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{0001} The present invention relates to a wafer-processing tape. BACKGROUND
ART 10 {0002} In a process of producing sem conductor devices, the steps to
be carried out include: a step of cutting1(dicing) a silicon wafer into
chip units; a step of picking up the thus-cut sem conductor el enents
(chips); and a step of die-bonding (nmounting) the thus-picked-up chips to

| ead frames, package substrate 15boards, or the like. As a wafer-processing
tape that is used in the process of produci ng sem conductor devices, in

recent years, a dicing die-bonding i own, in which a renovabl e
adhesi ve | ayer and an adhesi ve |ayef'9§§§4'§ﬂ?5%l inthis order, on a

supporting substrate (see, for exanple, Patent Literature 1). As such, in a
waf er - processi ng tape in which a renovabl e adhesive | ayer 20 and an

adhesi ve | ayerLROF INVERTION: WARER/EROCESSINGI T?PEt e, the time period
that the renovabl e adhesive | ayer and the adhesive | ayer are brought into

contact with each other is necessarily |engthened, between the production
and the use X this causes a problemthat those two |ayers
becone eniiéﬁlﬁﬁﬁleﬁﬁf%t her before use, so that, in the step of picking
up the thus{dzj’mr})ped and

The present invention relates to a wafer-processing tape.

BACKGROUND ART
10 {0002}

In a process of producing semiconductor devices, the steps to be carried
out include: a step of cutting (dicing) a silicon wafer into chip units; a step of
picking up the thus-cut semiconductor elements (chips); and a step of die-
bonding (mounting) the thus-picked-up chips to lead frames, package substrate

15 Dboards, or the like. As a wafer-processing tape that is used in the process of
producing semiconductor devices, in recent years, a dicing die-bonding sheet is
known, in which a removable adhesive layer and an adhesive layer are formed, in
this order, on a supporting substrate (see, for example, Patent Literature 1).

As such, in a wafer-processing tape in which a removable adhesive layer

20 and an adhesive layer are formed in this order on a substrate, the time period that
the removable adhesive layer and the adhesive layer are brought into contact
with each other is necessarily lengthened, between the production and the use
thereof. Thus, this causes a problem that those two layers become blended with
each other before use, so that, in the step of picking up the thus-chipped and

25 adhesive layer-adhered semiconductor elements, the removable adhesive layer
and the adhesive layer may not be sufficiently peeled off from each other.

Thus, a wafer-processing tape that addresses such a problem is known, to

make the chipped and adhesive layer-adhered semiconductor elements readily



25 adhesive | ayer-adhered senm conductor el enents, the renovabl e adhesive

| ayer and the adhesive | ayer may not be sufficiently peeled off from each
ot her. Thus, a wafer-processing tapge that addresses such a problemis
known, to make the chi pped and adhesi ve fayer-adhered sem conduct or

el ements readily 2 peel off fromthe renovabl e adhesive | ayer, by

provi ding a peeling-off |ayer between the renovabl e adhesive | ayer and the
adhesive | ayer (see, for exanple, Patent Literature 2). Further, a

waf er - processing tape is known, which is advantageous in 5peeling-off from

t he renovabl e a eS| e la mhlc S a SO ceIIe i veness

t ghan obj f—:-cPLee! 8 ﬁl@ f%@"’"@&‘ﬁ ?ahﬁ'y@ PRE P‘foé( ng Peoeeeiﬂg%@gg?ﬂ he
adhesi ve IthET: 10
PATENT LI T%ﬁﬁg@ Fe&g%\{d ata gﬁtggx‘??é e)%g{anyethﬁ a@?é?iz_e:fa e5r G%é\-lfb%%{hg%rreans
unexam ned Rztbht ﬁtmdtuﬂaaanese pat ent application) Patent Literature 2:
JP- A-2005- 277383 15 Patent Literature 3: JP-A-2008-244463 SUMVARY OF

| NVENTI ON TEleF@mwenm@E&wqroomn@mq/\ﬁf@M& sl isrrfviestrgedusiRi s ki nd

's used5| : pte% ing- o%pf?om%e removable adhesive layer, and which is also excellent in

adhesiveness to an object to adhere, by controlling the surface free energy of the

adhesive layer before curing (see Patent Literature 3).
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
{0004}

20 A wafer-processing tape of this kind is used in the steps below:
(1) A step of laminating a supporting substrate, a removable adhesive layer,
and an adhesive layer, in this order, to form the wafer-processing tape;
(2) A step of adhering the adhesive layer of the wafer-processing tape to the
backing surface of a silicon wafer;

25 (3) A step of adhering a wafer ring to the removable adhesive layer formed on
the supporting substrate of the wafer-processing tape;
(4) A step of dicing, by cutting the silicon wafer into semiconductor elements

(chips);



(1) A step of lamnating a supporting substrate, a renovabl e adhesive

| ayer, and an adhesive layer, in this order, to formthe wafer-processing
tape; (2) A step of adhering the adhesive |ayer of the wafer-processing
tape to the backing surface of a silicon wafer; 25 (3)A step of adhering a
wafer ring to the renovabl e adhesive |ayer fornmed on the supporting
substrate of the wafer-processing tape; (4)A step of dicing, by cutting the
silicon wafer into sem conductor elenents (chips); 3 (5) A step of

pi cki ng up, by peeling off an adhesive | ayer-adhered sem conductor el enent

fromthe renpvabl e adhesive |ayer, to_ take the resultant sem conductor
el ement out {Ohnd A stepgf picking Hooby aeelinga iﬁﬁ'g‘?dhﬂ?'vz?d%?'i‘ﬁéh?rﬁg resul t ant

sem conduct Qr i g g r

connect i on, SeniReHRoq dethefy ok (5 RpSIzR: Auhedide IRRGR toke uff feklidn

For this reasicoridiftdreslenteint bhe amdhesi ve layer that is brought into
contact with an object to be adhered in the die-bonding step becones a face
that i s oncé6pndhdy sieptal didbondimgy b bdhadhg thes eeduitast semitonteectop etdneentdo

therefro to 10chapge the surface free energy thereof. Thus, there is a
o obl em 5 hai WTNGrad ied JAHAG MATHRRIOR By tenR! BIBNBRHRTDiSUSh B4 6t famReor

surface fre?o Hth%Ys%fni&&?d eﬁb}ﬁ(—‘énkayer al one is controll ed. I n
e

vi ew of the a%ove, t present 1 nvention is contenplated for providing a

waf er - pr ocessi ng Foriifis heasdry tha fasthetheaadhagiie lahécthabizsbrdubhi intcodntabt
adhesi veness, even if the adhesive |layer has a face that has been once

adhered t o avithamohjecktalbit adheeed inytbe digrbonding gter bedomes & fagmthalds once
removabl e a%gﬁg‘evde toI t%}é%mo%%’b%Té&%\ésT\% B%lr?’zliﬁyl then peeled off therefrom, to
10 change the surface free energy thereof. Thus, there is a problem that sufficient
adhesiveness may not be exhibited, even if the surface free energy of the
adhesive layer alone is controlled.
In view of the above, the present invention is contemplated for providing a
wafer-processing tape having an adhesive layer which has sufficient
15 adhesiveness, even if the adhesive layer has a face that has been once adhered
to a removable adhesive layer and then peeled off from the removable adhesive

layer.

SOLUTION TO PROBLEM
20 {0005}
The problems of the present invention can be solved by the following
means.
(1) A wafer-processing tape, having a supporting substrate, a removable
adhesive layer, and a single layer of an adhesive layer, which are laminated in
25 this order, in which the adhesive layer is an adhesive layer which is used to crimp
(i.e. to adhere by applying a pressure) a semiconductor element to a wiring-
adhered wiring member for external connection or another semiconductor

element, and in which a difference in surface free energy between the face of the



