acrylate oligomer is
obtai nedinreactionof aterm nal i socyanat e-cont ai ni ng ur et hane

prepol yner, which is obtained in reaction of a polyester- or

13
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pol yet her-type polyol conpound with a polyval ent isocyanate
conpound, w th hydroxy group-containing (neth)acrylate.
[ 0029]

The pol yval ent i socyanat e conpound may i ncl ude, for exanpl e
2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate,
1, 3-xyl ene diisocyanate, 1,4-xylene diisocyanate,
di phenyl net hane 4, 4-dii socyanate, trimethyl hexanethyl ene
di i socyanat e, hexanet hyl ene dii socyanate, and i sophorone
di i socyanate. 1In addition, the hydroxy group-containing
(nmeth)acrylate may include, for exanple,
2- hydroxyet hyl (nmet h) acryl ate, 2-hydroxypropyl (neth)acryl ate,
pol yet hyl ene gl ycol (neth)acryl ate, pentaerythritol triacryl ate,
gl ycidol di(neth)acrylate, and di pentaerythritol nonohydroxy
pent aacryl at e.
[ 0030]

As t he phot opol yneri zabl e conmpound, an urethane acryl ate
ol i gomer having four or nore vinyl groups is preferabl e because
it is possible to cure the adhesive sufficiently after the
irradiation with UV |ight and so forth.

[ 0031]

It is preferred that the conpounding ratio of the
phot opol yneri zabl e conpound i s equal to or higher than 5 parts
by mass and equal to or | ess than 200 parts by nmass with respect
to 100 parts by nass of the (neth)acrylic acid ester copol yner.
I f the conmpounding ratio of the photopol yneri zabl e conmpound is
| ow, the peeling property of the adhesive sheet is deteriorated

after theirradiationwith U/ Ilight and so forth, and therefore

14
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pi ck-up failure of the sem conductor chips is |likely to occur.
On the other hand, if the conpounding ratio of the
phot opol yneri zabl e conmpound is high, the pick-up failure is
likely to occur because the adhesive is scooped up during the
dicing step and a little adhesive deposit is generated fromthe
reaction residues, which causes contam nation.
[ 0032]
(2-4) Pol yfunctional isocyanate curing agent

The pol yfunctional isocyanate curing agent is a conmpound
havi ng two or nore isocyanate groups, and exanpl es thereof may
i ncl ude, for exanple, an aronmatic pol yi socyanate, an aliphatic
pol yi socyanate, a cycl oali phatic polyi socyanate, and a di ner, a
trimer and an adduct thereof.
[ 0033]

The aromati c polyi socyanate may i ncl ude, for exanple,
1, 3- phenyl ene dii socyanate, 4,4'-diphenyl diisocyanate,
1, 4- phenyl ene di i socyanate, 4, 4'-di phenyl net hane di i socyanat e,
2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate,
4,4 -toluidine diisocyanate, 2,4,6-triisocyanatotol uene,
1,3,5-triisocyanat obenzene, dianididine diisocyanate, 4
4' - di phenyl et her diisocyanate, 4,4',4"'-triphenyl met hane
triisocyanate, w,w’-diisocyanato-1,3-dimethylbenzene,
w,w’-diisocyanato-1,4-dimethylbenzene,
w,w’-diisocyanato-1,4-diethylbenzene, 1,4-tetramethylxylylene
di i socyanate, and 1, 3-tetranethyl xylyl ene diisocyanate.
[ 0034]

The al i phatic polyisocyanate may include, for exanple,

15
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trimethyl ene diisocyanate, tetranethyl ene diisocyanate,
hexanet hyl ene dii socyanate, pentanethyl ene diisocyanate,

1, 2- propyl ene diisocyanate, 2,3-butylene diisocyanate,

1, 3-butyl ene diisocyanate, dodecanethyl ene diisocyanate, and
2,4, 4-trinmet hyl hexanet hyl ene dii socyanate.

