A DI C'NG TAPE AND A METHOD OF DI CI NG A SEM CONDUCTOR WAFER  BACKGROUND OF
THE INVENTION 1. Field of the Invention . The present invention rel ates
to a dicing tape and a net hod of dicin&lb sem conduct or waf er wherein the
dicing tape is used. 2. Description of the Related Art I n successive
steps of manufacturing sem conductor chips, in a dicing step a dicing tape
i s used to AiDICINGITARENGND o MEBTHOD OFe DIQINGaRAd SEReCcORDUCOOR URARER Waf er
is then cut into individual chips. The dicing step is foll owed by

expandi ng, picking-up and npunting steps. In the expandi ng step, the
di ci ng t reRGROVNDA BEe Buio Tiefebynexpand or extend the wi dths of dicing
lines or cutting lines formed in the dicing step and thus enlarge the

spaci ng of- t hgl E thee Invesdde®nof enl argi ng the spacing of the chips in
t he expandin | SRS 2 | zabil idy..0f the chips_and to
prevent the gﬂ?%s érsc%rﬁtgc}m ng |(r§){101{:e§n%%%t %\%i ta.‘hd%él% e{ﬁ?‘sﬁh‘?ﬁg 3nd bei ng
damaged, métdwdiofkddcipgi B skmipondiuagenpwatep. whereNovettaydiciny e
expandinqj§%%%dan expandi ng apparatus is used to stretch the dicing tape.
In such an expandi ng apparatus, a stretching anount and a torque applied to

stretch @.e genmymidtyoelofattheomellakied @vels.- It is extrenely cunmbersone to
adj ust the e%fandin appar at us by changi ng the stretghing ampunt_or the
t or que, each I?ﬁﬁ“§g¥§B5@b§t€F§iH§ papifastyEinge gemicraduppgeehing. a size

of a senmigpRdEEahgWatep atsdehed t éhfsdﬁ§é§gt$?Pﬁxi§ SN uctor Under

the above circunstances, when a substrate material of a dicing tape
st r et ched3&®1t hBSERPRNJIRRE EBpafemigonduckoni yutfemcis |then cutstimdiachi ng

N hus S D e e 1 el O AN b BBl
cont r ar y Piwkdngaupudsdrmeuanniner $eepsf a dicing tape being stretched has

In the expanding step, the dicing tape is expanded to
thereby expand or extend the widths of dicing lines or cutting
lines formed in the dicing step and thus enlarge the spacing
of the chips. The purpose of enlarging the spacing of the |
chips in the expanding step is to enhance a recognizability of
the chips and to prevent the chips from coming into contact
with adjacent chips and being damaged, when picked up in the
picking-up step. '

Nowadays, in the expanding step an expanding apparatus is
used to stretch the dicing tape. In such an expanding
apparatus, a stretching amount and a torque apﬁlied to stretch
are generally set at constant levels. It is extremely
cumbersome to adjust the expanding apparatus by changing the
stretching amount or the térque, each time a type of dicing
tape to be treated is changed, or a size of a semiconductor
wafer attached to the dicing tape is changed.

Under the above circumstances, when a substrate material
of a dicing tape stretched on the expanding apparatus has a
high ductility, a stretching stress is not conveyed to an area
where a semiconductor wafer is attached, and thus the spacing
of the chips is not sufficiently enlarged. To the contrary,

when a substrate material of a dicing tape being stretched has
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€2) wa low ductility, a stretching torque applied by the expanding
appar at us becones insufficient, the spacing of the chips is nonuniformy
enl arged, or the dicing tapes may be bﬁ@Renn Japanese Patent Lai d-open
Publ i cati on (Kokai) No. 8-124881 discloses a dicing tape having a

three-| ayered construction; a pressure-sensitive adhesive |ayer as an

upper nostal ayerduebilite; reditiercion dofile RPP1iGE@ ByowhduekphhBYngand a
base | ayer havin hi gh ductility. Neverthel ess, when said three- |ayered
di ci ng ta%@?%aﬁgﬁgb?ﬁﬁe%dﬂ%m#mn%m Se@icdngg 9f ke ghépRolsf or ned
in a peripbenal ferRby a0 hdde HENHAIQIRAHY 3 Er&yab%ei&eﬁaﬂvctor waf er
Is attached. The peripheral area is also stretched together wth the
central portidaPaRese Batepg lahdsopen Pubpkichtion (HukadloMNe. 8-32488&hi ng

L oeau®, pPRLLEHoDYs LD hay AL DAY U0 ERATIB IR LoBERhet fhnl g S T

cases the cl ng tapes a pressure-sensi Hh3si ve
coat ed orpressmiaczensitive cdhpsiaee layer @l angeppedinogtr fager, an

pressure-sensitiye adhesives, but .also ultravialet . -cur abl e, pressure-
sensi ti verAdHILT %t%rs‘é"%ﬁtdzlr%?’qﬁéﬁv%gg@n&oﬁﬁ %b‘ﬁﬁggﬁpr 8BduRePLRBsi ti ve
adhesi ve bhager Woeingisa HigH afidwdilieyof #eletthel 8sd06,APsa i anfa%-2

modul us 8{ elastigcity of an UV-curable pressure-sensitive adhesive is
rai sed torIFETEd NG rffane |is amed iy pagorvensiened mrrngyi ofbeingys.

Wien the DIRSSHe e SANSEdiR] aN6S Pes iRAerA1h| elastigity, it
deforns slightly when thrust upwar b;%%thrug#ﬁgaﬁggﬁlaee%ﬁ !t:ﬁé{:%%jéki ng- up

step, andPHE P AL B JAmiceRdusteoan wadeshdst ensdchedd tThes, pol | ution of
a back suytdashfap aqfﬁ]ao 1 1SRRI RogeRRe ¥ RARM! P-ARRREALYS 1

required ave a hi torque for enlargi ng the SpacCing € chr ps. Wen
t he presertisunsihense didhiews vdness axrel dormedyl asdothelrafbrej tg, a stress

PP PR S DS BT SRl Bt RBBIEAL Sster L on,

conveyed imsufiidiienitng di ries somied calseseitheediaiayf thpeenhagrBei Beoldn I he

chips i's not ggtgjéﬁégsure—sensitive adhesive coated on a surface of a
dicing tape, not only general-purpose pressure-sensitive
adhesives, but also ultraviolet (UV)-curable préssure—
sensitive adhesives are widely used. A general-purpose
pressure-sensitive adhesive has a modulus of elasticity of 10*
to 10° N/m®?, whereas a modulus of elasticity of an UV-curable
pressure-sensitive adhesive is raised to 107 to 10° N/m?®, after
irradiation with ultraviolet rays. When the preséure—_
sensitive adhesive has a high modulus of elasticity, it
deforms slightly when thrust upward by a thrusting needle in
the picking-up step, and the picking-up procedure can be
shortened, and thus, pollution of a back surface of a chip is
reduced. However, an expanding apparatus is required to have
a high torque for enlarging the spacing of the chips. When
the pressure-sensitive adhesive has a low modulus of
elasticity, a stress applied to a dicing tape in the expanding
step is relaxed by a deformation of the pressure-sensitive
adhesive, and thus the stress is not sufficiently conveyed to
the dicing lines, and therefore, a sufficient spacing of the

chips is not obtained.



¢3) ¥ SUWARY OF THE | NVENTI ON Accordi ngly, the object of the
present invention is to renedy the deffi*s in prior art, and provide a

di ci ng tape which can uniformy and su ciently enlarge dicing |ines

wi thout affect by a nodulus of elasticity of a pressure- sensitive
adhesive, and is rarely broken at the dicing |ines. Anot her obj ect of
the present invention is to provide a nmethod of dicing a sem conduct or

waf er wh ' ] | . used. O her objects and advant ages
will be M%ﬁﬁﬁwfﬂ ng description. I n accordance with the
present inventiZgotdimigly s the\olfietta odi €¢hegpiragencotipreatignaisubstrate
sheet and a essure:sensitive adhesive |ayer forped on_pne surface of the
subst r at ereﬁé‘%f ,a'b%éq'eeqe%tt%emsmataétsh PEABLPEe? FhetpPeraPlyer in
direct coizdd odr Rudi¥oAN185 HHE EFS el bMe130BASEYEe| @Y¥€ingalihsE er medi at e

| ayer adjacent to the upper layer, and a_lower |ayer adjacent to the
i nt er medi'g Iy L fagid ih aamadudisepdi Blastciny of anerepperetayer, an

anti- ext |0 4l Qo t i nt.e hat r . k-4
extensibili tylh-’l(lc‘:ﬁét é&-{@hselq}ltedv\e%?q g&e:r ggglfl ?s?i?latﬂ 12 %aﬁgg? ﬁlﬁﬁé JBlrée%C <C
(1), the anti-&aethanicbiscthafhdhe pregevt dhvennbduol is bé prevideiay and

| ayer thi A I . | zext LoEi of the upper
Cayer . ARG Yy dicind B SlcbngiFl ke X BhELelh | e Aot (e
anti-ext erssidgdd.ty (C) of the lower |layer satisfy the equation (1): B < A<

Cr1y and (1119550 Wbip 0 Bl DR TE10V LA ShpRgbh K Lhe £V ops
(rrry. folIlowAny Heycatiligjmhodi ment of the present invention, the

In accordance with the present invention, there is
provided a dicing tape comprising a substrate sheet and a
pressure-sensitive adhesive layer formed on one surface of the
substrate sheet, wherein the substrate sheet comprises an
upper layer in direct contact with the pressure-sensitive
adhesive layer, an intermediate layer adjacent to the upper
layer, and a lower layer adjacent to the intermediate layer,
and an anti-extensibility (A) of the upper layer, an anti-
extensibility (B) of the intermediate layer, and an anti-
extensibility (C) of the lower layer satisfy the equation (I):

B<A<SC (1),
the anti-extensibility being a product of a modulus of
elasticity and a layer thickness.