20 {0005} The problens of the present invention can be solved by the
follow ng neans. (1) A wafer-processing tape, having a supporting substrate,
a renovabl e adhesive | ayer, and a single, | ayer of an adhesive | ayer, which
are lamnated in 25 this order, in whi cH*t he adhesi ve | ayer is an adhesive
| ayer which is used to crinp (i.e. to adhere by applying a pressure) a

sem conductor elenent to a wiring-adhered wring nenber for external
connecti on or another sem conductor elenent, and in which a difference in
surface free energy between the face of the 4 adhesive |ayer that has been

peel ed-of f fromthe renmovabl e adhesi ve er,and the face that, |

brought i n@ghesiNedayer ?Wq%%e?’b%%lﬁﬂﬁﬁ@%‘F{'&QFJ@”\%{%Q? %@efg)%n@y% %@ or

| ess. ( r=Jh &?Effﬁi' 50‘?1?50 HeeGehRRab iV fi101 N
whi ch t he @%Eﬁggg{ rneogbgne g)'/ﬁ'tgf t et?gtce ofcrét he gldénlhae%rih%emf ra%‘;%r that is
not in cont@®in?wrtiésd. he renovabl e adhesive layer is from30 ml/n2 to 50
ml/ n2. (3) The wafer-processing tape as described in the %Ag]e&}eéjl% or (2),
in which t2) adidei wafer-presessing @peasdgssripad in fsmiRndd) il y

suspension pQ rization including.acrylonifr] j ol to
the pr eéentsgrgﬁég‘rﬁrteﬁcﬁﬂerg}‘lg* Q@n%gﬁ\pg tl?ee?épgsq/%f@efé%%ﬁygéﬁ%\&qﬁggﬁlﬂg% i's
used o 11 YomoYBBleCRIbRIEORyE [BTRIM S0GRIRN B ¢ ng menber or anot her
sem conductor el'ement I n the die-bonding step of the production of

seni conduc®y déteowaferpnbdessirigetaperas/dasosibad e theygemdfl ¢ o8 (2oinawhisbithe
conposition that is provided on a supgorti ng hstrate, and.that is adhered
15t 0 the basikiestyedayarLontains 2 RQlyMepROMBPEAC (\E’}I"’i'ﬂeq Ebﬁ SUSRERFIOR | ayer

i nt er posed pté)r]]yer{ﬁ% '%é[tiﬁ?‘ﬁQ"'P?g‘ﬁeaascbr%'B{‘ﬁﬁlgyi sionally fix the adhesive-adhered

silicon waf e adhesive force of the renobvabl e
adhesi yg, in theydle, 28cs #f thielisreBemduvéntion, tie adhesionefetoio aleasices. 20

ADVANTAGEOUS EFFECTS OF [ NVI | ON (0006) ..
composition that is used to fix a semiconductor element (chip) and a wiring
member or another semiconductor element in the die-bonding step of the
production of semiconductor devices, while the removable adhesive refers to a
resin composition that is provided on a supporting substrate, and that is adhered

15  to the backing surface of a silicon wafer, with the adhesive layer interposed
therebetween, so as to provisionally fix the adhesive-adhered silicon wafer to a
ring frame by the adhesive force of the removable adhesive, in the dicing step of

the production of semiconductor devices.

20 ADVANTAGEOUS EFFECTS OF INVENTION
{0006}

According to the present invention, there is provided a wafer-processing
tape having an adhesive layer which has sufficient adhesiveness, even if the
adhesive layer has a face that has been once adhered to a removable adhesive

25 layer and then peeled off from the removable adhesive layer.
{0007}
Other and further features and advantages of the invention will appear

more fully from the following description, appropriately referring to the



According to the present invention, there is provided a wafer-processing
t ape havi ng an adhesi ve | ayer which has sufficient adhesiveness, even if
t he adhesive | ayer has a face that has been once adhered to a renovabl e
adhesive 25 | ayer and then peel ed off frot the renovabl e adhesive | ayer.

(0007) O her and further features and advantages of the invention

w Il appear nore fully fromthe follow ng description, appropriately
referring to the acconpanying drawi ng. BRI EF DESCRI PTI ON OF DRAW NG {0008}
5{Fig. 1} Fig. 1 is a cross-sectional view schematically illustrating

a wafer-processing tape of the present invention. MODE FOR CARRYI NG OQUT THE
| NVENTI ON 18C¢QiBBa0YINg drawifige waf er - pr ocessi ng tape of the present

i nvention has a supporting substrate, a renovabl e adhesive |ayer, and a
single layer of an adhesive layer, lamnated in this order. Fig. 1

il lustratesBRIEF'WESCRIPPICN OFMORANENGS the present invention in a
schemati c cross-sectional view A wafer-processing tape 15 10 i s conposed

of a renovaffl®8&dhesive film 12 and an adhesive | ayer 13. The renovabl e
adhesi vgijfih__m 12 is a filmin which a renovabl e adhesive |ayer 12b is
| am nat oH 'S Supporting substrate 12a. On the adhesive layer 13, a

rel easabl e PET fi 1 i Qfes,‘, : Lpe: of . this
rel easabl e PET fridgﬁé a'p%g?%—%@éfflwan g%??&%ﬂ%@%@‘ln aag%g?red to the
adhesi ve | ageycedsing28pé St tHepeskhemventomy)

MODE FOR CARRYING OUT THE INVENTION
10 {0009}

The wafer-processing tape of the present invention has a supporting
substrate, a removable adhesive layer, and a single layer of an adhesive layer,
laminated in this order. Fig. 1 illustrates the wafer-processing tape of the
present invention in a schematic cross-sectional view. A wafer-processing tape

15 10 is composed of a removable adhesive film 12 and an adhesive layer 13. The
removable adhesive film 12 is a film in which a removable adhesive layer 12b is
laminated on a supporting substrate 12a. On the adhesive layer 13, a
releasable PET film 11 is superimposed, but at the time of use, this releasable
PET film is peeled off, and a silicon wafer is adhered to the adhesive layer 13.

20 (Surface free energy)

In the present invention, the surface free energy is defined as the value
obtained by measuring the contact angle between water and diiodomethane
(liquid droplet volume: water 2 pL, diiodomethane 3 pL; reading time: 30 seconds
after dropwise addition), and calculated by the following formulas:

25 {0010}



In the present invention, the surface free energy is defined as the val ue
obt ai ned by neasuring the contact angle between water and dli odonet hane
(l'iquid droplet volune: water 2 pL, diiq?onnethane 3 pL; reading tine: 30
seconds after dropw se addition), and cafcul ated by the follow ng fornul as:
25 {0010} T, = TP, Td, , 72.80 + cos OH )= 2(21.87")3+ 451.07f)2 50.8(i +
cos 01) = 2(48.57 : )i + 2t2.37-: p Ts :Surface free energy Pol ar conponent
of surface free energy 'rad : D spersed conponent of surface free energy CH
: Contact angle of water against solid surface O :Contact angle of
di i odonet hane agai nst solid surface {0011) The reason is not clearly
known, why agmaéefppwqée55|ng t ape havi ng an adhesi ve | ayer which has
sufficient adHesivéness, even if the adhesive layer is a 5 face that has
been once adhered to a renovabl e adhesive | ayer and then peeled off from
t he renovabl e adhesive | ayer, can be obtained by controlling the
difference in fthe surf ce f ﬁﬁrgy r, it is anticipated that the
reason may A8 si-fcokﬂo Z(Jrﬂdn?')f in the surface free energy is
controlled, it is prevented

1

1
50.8(1 + cos8') = 2(48.57¢F + 2(2.3r7 )

T, :Surface free energy

'rf : Polar component of surface free energy

Ts Dispersed component of surface free energy

g" :Contact angle of water against solid surface

@' :Contact angle of diiodomethane against solid surface

{0011}
The reason is not clearly known, why a wafer-processing tape having an
adhesive layer which has sufficient adhesiveness, even if the adhesive layer is a
5 face that has been once adhered to a removable adhesive layer and then peeled
off from the removable adhesive layer, can be obtained, by controlling the
difference in the surface free energy. However, it is anticipated that the reason
may be as follows.
When the difference in the surface free energy is controlled, it is prevented
10 that the adhesiveness of only one of the faces is conspicuously lowered, and the
fracture mode of the adhesive can be maintained to be cohesive fracture. When
the fracture mode of the adhesive is cohesive fracture, if the adhesive itself is not

fractured, fixing of the semiconductor element is not broken, and even if thermal



10 that the adhesiveness of only one of the faces is conspicuously |owered,
and the fracture node of the adhesive can be nmaintained to be cohesive
fracture. When the fracture node of the hesive is cohesive fracture, if
the adhesive itself is not fractured, fixing of the sem conductor el enent
is not broken, and even if thermal 7 stress is generated in a reflow step,
t he adhesive exhibits resistance. However, if the control is insufficient,
and t he adhesi veness of only any one face is conspicuously |owered, the
fracture node of the adhesive cones to be interfacial fracture. Even if the

strength of _the adhesive i.s _sutficient, peelina off . 5t;h

stress proctba® BERTRAIBAIE A TenoWHER; weliiesld S RTNe kRN o

| ower ed. {0f%d control is insuficként8h the aRESisbAESd GRShIP By bBReRBES At
invention, the difference in the surface free energy between the face of

t he adhesi veomspiauoushalowessd hberfrantaieadod® obtHe adlnesivéreomestdeo del intesddicedi ve
| ayer and the face that is not brought into contact with the renpvabl e
adhesi ve | affa¢ture, 1lvemnif the stsengtbaf the pdhgpiveds guifigient.1pqeling off ¢aysed by 1