[ 0035]

The cycl oal i phati ¢ pol yi socyanat e may i ncl ude, for exanpl e,
3-isocyanat onet hyl - 3, 5, 5-tri net hyl cycl ohexyl isocyanate,

1, 3-cycl opent ane diisocyanate, 1, 3-cyclohexane diisocyanat e,
1, 4-cycl ohexane dii socyanate, nethyl-2,4-cycl ohexane

di i socyanate, nethyl -2, 6-cycl ohexane diisocyanate,

4, 4" - met hyl ene bi s(cycl ohexyl isocyanate), and

1, 4- bi s(i socyanat onet hyl ) cycl ohexane.

[ 0036]

The dinmer, the trimrer, and the adduct may include, for
exanpl e, a di nmer of di phenyl net hane dii socyanate, a tri mer of
hexanet hyl ene di i socyanat e, and an adduct of tri nethyl ol propane
and tol yl ene diisocyanate, and an adduct of tri nmethyl ol propane
and hexanet hyl ene dii socyanate.

[ 0037]

Anong t he above- descri bed pol yi socyanat es, a
pol yi socyanate having three or nore isocyanate groups 1is
preferable, and particularly, a trimer of hexanethylene
di i socyanate, an adduct of trinethylolpropane and tolylene
di i socyanate, and an adduct of trinethylol propane and
hexanet hyl ene dii socyanate are preferable.

[ 0038]

16
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The conpounding ratio of the polyfunctional isocyanate
curing agent may be preferably equal to or nore than 0.5 parts
by mass and equal to or | ess than 20 parts by nass, nore preferably
equal to or nore than 1.0 parts by mass and equal to or | ess than
10 parts by mass, with respect to 100 parts by nass of the
(meth)acrylic acid ester copolyner. Wen the conpounding ratio
of the pol yfunctional i socyanate curing agent i s equal to or nore
than 0.5 parts by mass, the adhesive strength i s not excessive,
and therefore it is possible to prevent pick-up failure from
occurring. Meanwhil e, when the conpounding ratio of the
pol yfunctional isocyanate curing agent is equal to or | ess than
20 parts by mass, the adhesive strength is not reduced, and
therefore it is possible to maintain the chip retention
performance during the dicing step.

[ 0039]
(2-5) Photoinitiator

The photoinitiator may include, for exanple, benzoin
benzoi n al kyl et hers, acet ophenones, ant hr aqui nones,
t hi oxant hones, ketals, benzophenones, and xant hones.

[ 0040]

The benzoi n may i ncl ude, for exanpl e, benzoi n net hyl et her,
benzoi n et hyl et her and benzoi n propyl ether. The acet ophenones
may i nclude, for exanple, benzoin al kyl ethers, acetophenone,
2, 2-di met hoxy- 2- acet ophenone, 2, 2-di et hoxy- 2- acet ophenone, and
1, 1- di chl or oacet ophenone. The ant hraqui nones may i ncl ude, for
exanpl e, 2-nmet hyl ant hr aqui none, 2-ethyl ant hr aqui none,

2-t-butyl ant hraqui none and 1-chl or oant hraqui none. The
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t hi oxant hones may i nclude, for exanple,

2, 4-di net hyl t hi oxant hone, 2-chl or ot hi oxant hone and

2, 4-di i sopropyl thi oxant hone. The ketals may include, for
exanpl e, acetophenone di nethyl ketal, benzyl dinethyl ketal,
benzyl di phenyl sul phi de, tetranethylthiuramonosul phi de,
azobi si sobutyronitrile, dibenzil, diacetyl, and
p-chloranthraquinone.

[ 0041]

It is preferredthat the tenperature of the photoinitiator
is increased from23 degrees Cel sius to 500 degrees Cel sius at
arate of tenperatureincrease of 10 degrees Cel sius/mn, andthe
t enperature at whi chthe nass reducti onrate of the photoinitiator
s 10 %i s equal to or higher than 250 degree Cel sius. 1In a case
I nwhi cht he adhesi ve sheet bondedto awafer andsoforthis heated
at 60 to 150 degrees Celsius inthe heating step described | ater,
if the photoinitiator volatilizes or deteriorates, the adhesive
| ayer is not sufficiently cured in a light irradiation step
foll owi ng the heating step, and therefore it is not possible to
sufficiently reduce the adhesive strength. This causes pi ck-up
failureinthe pick-upstepfollowingthelight irradiation step.
Therefore, it is preferable to use a photoinitiator that has the
above-descri bed properties and is not likely to vaporize and
deteriorate due to heating.