Preferably, the anti-extensibility (A) of the upper layer,
the anti-extensibility (B) of the intermediate layer, and the
anti-extensibility (C) of the lower layer satisfy the. equation
(I):

B<A<SC (1),

and at the same time further satisfy the equations (II) and

(IIT):
0.4 =sA/C=1 (IT), and
B/C £ 0.5 (ITI) .

In a preferable embodiment of the present invention, the



€4) ~supper |layer conprises two or nore sublayers, and a whole anti -
extensibility (A) of the upper |ayer iq4q sum of a product of a nodul us of
el asticity and a |l ayer thickness of each sublayer constituting the upper

| ayer. I n anot her preferabl e enbodi mnent of the present invention, the

| ower | ayer conprises two or nore sublayers, and a whole anti-extensibility
(O) of thePP AY X FOMRT ISQHNFWR @ PRUR FuRRYeLFod §Rds 2oWhelgs angicy and

a layer tBkeknessi P{cpatd) S¢b! QYE SIS tidyls NG UOWer 4 B¥Shuct of
Further, in accordance with the present invention, there is provi eg a
met hod of adredwiua etnetasiicity and @ lauer ithdickngssl ofhiepshwisubiayer

conpri ses; : i t ) uctor wafer to a pressure-sensitive
adhesi ve Fgé%%l?%ttfﬁ&e %oﬁ%ﬁﬁ%%dbf a substrate sheet of a dicing tape
wherei n t he silibhsanatbeshpeéfenabléesembadingaperof ayles presdntedinvegidiasi, Wi t h

t he presspyre-sensitjve adhesive layer, an inter i ate | ayer, adjacent to
t he uppergf‘%lyg?"feﬁn YT TP ISRT T e Mo R aYRESr Fe{“’%agér, and

an anti- axtbrskbehsiyi My ofc) hes uer dwateaydr 3Bt k- exiensi Bility (B) of
the internmediate | ayer, and an anti-extensibility (C of the |ower |ayer
satisfy tRECUfat?ore (Mgdulys of elasticity and & laypy, thigkness of

anti - ext eggéRi ik Yahet Ncbrfs £ QfGlg Hh 1RAEY U RE- el asticity and a | ayer

t hi ckness, and thereafter, (b) dicing the sem con dcpor wafer with a dicing
bl ade i n suchFurtaster inhaccerdanppecvithythe ipresant dmteptden.t vhewgh from
a top sur . C he | nter i I r| at cut from
2 top surtadrtRBd et AL I AL RcRE pabeP RhEE T ot
The t er m imaiioddismlofclelps twitidly "campnisess :her ei n means a proportionality

Poras T L] iR B QR ddlicrol et th 2"B20s5EPLERGEELORY! 1T
adhesive layer formed on one surface of a substrate sheet of a
dicing tape wherein the substrate sheet comprises an upper
layer in direct contact with the pressure-sensitive adhesive
layer, an intermediate layer adjécent to the upper layer, and
a lower layer adjacent to the intermediate layer, and an anti-
extensibility (A) of the upper layer, an anti-extensibility
(B) of the intermediate layer, and an anti-extensibility (C)
of the lower layer satisfy the equation (I):

B<AZLC (1),
the anti-extensibility being a product of a modulus of
elasticity and a layer thickness, and thereafter,
(b) dicing the semiconductor wafer with a dicing blade in such
a manner that the upper layer is completely cut through from a
top surface to a back surface, the intermediate layer is .
partly cut from a top surface to an inner point therein, and
the lower layer is not cut.

The term "modulus of elasticity" as used herein means a
proportionality constant (E) in the proportionality:
T = Ee

when the proportionality holds true between a stress (T) and a

strain (¢) in an extension deformation. The term "modulus of



straim ([err]) in an extension deformation. The term "nodul us of

(5) elasticity" is a constant al so rgfsgrred to as Young's nodul us. The
nodul us of elasticity can be determ ne y carrying out a tensile test
using a tensile tester and calculating froma resulting tensile strength
and an extension chart. The tensile tester, TENSILOV UTM 4-100 (Orientec
Cor por at | 8kasti@BEYs ek ta mwtnea]t% refierred 0u6s doyBPoscHofuluEn vm th
regard t o DR So £F b "
used her elﬁgrermeans aélva ueeleai)%&dlcE |péﬁﬁg}eda%5§?}§gﬁ§ b*‘as | Ci ty
of a sheetemsibeitdsttonsing & |tragmsauleaymsds,r anad lvadlkcudasingf frbm aheet

material con tutin For a the ant ibility of
t he upper*F3 ‘?%{" %&}Fa)rlhlfe %%5 Iy aﬁar?gft% Sﬁ'é’nac‘hﬁﬁgul 3@1
el asti ci ty @il@ntew Imtsxﬂw/a;m-fm-qkmequn@fnt@&ecu»aper_»atﬁaﬁy, whsn the

upper or \Ag Og IS, cor@‘osed of two _or nore sublayers, ,a sumof anti -
ext ensi bl‘ll?? ek sfetemring the ariualy Maigiash Sissioses: hesfir Vajer

corr espongdsqi 4 afb aid n?diilﬁlﬂ?é Rig 'é])és‘%flctﬁ‘?{ whol e upper or |ower |ayer.
BRI EF DESCR?PTI ON OF DRAW Figure 17is a sectional view

schemati cal | yThe| Egmal’mhgltmt%m%ib@lva\p'é ¥ uded frexsdm meausnai yalue
Figure 2 t | I |I n wher ei n
a sem conéa‘rac%ﬁg<§ 1%%%16’1 %& #%‘%@& ué ménz;é%'%g%é' og Y hégpge%iél%gt

i nventi orma;hemml rc@sj:lmtmgj ailayey bynes "thdekhessedof thESERe®T] ON OF
THE PREFE NTS e of the present invention is
preferablnﬁ N%?té‘%%&?’etﬂﬁ et‘ﬁe ﬁgﬁeFx?‘&Rﬁ? @“%o?‘f‘bq]etel y cut

t hr ough fémmsimplﬁsuy fofC &eHep ubgeac K asidrf dee a Waguenbbeaededt by

multiplying a "modulus of elasticity" of an upper layer by a

"thickness" of the upper layer. When the upper or lower layer
is composed of two or more sublayers, a sum of anti-
extensibilities of sublayers constituting the upper or lower
layer corresponds to an anti-extensibility of the whole upper

or lower layer.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a sectional view schematically illustrating
the dicing tape of the present invention.

Figure 2 is a sectional view schematically illustrating a
condition wherein a semiconductor wafer is attached to the
dicing tape of the present invention shown in Fig. 1, and

dicing lines then formed.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The dicing tape of the present invention is preferably
used in such a manner that the upper layer is completely cut
through from a top surface to a back surface, the intermediate
layer is partly cut from a top surface to an inner point
within the intermediate layer, and the lower layer is not cut.
The dicing tape of the present invention will be explained

hereinafter in detail referring to the drawings.



l-ayer sis partly cut froma top surface to an inner point within the

internmedi ate layer, and the |ower layerghs not cut. The dicing tape of.
the present invention will be explained hereinafter in detail referring to
t he draw ngs. (6) Figure 1
schematically illustrates a sectional_ view of a basic enbodi nent of the

di cing tape a€égPEPng Eehematirakbntiliiematrs a sectionalciign afeal as
shown i n §ig;c lehiSo&QHROS . RRLES EzgEnsitive
adhesi ve ’F%gt? 3 c%at ed oﬁdjfoﬁihftﬁ%?egr %ﬁi%%%&éél?l tg'gsheet E,gé ?ﬂg
subst r at einviestioni s conposed of an upper layer 21, an internediate |ayer