< a podei TG ehers OieeBRE, Al EPoiBBTRA ok RieklcE W Erackig poPy B "' °

renmovabl e agherseye | ayer to the adhesive |ayer, or fromthe adhesive |ayer
to the 15renovabl e adhesive layer. In the former case, |ow nol ecul ar wei ght
conponents {08112}i | i ze upon the reflow step. In the latter case, the

resul tant adhered surface is roughened to occur voids due tg that th
surface unevenne'é‘st?‘ﬁd’ya ﬁﬁipr?f@séff%e@@&i)fiﬂﬂepf%s%meﬂ ogti‘ﬁ,a)'ﬁ?lr&nf’ﬁé'?glﬁ/ to
| ower the rgli.ablfi ?t(,% ' (%%i The
surface fregu'lé%%rgééépgfﬁéb ac%ﬁgpégﬁ(gégﬁ eeg%jvﬁe%waéy%gétﬁ\a% hﬁ%%ﬁ%ﬁ roeudght

into comt aceff WohtHe@nmeahe Bt ReSivd &pjer @andaie fades that & acarought iato 30 rnJ/ nP
to 50 mi/n2, and the surface free energy of the face of the adhesive |ayer

that has beeontpelewithi thef femovahle adheeiveaysrds 48Hadnveon legarandsprsierpbly:by
(10 S0 25 LB e Berte WSSt oS B Bl e U 101 ", e
e S TR ShEA LS R Bon e oS S e
renovabl e afmesvatde baresive $ayer to the adhesive layer, or from the adhesive layer to the
15 removable adhesive layer. In the former case, low-molecular weight
components volatilize upon the reflow step. In the latter case, the resultant
adhered surface is roughened to occur voids due to that the surface unevenness
may not be embedded in the bonding step, and thereby to lower the reliability
(resistance to cracking upon reflow).
20 {0013}
The surface free energy of the face of the adhesive layer that is not
brought into contact with the removable adhesive layer is preferably from 30
mJ/m? to 50 mJ/m?, and the surface free energy of the face of the adhesive layer
that has been peeled off from the removable adhesive layer is preferably from 30
25 mJd/m?to 60 mJ/m2.  The surface free energy of the face of the adhesive layer
that is not brought into contact with the removable adhesive layer is more
preferably from 30 mJ/m? to 40 mJ/m?, and the surface free energy of the face of

the adhesive layer that has been peeled off from the removable adhesive layer is



8 nore preferably from30 m}J/nR2 to 50 mJ/nR. If the surface free energy is
| ess than 30 ml/ n2, since the face does not have sufficient wettability,
voids are apt to be introduced, and the éeliability (resistance to cracking
upon reflow) may be |owered. 5 {0014} (Adhesive |ayer) The adhesive
| ayer is a |layer produced by formng an adhesive into a filmin advance,
and use can be nmade, for exanple, of any of a polyimde resin, a polyam de
resin, a polyether imde resin, a polyam deinmde resin, a polyester

10resin, a polyester imde resin, a phenoxy resin, a polysulfone resin, a

pol yet her sul f one.resi gb pil T I . et one
resin, a cﬁﬁ%'iel 9{§{eer§3§g§mﬁr3§ %@ﬁi&éedsaﬁﬁ/ r:'Sia'_n Iﬁ'ﬁ/%ﬁ?@é&egé%gﬂéygsélp%sréét hane
resin, an qReXBOMRIN?, shicBIhY Mde/dcel ASt HAR suffiierBvafaifty! 66it8 .ar@apito
m xture thereof, which are known to be used in adhesives. Fromthe
vi ewpoi nt s bef inkddesed; amastheantiptility (edsisibnde toycratkingeupmiirefiowe mayee , it is
preferable that the adhesive |ayer contain an acrylic-based copol yner or an
epoxy resi AOWEIR.-t hat the acrylic-based copol yner has a Tg of from OC to
40C, ang aég5§2}average nmol ecul ar wei ght of 100,000 to 1,000,000. A nore
preferred Ss “average nol ecul ar weight is from 600,000 to 900, 000. 20The
mass aver aqAdABSiQE Whywr) Wwei ght is defined as a val ue neasured by a ge
perneation chromatographic (GPC) nethod, using a calibration curve produced
wi t h pol yst yr end het adhiesik layReissalayee prodiusedi by forvingcan adhesgjve inteteefilgrc
met hod) . Instrunent to be _used: H gh:performance.]iquid
Chr onat ogr dPRFVERSS R A 1T BREALRRIO GEATIPECDLRREOLg PN B b . |
&l o Shagliyariiol H8BInCR poffetROrinlits 786in & BBIyaffdsihiids Ye&H, #BolyaitErdzu
10 resin, a polyester imide resin, a phenoxy resin, a polysulfone resin, a polyether
sulfone resin, a polyphenylene sulfide resin, a polyether ketone resin, a
chlorinated polypropylene resin, an acrylic resin, a polyurethane resin, an epoxy
resin, a polyacrylamide resin, a melamine resin, or a mixture thereof, which are
known to be used in adhesives. From the viewpoints of adhesiveness and
15 reliability of the adhesive layer, it is preferable that the adhesive layer contain an
acrylic-based copolymer or an epoxy resin, and that the acrylic-based copolymer
has a Tg of from 0°C to 40°C, and a mass average molecular weight of 100,000
to 1,000,000. A more preferred mass average molecular weight is from 600,000
to 900,000.
20 The mass average molecular weight is defined as a value measured by a
gel permeation chromatographic (GPC) method, using a calibration curve
produced with polystyrene standard.
(Measurement conditions according to the GPC method)
Instrument to be used: High-performance liquid chromatography LC-20AD
25 [trade name, manufactured by Shimadzu Corp.]
Column: Shodex Column GPC KF-805 [trade name, manufactured by
Shimadzu Corp.]

Eluent: chloroform



El uent: chloroform Measurenent tenperature: 45C Flowrate: 3.0 mMl/mn R
detector: RID 10A {0015} 5There are no particular limtations on the nethod
of polymerizing the acrylic-based copol yner, and exanpl es include pearl

pol ynmeri zation, solution polynerization, @nd suspensi on pol yneri zation. The
copol ynmer can be obtained by any of these nmethods. Suspension

polynmeri zation is preferred due to excellent heat resistance of the
product, and exanples of such an acrylic-based 10 copol ymer include
Paracron W197C (trade nanme, manufactured by Negam Chem cal Industries
Co., Ltd.). The acrylic-based copolyner preferably contains acrylonitrile.
In the acrylic-b&gﬁﬁuﬂﬂBQF§ﬁ¥ﬂWﬂ?h§eb@ﬁfgnt of acrylonitrile is preferably

10 to 50 nass% eqlV rably 20 to 40 mass% Wen the content of
acrylonitrile isﬁ%gv E%éhg'@sﬁlﬁw?gr eater, the Tg of the adhesive |ayer is

rai sed, and ther RpyefiieS RIBORSS can be enhanced. However, if the content
is greater than 50 nass% the fluidity of the adhesive |ayer is
det eri or at efQ01d)d adhesi veness nmay be | owered. An acrylic-based copol yner

oo S o1 Shekeete BT SRl R BRI e
T oS Bl SRR LU R Befeudn RS
group, a ur pblpERizatioNPandBusparidiordpelymerizatiydll OXNé copolymer dapdieobtained
group, and a glycidyl group. Anobng them a glycidyl
by any of these methods. Suspension polymerization is preferred due to
excellent heat resistance of the product, and examples of such an acrylic-based
10  copolymer include Paracron W-197C (trade name, manufactured by Negami
Chemical Industries Co., Ltd.).
The acrylic-based copolymer preferably contains acrylonitrile.  In the
acrylic-based copolymer, the content of acrylonitrile is preferably 10 to 50 mass%,
and more preferably 20 to 40 mass%. When the content of acrylonitrile is 10
15 mass% or greater, the Tg of the adhesive layer is raised, and thereby
adhesiveness can be enhanced. However, if the content is greater than 50
mass%, the fluidity of the adhesive layer is deteriorated, and adhesiveness may
be lowered. An acrylic-based copolymer containing acrylonitrile, which is
obtained by suspension polymerization, is particularly preferred.
20 {0016}
The acrylic-based copolymer may have a functional group, to enhance
adhesiveness. There are no particular limitations on the functional group, but
examples thereof include an amino group, a urethane group, an imido group, a
hydroxyl group, a carboxyl group, and a glycidyl group. Among them, a glycidyl
25 group is preferred. Since a glycidyl group is highly reactive with epoxies, which
are thermosetting resins, and is not quite reactive with the removable adhesive
layer as compared with a hydroxyl group or the like, thus any change in the

surface free energy is not apt to occur.