[ 0042]

Exanpl es of the photoinitiator having the tenperature of

equal to or higher than 250 degrees Cel sius at which the nass

reductionrate of the photoinitiator i s 10 %may i ncl ude et hanone,
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1-[ 9- et hyl - 6- ( 2- net hyl benzoyl ) - 9H car bazol e- 3-yl ] -,
1- (O acetyl oxine) (product nane: | RGACURE® OXEO2, produced by
Basf Japan Ltd.), 2,4,6-trinethylbenzoyl-di phenyl -phosphine
oxi de (product nanme: Lucirin® TPO, produced by Basf Japan Ltd.),
2- hydr oxy-1-{4-[4-(2- hydroxy-2-nmet hyl - propi onyl ) - benzyl ] -
phenyl } - 2- net hyl - pr opane- 1- one (product nane: | RGACURERL27,
produced by Basf Japan Ltd.),
2- benzyl - 2- di met hyl am no- 1- (4- nor phol i nophenyl ) - but anone- 1
(product nane: | RGACURERB69, produced by Basf Japan Ltd.),
2- di met hyl am no- 2- (4- net hyl - benzyl ) - 1- (4- nor phol i n- 4-yl -
phenyl ) - but ane- 1-one (product nane: | RGACURER379, produced by
Basf Japan Ltd.), and
bi s(2, 4, 6-trinmethyl benzoyl ) - phenyl phosphi ne oxi de (product
nane: | RGACURE®B19, produced by Basf Japan Ltd.)
[ 0043]

Anmong them the ethanone,
1-[9-et hyl - 6-(2-net hyl benzoyl ) - 9H car bazol e- 3-yl ] -,
1- (O acetyl oxinme) (product nane: | RGACURE® OXEO2, produced by
Basf Japan Ltd.), 2,4,6-trinethyl benzoyl -di phenyl - phosphi ne
oxi de (product nanme: Lucirin® TPO, produced by Basf Japan Ltd.),
and 2-hydroxy-1-{4-[4-(2-hydroxy-2-nethyl -propi onyl)-benzyl]-
phenyl } - 2- met hyl - pr opane- 1- one (product nane: |rgacure®127,
produced by Basf Japan Ltd.) are preferabl e because the
tenperature at which the mass reduction rate is 10%is equal to
or hi gher than 270 degrees Cel si us.
[ 0044]

It is preferred that the conpounding ratio of the
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photoinitiator is equal to or higher than 0.1 parts by mass and
equal to or less than 20 parts by mass with respect to 100 parts
by mass of the (nmeth)acrylic acid ester copolyner. If the
conpounding rati o of the photoinitiator is too |low, the peeling
property of the adhesive sheet is deteriorated after the
irradiation wwth UV light and so forth, and therefore pick-up
failure of the sem conductor chips is likely to occur. On the
ot her hand, i f the conpoundingratio of the photoinitiator istoo
hi gh, the photoinitiator bl eeds on the surface of the adhesive,
whi ch causes contam nati on.

[ 0045]

One or two or nore ki nds of wel | - known phot opol yneri zati on
pronot ors may be conbi ned with t he photoi nitiator as needed. The
phot opol yneri zati on pronotor may i nclude, for exanple, benzoic
acidseriesandatertiaryamne. Thetertiary am ne may incl ude,
for exanpl e, trimet hyl am ne, t et raet hyl pent aam ne and
di met hyl am noet her.