22, and a lo I .23 whol.e. the dicing tape 1 has four-1ayered
structure V\h\é&{éllené%g%n r%%%%rg-assensslﬁﬂel%%le%'l 8’9 } afé’rmp\gset%é)faﬁlper_ | ayer
21, the i stlostraitat shéetyex &2 aa@d-etstselﬂeewanf hslia&_)i.ﬁf‘e aahasevéanrapggesl It n EEI S
sequence. n_the substrate sheet 2 t he dicing tape_according to the
present iﬁ%ﬁ?‘%o‘?ﬁ He| a%@é;ftﬁﬁné“g’ﬁﬁéﬁtleaﬁg‘ﬁe 120r TRSeFUPSHAtD3 nay
be conposgfe&f 2Wos GFonBdsed Wl avelpped! ababby, 2ahoiAcavhbaysrs. For
exanpl e, as shown by solid and _dashed lines in Flg. 1, the substrate sheet 2
#6

may consis¥YSF 3he Yt Jurx lavezordosedsor whelest thppdicingitape Dia
and a seogddl APRSIr SR Alhcthe WAkERNRTiAkeoLakehyd2seAliige | Over

| ayer 23 conposed of a first |ower sublayer 2 and a secon OWer ~subl ayer
23b. At |a2dkesive WHyemhe ufber uppger layean@l, héheowetermpdial8 lLayer

ref erably, co f I LS..as a_thickness and/or an
gnt I - ext e%zsi bélEFC?tstglﬁieo?l ?ﬁ]ée%)&%?le%ﬁg a%%%cg'%%ﬂ‘gattﬁés lgag*’f‘ﬁ EoHYTorFed.
When the dici ig theesdbstratwwheet B of khe divdthg aapeniaeengddihgr teaf er 4

is attached to the %)r.essure-sensit'h.ve adhesi v Then, as shown in
® AT i

| ayer 3.
Fg 2t (TG eRar oF 118agkt OPRt 8% FAPVPERAT LAYES o (P a
di ci ng bl Bsteer My @9 ) maydhd dompbgeldl BES t@beokomerd. shiB1hPersutting
procedure, as shown in Fig. 2, the semiconductor wafer 4 is conpletely cut

through fREHHERPIOF it PaddIEYERE - hafRY oPXBBRIOM ke phesolid
pressur e-seshddney adhes ue %@ﬁ@ﬁ,3tﬁgdshﬂgtggegrshé¥€r22$ay consist

of the upper layer 21 composed of a first upper sublayer 21la
and a secohd upper sublayer 21b, the intermediate layer 22,
and the lower layver 23 composed'of a first lower sublayer 23a
and a second lower sublayer 23b. At least one of the upper
layer 21 and the lower layer 23 is preferably composed of two
or more sublayers, as a thickness and/or an anti-extensibility
of the dicing tape can be thus easily controlled.

When the dicing tape 1 as shown in Fig. 1 is used, a
semiconductor wafer 4 is attached to the pressure-sensitive
adhesive layer 3. Then, as shown in Fig. 2, the semiconductor
wafer 4 is cut into individual chips with a dicing blade (not
shown), and dicing lines are formed. In the cutting procedure,
as shown in Fig. 2, the semiconductor wafer 4 is completely
cut through from the top surface to the back or bottom surface.
The pressure-sensitive adhesive layer 3 and the upper layer 21
are also completely cut through from the top surfaces to the
back or bottom surfaces. The intermediate layer 22 arranged
under the upper layer 21 is cut from the top surface to an

inner point thereof, and the dicing lines 5 do not reach the



are akso conpletely cut through fromthe top surfaces to the back or bottom
surfaces. The internedi ate | ayer 22 arra ged under the upper layer 21 is
cut fromthe top surface to an inner p(SI t thereof, and the dicing lines 5
do not reach the (7) | ower |ayer 23

arranged under the internedi ate | ayer 22. When the upper l|ayer 21 is
conposed kiwemplayemste asmangest sandgn thiee ingsrmpdister éaygﬁplzat ely cut

through the tg e U{:f\}\%c,gépé]p igg %% SéJrJ @g;qﬁ I']_Jée | ower Layer

23 i s conpose nore Iayers dici ng are not forned
in the subilsbegyrers, almmmﬂ@a@@,rsaamtbmpieeaiybchtt yh@é@zghf thee upper

llayer 21, an ant -extensibilit f the nt er te and an
anti - ext i tﬁ‘ﬁ' 3F0) °oft9'{ é’qy&/v@l)“ §§?E§f yﬁl? a% a]c?%#(l) B <
A < C layer 23 is cdnigosed oﬂDrtefoeroabhw;cet Babaai/erext ensi Ritihy (A) of
t he upper. | ayer_21, the anti-extensibili t)i (B) of the internedi ate |ayer

22, and tHESHtT 358 ARG Fiarmed (o) the sNOLPYREF-| ayer 23 satisfy the

t I , f
couetion ()8 fpdiinfor an apsi rexcand iy a9 o) U okl aghiol ),

B/ C [err]21p. an anti- exten51(b|141|ly:y (B) Iof 1th3 dnt;ﬁngeﬂaQQEOﬂaYhe %Eesent

I nventio i1l ) Qf r r ethan
the anti r!irle%(t enésm% JI ity mrl tﬁf té)(rirn‘a:(ia1 %LHQESy%%?%% zﬁf %ﬁe anti -
ext ensi bithe yequatian t (19 :upper Iayer 21 is not nore than the

anti-exteglbl I I<t¥d:n(B) of the interrﬁdi ate layer 22, the upper layer 21 is
easi |y defor d thus, a con\_/ey(i g of a force to the internedi ate | ayer

22 is inhibitedes&rabher, tm%ﬁmﬁaﬂsﬂaﬁm@i Ria)i of e ebpele lupper
Iayer 21 is mpre than the antl-exten3|blllt (¢C) of the |ower layer 23, the
di ci ng t dpe iR Ty SreRsTHdd o (Ble ot §sl€tE§F’i“§§1FE§r%ﬂ§eHu??ng t he

expandi NGy &fhe antiMBfiehdi®ilatyN () ok the abikrexhgasi bsl bhyisd) of the
the equation (I):

B<ASC (1),

and at the same time satisfy the equations (II) and (III):
0.4 £ A/C < (II), and

B/C £ 0.5 (IT1) .

In the dicing tape of the present invention, the anti-
extensibility (A) of the upper layer 21 is more than the anti-
extensibility (B) of the intermediate layer 22. If the anti-
extensibility (A) of the upper layer 21 is not more than the
énti—extensibility (B) of the intermediate layer 22, the upper
layer 21 is easily deformed, and thus, a conveying of a force
to the intermediate layer 22 is inhibited. Further, when the
anti-extensibility (A) of the upper layer 21 is more than the
anti-extensibility (C) of the lower layer 23, the dicing tape
is easily broken due to the stress applied thereto during the
expanding step.

When a ratio (A/C) of the anti-extensibility (A) of the
upper layer 21 to the anti-extensibility (C) of the lower
layer 23 is 0.4 or more, the strength of the layer where the
dicing lines are not formed becomes more suitable, and thus,

the dicing lines 5 can be more easily enlarged in the actual



upper il ayer 21 to the anti-extensibility (C of the lower layer 23 is 0.4
or nore, the strength of the | ayer wher )the dicing lines are not forned
beconmes nore suitable, and thus, the di'cing lines 5 can be nore easily
enlarged in the actual (8) expandi ng
step, using an_expandi ng apparatus. Wen the ratio (A/C) is 1.0 or less, a
br eakage ¢¥panding cstetherwsing afi cxmandimss apparatiusr mWheantpe wdtietivel y

avoi ded. VWAED ' O tsi - ensi ki | i ( Ofys L.k

I nt er medi gtveq ayerf'zciac%%q[%%’an ?{ree; &risl Bil f‘ﬁ? %%l)ego{"’h%%g oﬁe?‘lf:g@ r 23
is 0.5 orlimes, 5 tdmee diarmeyl | care oeb efffedidvalyve awoiflednl y enl arged in the
actual expandj ste usi expandi ng_apparat us.. .. T erials of
the | ayers cowgg?tﬁtfﬁbl?hggéggs?}r‘a es?f&'é’('%‘%??ﬁ%’él&itéﬁ rf&%t %ﬁa Bt he
present iiwesinedifte Nfed@S itodlltdd Yandivd:@@nsiBilloBg a8)t BeytBeovi de
anti- extensibil]ities satisfying the above equation (1), _and further,

opt i onal | 3°P%ee e Ut ibms @ 1bessnd the dLcing: dinas sShasnngeanore

excel | entyMpt SimT L drdlANcS i RAtadisiis d3hg s¥bbabligin ng?synt heti c
resin filnms are particularly suitable. he material for the layers of

t he substexpandinetagpanatuse, for exanple, a filmmde of |owdensity

pol yet hyl ene S#QP r@teﬂ%fé‘rof Oﬁfﬁgeﬂ?%%{%, E%ﬁlﬂi@dt%@f?b&#’EDE@O’S&%@Q ene-

propyl ene copol yner, polypropyleneg, Ene, p adi"ene,
pol ynmet hyshoessit ehein ethey |dieng madpeacdt ahe epepskenteinvehbybrnarénmbb) acrylic