25group is preferred. Since a glycidyl group is highly reactive with

epoxi es, which are thernosetting resins, and is not quite reactive with the
renmovabl e adhesive |ayer as conpared with a hydroxyl group or the |ike,

t hus any change in the surface free ener! is not apt to occur. {0017)

The adhesive layer may contain an inorganic filler, but if the anount of
addition of the inorganic filler is too large, fluidity is |owered, and
adhesi veness is | owered. Thus, the anobunt of addition thereof is preferably
| ess than 40 nass% 5 nore preferably less than 20 mass% and even nore
preferably | ess than 15 mass% Furthernore, if the particle size is too

| ar ge, t he{9Qtflace to be adhered has surface unevenness, and thus

adhesi veness is Tlgcré\g&heegb e;ll_lgyér m%‘p%gm%ﬁ %ggn%rahgf:ﬂ“%r’sﬁ@tqf e é}ﬁ?lﬁﬁﬂ’@fm y less

than 1 Rm nore era €ss n m “and even nore preferably |ess

than 0.1 Ryqditid@rst té mdtgamiariilleeis 8o largei flaitity islowerddtdrel ddhvesivénesstis of
the particle size of the inorganic filler, but the lower limt is
practi cal | yoweed3 Jinusr theramount of addition thespafds prefetabiy less thar 49UPasEs: fr ee

energy, _a silane couplin oL tani | i

Tuort - %ol plarably Eey 16 20:Rinsaye g aigog aarelstoBiiRs viin o | ¢
pref erabl e th i L | i
roups. e K B 2 el e K o
limted, bHasgrineicalunevehresd)iatkirthas adbesivefiessaisllgwaredo Thuspthe averager e

preferably 5 to 20 pm {0018) (Sugporti ng substrate) 20Exanﬁl es of the
material f @ariidie sizegporefierrply igsstthand rmRcMmede PeefRERbY IasHHRAN Ok Bh@Pner of

St R BB R TR A SRE TR OR o o
COPS) TR R RSt st our oo Mk hslagor i
practically 0.003 um or greater.

In order to control the surface free energy, a silane coupling agent or a
titanium coupling agent, or a fluorine-based graft copolymer may also be added
as an additive. It is preferable that these additives contain mercapto groups or

15 glycidyl groups.

The thickness of the adhesive layer is not particularly limited, but generally
the thickness is preferably 3 to 100 um, and more preferably 5 to 20 um.

{0018}
(Supporting substrate)

20 Examples of the material for the supporting substrate include a
homopolymer or copolymer of a-olefin, such as polyethylene, polypropylene, an
ethylene-propylene copolymer, polybutene-1, poly-4-methylpentene-1, an
ethylene/vinyl acetate copolymer, an ethylene/ethyl acrylate copolymer, an
ethylene/methyl acrylate copolymer, an ethylene/acrylic acid copolymer, and an

25 ionomer, or a mixture thereof; a thermoplastic elastomer, such as polyurethane, a
styrene/ethylene/butene copolymer or pentene-based copolymer, and a
polyamide/polyol copolymer; and a mixture thereof. Furthermore, use may be

made of a mixture of two or more kinds of materials selected from this group of



25i ononer, or a mxture thereof; a thernoplastic el astoner, such as

pol yur et hane, a styrene/ethyl ene/ butene copol yner or pentene-based

copol ymer, and a pol yam de/ pol yol copol yner; and a m xture thereof.
Furthernore, use may be nade of a m xturélof two or nore kinds of materials
selected fromthis group of 11 materials, or a single |ayer substrate or a
mul tilayer substrate of these nmaterials may al so be used. The thickness of
t he supporting substrate is not particularly Iimted, and may be
appropriately set, and the thickness is preferably 50 to 200 'LIM 5 (0019)

(Renovabl e adhesi ve | ayer The renovabl e adhesi ve | r can be
classified Mmaterals, aga &tngﬁﬁ]lader gebgirate x aawltﬁay%ﬁ- §H?@(‘%¥iﬁe§%mﬁ§ﬂéa|§ype

Fad ati on. G880 Be' Pkl HEBRKIBSE RE b, Yt Sl tdi@s bt Baeliny
force, whil gnfited, b5d hidy be BEpfobiiabdly $8€ GndntheeMickesss\ai srafef@blp &0 ooy at e

irradiation with any radiation, the renovabl e adhesive | ayer Is

appropri at eluyn.sel ected in accordance with the use. In the case of selecting
a radiatjon-curable type, it is preferable to prepare the renovabl e

adhesi ve | aﬂmggy appropriately blending with a radi ation-pol yneri zabl e

conpound ha}’ﬂ(é‘&o@bl@%t{é@ﬂ}e\/ﬁ%})zabl e carbon-carbon doubl e bonds or a
[ [ [ ator:

phot opol yneri zati on i ni When the renovabl e adhesive | ayer is

of the radi ati onTedraRlovablPgdhddive Riyer €4 baldisssifiedipto a ragiativaeuraiehesi ve
| ayer having a peeling force between the renovabl e adhesive | ayer and the

adhesi ve | ajvpe and amopdiadiajiontcurable type which Ras perahange.is the adhesiveinree

ferably, th ling force is fromQ. 0L NI25mmto O 1 N.25mm |f th
el i ng 1 or E¥h UPRGE LRI Nish 3PN | Rire 6 TRRRLYPEIAIPHS SR at the

time th(ﬁO”ESMﬁ&Ccﬁ thé %H‘hésu%‘? fi2, A8 tRE ‘%‘?’S&Z‘? g@gg@sgenﬁ@@was vithéresi ve

| ayer - adher ed sem conductor elenménts nay romthe renovabl e

adhesi ve | agemot tdletdie inadiatiow withranrg riagliggioeatiey renhevalile adBésité Eyemis t he
adhesive layer is apt to be affected by the renovabl e adhesive |ayer, so
that the fa8pprapfiatly selegtrchivdacaprdancenwith the isehelnsthercase of sejastiBgatas may

occur. Thus rac}igt(laor?-gtrjrfa%?ee t);pre?ﬁ ise r[:]>(raerfg>/abilt-:-S toaBFep}a?e lPf'(nae (r:ehrﬁg\gaeoqé adhesive layer by
appropriately blending with a radiation-polymerizable compound having
15  photopolymerizable carbon-carbon double bonds or a photopolymerization
initiator.

When the removable adhesive layer is of the radiation-curable type, it is
preferable to use a removable adhesive layer having a peeling force between the
removable adhesive layer and the adhesive layer after curing of from 0.01

20 N/25mmto 0.5 N/25mm. More preferably, the peeling force is from 0.01
N/25mm to 0.1 N/25mm. [f the peeling force is less than 0.01 N/25mm, there is
a possibility that at the time of conveyance from a dicing apparatus to a pickup
apparatus, adhesive layer-adhered semiconductor elements may be peeled off
from the removable adhesive layer. If the peeling force is greater than 0.5

25 N/25mm, the adhesive layer is apt to be affected by the removable adhesive layer,
so that the face may be roughened, or transfer of the surface components may
occur. Thus, the surface free energy is apt to be changed.

When the removable adhesive layer is of the non-radiation-curable type, it



When the renovabl e adhesive layer is of the non-radiation-curable type, it
12 is preferable to use a renovabl e adhesive | ayer having a peeling force
bet ween the renovabl e adhesi ve | ayer anq t he adhesive | ayer of fromO0.01
N 25mmto 0.5 N 25mm More preferably, tike peeling force is fromO0.01
N'25mmto 0.3 N 25mm | f the peeling force is less than 0.01 N 25mm chip
flying-off may 5 occur upon dicing, or there is a possibility that at the
time of conveyance froma dicing apparatus to a pickup apparatus, adhesive
| ayer - adhered sem conductor el enents nay be peeled off fromthe renovable

dhesi | LIt i i
Adhos ve | 3 BreTerabieo wiF RecmPvaRpaRney I v aRUALP SEIRLTIR BehERn oo
that the f Gésméf}/%rgera‘aﬂggﬁ@q’%eroindttﬁ@’hﬁh%"si\/%fla%}eof]fﬂarﬁWéﬁﬁﬁzﬁﬁmﬁt5

may occur. surtace ee energy Is apt to be changed. There

are no par tN/2ghai. | Matd prdferadlygthé peeliny okceissirarh 0.0 N/2Smvatd @.3adhesi ve
| ayer, but generally the thickness is preferably 5 to 50 m and nore
pref er abl y Ni26mn20 kithelgeetiogvireesislesetiian 0.01 N/2Fmen, i BWngrail ey on wil |

T g ey RSh % B ndETE R SR Bt TRl Beblicd B,
Bervl i o pold Brp e R o B o T !
waf er - pr oc ef@nsotst mpg begmemtediofi from the removable adhesive layer. If the peeling
force is greater than 0.5 N/25mm, the adhesive layer is apt to be affected by the
removable adhesive layer, so that the face may be roughened, or transfer of the
10  surface components may occur. Thus, the surface free energy is apt to be
changed.

