; e3epmv6JT SEM CONDUCTOR WAFER PROCESSI NG TAPES BACKGROUND OF THE | NVENTI ON
‘5 Field of the Invention This invention reI |y to adhesive tapes
“useful for processing sem conductor wafers E’ﬂ’ E@MMJ@ ecificall y?lthPtH&e
havi ng none‘g essure sensitive adhesi ve conposi i ncl ude a COﬁoI ymer
of acrylic ¥nal nonomers. These t apes ar €88ef ul in t HeC

and/ or dicing of sem' conductor wafers. 10 Description of the Rel at ed Art
Sem conduct or integr ' ed in electronic
conponent s, whet her s%:jr%ﬂg% ?y¢€gw 2?‘?‘??&%%@%?% aut onobi | es or
everyday househol d appliances The product i on of sem conductor |C chips
begins 15 with the manufacture of sem conductor wafers containing nmany

sem conductor el enents. U BAGKGRQUNDOF BB INVENIION or diced into

i ndi vi dual sem conductor elenents (called die), each el enent becom ng a
sem conductor I C chip. Typically, a sem conductor wafer is prepared by
slicing er saw ngidd SF fHelI8veriogh purity silicon ingot into thin circular
waf ers about 500 mcrons (gynm to about 20 1000 umthick. A wafer may be
doped to alter itﬁﬁ%ihmbhcdhtepggmalb'iteadhﬁi\ecapeemscfubﬁorpmquS}ng s then
applied to the. fr waf e usual | y . by. photolitho .

Separ at i on ISFW&’"&}%O Tat SFSF?HSt’BPTetSr?SﬂE%lPie‘(? tBP%éla%Hg NRBRTEFSUTD F'g\’f‘lyde saw
marks for evaptyrl cofipekiiendthat Meluweh ep dlﬁh@r dfa@,tsym BuRhioRamh&Rkpct or 1 C

chi ps Wafer dianeters were tradltlona y~ about I nches (7 6 cm to about 4
i nches 25 ( IChege wpys arélosedvion theagrindmg mdéhlaixcmgbfcshmpmnﬂamer wefersre | ar ger,

the typical wafer dianmeter has increased to about 5 inches ( 12.7 cm to
about ~ 81!Pnches (20.3 cn) so as to permt nore die to be forned froma

single wafer It iSesBXiemisidnd Rafhregadgr di aneters will eventually expand to
about 12 inches (30.§ cny to about 16 inches (40.6 cn), and perhaps to even
| arger sizes. 30 Semigmdueor int¢psatdé kirant @CiLispt are nommoniyoused iryeltciomic

ure) airborne corrosive acids and

? Lrem FPEEH Cff%(%lpfﬂg?rﬁtg gf&g'teagcyrﬁqgﬁ\m&faéerd ipdustridl machinery, automobiles or

everyday household appliances The production of semiconductor IC chips begins

15 with the manufacture of semiconductor wafers containing many semiconductor
elements. Ultimately, the wafer is sawn or diced into individual semiconductor
elements (called die), each element becoming a semiconductor IC chip.

Typically, a semiconductor wafer is prepared by slicing or sawing a single,
high purity silicon ingot into thin circular wafers about 500 microns (im) to about

20 1000 pum thick. A wafer may be doped to alter its electrical properties. Electronic
circuitry is then applied to the front side of the wafer, usually by photolithography.
Separation lines are also photolithographed onto the wafer to provide saw marks
for eventual dicing of the wafer into individual semiconductor IC chips

Wafer diameters were traditionally about 3 inches (7 6 cm) to about 4 inches

25  (10.2 cm). However, as individual IC chips have become larger, the typical wafer
diameter has increased to about 5 inches (12.7 ¢m) to about 8 inches (20.3 cm) so
as to permit more die to be formed from a single wafer It is expected that wafer
diameters will eventually expand to about 12 inches (30.5 cm) to about 16 inches
(40.6 cm), and perhaps to even larger sizes.

30 To protect the delicate electronic circuitry from atmospheric contamination

by dust, moisture, airborne corrosive acids and the like, the front side of the wafer is
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~ 4 SFP 2002 WO 99/50902 2 PCTI US99103211 provided with a passivation or
_protective layer which nmay be an inorganic material such as si Iico? EP 200)
<oxynitride or an organic material such as polyimde To facilitate 1’1&
manuf act urwo®b/seloect roni ¢ conponents, it is desirable to reRECEBUSNAI2II

t hi ckness of the wafers (and hence the thickness of the sem conductor 5 1C
chips fornmed therefrom A common process involves holding the front side of
the wafer aggbiigkd wizuacpuwmatziabloepvm&d:ﬁeg?emwm hBebas kidrgtiOhatehs Waf er
to a thickness of about 200 pmto about 500 p.min the presence of a water
spray to reruekas sibcaprdxyuitmds efeisrarganicimatarat suchias pedfiende are i nherently

fragile and are sceptibl.e to hreaki during the grindin rqcess, a
probl em whi ch i sS‘g‘h?ﬁiE’éaé%lﬁﬁsm%?ﬁ%ge\Rggé‘?w(ﬂ“mor%&?oﬁéssgqsﬁ?@gFO Mor eover ,
the front siggQfint NENESQF theswhRd2AALMS ihE NRcRMEISIM el ionthihish coul d
abrade the passivation/protective |ayer and the underlying circuitry.
Consequernst | yIC ¢hipsrformed theneGreth)t & gomuher pradess medlees adpecheafromt sidesoff r ont
side) from b%eak e, .contam nati ?n, .:f\nd.acpraa]i n Earlg %E rqaches to this
pr obl em usedhg W2k @aIBT ayAFuR fadIg R 1Rg thebagiyidg Olghe waterdp 2t he wafer,

with the wa ] r f.lciencies
of this app)r(tgg“c &gf)gx@ggﬁ Bé&oﬁr@gf%&%g?nméarg%g%ggéﬁ{ %Pﬁﬁat?su et

al.). In ot hemoadtHeqRbing debriy) dbweas) Git walers afdinherengPiragikadidede ont o t he
front side of the wafer, but this did not always elimnate wafer breakage
Hi st ori cal | ysuseephbleitq bregkipg denag Heasingmerpregss.cyrrgblesn phishécenhaneedfasont
side 20 of the fer. Sonetine he es ar sed .al 0 and s i mes they
are use %i n t@%m\lgﬁeﬁ? %’%ﬁer\ﬂc f%m%f%%%f O%E?Os\ier’cto%?rf’ﬁtgm %°E§‘8\ﬁag “gﬂghrface to
whi ch the tapRingfihe vhéutln @B, Whichicolla @brdde@hd p&SiveAdh/protEdtiat ekt Wi | ayer
from staining and/ or delam nation by the tape. However, according to the

t echni cal | ithepadailyag aweyi wonseqyertahase iror negpddeiniegchthe svabtret e sol uti on

to the wafer t i . Vi-ously tioned U S. Pat. No.