acid copql yner thyl ene .pethyl (neth)acrylate copolyner, . ethyl ene ethyl
(et h) acrgl%l%‘fled%]gatfg'l%ﬂlﬁ@r’?{% 'y\ﬁongl%“@%ﬂagr%é Y Pfﬁgrf"d%h%ﬁ'ae-vi nyl acetate
copol ynerextedrgAteiie:t ida Wa iy Mriinde tHen Wboveeeaha t E6R0K ¥ Er an@OEMBERERANE,
pol yam de, i,onorEe]{, r styrene-but adi ene _rubber. or _a hydrogenol yzed or
nodi fi ed (ROHRA %éﬁ@)@%‘i’& RetIops (ThHepndl (ZR8) or My | ayer 23
are Conpasffig dnve:ielMift YA SedisthtceUBhayRbatr "RYsPS-aRde Qfeany
materials, respectively, so long as the anti-extensi-bilities of the upper

| ayer 21 Hdcalhe | amst svarhetiz sesiof films apevparbicilanivit suitablen the-

dicing tape Ofnl g PLESLM £dPVAN | Aert E Y SRibstrate sheet 2 may
be, for example, a film made of low-density polyethylene
(LDPE), linear low-density polyethylene (LLDPE), ethylene-
propylene copolymer, polypropylene, polybutene, polybutadiene,
polymethylpentene, ethylene-vinyl acetate copolymer, ethylene
(meth)acrylic acid copolymer, ethylene methyl (meth)acrylate
copolymer, ethylene ethyl (meth)acrylate copolymer, polyvinyl
chloride, vinyl chloride-vinyl acetate copolymer, ethylene-
vinyl chloride-vinyl acetate copolymer, polyurethane,
polyamide, ionomef, or styrene-butadiene rubber or a:
hydrogenolyzed or modified product thereof. When the upper
layer 21 and/or the lower layer 23 are composed of two or more
sublayers, the sublayers may be made of any materials,
respectively, so long as the anti-extensibilities of the upper
;ayer 21 and the lower layer 23 satisfy the above requirements.

In the dicing tape of the present invention, a thickness

of the whole substrate sheet 2 is not limited, so long as the
dicing method as detailed above can be carried out. Further,
a thickness of each of the upper layer 21, the intermediate

layer 22, and the lower layer 23 is not limited, so long as



of the whole substrate sheet 2 is not l[imted, so long as the dicing nethod
as detail ed above can be carried out. ﬁ%rther, a thickness of each of the
upper layer 21, the internediate |ayer 2, and the |l ower |ayer 23 is not
limted, so long as (9) t he
respective layers 21, 22, 23 have thicknesses such that the ugper | ayer 21

can be cohBfeFespective haxRis f3lom22 t A3 hveddicknessest ¥cButhase
thereof, the ipbernediét 21 sl B &&Ebzltz&a&y téwed%gtﬁbﬁ%%o%noa gupf ace to

an inner point"wthin the internediate layer, and ower [layer 23 is not
cut in theudfa¢egtoed oot tam datefacal themenf, thd ingermedliate ¢averng2dept h

"5h" in ELQ. f di.cl n |ine formed.in di_cing tape i,s,about .10
Eer rim tog‘lggoﬁg)a%r%% é"%'lher e?n(‘)raé?toaP ﬁﬂr%ﬁ?eesgzoofant ﬁ%‘\ﬁﬁﬁp@ J‘Hltc‘("ﬁgikfﬂpe of
the presethe inveniedintes luwdher ald e SQRdrerisyar 128r éspheteeabl ¥yn50- 250

[err]m en_the thickness of_the whole dicing tape is 20 [err]mor nore,
t he thick %s‘éﬁcﬁgtrh%é?%ip?&ﬂ%}'@%]ﬁéé%’ﬁ be easily controlled. \Wen the

thi ckness of thegehetgl(li §i Gttt aRe dé%tﬁop--.%l@'r rirm g | e8s .ot Be dakadigct i on
and the handling of the dicing tape becones easier. The thickness o0f the
i nt er medi hirmel| fHyemed 2th i qicifrey aldpe 59 ellbdun A0 mar eo ebbatpief gnably 10
[err]mor nore, to ensure that a cutting tip or a cutting end stays within
t he i nt er Feerefere ay@rtipickngas dqesheowhodar idictiag sape piythe2BresentThe

ressure-sensitjve adhesiyve |l ayer 3 may be forned from variqus
Gonvent | GFATFYC I iRl e R 1P Hith SOmFe ST eEF2BAM 35250 M.

e-sensi tive adhesi ves based qgn _rubber, acrylate, silicone, or
Bgfiirﬁy|wﬁﬁ%th?mﬁhd _oé&éﬁe $%ole Aic1ng ta%e is 20 4m or more,

the thicknesses of the respective layvers can be easily

controlled. When the thickness of the whole dicing tape is

500 ym or less, the production and the handling of the dicing
tape becomes easier. The thickness of the intermediate layer
22 is preferably 5 um or more, more preferably 10 um or more,

to ensure that a cutting tip or a cutting end stays within the
intermediate layer 22, and does not reach the lower layer 23.
The pressure-sensitive adhesive layer 3 may be formed from
various conventionally known pressure-sensitive adhesives.
For example, pressure-sensitive adhesives based on rubber,
acrylate, silicone, or polyvinyl ether may be used. A
radiation (including ultraviolet) curable or a heat expandable
adhesive also may be used. Further, a pressure-sensitive
adhesive for both dicing and die-bonding steps may be used. A

thickness of the pressure-sensitive adhesive layer 3 may be 3-
100 pm, preferably 10-50 um.

The dicing tape 1 of the present invention may be
manufactured by various methods. For example, the dicing tape
1l of the present invention may be manufactured by coating a
pressure-sensitive adhesive composition on a release liner by
means of a roll knife coater, a gravure coater, a die coater,

or a reverse coater, which are in themselwves known, or the



r.adi atzi on (including ultraviolet) curable or a heat expandabl e adhesive
al so may be used. Further, a pressure-ﬁﬁp i tive adhesive for both dicing
and di e-bondi ng steps may be used. A thrckness of the pressure-sensitive
adhesive layer 3 may be 3- 100 [err]m preferably 10-50 [err]m The
dicing taE(_e 1 of the present invention may be manufactured by various

met hods. FékeekanfPem the pFessigreSrnsitive pdhasisentlayerefitél may be
manuf act u : c | r 3§ﬁgﬁj [ aqhesi Si.tsh0n a
rel ease Ilaﬁg%a%i/ %%ginﬁsg%% t?%%l%{sm e céogxger, a grs\aé\?/lusrc'%qg%ata tg?l,ggéggi e
coater, olaperecomtGetheatwrstmdie shaet 2, tWidmie hass Hesawseparatkeady

('10) like to formthe pressure-sensitive adhesivie |ayer _after drying,

| ami nat i nﬁr?ﬁgr?(gsﬁ‘?c?ng??ﬂ STENG e i%?{ﬁ%&%q'ayé}: Bt Bt he
substrat enebessary whiténdies e rshRaiatiginemnendned sendcbhaicesgovi ng
the rel ease_liner, I s not necessary to renove the release liner_ until a

It
sem condufebervhi &F attached Jdeddhe AtviagitEng L-ap&he. SHRECERBS 1 FBERE sheet
2 may be gegufacs Upsth fotddd BFRMESy SeaisIRX! TR RRHOSESR proE&aap! es

The present invention wWill now be further illustrated by, but Ts by no
means limted to, the follow ng Exanples. Exanple 1 In the present
Exanple, a.digifg tape 1 of the present invention was manufactured. In the
di ci ng tapég#é'a‘pressure- sensitive adhesive |layer 3 was | am nated on an

upper |ayer 2Thefpresehttinventheetwll onpodesl Dirther ufderstiraped By, an
adhesi ve DREC-F dr 75F RS LD (e SR Sa ORI BRPEP 55 0r 3 was an
acryl at e- bgaegi@antl UV- curabl e pressure-sensitive adhesive prepared by
Plending 125 Bart B Py S8LAD" eRlmBle Y A" S0 SV 3L Prdetnt’
invention was manufactured. In the dicing tape 1, a pressure-
sensitive adhesive layer 3 was laminated on an upper layer 21
of a substrate sheet 2 composed of the upper layer 21, an
intermediate layer 22 and a lower layer 23.

A pressure-sensitive adhesive used for forming the
pressure-sensitive adhesive layer 3 was an acrylate-based and
UV-curable pressure-sensitive adhesive prepared by blending
125 parts by weight of polyfunctional urethane acrylate, 1
part by weight of multifunctional isocyanate compound and 5
parts by weight of photopolymerization initiator to 100 parts
by weight of a copolymer compound having a weight-average
molecular weight of 500,000 and prepared from butyl

'acrylate/methyl methacrylate/2-hydroxyethyl acrylate (50 parts
by weight/45 parts by weight/5 parts by weight).