There are no particular limitations on the thickness of the removable
adhesive layer, but generally the thickness is preferably 5 to 50 um, and more
preferably 7 to 20 um.

15
EXAMPLES
{0020}

The present invention will be described in more detail based on examples

given below, but the invention is not meant to be limited by these.
20 {0021}
<Preparation of acrylic polymer>

First, description is made on the production methods of acrylic polymers
that were included in the adhesive layers of the wafer-processing tapes according
to Examples according to the present invention and Comparative Examples.

25 (Acrylic polymer (1))

In a four-necked round bottom flask made of glass and equipped with a

stirrer, 300 parts by mass of water was placed, and 0.7 parts by mass of polyvinyl

alcohol as a dispersion stabilizer was dissolved therein. While the resultant



to Exanpl es according to the present invention and Conparative Exanples.
25(Acrylic polymer (1)) In a four-necked round bottom fl ask made of
gl ass and equi pped with a stirrer, 300 parts by mass of water was pl aced,
and 0.7 parts by mass of polyvinyl alcohd® as a di spersion stabilizer was
di ssol ved therein. Wiile the resultant 13 solution was stirred at 300 rpm
with a stirring blade, a nmononer m xture including 60 parts by nass of

ethyl acrylate, 5 parts by nmass of butyl acrylate, 15 parts by mass of

gl ycidyl methacrylate, and 20 parts by mass of acrylonitrile, and 1 part by

mass of N, N -azobi sisobutyronitrile as a polynerization initjator re

i ntroduced 8oWHop H‘@ngrtﬁ'équ%ttl 300 tpra péth a ‘\FWE'@,Q bda%sﬁam%\omﬁrwa@‘?%ﬁérﬁﬁ@ag
Thi s suspengj i i r i
System to cBRPRRI B RRbE BERHNP pRRIRE, S BRE (s BB Hchie, BEBERY. |
the system pRssGIHydid wsdthasildie eand 20 ppRityemass BE abGRSHilrifs) st part WS
cooled to roomtenperature (about 25C). Then, the reaction product was
subj ect ed t mas8sdIN,N-bropisisobetymonitrileas aapelymeszaiion hitiatodwere indroduced

suffi ci entI%/ \i\%f e ith water_r The solid product was dried at 70C for 12
hours us! ngtot 'H,alaﬁmtc?’lqeen Susp A SHISBRRSIRA WasRIER(Gfkr et 0 to adj ust the

solid content tOTﬁgyg#]s%?ﬂgionqpaéglﬁcg\bé%_tcp%%égafeéc%n i itﬂ@‘f]ﬁaa&'&% T

g
calculated fromt ratio nmass average I'ecul’ar wei ght

of this pol yy@ena® 68Tk thdmtadfhg FRS fERaératurd Tonblapirirophapisy whilethe was
950, 000, and the degree of dispersion was 3.5. {0022} (Acrylic polyner (2))

An acrylic pystemewas gpniruoysiyoslircedt bhengafter, doe ceadlionraystaig was ¢anled toe
that for th | | 1 t that 60 ts b f

200t hyl - acr Jiear smpeapRcAo U 8L ey e, b arod ot eSSBS o7 ° °

gl yci dyf %é@ﬂfg%diafs%gaﬁmn?%na%é§omp%ﬁk1r9fasw&i&m Wbél‘i‘ed‘ﬁﬁtﬁ witgd- The

Tg cal cul at mthe mxing ratiro I's he nass average nol ecul ar
wei ght of t1he spid preduc svasediad &0707C foel12pesure aisingna dyerand gierpdy was

000, 000, anguttagce)ngev?arsegdggd ?t{eséept%rtgia%?us\ﬁﬁe ?ébfild cgr?t(eﬁ(t:{g I1‘!5‘5}0 pQIlh)(Jg?;n(a%)rQIic
polymer (1) was obtained. The Tg calculated from the mixing ratio is 3°C. The
mass average molecular weight of this polymer as measured by gel permeation

15 chromatography (GPC) was 950,000, and the degree of dispersion was 3.5.
{0022}
(Acrylic polymer (2))
An acrylic polymer (2) was produced by the production method in the
same manner as that for the acrylic polymer (1), except that 60 parts by mass of
20 ethyl acrylate, 5 parts by mass of butyl acrylate, 6 parts by mass of glycidyl
methacrylate, and 29 parts by mass of acrylonitrile were used. The Tg
calculated from the mixing ratio is 7°C. The mass average molecular weight of
this polymer as measured by gel permeation chromatography was 600,000, and
the degree of dispersion was 3.4.
25 (Acrylic polymer (3))
An acrylic polymer (3) was produced by the production method in the
same manner as that for the acrylic polymer (1), except that 34 parts by mass of

ethyl acrylate, 15 parts by mass of butyl acrylate, 2 parts by mass of glycidyl



An acrylic polyner (3) was produced by the production nethod in the sane
manner as that for the acrylic polynmer (1), except that 34 parts by mass of
ethyl acrylate, 15 parts by mass of butyl acrylate, 2 parts by mass of
glycidyl 14 nethacrylate, and 49 parts1ﬂy mass of acrylonitrile were used.
The Tg calculated fromthe mxing ratio is 21C. The nass average nol ecul ar
wei ght of this polynmer as neasured by gel perneation chronmatography was
120, 000, and the degree of dispersion was 2.3. 5 {0023} (Acrylic polyner
(4)) An acrylic polyner (4) was produced by the production nmethod in the

that f t i 1),
?erS‘;‘l Z?T‘gffs@&ﬁaew tae 10 48 Paeiey mEsSRLACTIole ekt TSRy e TP EC By Thass
0 Ci . . 3 t ik
nsed Y She ratudlE PRFL e Bing fltiold AL > TR (B8 ofbraBliHoRBLIEF WogHtEire

nol ecul ar Wi Polyreér éil'rrﬁea@gfem%v gékperaasiiivathymetigrashywatii@0,000, and
chromat ogr aphy was 700, 000, and the degree of dispersion was 3.6. (Acrylic

pol yner (5)he dogrecafrdispersionl wa®P.3.5) was produced by the production nethod
in the agg ér%gner as that for the acrylic polynmer (1), except that 65
parts b Q f ethyl acrylate, 23 parts by mass of butyl acrylate, 2

parts by srviE oBlvhTeduh) et hacryl ate, and 10 parts by mass of
acryl onitp?ﬁerﬁmelpg%ge .|))The Tg calculated fromthe mxing ratio is -22C.

The mass aver agématgtic: palymeri(dhivas fpr@duded Isy thel production medised idthey gel
gfag.rreat il s%mgmgtn%g; gg rt]ﬁlatv%lgf thétlaoa(l)ér;?l(i)coﬁmIya}rrr]1cért(1h )? eg(gggt%ﬁato 23 g!a?t rysni1§gs of
ethyl acrylate, 15 parts by mass of butyl acrylate, 5 parts by mass of glycidyl

10  methacrylate, and 37 parts by mass of acrylonitrile were used. The Tg
calculated from the mixing ratio is 12°C. The mass average molecular weight of
this polymer as measured by gel permeation chromatography was 700,000, and
the degree of dispersion was 3.6.

(Acrylic polymer (5))

15 An acrylic polymer (5) was produced by the production method in the
same manner as that for the acrylic polymer (1), except that 65 parts by mass of
ethyl acrylate, 23 parts by mass of butyl acrylate, 2 parts by mass of glycidyl
methacrylate, and 10 parts by mass of acrylonitrile were used. The Tg
calculated from the mixing ratio is -22°C. The mass average molecular weight of

20 this polymer as measured by gel permeation chromatography was 400,000, and
the degree of dispersion was 3.8.