4 855, 280 | raviearad el SEPLECT eLafags BRHANRRAEORG: T he adhesi ve
surface accunul atEsiydpptoathatto CRiB peshidnd ket Ryérhef papdfiih wakloses thieffime can be
difficulty in subsequently renoving the tape I1f it has high initial

adhesi onlt o $idfeoithe Biateprwitl thetreaxchernessventuaty resmeved byriosalveRewastheTehat t he
tape i s appljed. ) Bl Lt s, 30 } dhesi ve tapes
that are e Fishfisd onitbSioatliseiactaried i PR 4RL NG ME 28 D Aitiig

oper ati ons (89 biesappedaehésd photdresistichatdsy wiRdpR-cHitet dnidthy ffday sddeen
descri bed For_ exanple, the aforenentioned US Pat. No 4, 853, 286 2 ~ Skq
2D02 w0 991 5¢f3be walenchpt tispdid@eyalvays suninaeswafenkreakagsr ocessing fil mthat is
used in the grind $ Vi The fi I a base
film a |ayer of dgﬂ%é%?}g{sﬁﬁ’g%&gcﬁaﬁ% ,bgérg%ﬁ@%?%%%e%{ob% %Hsel?%ﬂg@%an
acryl i c st esf theiwafdiaSememhesyintdpet ae usabakincadhesineames hay atausepief er abl y

i nclude a nonionic surface active agent and an et hyl ene gl ycol
conjunction with a photoresist coating to provide a surface to which the tape can

stick and to protect the passivation/protective layer from staining and/or
delamination by the tape. However, according to the technical literature, adhesive
tapes have not provided a complete solution to the wafer protection problem. The

25  previously mentioned U.S. Pat. No. 4,853,286 indicates that wafer breakage still
occurs and that the adhesive surface accumulates dust that can contaminate the
wafer. Also, there can be difficulty in subsequently removing the tape if it has high
initial adhesion to the wafer or if the adhesion increases from the time that the tape
is applied to the wafer until it is removed.

30 Various adhesive tapes that are reportedly useful in semiconductor wafer
backside grinding operations (sometimes referred to herein as “wafer grinding”)

have been described For example, the aforementioned U S Pat. No 4,853,286



5 derivative, and an optional supporting filmlamnated to the nonadhesive
side of the base film U S Pat No 5, 12b, 178 (Takenura et al. ) dezzr{&%@@a
‘waf er processing filmthat includes a base filmw th a pressure séefisi*i
adhesi ve QRoQyspess de (which is protecteg by a renovabl e rel pagrshpbszy and
a phosphoric acid-based surfactant on the backsi de. The pressure sensitive
adhesi ve can be acrylic-based, vinyl-based, or 10 rubber-based, although an
agueous enulys| t e HRARad bVt h S I ur opean
Pt ent - Pabl LR R B e o R e et ve

t ape used i bregkagediThg filinendhadss @i tdee Hiim, a iswmof andomtacialivdvailablée pressure
sensitive adhesive, which reportedly has a small initial adhesion and shows
no 15 adhescoORmenaahgsivs (Surbras A8 ACRUIE BSter. weethangnpr pykketigulbsnadhesivekryl i c
resin enul sj i : i.oni ¢ nt, or an

gt i dine ¢ bcaf QER ol Bod oo A AEARRL 1o BN RN EHIRE 8RS 00 g
However , 5t h@egvasit/é, and ra@optiosal aupmeedngd Hin AmisdEEs the nbagdhetitatidhattheven
greater utility in_sen conductor wafer grindi ngdprocesses. Preferably, such

Vi

tapes 20 wi bpsefdwsdss Bavlpal. 14ed7$ Ghakemprapredlp idescribppp waleaRiRcessinghe t ape
shoul d pref o (vl reQyi flelent.initial adhesi . surfaces
such as sil ;%!:ng;]m,ayglolﬂffé%‘% éaegfg tgrl%l"?i?]o%tj{)eﬁé/uﬁ% ? ‘Lf}fs'cilé’eghh&(’)\feh%}oqerf?%g(&vg’fczld circuit
coatings sugiprbitefed by repBlaa tlisofinvahel 8 phbdphori€aeli \bissauibatent on
post - processi ng steps yet be easily renoved when required. Preferably, a

si ngl e t ape thei hacksigeo T hpeprassuegeasiiee adiiesive Fambtheasylonbased eanyirbased2er t hese
surfacei SO aq% ;[_ géi ] ngthear;t heuegeeg flgr ﬁtori ng di ffer.entdtages for
differe ? S SRR HomeYE 2" THECTT At R0 AE BiSSUHotid "ot h‘Sé‘ €8 hi gh t hat
renovi ng t herdf@nel breaks or fractures a larger nunmber of wafers than is
perm tted under conventional industry standards (typically about one wafer
or less per one EHtapsamBytenidiublicaiinasNeadhedi V20 diegpehse nressureceusiave npai r
ndustry T el e ira sl n (el L phoade PR PmironpErr el HpedTRSE "
removal of séRitivapéhdsivepwhick népdrizalyak @rsmall GftidleidAesi® sldeshotvk nsoul d be
desirable if no such heating step were required 2 ~t ~~~ ~~0~ WO 99/50902
q PCT/ USDo/ @dhesion strengh infFrease yithdingte SPMADSSS gnfaquerusi agntlic a¢simemulsippal

adhesi on pr 4L - I r r ra L.nt.ai ned . ver al
days and, prrggkges%lr:’gfs%r a rf‘é;s"ga\%gd?“’gg‘veg? g’( gf %élfgs)%F gg ’6’?5’§éy thcgi{Slﬂgl:&?g
preferably, agdneradahoatedsdhebidorganiocesipoosid material -limting increase in
adhesi on over tinme (sometines referred to as adhesion 5 build), a problem
associ ated with EoMexpnh theahadl ieawins gineed forap aghesiys @petebhis eveRer e shoul d
be no ot her _sianif: hangg.d gggg ' ' cur if
fugitive or g%a%?glgt&amssﬂﬁ? act ghdtrgv an adﬁ&&ég%$%§e%8%§%%g#&sh%§&t he

adhesi veom guilhpesstsn stveralaithiesbile/propemids.| Forcexammphs tiierabosivudd predcathoundar y

| ayer An adhesjve that Lg_ﬁner ally maintains its initial and final adhesion
properties AHEKPrandesuhcen Hge dbeven Brivtagesochas silipehs PRRVTIAY | ong shel f
lives) but ol | i/ : r alel process
shortly aft ‘eéfrﬂlié[) a%)ﬁjﬁlgﬂ? ’eﬁ?g%&g?ﬁ%}gﬁeg%%g%% gcr’és}ﬁlg%% Uttg?ltt gg?ﬁlggfdeuegﬂ ri bute
woul d be t hevafidys Ml seadliy suevivy podtipeocdiing steps Yalbe easifynemovedvhémnt i al
staining, which refers to a.change in the optical qle_n_sitz of the 15

sem conduct 6FAWiaS-eF referably; asiggle sape eyl RRRAde #rceri@bledpaipdhesion i @eh PE vi eved
under a»m CF ~od LH G r . Cro. i ts of
adnesi ATy oorE Rfrces 8 & bRt eloB Ko Wb R ABRPRE SRR Cotl o

al so resul t shrfawes pHoivieadr, thefinulbddhedion Bieoulhast Beadol High thay Smovirdg thewlpd al so be
desirable if the adhesive were general Iy insensitive to water so as to
prevent t he breakeOR irafniss A faseergniarhse af weterndan s peamistedyndgncanyertionak i ng
grindi ng Fur j I desirabl e for the adhesive to have a
general 'y fI"g g@n%%l?‘?aéb%s%yﬁ?%g aﬁﬁ‘é‘v@%ﬁ’éas%r ?rn]esgsrﬁeﬁ8?%3’0(‘:'5?{‘%@%{%"’% ed Al so,
it would be admiweaéﬂidheitﬁattdmldti&@eirdhﬁbeﬂ@émf@%ﬁe&éi@bﬁth@i\@ﬂérf iN&fyithpest 0 t he
formati on of edge debris during trinmmng of excess tape upon application to
a waf er 3025 use NdG segnicRIdpogMdNBsnnEFquir ddrecapplieatiopmifant tp thesweleant