As the upper layer 21, an ethylene methacrylic acid
copolymer film (methacrylic acid content = 9%) was used.
Further, an ethylene-vinyl acetate copolymer film (vinyl
acetate content = 22%) as the intermediate layer 22, and an
ethylene methacrylic acid copolymer film (methacrylic acid
content = 9%) as the lower layer were used. Table 1 shows the
films, modulus of elasticity and layer thicknesses of the

layers.



part By weight of nultifunctional isocyanate conpound and 5 parts by wei ght
of photopol ynerization initiator to 109;pprts by wei ght of a copol yner
conmpound havi ng a wei ght -average nol ecul ar wei ght of 500,000 and prepared
frombutyl acrylate/methyl nethacrylate/2-hydroxyethyl acrylate (50 parts
by wei ght/45 parts by weight/5 parts by weight). As the upper |ayer 21,
an et hyl ene n&@ﬁa Siging sers éoﬁélyhﬁrp¥¢$ﬁ¢¥rﬁﬂ?ﬁﬁ#%@ﬂ(Wﬁﬁnﬁrﬁﬂﬁﬁaﬂna5= 9%

vas used. rRUILDSL. ik SN epddM; AECLE! aeeggﬁzle&”sfoﬁ%eagéw@ﬁacacet .

content = 22% as t intermedirate layer 22, and an et ne met rylic
aci d copoesyhruded| firemez hthrse+laver comntmder 3% fpam lge thower-laxper were

used. Tablpd:300uschlge 12! Mmd ululyin Al p8La! b Lypahie! fYeLfbLCknesses

of. the | ayer _ e dicing
tape 1 of sehsz.pmveeatﬁhesnmtdﬂum widparcdohea fwalsl @smtedhenf &l m
conpositions as detailed above were co- extruded froma three-layer

co- ext r udspleaseotimer  sng & erokudonifta codteat 2ndridrigdr pral80hased
LthurabIg f ﬁssure- sen:&tlve adhesi ve diluted with toluene was coated on

rel eas ePLTHER nEP o 270t | Thé i BREIDHSS et 1 adhesivsofeverconfor 1

m nut e tOtﬁerﬁuess@rEﬁ@éw eS| e\é%ua;»@h@%hggtiaae&aﬁeswé 18y,8ASkad | NET .
The pressure-sensitive adhesive [layer was | am nated on the upper |ayer 21

of the subdninptednertithe upRex I"Pealf%’q dds ©f ither subskrageosbgetoobatdn t he
di cing tapgelroJahie ﬁlﬁé@vﬁqérber%iﬁd ? Stdlihl £heS Gkihl g 553&6 s in the

resulting dicing tape 1. The res Icing tape 1 was u i ci ng
met hods aBabhews $m‘ma¢mtm-@mw1ﬂm@sz ofetthieoleyelrst én the

oot o o LBEy PR el "l DEEAGHIE L0400, EXBETSI L Lot e
a dicing imapdiding ndédehgisesentshowrenin Gvallwatdon Expmedesr ¢- andspti ve
adhesi ve laﬁtlonegﬁfater to determine the spacing of the dicing lines
formed in an expanding step. The results are shown in Tables
5 and 6.
Example 2
In the present Example, a dicing tape 1 of the present
invention wherein a pressure-sensitive adhesive layer 3 was
laminated on an upper layer 21 of a substrate sheet 2 was
manufactured. The substrate sheet 2 was composed of an upper
layer having two upper sublayers, an intermediate layer 22 and
a lower layer 23 which layers were laminated in this sequence.
The UV-curable pressure-sensitive adhesive used in Example 1
was used to form the pressure-sensitive adhesive layer 3.
Table 1 shows the films, modulus of elasticity and layer
thicknesses of the layers.
The dicing tape 1 of the present invention was
manufactured by repeating the procedure described in Example 1,
except that the film compositions were co-extruded from a
- four-layer co-extruder to form a four-layer substrate sheet 2.
Table 3 shows the anti-extensibilities of the layers in ﬁhe
resulting dicing tape 1. The resulting dicing tape 1 was used
in the dicing method as shown in Evaluation Example 1

mentioned later to determine the spacing of the dicing lines



l-am nated on an upper | ayer 21 of a substrate sheet 2 was manufactured. The
substrate sheet 2 was conposed of an u r |layer having two upper

subl ayers, an internediate |ayer 22 and a | ower |ayer 23 which |ayers were
| am nated in this sequence. The UV-curabl e pressure-sensitive adhesive used
in Exanple 1 was used to formthe pressure-sensitive adhesive |ayer 3.

Tabl e 1 shewgednhinan xPaRAing StaP < Thei cesitlifdargyshowvhi tRnBakbbe Bf t he

| ayers. E%%iﬁf dgcing tape 1 of the present invention was manufactured by
repeating e p?ocedure described in Exanple 1, except that the film

conposi ti ons Wer sheopegsentefxémphe a2 4 cliciny crapsn-kxif ey gredemtm a
four-layei ?gggtégtqﬂsheel 2. Table 3_§hom5t}he anti-extensi bilities of the
| ayers in‘F & (TR R PRSI TSARE Y ANSSEVE 1§YPEpE YeFRas used
in the di taminaeedosh asn spmer i TayRial21atdfon Buvsthatt shektopedwhater to
determ ne_t he_spaci ng of _the icin% i pes

(12)  f oPARUERRtwredy p IR ﬁg‘g’ﬁéﬁ eTRBePESA| YaSaremBAden PH the| wrer
Exanpl e 3layer ! | hen Pires@e DD 18vetr FCiadl LARBWLrOfalBe BEERSVEN

i nvention, wherein a pressure-sensitive adhesive_|ayer 3 was Iap1nate% on
an upper Fé9etowar cfubplayays + affBespedayers HSranhamagateddin THeisubst rat e

sheet 2 WgS;GQAPOS e dmRf rﬁﬁ%u%&%ugggsgu%éasrﬁggge]wé NESLEL £,4 adsédgjf?nand a

| oner |ayer 23 having two | ower ayers. ayers were |lamnated in

thi s sequEx@mplahk was ageh|tw faaws whe presisuree sedsésive adbdsimeExanple 1
was used r tt}%]Eres -sensitiv dhesi.ve |l ayer 3. Table 1 shows the
films, no %’g T &y %g‘é"%d Syg%iY‘%r opRauTus °ff ?ﬁaes‘f’a‘ix’e‘?%.an‘i] The
di ci ng t apaydr ofhidimegus=mendf itheliavesswas nmanuf act ured by repeating the

procedure described in Exanple 1 xcept that the filmconpositions were
co- ext r uded f%%?n l?b‘ﬂq-?i‘%rl %fe'%"’r %SS&F MR HBU™SSayer substr at e

C =
sheet 2. mMabhfadEaiVvioy Rt irRX ic@les PRokleliuee absthebbay ehSEkambie 1,

resulting dicing tape_ 1. The resulting dicing tape 1 was used in the dicing

met hod asS%FRRn FhrtEdeudiileh aorpesicions were co-extruded from a

four-layer co-extruder to form a four-layer substrate sheet 2.
Table 3 shows the anti-extensibilities of the layers in the
resulting dicing tape 1. The resulting dicing tape 1 was used
in the dicing method as shown in Evaluation Example 1
mentioned later, to determine the spacing of the dicing lines
formed in an expanding step. The results are shown in Table 5.
Examplie 4

In the present Example, a dicing tape 1 of the present
invention wherein a pressure-sensitive adhesive layer 3 was
laminated on an upper layer 21 of a substrate sheet 2 was
manufactured. The substrate sheet 2 was composed of the upper
layer 21, an intermediate layer 22 and a lowér layer 23.

These layers were laminated in this sequence.

A pressure-sensitive adhesive used for forming the
pressure-sensitive adhesive layer 3 was an acrylate-based UV-
curable pressure-sensitive adhesive prepared by blending 0.9
part by weight of multifunctional isocyanate compound and 0.9
part by weight of photopolymerization initiator to 100 parts
by weight of a product which had been prepared by reacting 100
parts by weight of a copolymer compound having a weight-



mentiened later, to determne the spacing of the dicing lines fornmed in an
expandi ng step. The results are shown j.n,,Table 5. Exanple 4 In the
present Exanple, a dicing tape 1 of the present invention wherein a
pressure-sensitive adhesive layer 3 was | am nated on an upper |ayer 21 of a
substrate sheet 2 was manufactured. The substrate sheet 2 was conposed of

t he uppera‘r%'i/%ge z&ol%ﬁvqurﬁ Sedshitacs 1680e 0092 aaddraepaKesl Fager briylThese

| ayers n u £ e
uod Tor SRR EMEtL Al IR rre VT, P TRE 8 BaveS
acryl ate- Mmm/ T et hy mmlﬁé)ngamt\sebydwesghe) pasgiaBegabys bbgndi ng