[ 0046]

The t hi ckness of the adhesive | ayer is preferably equal to
or more than 3 um and equal to or less than 100 um, more preferably
equal to or more than 5 um and equal to or less than 20 um. If
t he adhesive | ayer is too thick, the adhesive strength becones
t oo hi gh, andt hereforethe pick-upperfornmance deteriorates. On
the other hand, if the adhesive |ayer is too thin, the adhesive
strength becones too low, and therefore the chip retention
performanceinthedicingstepdeteriorates. Asaresult, peeling

may occur between the ring frame and the sheet.
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[ 0047]
2. Method of manufacturing el ectronic conponents

The nmethod of rmanufacturing electronic conponents
accordingtothe present i nventionincludes astep of heatingthe
el ectroni c conponent stowhi chthe above-descri bed adhesi ve sheet
i's bonded at 60 to 150 degrees Cel sius. Hereinafter, detailed
st eps of the manuf acturing nethodw || be descri bed sequentially.
[ 0048]
(1) Bondi ng step

First, in the bonding step, the adhesive sheet is bonded
tothe sem conduct or waf er (or substrate) andtheringfrane. The
waf er may be a conventional and general wafer such as a silicon
wafer, a galliumnitride wafer, a silicon carbide wafer, and
sapphire wafer.
[ 0049]
(2) Heating process

Wien the circuit fornmed on the wafer is tested, the wafer
may be heated at about 60 to 150 degrees Cel sius for about 15
mnutesto5hours. Inaddition, the heatingstep my be perforned
inorder torenove cutting water after the dicing step descri bed
next, and in this case, the wafer is heated at about 60 to 150
degrees Cel si us for about 15 m nutesto 5 hoursinthe sanme nmanner.
[ 0050]

Even t hough bei ng heat ed, the adhesi ve sheet according to
the present inventionis not significantly deforned because its
base material has a low thermal shrinkage and a |ow |inear

expansi on coefficient. In addition, the softening of the
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adhesi ve | ayer due to the softening of the tackifying resin does
not occur, and therefore the adhesive | ayer is not excessively
stick fast to the sem conductor wafer. Therefore, the nethod of
manuf acturing el ectronic conponents according to the present
i nvention can prevent the testing tinme frombei ng | engt hened and
sem conduct or chi ps frombei ng damaged due to t he def ormati on of
t he adhesi ve sheet. Mbdreover, inthe Wirradiation step andthe
pi ck-up step described later, it is possible to sufficiently
reduce t he adhesi ve strengt h of t he adhesi ve | ayer by irradiation
with UV 1light and so forth, and therefore to prevent the pick-up
failure and the adhesive deposit.
[ 0051]
(3) Dicing step

Inthe dicing step, the silicon wafer is diced to produce
sem conductor chips or sem conductor conponents. When the
circuit istested after the sem conductor chi ps or sem conduct or
conponents are produced, the above-described heating step is
performed after the dicing step. The heating step may be
performed in order to renove the cutting water after the dicing
st ep.
[ 0052]
(4) Light irradiation step

In the light irradiation step, the |ight curing adhesive
| ayer is irradiated wth active light such as U/ light fromthe
base material side. Exanples of thelight source of UVIight may
i ncl ude al ow pressure nercury | anp, a hi gh-pressure nercury | anp,

an ul tra-hi gh pressure nercury | anp, a netal halide | anp, and a
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bl ack Iight.
[ 0053]

By theirradiationwithlight, the adhesive |l ayer i s turned
into athree-di nensi onal network and cured, so that the adhesive
strength of the adhesive layer is reduced. In this case, the
adhesi ve sheet according to the present invention is not
excessively stick fast tothe wafer and so forth even t hough bei ng
heated as described above, and therefore it is possible to
sufficientlyreducethe adhesivestrengthbytheirradiationw th
W light and so forth.