or di ced | i THEPEESENE Sif B85 0BSPR b BTGRP aRE bikehg  ecud” ¢ S2eC
convent i onalpeyieGableliesb Qith Hextir @S heRrehiifedr ound backsi de of the wafer to
t he adhesive surface of a tape (often called a dicing tape), securing the
taped wafer to a vacuumtable to restrain it 30 agai nst novenent, and using
a water-sprayed rotary dianond saw to cut along the saw marks previously
phot ol i t hographed onto the sem conductor wafer. The individual

sem conductor |1 C chips are then renoved fromthe dicing tape This operation
is usually facilitated by a needle or probe that pushes up against the 2
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15 be synthesized from (nmeth)acrylic acid, (nmeth)acrylic ester, vinyl
acetate, or various vinyl alkyl ether nononers. Japanese Kokai Paz';f%ﬁ )
“Application No. 62-12178l describes a sem conductor wafer dicing PR {0
whi ch a copuesisosyral pressure sensitive sdhesive is applied ra@r/assete
type polyner film Japanese Kokai Patent Application No. 5 20 230426

di scl oses an adhesive tape for wafer dicing that includes an adhesive |ayer
(especial ly an achywduld klsp®eaddhieblei€)heanitial dndSmal ddhesiompmpefiesof thbber - t i ke
el astic material The previously referred to European Patent Publication No
0 | 57 508 d@pewmererresratly magutiaed Qver sevesal dams g, morqrelerally. Vet ect a

sem conduct or_waf er .25 rin - ISshing,.ste rr.to fix t waf er when
cutting and §°§f§r§I‘§’FFl?fg° tsﬁoera egn'l} }Eagﬁsgg)gf?r%%%hgrre sl?'ﬂi?lg bte NRioa grmant chi ps.
The adhesi Vemﬁﬁéﬂﬂtlimﬁiﬁ? iEeEasa it AdREIBS bUEadhe (sDHRAMES refditedtonk agifdion
sensitive adhesive that can cure by light irradiation to forma

t hr ee- di fensbwid}ia prebleor dssetiatad witheceMal agdlibsreisy Sirvitaniyraind @seferably xtheree of a
rubber- or a réf - based Eresshlre sensitive adhesive, a 30 lﬁhOt opol yneri zabl e
compound, antPCHIdRFAGHIFYHENNGAN FRFIEE i BFNESIOP OVEIBS, &F CORROFRT e i 11 r emai ns
a need for ap.RAQBSSMMEraldH) SuifiAintasd SWENmBbLIRALRMpoAtA irf thelaBhesRAT conduct or
waf er dicing processeS. Preferably) such tapes wll possess several

desirabl e prmgeatt iteshermihesxabpidnetsoastapemshvetlidbpmdtmriaygry An ~ SE: P 2002
WO 991 50902 6, PC7"/ U89910?1 11 .Br ovi de .saffi ?" ent. initial adhesion to the

si licon waf etdhesive thef penggalty;Raiptainy s JuEd ang figgl adhesoProRpRIEH I ™MBeed t o
adhere sych &aragpwlaum At g3y Hloviieahptls ha%ing IGR shERGMsNBuRAGI§lisguch that the
resulting sem conductor I Cchips wll not~corme |oose during wafer dicing
However, t heeliminat tizdieeditocashoul the gonding psaceks giorttyhafter tdppngShseni conduct or -
| C chips fracture or bre?k upon renoval fromthe tape. It would al so be
desirabl e i fSMHPRAHFIOF BtTRd i nal adhesion properties of the tape were
preferably maint ajaegle O¥GIraBIE URFiBhtedANitd BOthe AP MR GE RN MhePUShpseVer al
weeks of storage since several days or weeks may pass between the FI me t hat
t he sem condwitban substanizl staming, whothadferotot hehadgeinnbe dproal dendity bfthei me t hat

the resulting 10 sem conductor. 1C chi are renmoved fromthe. tape after
i ci ng 16t hETARRBEroR SRR s eiat MRt 1 Ty guaNctel WEl! IS bo

necessary t oyfRP¥fclobSopdi ek §BRAIGORANE P6m hficelidpk IhQ Siadhaps and
store them unless they wll bé used imediately after dicing. The

seni conduct oresif@ being lefhauthd rabswtiondfyer, aithgugheinomdd else agsult ffomopartinle 1 S
adhesi ve tape so as. 1o not l.eave a hesi}/dfg1 re igue tlh cocﬁ_lﬁd interfere with
subsequent prOR¥ES ﬁée BHEH2HS" WFidet MRy 3P %%1 RUaR ﬁgt‘ma I&VE EChi ps. 1t
woul d al so bger@&w?msagﬁm&ol&a&h& £4agbvest {HeQMd Mém baRE 160sdndadly Bk Ck to
the saw bladé as this could require periodically interrupting the wafer

di ci ng @Ser awaenspray seaduringeradingmiuatheninerd hie giovld beaissidabde for the t he bl ade

so as to prevcggt. con{)am’ nat i og gl% th«g1 20 %em' conduct.or | ghi’ﬁs Al so, if
the adhesi ve®dT5u¥e Hobavsidggrneraly fiet Drodls e IneNennss\ P rAdES S#hifh it coul d
be possi bl e §@iRAP! A¥o,ait WHUIKBE désiuble iOhe 24HE5E ¥6r coMffitiole GOMEGNC0
advant ageous in preventing the saw bl ade frominadvertently cutting into

t he tape bactiedgrmationtofiedgagebrisavking gnmmingaeftdxatss yapeutpon npplicdtion wga waf er

di ci ng, the tgPe coul d be weakened and break prematurely during subsequent
processing. 28t woul d al so be desirable if the adhesive were generally

i nsensi tjsve to V‘ﬁfﬁlovﬁﬁg%fér%rﬂﬁﬁx‘é?ﬂkré%tWE'a\ﬂ GBiaP idiERRRdRRE NY | 0Osened Dby
the water spray used in"the dicing process Furtyher nore, It would be

desi rabl e i f mamdadtapeg steps Peforectba sernisondicsirgmaftis aantavedtop didee iftor mat i on of
edge debris when tyinmmed prior_to.a fer.dicing operation. 30 Fjnally, it
woul d be adv'\zgxﬂ'ﬂv}:@@é{ﬁf@‘f‘ﬂ’dﬁ&\f’é I Cgmﬁg%feédjl*@%g PEOPYEREORAYCAEHEI M BY used in
bot h waf er ggi.ndi {Cd i [ m t he need
for storing %ﬁt#ﬁ} ggg}ﬁ?&?)g\ggfgg?g?de&?fﬁ%e%%%k%ﬁggﬁeﬁﬁ%&p?ggﬁ%\?emi on
provi des waf edlepn dixdssiapg), achemigubstapad wadpes atvbalunhabk onestain inor e of

t hese 2 a SEP Z00?_ WO 99/S0902 ~ PCTNS99/ 03211 desirable properties and
can be Wed RN MRYUFRENtarRY BHNGIR YAk SBHRYEALPBRIIHPT g™ Iecuhalads ;e ur e of
sem conduct o - : Jhi-s | nt | ates
generally togat%\%élg{s}srg\ywlg&gwgggg ﬁ%\@%&%&c%endgocntdg%{[%\r/gfa ge?'s Frﬁ,% ncl udi ng

t he gri ndi ngindivituel sethicorigcrir ISesiips @ditheh oémpaddetsm thedicih@pps TGB! ude
adhesive conpositions that are not pressure sensitive (i.e , nonpressure
sensitive adPRBINAN I8 oRyRYYifacisated byrr reedlerasprofinibst pushesompagsinsi bas used in
the wafer processing tapes of the invention provide acceptable |evels
(generally, 10 relatively low levels) of initial adhesion to substrates
such as polyimde |ayers, silicon oxynitride |ayers, and silicon, for
exanpl e. Preferred enbodi nents show acceptable | evels (generally,