0.9 part Db of .mul tifu CtIO |soc anat conmpound and 0.9 part by
wei ght of %’fﬁvﬁ% TSR ISy Oﬁﬁy ¥66L Srts by weight of a product
whi ch had bee'[la.'plepﬁrgldo‘by tl@@cfilﬁgs,l%diﬂrdsi dBy efRisticitly enaonewﬂfer
conpound having a wei (13)

aver age rﬁ#%ﬁkﬁ%ﬁs%ﬁﬂéﬁﬂthﬁ I®L500 and prepar ed fron1buty| acrylate/nethyl

met hacryl at e/ 'ﬁaﬁYQr.@XsYi%‘bé(' tRE raﬂ@ife;é&is%ltﬁt%swefg RileS age&g
wei ght/ 10 parts by weight) and 8 parts by weight of nethacr oxyet hyl

i socyanat®&le res IE ﬁm tape fli-| nEthenpesilieing dleing ctdlge anavdsayer
t hi ck f bl t t f
| CKNESSEed trE]e res r?g m&th-gﬁ & %h%%ﬁvﬁﬁeﬁsaiﬂ%.tzlgé ié i' es o

t he Iayers I n C|ng apée resulrting ICI g tape 1 was
used in tmmqnefg Jraeielmd:oasleﬁmmmen tBeakpating Efanheedicnngntlimmi | at er

to deter ne t he, spaC| of .Lhe dicing.lines rmed in_.an_expa ep.
The resul ‘g ]srh% q“ rr#‘% %esuft§ i 5‘?1es}b‘?"géeﬁ} n%pg%p'%e’, t he
di ci ng tqgggg;__gghe present |nvent|on havi ng the sane structure as that of

t he dicing tape %gtal ned in Exa Ie 3.was_mgnuf actured by repeating the
procedure desthi bt Pt Leox ddift HiaP% HPesduPe- thenbrersRt

adhesi ve umRshiioin HRRTINRD thke SBRESSYLAcsaARSs hVenathssi vee! &Yeing Uase an
acryl at.e-based pressure-sensitive adhesive prepared by blending parts by
wei ght ofobtained in Example 3 was manufactured by repeating the
procedure described in Example 3, except that a pressure-
sensitive adhesive used for forming the pressure-sensitive
adhesive layer 3 was an acrylate-based pressure-sensitive
adhesive prepared by blending 2 parts by weight of
multifunctional isocyanate compound to 100 parts by weight of
a copolymer compound having a weight-average molecular weight
of 500,000 and prepared from butyl acrylate/methyl
methacrylate/2-hydroxyethyl acrylate (75 parts by weight/20
parts by weight/5 parts by weight).

Table 1 shows the modulus of elasticity and layer
thicknesses of the layers. Table 3 shows the anti-
extensibilities of the layers. The resulting dicing tape 1
was used in the dicing method as shown in Evaluation Example 1
mentioned later to determine the spacing of the dicing lines
formed in an expanding step. The results are shown in Table 5.

omparative Ex. le 1

In this Comparative Example, a comparative dicing tape was
manufactured by repeating the procedure described in Example 1,
except that a substrate sheet was made only of an ethylene-

methacrylate copolymer film (methacrylate content = 9%).



rul ti ffuncti onal isocyanate conpound to 100 parts by wei ght of a copol yner
conpound havi ng a wei ght - aver age nol ecyha wei ght of 500, 000 and prepared
frombutyl acryl ate/ nmethyl nethacryl ate/2-hydroxyethyl acrylate (75 parts
by wei ght/20 parts by weight/5 parts by weight). Table 1 shows the

nodul us of elasticity and | ayer _thicknesses,of the |ayers. Table 3 shows
the anti- TR&nhG Fhoms dheomodudus,of elashici B (e AR i L YRS SeSas

used in thF dind NGy@RiN0dTas18NeVEnds BMad Uaid AR 11 iR Rid eped | ater
to determ ne the spacing of the dicing lines fornmed in an expandi ng step.

The resul Syhgtradigowheet Piblthesresyhpingt dieiryabpipe. 1 The resulifing

Conparati : r.alsl § Ci e f by
repeat i ng\@hd?ﬁgr oggyguﬁeg%gggrs %gegﬁi ghéxégﬁ#lg&l?g@%gﬁyt a Mge%hbst rate
sheet was Bwedaadrilon Examplet Ay heneionedihadatygtate depatwyims the mpacing
(et hacryl .ent =

= . . . 1
Table 2 s h(t:eg L3 EE d.g.r/%'s Eermef inyan \epanding 1 tRes 08 5@%"32@'5

| ayers. Taides shotows Magiantki -extensibility of the substrate sheet of the
resulting dicing tape. The resulting dicing tape 1 was used in the dicing
met hod as SER@xative, Examplen2rxanpl e 1 nentioned later to determne the
spaci ng of 1 e, didugierdd fRS dieiR( B eAtaS RARNERELILER Y NFepatlds ar e
shown in Table 5. nparative Exanple 2 A conparative diclng tape was
manuf act utée Proceduxe dgscirabgdoindiemparstive dexampRyribarexdeps: Ehatpl e 1,

except th t be, LN- b [ ure- ity hesiyv sed dn ampl e 4
was used. fbl%gr ggg%\%% k)%ggrsrggél %gngi&(ij’%s %é?%/van%%(gy%f %ﬁn@hees es of
the | ayer svasTalsleél.4 Tabls 2hsheun | thenicahslius |0f \elefstiied tyuandr abgexheet of
the resulting,dicing tap The resul t] dicing tape 1 was used in the

di ci ng ety rssss 0\76% i%HeE Qyﬁﬁﬁroﬁr%ﬁ °f"sar’§‘92 AWtAti oned | ater to
det er m ne dxftensp®iligyobft RBedctbBErat8€ShéSE NBE tHe HFeAXRAMY W SHRP. The

results are shown in Tables 5 and, 6. ) .
tape. The resulting dicing tape 1 was used in the dicing

methods as shown in Evaluation Examples. 1l and 2 mentioned
later to determine the spacing of the dicing lines formed in

an expanding step. The results are shown in Tables 5 and 6.

In the following Table 1, the modulus of elasticity in
Examples 1 to 4 are those obtained after irradiated with an UV
light.



05 X 01 o€
) Ad . 0¢ 0T (url) sssuwyot
- 0T [E XY T . . MOTYL
5| % ST (aemausauoo OEX8 2 OTXPT 0TX0°8 [(u/N) K3roTasers
< - - JO sninpoR
appraIyYo |o %ﬁomro%ﬁng%mé Iaqqni susTpRINg ($6=3Us3U0D
o Kot d = euipedosvpgad :
= | TAuTALTO (wm.mhn o8O ~-auaxkas pToe o1TAxOoRyY3Su) xdwitodoo peseq
- wm%mm —c Wmﬁm& wa‘.ﬂ\ 3d pojeusboapiy ptoew otrAIORYjaw DusTAyzd | -93erhioy uoT3Tsodwo) S
0 ST odov o S< mN. 0€ 0T (url) ssouoTH
— O~ 8 . (35=3UBU0D 8 OTXZT'T (1 (u/N) Katorasers
ml “m_ o> —O W__ < < Jo sninpon|
= =D . K o ajeTixoeylauw
XFoc o0 oom_—
_._vu %L $6=1T23UB0 — m Q H\nuumﬁMMMMmHMMoo ($6=3Uua3uU0DdD aTqeand-An
=l proe %0 WHWMMEM.,@EW% >uuma_= wnmﬁwn pToe oiITAzoeyjzow)zowATodoo peseq
— pPIOL. X 39w @a%ﬁErmwm AU TAYA" pIoe oifiioeyisuw susTAyld -93eThioy UoT3Tsodwo) 2
> — % ) iKY
e 0
s | OSMQmH c c DI o 0t 0c 0T (um) ssouoTYy
op et — © pquequsd 0TX8°¢C O0TXT"T 0TX0°6 |(;u/N) A3TOoT3sers
-5 S5 K2R Jo snynpon
et opPTIOTYD e .t:ﬂaruomﬂ ) Isqqna susTpeIng ($6=3u93uoD STqeINnNd-An
H,vﬁ&ﬁﬁﬁnﬁo.m uCMuM m&M ; -suexias proe oiTAaoeyjsu) zsmiAtodoo paseq
n P 3388 — MSAM 3 - RudiT A" pejleusboIpAil pIoe orrAxdoeyisw auaTAyig | -e3eriioy uot3rsodwo) €
=t mm u.”_acq%..m.CN_/.O._._vm 0€ 8 et 01 (url) sseuyoTy
— =T o * - » pH_

oL+ S @038 X ¥ T X Te) 0TX8°¢ 0TX8"1 0TXP 1 0ITX0°6 (,u/N) KaToTasere
I © T Cc © < Taqouna suaTpeInq| (36=3U23U0D PIOL z " e
—_T %;nl_f SO . : ; Q36 T Jo snynpoy
.w E > O - g o % o -2UuaIAls o1 TAxovyjauw)