[ 0054]
(5) Pick-up step

In the pick-up step, the sem conductor chips or
sem conduct or conponents are peel ed off fromthe adhesive | ayer
of the adhesive sheet. |In this case, the adhesive strength of
the adhesive sheet according to the present invention is
sufficientlyreducedbytheirradiationwith UVIight andsoforth,
and therefore the chips or conponents can be easily peel ed of f
fromthe adhesive layer. As aresult, it is possibleto achieve
good pi ck-up performance and to prevent failure such as adhesi ve
deposit. The sem conductor chi ps or conponents nay be pi cked up
by: transferring the chips or conponents onto anot her adhesive
sheet; squeegeei ng t he adhesi ve sheet fromthe back si de to peel
t he chi ps or conponents; and pushing up the chi ps or conponents
with aneedlepin. Inaddition, anexpansion step may be provi ded
before the pick-up step as needed. |In the expansion step, the

adhesi ve sheet i s expanded to i ncrease the di stance between t he
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sem conduct or chi ps or conponents, so that they can be easily
pi cked up.
[ 0055]

After the pick-up step, the collected chi ps or conponents
are nounted on the lead frane via die attach paste. After the
chi ps or conponents are nounted, the die attach paste i s heated
toal |l owt he chi ps or conponentsthermal |y adheretothel eadfrane
After that, the chips or conponents nounted onthe | ead frane are
nol ded with resin.

Exanpl es
[ 0056]
<Exanmpl e 1>

The light curing adhesive was prepared according to the
conmbi nation shown in Table 1. The light curing adhesive was
applied to a separator filmnade of pol yethyl ene terephthal ate
so that the thickness of the adhesive layer was 10 um after the
adhesive layer is dried. This adhesive |ayer was | am nated on
the base material and aged at 40 degrees Cel sius for 7 days to
achi eve an adhesive sheet. As the base material (K-1),
polyethylenenaphthalate having a thickness of 100 um, produced
by Teijin DuPont Filnms Japan Limted, was used (product nane:
Teonex®X»1). Hereinafter, in Tables 1 and 2, the unit of each
of the (nmeth)acrylicacidester copol ynmer, the photopol yneri zabl e
conmpound, the polyfunctional isocyanate curing agent, the
photoinitiator, the silicone-based graft copolynmer and
tackifying resin is parts by nass.

[ 0057]
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[ 0058]
<Base material >

K-1: Pol yet hyl enenapht hal ate, Teonex®X»®1 produced by
Teijin DuPont Films Japan Limited, having a thickness of 100 um;
the thermal shrinkage at 150 degrees Celsius is 0.1 % and the
| i near expansion coefficient at 60 to 150 degrees Celsius is
1.3x107°%/ K.

K-2: Afilmof Japanese paper produced by Uni quet ape Ltd.,
having a thickness of 70 um; the thermal shrinkage at 150 degrees
Celsius is 0.2 % and the |inear expansion coefficient at 60 to
150 degrees Celsius is 3.0x10°°/ K

K-3: Pol yphenyl ene sulfide, TORELI NARBOOO produced by
Toray Industries, Inc., having a thickness of 100 um; the thermal
shri nkage at 150 degrees Cel siusis0.1% andthelinear expansion
coefficient at 60 to 150 degrees Celsius is 2.6x10° K.

K- 4: Pol yet her et her ket one, SUM LI TE®RFS- 1100C pr oduced by

Sumitomo Bakelite Co., Ltd., having a thickness of 100 um; the

25



10

15

20

25

t hermal shrinkage at 150 degrees Celsiusis 0.4 % and the |inear
expansi on coefficient at 60 to 150 degrees Cel sius is 4. 7x10°°/ K.
[ 0059]
<Li ght curing adhesive>
<(Meth)acrylic acid ester copol yner>

A-1: Acrylic rubber, N pol ®AR53L produced by ZEON
CORPCORATI ON; a copol yner of ethyl acryl ate of 54 % butyl acryl ate
of 19 % and net hoxyet hyl acryl ate of 24 %obt ai ned by emul si on
pol yneri zati on.

A- 2: SK-Dyne®1496 pr oduced by Soken Chem cal & Engi neering
Co., Ltd.; a copolyner of 2-ethyl hexyl acrylate of 96 % and
2- hydr oxyet hyl acrylate of 4 % obtained by solution
pol yneri zati on.
<Phot opol yneri zabl e conmpound>

B-1: UN- 905 produced by Negam chem cal industrial co.,
ltd; a conpound obtained by reacting a trinmer of isophorone
di i socyanate with acryl ate consi sting primarily of
di pentaerythritol pentaacryl ate, and cont ai ni ng 15 vi nyl groups.