. o, . Y N . N Y



15 adhesi ve residue, and without the application of heat or irradiation
after grinding or dicing Furthernore, preférred embodi ments incl uge £p 70

- nonpressure sensitive adhesives that are substantially free of fu il‘t§'x))e gzr
m gr at orywatbg)‘sgﬁgants and tackifiers, and other fugitive orpdfinggeassy
conponents. "Such conponents are typically undesirabl e because they are
believed to mgrate to the adhesive bond line 20 and form a weak boundary

| ayer The igMant bofle BIchE EESindns 61tk GPRIALET Ofip WATIEL VREREE SRR tape that
conprises a perfranent backing and a | ayer of a nonpressure sensitive

adhesi ve orinling@esiyeresps tixaolpiofighe ¥ diiprabingovetihomahpdesguape skesiti ve
adhesi ve has a storage nodulus at roomtenperature (i.e , abqut 20C to
about ?5C) remeyxedils ciiRspay themBnfustier pragessed gmmedigislypak the nay b sided udes a
copol yner conprisind, at | . a first copolynerized

nonoet hyl eg?rggtler?fésﬁ%g@t"&trogdtafg@h%gﬁg%ﬁeer, at | east one of a second

copol yneri zed npgeetdeithiedlipublidayionSAtHbaVAbuIREERTs éhdbubre @agh one

copol yrmeri zed nonioni ¢ crosslinking agent The second nonoet hyl eni cal |y
unsat ur at edsing gehasiveidicing penfor exampledisapeanfiaieny ublicasappel 9df gl ass 30
transition erature hi I . fothe first. nonoethyl.enically
unsat ur at e&bﬁgﬁgﬁé?s *ﬁge?cg{gg Stra‘?:&%léﬁgg\%%%%@mlegt tgrﬁg’"?ﬁg% ?eﬁé%ggéépt he gl ass
transi ti on w2pes aicirie tendpepaibitisou® bein %onﬁdstta%pmnehbmrofmeSEP 2001 WO
99/ 50902 g PCT/US99103211 Preferably) the adhesive conprises a copol yner of
at | east oficefd@ebiPAy| ental | yunsaturated mononmer (i a , mononmer A) having a

h | | tr.ansi tion t t Tq). .of t han .about 0C,
ot T eadl oe roasbe gt Btk e R B eule aere PhedLE Rk Rt R e
nononer B) vt dMndoferledR Aty b&h pgbasissly BaRabdd FbrleRimpleAEW0pednlg) of at

| east about 10C, and at |east one copol ynerizabl e nonionic crosslinking
agent (i . e.PatembRahsetia@ NoAYABS il §edesoripesss dicinggapethat iddudesta fagehionle a

crosslinking _agen ically. have rapidly devel opi ng adhesi buil d, which
can be very éegpg{é?%‘.?al\?ﬁ%%n%? %’Pésﬁ'ﬁb(?j‘i),gPf“ﬁé”&&ﬁl@%%égg‘%?bvﬁﬁ%er conpri ses’
(A) at | eagbnride at8pslopeliyetaiatiatch-antiatbt. CTRE pregiufaghyitiv€ adittkide gy er of a
non-tertiary al kyl alcohol in which the al kyl group contains about 4 to
about 154 daspuhesiaed iony gnethircryvligayid. (thetblechdis esteh aimybateyaarorTgrieds no
greater than t 0C (B ' | east one copol ynerized reinforcing

nonof unct i c‘)’hné'?gggreyﬁ?gé%o%lngﬁ}ér, whi ch has a honopol yner Tg of at | east
about 10C) and (&panasdbik#) PaencApplicktier Need212 1 ponicERBGtd ve crosslinking
(i.e., photocrosslinki nfg) agent, which can be an acrylic crossl|inking
nonomer  ( mspwiFepductar wafeidiciag filp &F which &l qopventinaelpressers easpvLddesWononer
C2), which, ln. i k8. C agct i . ogen
Preferred s’segrl#)(‘:%%g)ugﬁg{re I‘%&p gﬁbg}g?ﬂoe{:ggrsl'i ?1%%? g%elgé%gg%%ﬁlﬁé}élﬂg“%gai %venti on
exhi bi toan 230424 dibclédes @n adledsiviehgpetfonmeaddr dagipd Wah@clubes drogihesice lRyaubst r at e)
peel adhesion 20 of about 5 granms per |inear inch width to about 500 grans
per |inear (EsRER2NY 21 3eTylicHuPsenphesive)ednes haneilmapadstof agubheartike sB5UG i near i nch
width to ahpyt..300 grams per linear inch width, to a substrate conprising
at | east one of silicon, polyimde, or silicon oxynitride Mre preferred
sem conduct or WelherprefontsetrgedttaBusopsan Patind @ublitalibreNongais7is508 mai nt ai n
this |l evel of peel adhesion even after dwelling in contact 25 with the
substrate fdsecripegipihun adhesive shgst BMiChdsHERd todtiateCiea sEMICQrEigROr &vafREr at ur e,

pressur,e, e PREY: f i f i n Lon is a
sem cor% uctadglgingzawpﬁ ll]%e{x}é%g?gioﬁéé pgéhge\??gggﬂ?pémg’? ? tﬁ@‘%esr?é’a}a/aﬁﬁ?é'% di ci ng tape)
conpri si ng semphdlBeNvafbainkd (hg [arelenterk alips. The adhalWbekdey encluluat a lightnot

pressure sensitive (i. e., a nonpressure sensitive adhesive) 30 on the
per manent DXEREINE SURART @Nd 2 PRRSSHE sensitive aghepyenet cansuy bigiehiodul es at 24C

of about 1..0 x_ |06 P I . about x 10" Pascal s her enbodi ments of
the 2 ~f' el f@\%*%éfﬁ%%%&%? ‘%&‘?‘T%é@@? YL ﬁb%ﬁ&ﬁéﬁei%’éﬂpﬂﬁé waf er
di ci ng_t apesmixittte W84 Qlbb@f- A AcRY-bhRBYFeldE REsitikeadheded kuct i ons descri bed
above The invention also relates to a nethod of processing a sem conduct or

waf er BiRe rAboHNS!ymemBable sempeunds ards phdtopolymerization initiator.