{0024}
(Acrylic polymer (6))
In a reactor provided with a mixer and a cooler, 60 parts by mass of ethyl

25 acrylate, 5 parts by mass of butyl acrylate, 16 parts by mass of glycidyl
methacrylate, and 19 parts by mass of acrylonitrile were placed, and the resultant
mixture was heated to 85°C. To this mixture, 2 parts by mass of 2-butanone and

0.05 parts by mass of t-butyl peroxybenzoate were added, and then the mixture



{0024} (Acrylic polymer (6)) In a reactor provided wwth a m xer and a
cooler, 60 parts by mass of ethyl 25acrylate, 5 parts by mass of butyl
acrylate, 16 parts by mass of glycidyl nqg?acrylate, and 19 parts by nass
of acrylonitrile were placed, and the resultant m xture was heated to 85C.
To this mxture, 2 parts by mass of 2-butanone and 0.05 parts by nmass of
t-butyl peroxybenzoate were added, and then the m xture 15 was kept warm
for 8 hours. After the m xture was cool ed, nethanol was added thereto to
precipitate a polyner. The supernatant was renoved, and nethanol remaining

in the pol ypger ried. ,Then, 2; non s, ad o

0 Lhe pol YRt W kB s RER, AR PRSIt b o
produced. Thesrd@h oPrebiphbfCa bbRimdhe TRdUpRridtthPwhs réfrovéd CarRifetifarfil age
nmol ecul ar wei ght of this polyner as neasured by gel perneation

chr omat ogr apgmainirgy e galymenwas leede giTbenp?-hiitapereswas added 1d tie {0025}
The mass aver age nol ecul ar weiqght s of the acrylic polyners (1) to (6) 10

ver e nmeasur BalYBlerdo gdiuss énersalid eentent tndd Bgr dmscan epayic aodiaer (Blywasy a

cal i bratd on ve pr i.th tyrene.s o~{ 0026} < ion
Cal Dt OB MR A P SR ARETE c! CSRBlmaly g
novol ac- ty pmdteaiiar weihb of BROBYIyAfHasaheasurkd by é@'p%?ﬁieétioﬁ%hﬁﬂﬁatb@ﬂ%hy
softeni ng point 70C), 60 parts by nass of a xyl'ene novol ac resin (hydroxyl
group equi veiaerii0010uQ, ancf therdegyee of dispets®)n wasdl 29. parts by nass of a
silica fill gth average particle size 0.045 mas a filler were added to
100 parts b&i s of the acrylic polyner (1), to obtain a thernosetting

The mass average molecular weights of the acrylic polymers (1) to (6)

10  were measured by a gel permeation chromatographic (GPC) method, using a
calibration curve produced with polystyrene standard.
{0026}
<Preparation of adhesive layer>
(Adhesive layer (1))

15 25 parts by mass of a cresol novolac-type epoxy resin (epoxy equivalent
197, molecular weight 1200, softening point 70°C), 60 parts by mass of a xylene
novolac resin (hydroxyl group equivalent 104, softening point 80°C), and 20 parts
by mass of a silica filler with average patrticle size 0.045 um as a filler were added
to 100 parts by mass of the acrylic polymer (1), to obtain a thermosetting

20 adhesive composition. This adhesive composition was applied on a PET film
that served as a releasable film, followed by heating to dry for 10 minutes at
120°C. Thus, a coating film in the B stage state with thickness after drying 20
um was formed, to obtain a laminate of PET film/adhesive layer (1)/PET film.

As the PET film, a silicone releasing-treated PET film (Teijin: HUPILEX S-

25 314 (trade name), thickness 25 um) was used.

(Adhesive layers (2) to (6))
Adhesive layers (2) to (6) were obtained in the same manner as that for

the adhesive layer (1), except that any one of the acrylic polymers (2) to (6) was



20 adhesive conposition. This adhesive conposition was applied on a PET
filmthat served as a releasable film followed by heating to dry for 10

m nutes at 120C. Thus, a coating filnliq the B stage state with thickness
after drying 20 mwas forned, to obtain g | am nate of PET fil nf adhesive

| ayer (1)/PET film As the PET film a silicone releasing-treated PET film
(Teijin: HUPILEX S- 25 314 (trade nane), thickness 25 pn) was used.
(Adhesi ve layers (2) to (6)) Adhesive layers (2) to (6) were obtained
in the sane manner as that for the adhesive layer (1), except that any one

of the acrylig.pal i i nstead of the acrylic

pol ymer (1§ﬁse§é@%S%{;F’@ﬁ?égg'%’@‘gﬁé)@“ﬁﬁibé%%ﬁﬁg' f renovabl e adhesi ze filnp
(Renovabl e ive layer conposition (1)) 577 parts by nass of

2- et hyl hexyl acrylate and 23 parts by nmass of 2- hydroxypropyl acrylate
wer e pol ynetRrepdrationatftramovableasthesive fdmpol yner havi ng a mass aver age

nol ecul ar wei ght of 800, Q00, and 3 parts mass of polyisocyanate as a
curing agehRemeyahlajadhesive RYSEROWP ﬁ't'f’ﬂé?ﬁopol ymer. Thus, a renovabl e

adhesivg | ayer compasl b fihds’dr 28y MR &&fiate and 23 parts by mass of 2-

hydroxypropyl acrylate were polymerized to obtain an acrylic copolymer having a
mass average molecular weight of 800,000, and 3 parts by mass of
polyisocyanate as a curing agent was added and mixed with the copolymer.
Thus, a removable adhesive layer composition (1) was obtained.
10 (Removable adhesive layer composition (2))
65 parts by mass of butyl acrylate, 25 parts by mass of 2-hydroxyethyl
acrylate, and 10 parts by mass of acrylic acid were radical polymerized, and 2-
isocyanatoethyl methacrylate was added dropwise thereto, to allow reaction with
the resultant copolymer. To the thus-produced acrylic copolymer having a mass
15 average molecular weight of 800,000, 3 parts by mass of polyisocyanate as a
curing agent, and 1 part by mass of 1-hydroxycyclohexyl phenyl ketone as a
photopolymerization initiator were added and mixed, and thus, a removable
adhesive layer composition (2) was obtained.
{0028}
20 (Removable adhesive films (1) and (2))
Any one of the removable adhesive layer compositions thus prepared was
applied on a PET film that served as a releasable film, to a dry thickness of 10
um, followed by drying for 3 minutes at 120°C. This removable adhesive layer
composition applied on the PET film was transferred onto a polypropylene
25 elastomer (elastomer with PP:HSBR = 80:20) resin film with thickness 100 um as
a supporting substrate, to produce removable adhesive films (1) and (2),
respectively.
As the polypropylene (PP), NOVATEC FG4 (trade name) manufactured by



10 (Renpvabl e adhesive |ayer conposition (2)) 65 parts by mass of
butyl acrylate, 25 parts by nmass of 2-hydroxyethyl acrylate, and 10 parts
by mass of acrylic acid were radical polynerlzed and 2- isocyanat oet hyl

met hacryl ate was added dropw se thereto, 1o allow reaction with the

resul tant copolyner. To the thus-produced acrylic copolyner having a nmass
15 average nol ecul ar wei ght of 800,000, 3 parts by nass of polyisocyanate
as a curing agent, and 1 part by mass of 1-hydroxycycl ohexyl phenyl ketone
as a photopol ynerization initiator mere added and m xed, and thus,

removabl e adheS|ve Iayer conposition ( was obt ai ned. {0028 Renovabl e

adhesi ve fi M@BapBolygtten Hoyp. was usew as the hygrogepatasgiye M%‘ig'?@el ayer

CoS o o TSI, BVIRRRON (RSP BRlE afl RafL B B BSREER Ny
m nutes at RPherrhBrs dsetﬁE\PE’Tﬁlrﬁdélgﬁleﬁe Ir@négémgqmmd PE]nfllﬁrDFIfeuﬁﬁ on the
PET filmwas transferred onto a poI ypr opyl ene 25 el ast oner astonmer with
PP: HSBR = SMQBu_Er)éSriiﬂéf(tradevmame) Hhicknesss23 gon)prasassed.suppor t i ng
substratg 8 oduce renovabl e adhesive films (1) and (2), respectively.
As the p Iyﬁ Q)gé}l ene (PP), NOVATEC F4 (trade nanme) nmanufactured by 17
Japan Pol yc%ﬁsﬂg was used, and as the hydrogenated styrene/butadi ene
(HSBR), DYNA (}P (trade narre) manuf actured by JSR Corp. was used.

Furthernore, as tFémRhé ddhegivedagérd (1§ @nd thelremdvabtetadiisag fitbal(1f) iobtained
(Teijin: HUPILEX S-314 (trade narreé t hi ckness 25 pm was used. 5 {0029}
<Exanpl e 1>as aboveFOUlMQﬂﬁeSIdGl@éﬁ‘lQ/ ETfjles gfthe adhesive Iampeelgdwéfm ve

L () OO 168 e 3h e o By b Tl Mok aaBbr et v
Filmvejg aghengresvE laydtdould be in contact with the removable adhesive layer, to
obtain a releasable film-adhered wafer-processing tape, as shown in Fig. 1, in
which the supporting substrate, the removable adhesive layer, the adhesive layer,
and the releasable film were laminated in this order. This wafer-processing tape
was used as a sample of Example 1.
15 <Example 2>
A wafer-processing tape of Example 2 was produced in the same manner
as in Example 1, by using the adhesive layer (2) and the removable adhesive film
(1) obtained as above.
<Example 3>
20 A wafer-processing tape of Example 3 was produced in the same manner
as in Example 1, by using the adhesive layer (3) and the removable adhesive film
(1) obtained as above.
<Example 4>
A wafer-processing tape of Example 4 was produced in the same manner
25 asin Example 1, by using the adhesive layer (4) and the removable adhesive film
(1) obtained as above.
<Example 5>