B-2: A-TMPT produced by Shin Nakamura Chem cal Co., Ltd.;
trimethyl ol propane triacrylate containing 3 vinyl groups.
<Pol yfuncti onal isocyanate curing agent>

C-1: CORONATE®L-45E produced by N ppon Polyurethane
I ndustry Co., Ltd; an adduct of 2,4-tolylene diisocyanate and
tri met hyl ol propane.

C-2: Trinethyl ene diisocyanate.
<Photoi niti at or>

D 1: | RGACURE®127 produced by  Basf Japan  Ltd.
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2- hydr oxy-1-{4-[4-(2-hydroxyl - 2-nmet hyl - propi onyl ) - benzyl ] -
phenyl } - 2- met hyl - pr opane- 1- one; 275 degr ees Cel si us at whi chthe
mass reduction rate is 10 %

D 2: | RGACURE® OXEO2 pr oduced by Basf Japan Ltd.; et hanone,
1-[ 9- et hyl - 6- ( 2- net hyl benzoyl ) - 9H car bazol e- 3-yl ] -,

1-(O acetyl oxine); 320 degrees Celsius at which the nass
reduction rate is 10%

D-3: Lucirin® TPO  produced by Basf Japan Ltd.
2,4,6-trinethyl benzoyl - di phenyl phosphi ne oxide; 270 degrees
Cel sius at which the mass reduction rate is 10%

D-4: | RGACURE®651 produced by Basf Japan Ltd.; benzyl
di met hyl ketal; 185 degrees Cel sius at which the mass reduction
rate is 10%
<Si | i cone-based graft copol yner>

E- 1. UTMVt LS2 pr oduced by Soken Chem cal & Engi neering Co.,
Ltd.; a silicone-based graft copol ynmer obt ai ned by pol yneri zi ng
silicone-based ol i goner units havi ng (nmeth)acryl oyl groups at t he
term nals of thesiliconechainsw thacrylic vinyl units of such
as net hyl nethacryl ate.
<Tacki fying resin>

F-1: YS Polyster S145 produced by YASUHARA CHEM CAL;
terpene phenol resin having a softening point of 145 degrees
Cel si us.

[ 0060]

The adhesi ve sheet of Exanple 1 was fornmed by UV curing

adhesi ve contai ning: 100 parts by mass of a (neth)acrylic acid

ester copolyner (A-1); 50 parts by mass of a photopol yneri zabl e
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compound (B-1); 3 parts by mass of a pol yfunctional isocyanate
curing agent (C1); 2 parts by nass of a photoinitiator (D 1);
and 1.5 parts by mass of a silicone-based graft copol yner (E-1)
listed in Table 1 as “silicone-based copolyner. This adhesive
sheet was bonded to the ring frame, and t he silicon waf er having
a di anet er of 8 inches and athickness of 0.1 mmand havi ng a dummy
circuit pattern formed thereon. The silicon wafer was pl aced on
a hot plate such that the surface oppositetothe surfaceto which
t he adhesi ve sheet i s bonded cont act st he hot pl at e, and was heat ed
at 120 degrees Cel sius for one hour. After that, the dicingstep,
the light irradiation step and the pi ck-up step were perforned.
[ 0061]

The conditions of the dicing step were as foll ows:

Dicing apparatus: DAD341 manufactured by DI SCO
Cor por ati on;

Di cing blade: NBC ZH2050 27HEEE nanufactured by DI SCO
Cor por at i on;

The shape of the dicing bl ade: outer diameter of 55.56 nm
cutting blade width of 35 um, inner diameter of 19.05 mm;

The nunber of rotations: 40,000 rpm

Feed rate: 50 nmmi sec;

Dicing size: 10 mm x 10 nm

The depth of cutting into the adhesive sheet: 15 um;