However, there still remains a need for an adhesive tape that has even

greater utility in semiconductor wafer dicing processes. Preferably, such tapes will

possess several desirable properties For example, the tape should preferably



5 (a) providing a sem conductor wafer; (b) adhesively bonding the

sem conductor wafer to an adhesive-surface of a sem conduct or vvaf;r _
*processing tape that conprises a permanent backing and a | ayer ofJaSEPZUGZ
nonpr essunpo9GM@edoki ve adhesi ve on the pgrmanent backing; (c)pdmoswasiing the
sem conductor wafer by either grinding the I O backside of the wafer or
dicing the wafer into integrated circuit sem conductor chips; and (d)
removing t h?r&ﬁ&?sdﬂ?éi@rﬂtﬂﬁiﬂbﬂ Adhedbh botke stiiden ARRY i £04IPL dthern@ffhcelto .
irradiation) wthout a substantial change in optical density of the wafer
The nonpr essuhiah thenagiet marenezd e sdbese isuchdesgaold pleungdyronanits sDEET AlaciEme

DESCRI PTION OF TH PREFERRE[?.EI\/BCDI I\/I%TS Igl 3 i nvention relates. broadly to
adhesi ve t ap@SskHaP 14T e jeR{IPe pemiGRRANCIaE 1 chips v “Q‘p‘iﬂ"?eclﬁf’f‘eoﬁg)ngi ncl udi ng
waf er gri ndi ] r | Cph , i idi p@” as used
herein ref ersvyhg%rgd?gélg %gérémoe?ﬁdé??%?iﬁg§§ ed Bgﬁﬁodrgéﬂogggﬂgo sem conduct or
waf er so5as semicoadumrer IG shiphiradtmess breakppoa eeiuo el el thk rapan  Inwolie

manuf acture of semc ndelct o,r_,vv?fe "Vﬂe,r dicing" as used herein refers to
the sawi ng @Fsodiedesigbls if hesipiia 6‘?1{15”?996 ERIRP PFORERHSS qf Hifi WPYIWSTe di e or

sem conduct | el ' t i rsion
o son cond st s Eintlioch, ocvefl 88 Iyl BANAE, Blkr sy I ERIGF
conposi ti onstoragk siedecsev@raiodays or ngekames pak betveeh theaithé that theovi de rel atively

low initial and final adhesion tqQ sem conductor substrates containing
material s s@emCcagduges walsrsre gHrsGH 10 Hiegheng tape and Heghng bal higaesuling, g, )
polym d si Ll it Ll I s cept abl e

| evel s g? ad Hg%?g%@%%ﬁ%éﬂé earre}?ﬁn%%sﬁcﬁﬁtﬂﬁegtta Sggﬁlgcﬁ%afﬁko%éa §e5§§ and/ or 30
sem conduct aficrédSechibpmndaly der tierdit Imayrbemevasar to ranidve thedieed pr ocessi ng
tapes of the invention w thout breaking or fracturing in greater nunbers
than permit SEBICEPIRGIeRK+t Fhipy framihelsaprg and p@revdhemouriessa ey WY BEWEDI e (to t he

unai ded eye. 1.. ght m croscope) anounts of adhesive residue
Si gni ficant lx%e@ﬁ?e@?%@eﬁd&d&% ?~~ S~PZ001 WD 99150902 1 PCT/ US991 03211
g y p

Wi t hout post - pr oCEgsSsenticantdoaedlC ekip sitad aiss préfeiably rehotdtedntyeemithé nventi on
typically do not require the application of heat or irradiation after

di ci ng dg grad AR VS aPH SHA TN thé 16y e pdhesiyg yegiduephatfconldmgriaisavitllv ant ageousl v,

t hese waf er i i : i . 5 grans
per |inear isﬁéﬁﬁgmégtpﬁ&t%ﬁga%%ﬁ aag Sgggxﬁgﬁ% a%g?él?? g@ﬁ?@ﬁ@ﬁgwﬁgﬁ) ﬁ‘?ld and nore
preferably, adodistadRBnigseus ifftbe adhesvafranntie tipeddil nbosiizk @d1theIA0 Wadenss per
linear inch width. Mre preferably, this | evel of adhesion is exhibited

bot h i ni ti altf cAPETERHE REREICBIY BECTUPEIng disevaisr diciog FPEBHORIER BIFAIRFer and
after dvel | g hlafeBNAGHeNelibud REmAL Blaal 8 o o ARYent BARImARRLPBH the

conditions. In practice, t owest |eve si on e to hold the

waf er i 20pl aemicb@daupi Hgchipe #isonditimpadhegdyododinot significande ssdstad the pawef er r ed
O her adhesion | evel.s than tho reported here may be acceptable jn certain
applicati onsb?aq‘\i g}‘?wt “pf’r"‘é@%"r P‘?&ﬁ’gwﬁd{ﬂ)‘i‘%h? thigjer {ayer ‘P&f\?@?ﬂ‘ieog’théci‘rﬁoﬂ 4 these
attributes t r the: te
surfaces manl%i%ﬁgﬁa‘g‘lbog\i?&Spgﬁgﬁﬁégg%n@gggﬁgﬁﬁ B?ASJF n?xﬁlg ‘{ﬁﬁ\l/rg’ﬁ? ﬁ)‘ﬁgcan al so
be renpved frapnbakinge dfitheatmr backBgumpatisilyendimo dagng eafeddicing; tHeGaphi ps

W t hout post-processing procedures and w thout substantial staining.
St ai ni ng carFoP[éjleﬂ weqlseafﬁi) anfhrerk, Brematyraly dUBRS SRRSCQUENEPIOsEsSit&noval  of

passi vajson Mt er i 3lauPhidl bl BEiGBR iPhe BYRLHALA ga!ne@g%agsa{i {1 oGaBges in
optical “density on the surface of a wafer Thus, preterably there I's no
subst anti al sh@angerévenopbimaly digrstdny being iduwgersadityakewafer sprapisyd inshea resul t

of using 20 tapes of t resent invention, Inportantly, the wafer
processi ng tédfn‘é% quceﬁsngke ”6&@&‘@% |t NRui Pofesipkip if4pe tape did not contribute

significantly to the formation of edge debris when trimmed prior to a wafer dicing
operation.

30 Finally, it would be advantageous to have a single adhesive tape that could
be used in both wafer grinding and wafer dicing operations so as to eliminate the
need for storing different tapes for different processes The present invention

provides wafer processing adhesives and tapes that have one or more of these



desirable cutting quality. By this it is neant that the anount of cutting
debris generated during trinmmng operations is acceptable to the 7i,‘§ng~:ﬁsfaﬁ7y
‘I n actual use, cutting quality is typically a function of the shape)" )
shar pness wamdosmoper at ure of the 25 cutting tool, the cuttiREI/HSRI0SB 1and
rate, as well as the type and thickness of the backing and adhesive used
Modi fications of one or nmore such paraneters can broaden the types of
adhesi ves M@sﬁbblg?vcp@aie@ RRY exesk ised irnpesdiff addn® didiNeBbéraons JueiRg fHecant | y
and preferably, the wafer processing tapes of the invention are al so stable
in wat er Thaenufagtuternd semiiteBUuUEEOrcvaTpISSi tion is not significantly soluble or
30 swellable in water. In one aspect) the wafer processing tapes of the

i nvention include a permanent backing and a | ayer of a nonpressure

sensi tive adhesive (non- PSAUMMARY O THEBRWERSIBNNG, Wherein the non- PSA
i ncl udes a copol ynmer of at Teast one ~ s~~ z00S WD 99f50902 1 1