A wafer-processing tape of Example 5 was produced in the same manner



10 the adhesive layer would be in contact with the renovabl e adhesive

| ayer, to obtain a rel easable fil madhered wafer-processing tape, as shown
in Fig. 1, in which the supporting substrate, the renovabl e adhesive | ayer,
t he adhesive | ayer, and the rel easabl e % m were | aminated in this order.
Thi s waf er-processing tape was used as a sanple of Exanple 1. 15 <Exanple
2> A waf er - processi ng tape of Exanple 2 was produced in the sane
manner as in Exanple 1, by using the adhesive |ayer (2) and the renovable
adhesive film (1) obtai ned as above. <Exanple 3> 20 A wafer-processing tape

of Exanple 3, rodyced in the sanme. nmgnner,,as i.n Example 1, usi t he
adhesi ?/e I %?éﬁ%?’@?“pjﬁg Sﬁé'smg 9;?6&@35’%3%‘?“@??{‘9%? B%B‘?@Fﬁé@éﬁg’e&{ﬁ@\/e.
<Exanpl e 4 ing tape of Exanple 4 was produced in the sane
manner 25 Z%’A?%Ek%rﬁg&i‘?éby usi ng the adhesive layer (4) and the
renovabl e adiwaparativé Bxable abt ai ned as above. <Exanple 5> A

waf er - processi ng tape of anple 5 was produced in the sane manner 18 as

e e romor Ly SAmRiRd wembrabiliecknnosi ve
waf er - pPoc 851 GAAFEABIN Eﬁﬂﬁ'ﬁf‘%& gué\égﬁﬁﬁé %gﬁe&%{g T%M%éﬂk%’&" Pﬁé the 5 sane
e o REA Rk e B deddeatite, | 2ol (5) ang the remvable
<Comparative Example 2>
A wafer-processing tape of Comparative Example 2 was produced in the
same manner as in Example 1, by using the adhesive layer (6) and the
10 removable adhesive film (1) obtained as above.
{0030}
The wafer-processing tapes of Examples 1 to 5 and Comparative
Examples 1 and 2 were subjected to the following analyses and evaluations.
The results are shown in Table 1.
15 (Surface free energy)
With respect to the adhesive layer of each sample of the Examples and
Comparative Examples, the face that was not in contact with the removable
adhesive layer was designated as face A, and the face that was peeled off from
the removable adhesive layer was designated as face B. At this time, with
20 respect to Example 5, the removable adhesive layer was irradiated with ultraviolet
ray at 200 mJ/cm? with an air-cooled high-pressure mercury lamp (80 W/cm,
irradiation distance 100 mm) before the adhesive layer was peeled off. The
contact angles of water and diiodomethane against these face A and face B were
measured (liquid droplet volume: water 2 L, diiodomethane 3 pL; reading time:
25 30 seconds after dropping), and from the contact angles of water and
diiodomethane obtained by the measurement, the surface free energy was

calculated by the calculation formulas described above using a geometric mean

method.



A waf er - processi ng tape of Conparative Exanple 2 was produced in the sanme
manner as in Exanple 1, by using the adhesive |layer (6) and the 10renovabl e
adhesive film (1) obtained as above. {003@} The waf er - processi ng tapes of
Exanples 1 to 5 and Conparative Exanpl es and 2 were subjected to the

foll owi ng anal yses and eval uations. The results are shown in Table 1. 15
(Surface free energy) Wth respect to the adhesive | ayer of each sanple of
t he Exanpl es and Conparative Exanples, the face that was not in contact

wi th the renovabl e adhesive | ayer was designated as face A, and the face

t hat was peﬁgﬁg off fromthe renovabl e adhesive | ayer was desi ghated as
face B. At }ti me, with 20respect to Exanple 5, the renovabl e adhesive

| ayer was i{F‘e%i‘iingthQe‘j"ith ultraviolet ray at 200 mi/cn2 with an air-cool ed
hi gh-pressutre nmercury’lanp (80 Wcm irradiation distance 100 mm) before

t he adhesi ve | ay®he veleapatslediinaffithe dhesive iayar odegck saafplevaf Hre Bxaimples

di i odonet hane agai nst these face A and face B were neasured (liquid droplet
vol ume: wat and £ogmpargtiye Esaewieswas pseled efhqnta shage r?@nﬁgng%nds after

or 0P "9 P4y S ARG, 1 o IR U et e
gggg lil} ati onydf P Fbdtart @t FfacB A IO QYRedIvé YR 3P WRicH theFeRsasaBld Meh had 9

been peeled off, using a 2-kg roller. The resultant samples were cut out into a
strip shape with width 25 mm, to give specimens in which the supporting
substrate, the removable adhesive layer, the adhesive layer, and the shape

10 retention tape were laminated in this order. The specimens thus produced were
each split into two parts, to hold a laminate of "supporting substrate and
removable adhesive layer" and a laminate of "adhesive layer and shape retention
tape", with STROGRAPH (VE10) manufactured by Toyo Seiki Seisakusho, Ltd.
Thus, the peeling force between the removable adhesive layer and the adhesive

15 layer was measured at a line velocity of 300 mm/min. At this time, with respect
to Example 5, the removable adhesive layer was irradiated with ultraviolet ray at
200 mJ/cm? with an air-cooled high-pressure mercury lamp (80 W/cm, irradiation
distance 100 mm) before the adhesive layer was peeled off. Herein, the unit for
the peeling force is [N/25mm]. Furthermore, the specimens each were split into

20 alaminate of "supporting substrate and removable adhesive layer" and a
laminate of "adhesive layer and shape retention tape”, and the laminate of
"adhesive layer and shape retention tape" was peeled off from the laminate of
"supporting substrate and removable adhesive layer". This is because if only
the adhesive layer is held to peel off, the adhesive layer is stretched.

25 {0032}
(Picking-up property)

The wafer-processing tape of each sample of the Examples and

Comparative Examples was heated for 10 seconds at 70°C to adhere to a silicon



(Peeling force) The rel easable filmof the adhesive |ayer of each
sanpl e of the Exanples and Conparative Exanples was peeled off, and a shape
retention tape 5 (nmanufactured by Seki S'fﬂ;Q Chem cal Co., Ltd., trade nane:
FORTE) was adhered to the resultant surf@ace of the adhesive |layer from

whi ch the rel easable fil mhad been peeled off, using a 2-kg roller. The
resul tant sanples were cut out into a strip shape with wwdth 25 nm to give
speci nens in which the supporting substrate, the renovabl e adhesive |ayer,
the adhesive layer, and the shape 10 retention tape were lamnated in this

2 |ar nat o @SF@HEE@F iy S50 AN by Bl dhoarher Ptk kG 2° °

I t fo PH
ani nate o Pact ured”ﬁ?f Toyhn?“d];ﬁé}?%trf RispBE terEia%@e 5, %hé PerRdRBIBA

(VE10) manu 0 Sei Sei sakusho, t he peeling force
bet ween t headhesivedayer wamemdvaedamthulaadloid’leawdhéeﬁ)vm/&m athean aicooims ur ed
at a line velocity of 300 nmmn,.

hi s respect to l e 5,
t he remvatﬁ]'@‘&ﬁﬁfé&'f@/E‘Q%Wr'aWQSKWrWé%" dfrae'awpﬂﬁi'%ﬁm%wm Fifly ‘é'ﬂ'gg

i st ance 10Nl frof e CorielaoRiditdtth §yr§$u'§%*@%g'géﬁ“véfé?w{%&we@qh? uni t
for the peglitkip test Wlh iasdieHoAdBPhppinatiid@hamifacture® b§ INEET BShiRey T e

split into 20 a lam nate of "supporting substrate and renovabl e adhesi ve
| ayer" and teadeamameat €PS#10CkEk 40 detarmjiee tmwmwamoépmk@g uRaipetermand t he

the | an naiS 197 NUGhEREY oY ﬁét@?ﬁ‘ieipsﬁipéﬁ%\?mﬁ 118" safoe] T PIRGRIP This
ayor 15 o aTERtsh SR (B8 5DPY PR AT i Bl ok i imdlabie iR a0 Ryef

waf er - poocegsd regaihageit alasqadded thapkiee pickingeuprwassuesessidl, Gndithe sticoess
Exanpl es was heated for 10 seconds at_70C to adhere to a silicon_ 20 wafer
wi th t hi ckriatie obpicking-umwasisalculatedr e Jhetcatpulation restltsareshews il aele 1 nt o

cdnesi ve | d9aptlad B By B o R SIS SRR S FRRERN) (h an

air-cool ed d}ﬁ%fg"&ﬁiure mercury | anp (80 Wcm irradiation distance 10
cm. Fifty chips 5 tained fromthe central portion of the resultant
silicon wafer weEe: Thbjsectess tatioa abipidking-up st thwusthheighli @7bomg €5 appaarad us
(manuf actured by NEC Machinery Corp., trade name: CPS-100FM), to determ ne
t he sudeesd- 3§ﬂmop&V"1ﬁ%Wﬂ'@UW'n$} qasharect00%e nunber of chi ps thus

DLkt uP; AL o BB o) SRR i bR e
each are 100%, and the success ratio of picking-up at thrust height 0.3 mm is
lower than 100%.