The tenperature of cutting water: 25 degree Cel sius; and

The amount of cutting water: 1.0 |/ mn.
[ 0062]

The condition of the light irradiation was as foll ows:
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Irradiation with UV |ight: exposure dose of 150 mJ/cnf by
using a high-pressure nercury | anp.
[ 0063]

The condition of the pick-up step was as foll ows:

A transfer adhesive sheet having an adhesive strength of
6.25 N 25 mmto the silicon wafer was bonded onto t he di ced waf er,
and then the transfer adhesi ve sheet was peel ed of f, so that the
chi ps were transferred.
[ 0064]

The follow ng evaluations were perfornmed in the heating
st ep.
(1) Defornmation of the adhesive sheet

The sheet heated at 120 degrees Cel sius for one hour was
observed, and eval uated according to the following criteria.

E (Excellent): there was no “deformation” and “cockle”
after the heating.

G (Good): there was slight “deformati on” and “cockl e” due
to the heating.

B (Bad): there were “deformati on” and “cockl e” due to the
heat i ng.
[ 0065]

The f ol | owi ng eval uati ons were perfornedinthedicingstep
and the pick-up step
(1) Chip retention performance

After the dicing step, the chip retention performance was
eval uat ed based on the resi dual rate of the sem conductor chips

that were retained on the adhesive sheet, according to the
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followi ng criteria.

E (Excellent): 5% or |ess of chips peeled off;

G (Good) : 5%or nore and | ess than 10 %of chi ps peel ed of f;
and

B (Bad): 10 % or nore chips peeled off.
[ 0066]
(2) Chip pick-up performance

In the pick-up step, the semconductor chips were
transferred by using the transfer adhesi ve sheet, and then, the
chi p pi ck-up performance was eval uated based on the percent age
of the sem conductor chips that were successfully transferred,
that is, successfully picked up, according to the follow ng
criteria.

E (Excellent): the success rate of the pick-up was 95 %or

G (Good): the success rate of the pick-up was 80 %or nore
and |l ess than 95 % and

B (Bad): the success rate of the pick-upwas | ess than 80 %
[ 0067]

The result of the evaluations is shown in Table 1. The
adhesi ve sheet of Exanple 1 was not deforned after the heating
step and evaluated as excellent in both the chip retention
performance and the chip pick-up performance.

[ 0068]
<Exanples 2 to 21>
Wth Exanples 2 to 21, the eval uated adhesi ve sheets were

manuf actured i nthe sanme manner as Exanpl e 1, except for the ki nds
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of the base material, and the kinds or the presence or absence
of the (neth)acrylicacidester copol yner, the phot opol yneri zabl e
compound, the polyfunctional isocyanate curing agent, the
photoinitiator, and the silicone-based graft copol ynmer as shown
in Table 1. The results were shown in Table 1.
[ 0069]
<Conparative exanples 1, 2, and 4 to 9>

Wththe conparativeexanples 1, 2, and4to9, theeval uated
adhesi ve sheets were manufactured i n the sane manner as Exanpl e
1, except for the conbi nati ons shownin Table 2. Theresults are
shown in Table 2.

K-5: Pol yet hyl ene t erepht hal ate, Lum rror ®10 produced by
Toray Industries, Inc., having a thickness of 100 um; the thermal
shrinkage at 150 degrees Celsius was 1.1 % and the linear
expansi on coef ficient at 60to 150 degr ees Cel si us was 6. 5x10°°/ K.