PCT/ US99/ 03211 oThiairfvientsan nelatesgehgralisnioctapesyusefnb for pradessingiesnoeamdyctat | east

one of a secopnd nopoet hyl eni cal | y,,unsatur ated npnoner, .and_at | east one
honi oni ¢ or kTS, ENAe e BEnCHRR A IURIIEING Sh T FARGURIOE MG L FRSARSt ed

mononer is ' Ol E@g}@d}g hhAavd Slg@gg - 9 L@nsition
t enper at ur eﬁlfﬁfl% Q‘?}@é‘h%?% arl1 thgt]JPSYéo'?&t;ﬁ% i rgghtmgeef h@'ﬁ’iﬁf‘%’% |y
unsat ur at edsemsitiogridhesiBy cempxitioman efrefelned kidhgiveicompesinibnsaussdirstheat e or

backi ng | ayer which is interg ed to form an integgal part of the wafer
processi ng ValSEPIOSEIE taRes P! S IRYEIHOP BF9RACEeRsiOle iaveladgaer!itonponent , such
as a teppor - r 1 € e N rel.ease |iner
can al s@p be&&%xgg]?-la%g&%frs)éﬁ%@ glla\f/avl gﬂhtg W%L{b%/ﬁélhp%gQitgg{%aﬁ{i‘g?lagrg%bessi ng tapes
of the i nvesilidcommxyhirédeeyamnedsilibag fomexamiplel Pdefsiredbinpodiossnshowever al

properties For exanple, the perpanent backjng. should be sufficiently
flexible toASERAPIE ]fivflst(%e"_&éa"_s)(oﬁﬁﬁg“’g%ﬁ)‘?)t’ Teyelsbeadnaen PRid ?\feaflmefsa& easily
handl i ng, skaf {hdord0ios Nafthl il sehicohlcHICTERM LantRGEIAY réfigudad have the
ability to be cut oby a knife so as to permt the manufactufe of w de webs

t hat can befram tbalysfeqpercessingsthpds, preferalily,i withounieaviogweisibld athdumts bfat can be
nore easily used, as well \M%ﬁ] to accommdatg sem conductor, 1 C chip

manuf adtur i esvessidppAnd OU_P@&WP%CWE'H%O %ﬁahﬁhgfﬁd'%‘%l@ﬁﬁb@i'@irﬁe"%ut.
Preferably, gl PERHERRL oA tbbdimefiO R nlRp IRLF: WA extractabl e

conpounds or I 8nic conponénts than are perm nder conventional wafer
processi ng adidsis¢srtjatstrandaraddaliyrfcse ofdfugitipe ef reigadibyy, sunfattants@n@0
substantially free froH]Hsuc.h materials so as to reduce the water

sensi ti vi t yREKREReA A fRBHYVH ACRISY ORNCPRRINERI G SRR FRINMANERS2Fo0d of t he

seni conduct Qi WA GidesiPATObEcREke SR AR RS PidhIESE tBIBE:A Sordameanent
backi ngs uséful in the wafer processing tapes of the invention may be

provi ded asard formglvecakdpenddry layeror as a nulti-layer film The thickness of

t he 25 backi ng MRy var .vvidel.g SO Iogq% as the.resulting tape can be readily
handl ed by waf er E"_r’i“ﬁ U408 PARACGReS S EPHGT BATST BHRSATINSAPPRITA! t hese

gui del i nes, ¢4 'sﬁbhﬁgﬂﬁ%vﬁmq;acﬁihgaﬂ?ﬁ (%E\e@ffa RAPHsOe isSnstinRia@Rdst % gabout 5 pm
to about 500 Vim although for wafer dicing tapes it I1s preferred that the

per manent btekiermaneayvtmcking hiPcdferably, e nabpressuisensitivoadiieaive h&a storagbr e
pref erably) tH}S ger manent backi ng E?gr wafer 30 di cion():; tapes has_ a thickness
of about 12MQAYIEHALGET:IEBBERHIraHE -ABSYt H Er1a@BRNt25°6) thit BIEIeder Bpn about 12

um to azgowat;lo%ttﬂr@,ﬁimasam §ld maeﬁggaséoggnyhgpggmgrgﬁg Lix&?sk ¥e &Y fiafed for

use in dicing applications are preterr ciently stretchable 2

~ sF~ 200 W\opinmHR6@ mondeth@dEAitiiyInedidated madonidiey leanoncobnyardad e t he use
of a push-up needle or probe that nay be enployed to facilitate renoval of
a sem condutIRFYRErECAROFPRINHENIGR yansHHENRd BaRIMeigandyptdeast PR& for use in

wafer dicin o‘gpﬁégﬁﬁ - Ards8 g,{:%§treﬂgtg 'P b2 machi ne
direction 090% out ’Z% Ell%&arscsal@ ooga{?)ou 2 f)oq]}gi %@%@3}5 's"la fPa) and, in
unsaturated monormet is a reinforcing monomer having a homopolymer glass
30  transition temperature higher than that of the first monoethylenically unsaturated
monomer The reinforcing monomer is one that increases the glass transition

temperature and modulus of the resultant copolymer



5 the transverse direction, about 100 kPa to about 300 kPa. Simlarly, the
machi ne direction elongation at break of pernmanent backings preferred for
cuse in wafer dicing tapes is about 100%to about 200% (nore pref el adty 200
about 120%p@eaksyt 165%, and about 30%to about 90%in thepdT/Es®WELEE

di recti on Permanent backings having a tensile strength |ess than this range
or an elongation greater than 10 this range will stretch nore when
contacted by a sepjes

%@4@ﬁeogdhkgv&mrﬁpﬁs%m\eabolgmbsf&ha{h bhe permanent
for use 1 h wafer dicing processes As a

backi ngs of the inventi‘on preferred
resul t, suchmbmekiyhgscahptnsaiurited mdnemer &feermetbmanyesvoand hesopdlymer sl ower
manuf acturi ng speeds since the probe travel distance will be increased

Mor eover, asglasséragsipeq mrwreﬂﬁ@ Hineisarer thrackpw Crdt aslee(i . e | high
tensile 15 strength. .|l ew el on Lon) i-t 1s easigr to handleg .t he |arger

di anet er serﬁ’%‘bor?gv&nbclaﬁ}éﬁ?séﬁgg? %15?’"%?%“%5‘@8%@5%1’%“@6“% .hawg‘géri al's from
which the p dﬁﬁi(g;% 34 PRI eEMberafire VG 2 [eaBY 44088 30 haReraQf the

i nventi o% m?{{/ %r(‘je%i ncl udle pol ytlgle gf irngf:?e ) ,eapo yet hmiénae,

pol ypr opyl ernme cppblybietizabie romibnpdrypslinkipk pgattdhe) moediyt Ehe Adhesive nononer 20
oAl ep e ORI S o Paer Gy e fasgbet hone,
ot onal |y, e o e 15, o enhance

bondi ng of "a non-Mske prefeexblyy ehet ahesipecopianér dmaqiriseng,(ﬁt)m’lmrmnent backi ng
can include a prined surface. The 25 prined surface can result fromthe use
of a chéfi catopphimesred apuic mehachilicRcid esterpiadonriariareakHeneonst Bcess, far
exanpl e. Ad I jti : l4 3.0 I I ssure
sensitive ad @gg’iﬁg%&fwgﬁdubﬁgﬂéggﬁé% fé)rallt}a?lﬁg ]% Egﬁgég%ﬂ@ aglg%gg)?mr e
preferably, WhbEhsta RB&VIYNErITE ¢ffno @eMeptiay EBsw@°CatB) adsist one

monoet hyl eni cal | y unsat urated nonaoner. 30 having a honopol yner gl ass
transition teopplmengedrefeiringimanefyncagndachiamaionst. \WIGch 88 2 east one

nonoet hyl enical | y. unsat ur.at ed .rei nf g.ei n noner. havi ng. a_honopol yner

gl ass t?/ansikﬁnborﬁéaye etga(ffL# geai[fgﬁ’&ow Qt aﬁ%g@aﬁ%‘?ﬁm EB@Y MRS lOI egst 2