= ~—~~ —_
m L oo — (%% %un.mw ﬁmmo M o TeqQnI SusTpEINg peoilrusSoxpiAy pue IawA1odod sTqeINS-AQ
o P pre® a1 K=sop b:Wumémmunco -auaxkas susTAdoxdATod [pTow DTTAIORY3LW] peseq
= ] e} X @m uW,E m_md”:u.ﬂm“m peireusboIpAiH jo pueid susTAYld -93eTAIOY uotiltsodwo) N4
t..m memi oy ) M4 o€ . o€ 0T (wrl) ssswyoTyy
i ud(rﬁoaw.vmw T YN + OTXC € O0TXP"T 0TX0"6 (;m/N) AytoTasers
ol na = < mo ' (%zz=3usjuoo JO snInpoR
— - m.wanu.ﬁwuﬁbo o < ®@3eiedoe TAuta) ($6=3U27U0D aTqeIND~-AN
.m S Proe .w@\nnom@wﬁmbﬁi ﬂumv. JiowATodoo s3e3soe| proe oSTTAIORYlswW) IdwiTodod paseq
TW proe . DTITAI P TAuta SUSTYId | PIOR OITAIORYIOW SudSTAYIF -93eTAa0y uot3rsoduo) 1
o w M.Im AMW@OW 0S o 4 avkey Isierqns x2Xetqns x9/ket
.W-cw wne =i 0 1 ®JjerpawIajul I2ddn puooeg | xaddn 3sxtd SATSaYpe

n Mm

o c. S SATalsues
L oca thmHtumsoaﬂ aeket aeddp -aanssaxg swaqy sopdurexg |
s TE_ W o © o esUs_s3erisqns

© 0o — a3m(e003x
2o 3.5 © o BRRGS T oTaEL
Co~00E & o5 E X .1

OCOWVUV® w TO >XTCOLO
ﬂhlrh_._vm000nana_._vm...n
e nllAddd Ok ——_WHaNn <




Subst kat e sheet Conparative Exanple 1 14 X 103 Conparative Exanple
2 14 X 103 Eval uati on Exanpl Q g) Measurenment of w dths of dicing
lines (1) Wdths of dicing |ines were rreasured by the follow ng
procedure. A sem conduct or wafer (dianeter 6 i nches) was attached on
each of five dicing tapes manufactured .in Exarrpl es 1 to 5 or tw dicing
tapes manufactured in Conparative EX and 2. The sem conductor wafer
was cut by a dicing blade (wwdth = 30 pm) to obtain individual chips (10
mmx 10 nmm). The cutting was carri &Fﬁﬁu@'ﬁmuﬂh@ cut tS‘«ﬁgStd@M% "5h"
(17) complets nassed-th adihe AVeY s
the i nterlmmwmﬂza)yeer 22Modimm fciﬁ:al ly, tsh,eoxqoftl ng depth '@higbf t he
dicing |ingxan@iedq [ eenheripitpe (qawy of the dicing tapes nanufactured in

Exanples 1 and 4, 40 [ef ase of t di ci ng tapes uf act ur ed
in Exanples 2, 3 and 5; Bk%%ﬁsgfmfm I n the}fgase of the dic Lapes
AulusRfi es

manuf act u aﬁfa’-'eriﬁ?par ath arle 2X1®her eaf t er, %4.4eX80Li ng t apes
manuf act ur E&amplex 2npl edastiadty &MamUonparative Exanples 1 and 2 were
irradiated with ultravi ohetkreys, (jum) | ower t hggpadhesi ve strengsgd of the

pressur e- sensithe encdlied \6F l@iticiRoN int FOmBUPABSBIERARSESY £ YRS 2

carried out so_that the peripheral edge of the dicing tape was stretched
downwar d RFeLEhase ohkedngdcphgerr ansadiated wﬁammr&mt usi ng

Table 3
Anti-extensibility (N/m)
Upper Intermediate Lower A/C B/C
laver (A) laver (B) layer (C)
Example 1 4.2X10° 9.6X10? 5.6X10° 0.75 0.17
Example 2  3.1X10° 8.4X10? 7.0X103 0.45 0.12
Example 3 2.8X10° 8.4X102 5.4X10° 0.52 0.16
Example 4 4.2X10° 2.5X10° 5.6X103 0.625 0.45
Example 5 2.8X103 8.4X10? 5.4X10° 0.52 0.16
Table 4

Anti-extensibility (N/m)
Substrate sheet

Comparative Example 1 14 X103
Comparative Example 2 14X10°3

Evaluation Example 1: Measurement of widths of dicing lines
(1)

Widths of dicing lines were measured by the following
procedure.

A semiconductor wafer (diameter = 6 inches) was attached
on each of five dicing tapes manufactured in Examples 1 to 5
or two dicing tapes manufactured in Comparative Examples 1 and

2. The semiconductor wafer was cut by a dicing blade (width =
30 um) to obtain individual chips (10 mm x 10 mm). The

cutting was carried out so that the cutting depth "5h"



Bonder.- CPS- 100 (Ni chi den Machinery, Ltd.). After the expanding
treatnent, widths of the dicing |ines £ nmeasured at various points in
t he peripheral area and the central area on the sem conductor wafer. The
measur enent at each point was conducted for two orthogonal directions.

Hereinafter, one direction is referred to as "direction x", and the other
di rect i onCEFBISERYY P2FFERt Lhrerel the ruprey slawse2ded bug sFopmedection y".

mhe 1 esulhacip BRoMe! Sufpbhas o Tyh 2 5. ekl g W of Lhe

dicing lines | err e I nes ore expansi on

were the sageingsdépehWrshh 6f the dhisiny BlrRde WL ®o P in el @Bkkm i n
the directions x and vy. As apparent fromTable 5, it was confirned

that the gieCtRg 8i8eSgi Papbe RANPAIANING dirfifGriARS MRBWAQL Uped i 4
Conpar ati ve Exanpl e 19mer% not sufficiently enlarged, and those iHh?ﬁg

conpar at i thedcasagof apire ndixiimg t tumst inaroigrnatidd driEExapi ed BEr8 and
nonuni formy enl arged, whereas a uniformand sufficient spacing of the
chi ps wer 8. o8réi A@dunnin heheli casyy afipde dicing fepssnmanmfectiurrdninhout an

affect the nodulus of _elasticity of the pressure-sensitive, adhesives.
(18) Comparative Examples 1 and gy, gggreafter, the dicing tapes

W dt hs of nghGEREthiE@Sik Bkdifples 1 arfee'd @Hﬁ?don&fa%t%fe Examp8kr 3l area

of tape seni conduct or waf er seni conduct or waf er
Directiondnd 2 were irradjatedwidh ultraviolet rays, ko lower the

)2( 43%Me§¥@ém%§.6éngth of W%PfeSS&stéﬁi&gﬁp laeéilgsive laggg'q Exanpl e
550 Then, 5Elge expandimgp(procedure was carried out so that the
peripheral edge of the dicing tape was stretched downward by
12 mm from a dicing frame, as an expanded amount, using
Bonder-CPS-100 (Nichiden Machinery, Ltd.).
After the expanding treatment, widths of the dicing lines
were measured at various points in the peripheral area and the
central area on the semiconductor wafer. The measurement at
each point was conducted for two orthogonal directions.
Hereinafter, one direction is referred to as "direction x",

and the other direction crossing at right angles thereto is

referred to as "direction y". The results are shown in Table
5. In Table 5, a unit of a width of the dicing lines is um.
The widths of the dicing lines before expansion were the same
as the width of the dicing blade used, i.e., 30 pm in the

directions x and vy.

As apparent from Table 5, it was confirmed that the dicing
lines in the comparative dicing tape manufactured in
Comparative Example 1 were not sufficiently enlarged, and
those in the comparative dicing tape manufactured in
Comparative Example 2 were nonuniformly enlarged, whereas a
uniform and sufficient spacing of the chips were obtained in
the dicing tapes of the present invention without an affect

the modulus of elasticity of the pressure-sensitive adhesives.



Exanple 4 . 220 250 200 300 Exanple 5 320

400 350 420 Cbnparatl&ﬁ”Exanple 1 80 90

80 90 Cowparat|ve Exanpl e 2 130 110 180

650 (unit [err]m Eval uati on Exanple 2: Measurenent of widths of
dicing lines (2) The procedure described in Evaluation Exanple 1 was

repeated to eval uate the dicing tapefabkaubactured in Exanple | and
Conpar ati ve Exanple 1, except that Bonder-HS—lOlO (HUGLE ELECTRONI CS I NC.)
I‘E§H|£S are shown in Table

was used and the expansion amount uas h%oo d.'.LCl

6. The b eéjsed I n tBE? ggie 0 pra rglg rf\rgroaa éNIdt hs of the
spaci ng of chi ps th dBEQXI thgemlcond g I n. Eval uation
Exanpl e 12 %?% tIy

erefore, e ChIpS WesS J0 uf
enlarged in the conpar atlv:g %Cm ng%t ape manuf act ur B&F ﬁg ﬂﬁar ative Exanpl e

1, mheregifgﬁggffifnwan—ﬁq 3 5 pr esent
d|C|ng t Ufact ur ed 1 Exanpl e 0 Tabl e
6 W dt hs é dicing Iin Op ci ng 330 Per i pher al
area of E"Q%% al areaggyg t ape 0 senic &uct or wafedo
sen1condu 250 rect i ons 200 300p rect i ons

i C8anpl e 1400 170 350 270 420 180
(2(2(9))00@ rEJi{fnple 1 80 40 %0 30 80 40 9 30

Comparatlve

Example 2 130 110 180 650
(unit = pm)

Evaluation Ex le 2: Measurement of widths of dicing lines

2)
The procedure described in Evaluation Example 1 was

repeated to evaluate the dicing tapes manufactured in Example
1 and Comparative Example 1, except that Bonder-HS-1010 (HUGLE
ELECTRONICS INC.) was used and the expansion amount was 30 mm.
The results are shown in Table 6. The bonder used in this
Example tends to provide narrower widths of the spacing of the
chips than that provided by the bonder used in Evaluation
Example 1. Therefore, the spacing of the chips was not
sufficiently enlarged in the comparative dicing tape
manufactured in Comparative Example 1, whereas a sufficient
spacing of the chips was obtained in the present dicing tape

manufactured in Example 1.