K-6: A cyclic olefin copolymer, F filmproduced by GUNZE
LIMITED, having a thickness of 100 um; the thermal shrinkage at
150 degrees Celsius was 0.2 % and the Ilinear expansion
coefficient at 60 to 150 degrees Cel sius was 6.5x10°°/ K.
<Conparative exanple 3>

Wth the conparative exanple 3, the eval uated adhesive
sheet was manufactured in the same manner as Exanple 1, except
that the silicone-based graft copol ymer was not added but the
tackifying resin was added. The result is shown in Table 2.
[ 0070]
Table 2
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[0071]

The adhesi ve sheet of Exanples 2 to 21 exhi bited excel |l ent
chip retention performance and chi p pi ck-up performance. Onthe
ot her hand, the adhesive sheets of Conparative exanples 1 and 2
wer e def ornmed aft er t he heatingstep. Mreover, withtheadhesive
sheet of Conparative exanple 3, the chip pi ck-up performance was

poor, and substantial adhesive deposit was observed.
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Cl ai ns

1. A heat - resi st ant adhesi ve sheet for sen conduct or testing,
used i n a perfornmance test whil e sem conduct or chi ps are heat ed,
the heat resistant adhesive sheet conpri sing:

a base material; and

an adhesive | ayer provided on the base material,

t he base material having athermal shrinkage of | ower than
1 %when bei ng heated at 150 degrees Cel sius for 30 m nutes and
a |l i near expansi on coefficient of equal to or | ower than 5.0x10°
at 60 to 150 degrees Cel sius, and

t he adhesive | ayer containing a (neth)acrylic acid ester
copol ynmer, a photopol ynerizable conpound, a polyfunctional
i socyanate curing agent, and photoinitiator,

wher ei n:

t he adhesi ve | ayer contains 5 to 200 parts by nass of the
phot opol yneri zabl e conpound, 0.5 to 20 parts by mass of the
pol yfunctional isocyanate curing agent, and 0.1 to 20 parts by
mass of the photoinitiator, with respect to 100 parts by mass of
the(neth)acrylic acid ester copolyner; and

the adhesive layer is free of tackifying resin.

2. The heat-resi stant adhesive sheet according to claim1,
wherein the adhesive l|layer contains a silicone-based graft

copol yner.

3. The heat - r esi st ant adhesi ve sheet accordi ngto one of claim
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1 and cl ai m2, wherei nthe pol yfunctional i socyanate curing agent

contains three or nore isocyanate groups.

4, The heat - r esi st ant adhesi ve sheet accordi ngto one of claim
1toclaim3, wherein when a tenperature of the photoinitiator
is increased from 23 degrees Celsius at a rate of 10 degrees
Cel sius/mn, atenperature at which a nass reduction rate of the
photoinitiator is 10 %is equal to or higher than 250 degree

Cel si us.

5. The heat - r esi st ant adhesi ve sheet accordi ngto one of claim
1 to claim4, which is used in a nmethod of manufacturing a
sem conductor, the nethod conpri sing:

(a) a bonding step of bonding the adhesive sheet to the
sem conduct or chi ps;

(b) a sticking fast step of sticking the sem conductor chips to
whi ch the adhesive sheet is bonded fast to a stage having a
tenperature of 60 to 150 degrees Cel si us whil e the adhesi ve sheet
contacts the stage;

(c) atest step of testing performance of the sem conduct or chi ps
while the stage is heated at 60 to 150 degrees Cel sius; and
(d) aUWirradiation step of irradi ati ng the adhesi ve sheet with
ultraviolet light; and

(e) a pi ck-up step of picking upthe sem conduct or chi ps fromthe

adhesi ve sheet.

6. The heat-resistant adhesive sheet for semnm conductor
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testing according to one of claimlto claim4, whichis used for
a met hod of manuf acturi ng a sem conductor, the net hod conpri si ng:
(a) a bondi ng step of bondi ngthe adhesi ve sheet to a sem conduct or
wafer or a substrate;

(b) a dicing step of dicing the sem conductor wafer or the
substrate into sem conduct or chi ps;

(c) a sticking fast step of sticking the sem conductor chips to
whi ch the adhesive sheet is bonded fast to a stage having a
tenperature of 60 to 150 degrees Cel si us whil e the adhesi ve sheet
contacts the stage;

(d) atest step of testing performance of t he sem conductor chi ps
while the stage is heated at 60 to 150 degrees Cel si us;

(e) aWirradiation step of irradiating the adhesi ve sheet with
ultraviolet light; and

(f) a pick-up step of picking upthe sem conductor chi ps fromthe

adhesi ve sheet.
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