~~ SAP 2@U2 M@t&@i&&_@@?osklinkin@@é.Wb%ﬂ%kﬁ%?ag&ﬂ! WHLE c8f BS & hdiiling agent
u

Such adhesive conpositions are preferably substantially free of fugitive or
m gratory suirpssbnking moapmen @raciomeafd ), arreg adefinically ugsatinatedorompoyndt or y

conponents. They al sg,ar.e preferab substantial ly, free of uyrethane

acryl ates, M"é’ﬁ”&?&ﬁ-kd’ﬂ? » Bl gef%leétséﬁtﬁi ‘ﬁaaRfP%aOf\ﬁQf‘é"rc“&ﬁé’Ya?gﬁﬁpuri ties
that 5 are producpfditedistdichbiducirWaTeshscadsingUshbs A6EHHES tRY indentivan- PSA”
is meant an adhesive that does not display pressure sensitive properties A
pressure serexhibiten igghlkleyat the imemf applyngaht yapgnderssbsraie) reek Ghepior o an
adhesi ve,{ ha S per pane n essive tackiness t whde variety
of substiar o8 Hpies Bms RBAERED SRR UPRC e AR AR R Mlne ot ve
10 descri ptid Mbredrefe@BIyURDUS 80 §Hdnsviger AdBAS hatewideh & aut BYO ighéndednl qui st
criterion line, which indicates that materials having a storage nodules (G
) of |ess thigaabelwvidthgor subsrammempEsiihesant ege af siheampebimidefTur e) have

pressure sensitive adhesiye properties white materials having a G. in
xcoss. of "t neop iRt M PhBE (RSt T e SRR ab e el o
herein, refefoshé mveniti Miih@in thiRddvehasp! sdiRBQ verafQHI &Endin dofidst above
the Dahl quist criterion, and nore preferably, a storage nodul es at |east
about 1.2 x wobthraubstrate foplafays atdey ambiene corditionsdvigngoamstempargturemdul es of

no greater than about.,5.0.x 10" Pascals have particularly desirable |evels
of adhesi on.P’f?Fé"%&H‘t? Bﬁﬂ%gwpol ymer useful in the present invention is

preferably a 20 caEphNéFRmbelinfht bﬁ«h@nnaemomsfa‘ﬁﬁﬁ&ﬁndhm@%va?& P8texétRE | zabl e

nonoet hyl eni cal | y unsat urat ed nononers and a copol yneri zabl e noni onic

cr ossl i nki ngtapgéret, argnnsijngandteo dalingntape)' coasprissreck permanent biapkingdeda faypol yner
of three or r?re hges of. Ro@/meri zabl.e noners, and thereforg refers to
t er pol ymer s, %434 % Y al 1§ NORTESSuRg 5eBSIXE, (1 6y g %@rqsélﬁaéﬁ?%‘bﬁo‘?@ﬁ%}@, bl ock
copoly , i \/ : i cl ude
o At Co R R B o R IR B D GBI R £
honopol yner sofaboanpOlxyyoé Pasckizao abnared s 103 hsdalsi Dthercmabddigeitbef then- PSA
copol ymer of the present invention preferably include (A a

nonoet hyl eni cal | y unsaturated nononmer (i.e., with one carbon-carbon double
bond) that, when honopol ynerized, generally has a 30 glass transition
tenperature of no greater than about O0C, (B) a nonoethylenically

unsat urated reinforcine nononmer that, when honopol yneri zed, generally has a
glass transition tenperature of at |east about 10C) and (C) a nonionic
crosslinking .~ SAP ~GG~ WD 99150902 14 PCTI US99/ 03211 went that is

' o o o e ~ ==l o L ) T



10 Preferably, nonomer A is a nonofunctional (neth)acrylic acid ester (i
e., an alkyl acrylate or nethacrylate) The term "nonofunctional " i ngm ﬁl
-context refers to a nono-acrylic nononer or a nonomer containing 1dn 0
acrylic fqp&g%{%@ ity, although other fdﬁnti onal ity can be ppesgRbe/e3211
Preferably, the al kyl group of the (neth)acrylate has about 4 to about 14
carbon atons (on average). The al kyl group can optionally 1 S contain

oxygen at oy uflidNEciGHAILTe! REREipd AhTLAL: HETR f AhatX@ © Exanpl es of

nmononer A inc ut are not“limted to, 2-neChyl butyl “acryl ate, isooctyl
acryl ate, | avisylucé@is\estided doovet hyl - 2- pentyl acryl ate, isoanyl acrylate,
sec-butyl acrylate, n-butyl acrylate, n-hexyl acrylate,  2-ethyihexyl

acryl ate, n-octyiThasvenignalsofglatss|to adpsined af prosegieya seabgaprugtar wakkhdecy|

met hacryl at S . 20 O her exanples include, but are not
limted to, %Bsﬁ‘%gfiﬁ%ﬁﬁﬁse‘@&%‘% g-a{))freopoxyl ated nethoxy (neth)acrylate (i.e.,
pol y(et hyl ene/ propyl epg peosiidify amemizobhdmidr)wafey,| at e) macronmers (i.e ,

macr onol ecul ar nmononers), pol }/met hyl vi nyl ether nono(neth)acrylate
macroners, and et hoxy(baréestrelyphandngtheseaicensingtorphafpoto anadhesee nacr oner s.
The nol ecul ar_.wei ght of such nmacroners .is. tvpically about 25 100 grans/ nole
Lo about - 600 AR heReotiifbr SREraTREoE pbBbadarserthsriRestto about 600
grams/ mol e Bi&ifrdn@d 18RPef MRchpresiale Bt aeYiveébAshd Pdnafidhl bh&ismgsed as
mononer A include 2-nethyl butyl acrylate, 2-ethyihexyl acrylate, 1sooctyl
acrylate, lauryl acry(cpmcessng tholsymisphdyojdravald) by eithexgriading khet e