T e 6
Widths of dicing lines

Dicing Peripheral area of Central area of
tape semiconductor wafer semiconductor wafer

Directions Directions

X v pe v
Example 1 170 210 180 200
Comparative

Example 1 40 30 40 30
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As described, the present dicing tape &%%)uniforn1y and sufficiently
enlarge dicing lines without affect by a nodulus of elasticity of a
pressure-sensitive adhesive, and is rarely broken at the dicing |ines.

Al t hough the Asedestribednt the paesérenddesngi bege Wedrh uref Ryeilce dred
specific e di pents, vayious changes and nodifications obvious to_those
skiIIed.iﬁg¥g§cé??t§¥ee€iﬂﬁﬁﬁl FHE s WHEW: Affecschyea medudyscept
of the inygnél&Beticity of a pressure-sensitive adhesive?Ohnd is rarely

Cl ai s 1. A d|C|ngﬁ%g§e conprising a substrate sheet and a

pressur e- BEPKER| 3% 16Eng aldgres.or med on one surface of said substrate

sheet, wherei ﬂlﬁgbg?ﬁu@ﬁérBigééggeinggfgg%&ﬁ?ﬁa§%€&? e&eéc@’ﬁ:{e . r‘]ﬂlg.'; [ect

contact with sai essure- sensitirve esive layer, an‘interme 1hte | ayer
adj acent refenemcepperspaykfic cambadimemts | ayaricadj abangesoandi d
internedi ate. Layer, and.an, anti-extensibility (A) of said upper. | ayer, an
anti - ext elﬂéﬁgbh‘%(?‘?/i?%j FrVEAT §ht mls(ipelye@é.[n ‘%’ﬁdaﬁﬁ ake”Geeméd

ant i - ext essibé | with{) tind sx&dﬂd,o\/&'oﬂea»Y%aé&idrﬁj‘egatt lbe eadathoBnthibn.B < A
[err] C (I'), said anti-extensibility being a product of a
nmodul us of elasticity and a | ayer thickness. 2. The dicing tape according
to claiml1, wherein said anti- extensibility (A) of said upper |ayer, said
anti- extensibility (B) of said internediate |ayer, and said anti -
extensibility (C) of said |lower |ayer further satisfy the equations (I1)
and (I111): 0.4 [err] AAC[err] 1 (rr), and B/C[err] 0.5
(Ir1). 3. The dicing tape according to claim1l or 2, wherein said upper

| ayer conprises two or nore sublayers, and a whole anti-extensibility (A
of said upper layer is a sumof a



product of a nodulus of elasticity and a | ayer thickness of each subl ayer
constituting said upper layer. 4. The dicing tape according to any one of
claims 1 to 3, wherein said | ower Iayélz0 onprises two or nore sublayers,
and a whole anti-extensibility (C) of said |lower layer is a sumof a
product of a nodulus of elasticity and a |ayer thickness of each subl ayer
constituting said | ower |ayer. ) *CLMS*

(21) 5. A method of dicing a seni &8d88 or wafer into individual chips
whi ch conprises: (a) attaching said sem conductor wafer to a pressure-
sensitive adhesive |ayer formed on one surface of a substrate sheet of a

di ci ng t age whalisiimgs &apesgbsprasénghacsubshpateeshe@t uppdral ayer in direct

contact wilfL SRl WFIWGESeRRELIVE 34UER! ¥Erhayhn Sle! QiFdEligE e | aver
adj acent 0 sa|5.upper I"ayer, and a | ower | ayer adjacen? o sad
i nt er nedi adzald aydystrane sheent i whrrehsi baldt yubd)rate ssheetuppmpdisey , an

anti-extensibilit B) of, sai.d internedi ate,]ayer, ,and an

ant i - ext erfét Bmﬂel% lé’éf)jeroflnsaFHeFBV\EPnFaﬁgrwégﬁi SR RESRFHER Ton (1): B < A
<C sensitive adhksi%al agBli - aXt eNEebhbAiatdelaged RdPubwic odo a
nmodul us of elasticity and a | ayer_thickness, and thereafter,_(b) dicing
sai d seni cBHELCRRET\ARYETW BRIAAJLEVRY LAXEE PAJRGERL atPefAEt that said

SO ace | e e e A B P S o ou
, partly cut froma top surface
to an i nnaPRey dEaverer 8bn ansadeshensibibityayBi @g patd ciptermediate
layer, and an anti-extensibility (C) of said lower layer
satisfy the equation (I):
B<ASC (1),
said anti-extensibility being a product of a modulus of
elasticity and a layer thickness.
2. The dicing tape according to claim 1, wherein said anti-
extensibility (A) of said upper layer, said anti-
extensibility (B) of said intermediate layer, and said anti-
extensibility (C) of said lower layer further satisfy the
equations (II) and (III):
0.4 £aA/C=1 (II), and
B/C £ 0.5 (ITI).
3. The dicing tape according to claim 1 or 2, wherein said
upper layer comprises two or more sublayers, and a whole
anti-extensibility (A) of said upper layer is a sum of a
product of a modulus of elasticity and a layer thickness of
each sublayer constituting said upper layer.
4. The dicing tape according to any one of claims 1 to 3,
wherein said lower layer comprises two or more sublayers,
and a whole anti-extensibility (C) of said lower layer is a
sum of a product of a modulus of elasticity and a layer

thickness of each sublayer constituting said lower layer.

S
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6. The method according to claim5, wherein said anti- extensibility (A) of
sai d upper layer, said anti- .extensibility (B) of said internediate | ayer,
and said anti- extensibility (C) of sdi?d) ower |ayer further satisfy the
equations (Il1) and (I111): 0.4 [err] AIC[err] 1 (rr), and B/ C
[err] 0.5 (rrr)y. 7. The nethod according to claim5 or 6,
wherein said upper |ayer conprises two or nore sublayers, and a whole anti-
ext ensi bi 15t ¥ @Rthed of digiper al sppicpsducsom waler piabecindividwHul us of
el asticit . I ' ss of each subl ayer constituting said upper
ayor . YAk %&%ﬁ%@cf%Ek&%%E. %

(22) 8. (alhettmadhagceddisegpicondnygtonewafer| bons BressTrewherein said

e | ST SSanduedl Y, AR, ol lredle' S 2 et of
nodul us ofsubsasiate tshewtd of laaéeihli ekpeswhepbirasai@ubllsyeraconstituting
said lomeZﬂLQ%?%omprises an upper layer in direct contact with said
pressure-sensitive adhesive laver, an intermediate layer
adjacent to said upper layer, and a lower layer adjacent to
said intermediate layer, and an anti-extensibility (A) of
said upper layver, an anti-extensibility (B) of said
intermediate layer, and an anti-extensibility (C) of said
lower layer satisfy the equation (I):
B<AS<SC (I)
said anti-extensibility being a product of a modulus of
elasticity and a layer thickness, and thereafter,
(b) dicing said semiconductor wafer with a dicing blade in
such a manner that said upper layer is completely cut
through from a top surface to a bottom surface thereof, said
intermediate layer is partly cut from a top surface to an
‘inner point therein, and said lower layer is not cut.
6. The method according to claim 5, wherein said anti-
extensibility (A) of said upper layer, said anti-
extensibility (B) of said intermediate layer, and said anti-
extensibility (C) of said lower layer further satisfy the
equations (II) and (III): |
0.4 <A/C <1 (II), and
B/C £ 0.5 (II1).
7. The method according to claim 5 or 6, wherein said upper
layer comprises two or more sublayers, and a whole anti-
extensibility (A) of said upper layer is a sum of a product
of a modulus of elasticity and a layef thickness of each

sublayer constituting said upper layer.

* [ L M S *



(22)

8. The method according to any one of claims 5 to 7, wherein
said lower layer comprises two or more sublayers, and a
whole anti-extensibility (C) of said lower layer is a sum of
a product of a modulus of elasticity and a layer thickness

of each sublayer constituting said lower layer.

AR