"A": The success ratio of picking-up at thrust height 0.7 mm is 100%, and
20 the success ratios of picking-up at thrust height 0.5 mm and 0.3 mm each are
lower than 100%.
"x": The success ratios of picking-up at thrust height 0.7 mm, 0.5 mm, and
0.3 mm each are lower than 100%.
{0033}
25 (Reliability (crack occurrence ratio upon reflow))
The adhesive layer of each wafer-processing tape according to the
Examples and Comparative Examples was adhered to the backing surface of a

silicon wafer with thickness 200 ym, and then the resultant silicon wafer was



10 was retained, it was judged that the picking up was successful, and the
success ratio of picking-up was cal cul ated. The calculation results are

shown in Table 1. In Table 1, the criteria for "0", "o", "A", and "x"
(criteria for picking-up property) are a®¥oll ows. "Cr: The
success ratios of picking-up at thrust height 0.7 mm 0.5 nm and 15 0.3
mm provided by thrust pins, each are 100% "0": The success ratios

of picking-up at thrust height 0.7 mmand 0.5 mm each are 100% and the
success ratio of picking-up at thrust height 0.3 mmis |Iower than 100%
"A": The success ratio of _picki ng7- up at thrust hei %ht 0.7 mmis 100% and
20 t he succéigedigtq eRipsof gixminmy-4ip nam. t Hhess eaeh gRip Was mavniedion asilygf-each

I t 0% X T ti icking- t
et ght 0. 7 fEeR ke framn ynglemer RGBS tehRer B 1o QG HreglB 1 MBS
25( Rel i abi | iahY e pelo@$SUT E8EGIRI. " FtirthetPie dHips Aete mMdiSedWithisd ¥&alhayer of
each waf er-processing tape according to the Exanples and Conparative

Exanpl es wasnatdhial (&E-10008¥, tradé inames mdradectofechby ilyobcera GhémicaliCanp. ),
t hi ckness 200 pm and then the resultant silicon _wafer wa diced into

2
chi ps of27. @nghinys W%ntwnjm;%weé%erp ed f%@ﬁ%&%ﬁw'%ﬁna &XChver - pl at ed
| ead frane, Wﬁfamg'f&g%ﬁé-' ons of tenperature 160C, pressure 0.1 MPa, and
or . TFU

time period secon rther, the chips were nolded with a seal ant

mat eri al (KE- 100@3¢h dangsle aﬂ@meawwm@tw@ﬁﬂbﬁ dRdoCempafithe Bamglesp. ), 5
and thus twenty sanples were produced for each Exanple and each Conparative
Exanpl e. was gedjected ip Bdregtnent sk diolding de sampiectordi9éhaung irca geastant ve

D, b oo T S W B 305 ol
Pecs! 118 e el o ApIRp el IS, BT S Wr et vidoge

be 260C i n Zmpeemmesst the Gafqdé sOfatd wouks bk RBOPCSaZDl secbyids eawd ogolig r oom
tenperature, wth this treatnent being repeated three tines. For each

Exanpl e andtf@rgsattant sempledbipleavingr aiore prratuse cwith &is dreatipentibeing
observed | nretr\)'\éea%g tr?r%gmrﬁgs.t cgr ehaac% I?)?grgpferaer?c} E%mparative Example, cracks
whether occurred or not was observed in twenty samples that had been treated
15 as above, and the proportion of samples in which cracks occurred among the
twenty samples was calculated. Thus, the crack occurrence ratio upon reflow is
indicated as the reliability in Table 1.
When cracks whether occurred or not was observed, each sample was
observed by a transmission method with a scanning acoustic tomograph (SAT),
20 and a sample in which peeling off was observed was judged to have cracks.

{0034}



15 as above, and the proportion of sanples in which cracks occurred anong
the twenty sanples was cal cul ated. Thus, the crack occurrence rati o upon
reflowis indicated as the reliability in Table 1. When cracks

whet her occurred or not was observed, each sanple was observed by a

transm ssion nethod with a scanning acoustic tonograph (SAT), 20 and a
sanpl e in which peeling off was obgerved was judged to have cracks. {0034}
22 23 {0035} Conparative Exanples 1 and 2 had a problemw th the

pi cki ng-up property, and in Conparative Exanple 2, the reliability was al so
poor. On the contrary, Exanples 1 to 5 according to the present invention
were 5all satisfactory in terns of the peeling force, the picking-up
property, and the reliability. Wth respect to the wafer-processing tape of
the present invention, it can be understood that the adhesive |ayer has
sufficient adhesive force even if the adhesive layer is a face that has
been once adhered to the renovabl e adhesive | ayer. 10 {0036} Havi ng
descri bed our |nvaﬂkéor as relate to t he prlesent enbodi ments, it is our

|ntent|ontha._ @gntion not llimted by any of the details of the
descri pti on, Ii§§§ Eil% @w@agspgc@le& [@t| rather be construed broadly
wWthinits splﬁlgg@‘gmpe S 58t| DUtSi h thle acconpanyi ng cl ai ns. 15
{0037} This apgl i cat® on cl ai s prlorlty bn Hat ent Application No.
2011- 141266
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filed in Japan on June 24, 2011, which is entirely herein incorporated by

r ef er ence.

20 REFERENCE SI GNS LI ST {0038} 10 Wafer-processing tape 11

Rel easabl e PET film 12 Renovabl e adhesive film 25 12a Supporting

substrate 12b Renopvabl e adhesi ve | ayer 123Adhesive | ayer

1} A wafer-processing tape, having a supporting substrate, a renovable
Sadhesive layer, and a single layer of an adhesive layer, which are
| am nated in this order, in which the adhesive layer is an adhes

| ayer which is used to crinp a sem conductor elenent to a w ring-adhered

wiring menber for external connection or another sem conductor elenent,
10i n whi ch §0@B5} erence in surface free energy between the face of the

10

15

20

25

Comparative Examples 1 and 2 had a problem with the picking-up property,
and in Comparative Example 2, the reliability was also poor.

On the contrary, Examples 1 to 5 according to the present invention were
all satisfactory in terms of the peeling force, the picking-up property, and the
reliability. With respect to the wafer-processing tape of the present invention, it
can be understood that the adhesive layer has sufficient adhesive force even if
the adhesive layer is a face that has been once adhered to the removable
adhesive layer.

{0036}

Having described our invention as related to the present embodiments, it is
our intention that the invention not be limited by any of the details of the
description, unless otherwise specified, but rather be construed broadly within its
spirit and scope as set out in the accompanying claims.

{0037}

This application claims priority on Patent Application No. 2011-141266

filed in Japan on June 24, 2011, which is entirely herein incorporated by

reference.

REFERENCE SIGNS LIST
{0038}

10 Wafer-processing tape

11 Releasable PET film

12 Removable adhesive film
12a Supporting substrate

12b Removable adhesive layer

13 Adhesive layer

24 CLAIMS {daim

ve

and



adhesive | ayer that has been peel ed-off fromthe renovabl e adhesive |ayer
and the face that is not brought into contact with the renovabl e adhesi ve

|l ayer is 10 mi/nR2 or less. 15{C aim 2} The waf er - processi ng tape
according to claim1, in which the surfade free energy of the face of the
adhesive layer that is not in contact with the renovabl e adhesive |ayer is
from30 mJ/n2 to 50 mJ/n2. 20 (Cd aim 3} The wafer-processing tape according
toclaim1 or 2, in which the adhesive | ayer contains a polymer conpound
obt ai ned by suspension pol ynerization including acrylonitrile.

CLAIMS

{Claim 1}

A wafer-processing tape, having a supporting substrate, a removable

5 adhesive layer, and a single layer of an adhesive layer, which are laminated in

this order,

in which the adhesive layer is an adhesive layer which is used to crimp a
semiconductor element to a wiring-adhered wiring member for external
connection or another semiconductor element, and

10 in which a difference in surface free energy between the face of the

adhesive layer that has been peeled-off from the removable adhesive layer and
the face that is not brought into contact with the removable adhesive layer is 10

mJ/m? or less.

15 {Claim 2}
The wafer-processing tape according to claim 1, in which the surface free
energy of the face of the adhesive layer that is not in contact with the removable

adhesive layer is from 30 mJ/m? to 50 mJ/m?,

20 {Claim 3}
The wafer-processing tape according to claim 1 or 2, in which the adhesive
layer contains a polymer compound obtained by suspension polymerization

including acrylonitrile.