Conbi nat | on f..vari,ous .nonof unct,i onal .nononers categori zed.as an A nononer
can be Hied ABigh SF iR ST IRIE Jisat it MRaHB B REL Rr ST gRe O Nononer B,
which is a mpgtahyl eni cally unsaturated reinforcing nononmer preferably

havi ng a honopol ynmer T~ of at |east about 10C, increases the gl ass ;~
5~~' 20~~ WD 99| 50902(d) $ePOVing39e 1ap8 2nrefarabin ovithamn thesagpbicaitonrad hodt arhe
copol ymer Thus, as used herein, ‘reinfaorcing" non rs. are thase .t.hat
herease t he. modlTegLtE VRSt dirubfi§ut Sl o BRGr RSty BF e e WMorer
can be (et h) act ybigfresatre denstive BB ACE MlestkiBed dbdvenet h) acryl ani de, an

al pha-olefin, a vinyl ether, and an allyl ether, a styrenic nononer, a

mal eat el5 or ot her nonofunctional nonomers that will copolynerize with
nononers A and r.ef D IS pd i Ok Gl tiona
acrylic nnnonerﬁtg- ’Eé ] 8?F6551% P. vi-art !-, 5 | ate The
term " nonof unct i gRBlinvehtford RiafesaBi@Y to AdHeSVE 14Rs ehalRROuRET I WEfefDNONEr O &
mononer containing one acrylic functionality, although other functionality
can be presemcessig dPrkaappes instudwmswaier gBnding hudler wefer diging preeessasni t ed t o)

acryl am des, ch _.as acryl amde t hacryl am de, . N: net hyl ryl am_ de,
N et hyl | act yI"AK dETORE ST BETeln AL fR B PPRGeRy, o g e bt R e,
di acet ope asénvicantiudr wWifdhs8iafed Faducaiis tHiamedea phodddaiealéliknoaer it de)
N-et hyl - N-ani noet hyi acryl am de, N:ethyl - Nhydroxyethyl acryl am de,

N, N- di et hy mspufaetnid efsemisondeqpvaieesr owyafemdirings agesed| herdiniesfers tthey |
acryl am de, _di. ] am yl acr 1 de. N-.oc acrylam

Y97 ¢ et IR RD SRS S Shbufiel) Rt RaR L B R RBORR I, e
acrylic aci dhipsresthecis Yisb & vaedli Khowint 2€0initBe 8crv@rsid Off RRicondaids wakkef i ¢ acid,
fumaric acid, 2,2'-(ethoxyethoxy)ethyl acrylate, 2-hydroxyethyl acrylate or
met hacr yl at &1to Q@V@Pbxypropyl acrylate or nethacryl ate, 3-hydroxypropyl

acryl atg.or neth t t-butyl acrylate, .n-butyl. t hacryl ate,
i sobor n?/? acryi atéﬁe;“,ré }5%_??-%]'462@3%} % %’i{?"sgb"r’%ﬁa‘i \év’a{)err pﬁ%q%%%g"&psst %{M%i phenyl yl
acryl ate, tilveaydnitenié refaiivielyab®, ini€CdrdinsY AdiReioy hasemicehdRidry| adamant yl

acrylate, 2-naphthyl acrylate, phenyl acrylate, N-vinyl pyrrolidone, and
N-vi nyl cappelistietea gentPriag aratesiply sichfag siicemyonvareiug wegdngmen ingigeyit layersononer s
that can be used .as.jononer B incl.u acrylic aci t-butyl acrylate, 25
N di ety (& B POPRIRGRINER opnif dfe Reaitimed b0 fmeti phaiea@P RSty
acryl am de, |edel3y béneYiBh BBYd oRG1ith@diRh 113n RYHIBXIRLOPYhfeACINIRt €, | sobor nyi
acryiate, and .Z(phenOXé) ethyl acryl ate Conbi nati ons of various reinforcing
nmonof uné® i okemicomivstas S chips egobé raadilnremoved fromotherwafemprioeessisg daptes ofrake t he
copol ymer of, t.he present invention.30 Mnonmer C ich is a noni gni C
crossi i nki n.éheda‘é 1o RAPOW AIEFRINGPT TRLUGRY ST EUEO R ﬁ‘ﬂa PEM'fitPases the
gl ass transigddygmial SIRSFRGLHE §/ifbut iasvsﬁgpeibymslherﬁﬁ%édee@ewﬁa gsion, and
inproves its cutting quality (i. a , decreases the anmount o{ cutting
debris). Théagbrrossistode) agoamges of adyesive aédidueprdoghifi emtighebis caloceurossi i nks

(e.qg., ;2 4 SAP a002 WD 99/50902 16 PCTNS99I 03211 coval ent bonds) Prior
to application of the tape to a wafer, the crosslinking functionality is
consuned, i a, it is essentially conpletely reacted with nonomers A and B

Preferably, if monomer C contains ethylenic unsaturation, it is

T



into the backbone of the copol yner by copol ynerization wth nononmers A and
B 5 through the ethylenic unsaturation. That is, the crosslinki ng” ,
- functionality of the copolynmer is not grafted onto a copol yner of¢ né%%%ﬂfg{fs

A and B Syj rosslinking agents are disclosed in U S Paf~rNeg3211
4, 379, 201%@?455%’%), 4 737550 (hel | eni® and 5. 506, 279 (Bag‘hCTet als

Preferably, nonomer C is a nonionic photocrosslinking agent, which, upon

exposure to ultraviol iat] ( - .radiati ving..a wavel ength
o "about 250 NsEbefeRbetSRembehy ThatisuebRlythd BheBR G 0ol Yrer to
crosslink. NppiRalRf &f RétaBhdire 1HeAPPREa1iOn iof hfat br JrradiAARnYAAeR Gl graeiny| i ¢

crosslinking"nononer, or (2) an olefinically unsaturated conpound, which,

in the exci tiogrevidt easyiremoedabirefetablyadndtadsaritagagusly dhospewafEnplocesking hese
nmononers (C 1 and C2) iis a free-radically,polyneri.zabl e nonaner capabl e of
15 copol yrerARFgn A HOSBAETHER Bl ogH! 3 BasReR U P o 25gu.
crosslinkin theRinkB SHdthOa RS %?pr Ly bt adhesi ve
of the plrsesgsr@g?ﬁélxgﬁtgﬁoﬁ?ﬁa?eferab?y, n{)%léggnfeer ’éggg no raxi%ﬁilktlg‘\eé%a ur et hane
acryl ate bedactswidailhesioned00 graras pérrigedrhach waith. phote peeferablgsthisdblebofnaf er

stai ni ng One e of ponionic¢ .crosslinking mpnoner (i.e., nmononer Cl) is a
20 pol y? [ rnc"ldﬁ%sg%’i‘ 154 ltF‘EQE‘?’dE’é‘F‘ﬁhR?%aﬁpgﬁﬁhﬁroﬁ%i(apﬁF%PéF’H‘lﬁP. Uty Zin
average of |oxs 4 ,ea*awemngﬁne&%a With gﬂwé‘f@%mﬁg o r 3fmbihi C groups The

term "pol yfunctional™ as us hereirn refers to cros I ng agents that
possess two anditiohe I precticedihedbivgstjete) ofiadhesibh ebletdjibiarthe alafey irupisat ur at ed
groups Exanples of this type of. nononmer C 1 include, but are not |imted
to, trir8t hyduwinglibpamrdingand/ondicipg precesses ¢s pretesnsd dhergidhesion lgyes than

pent aeryt hritQl = ‘ :0l. diacryl ate, dodecyl

di acryl ate, tggg %ﬁ%ﬁﬁégwgﬁg aéfgpé?ﬂgweﬁgﬁg%pég&#gg%'fi ed bi sphenol A
Conbi nati ons of aHigpfy-preferred hibollinnmntnefithediventiarexbibituaes dtwiborkeo t he

nonpressure sensjtwe adhesive of the present invention Another type of
noni oni ¢ cr cS¥¢RhRNMhmOsRIEHRERDLY.itogll of thevubatratesyraces gigntiones|adpyai cal | y

unsat ur at ed By %%bwﬁﬁeniss%@ﬂg%@ﬁ g@%@ B e RV R bR nﬁ:;a%&t&nd

generates free radicals int one upon i1rradiatton of the

pol yrer 1BExanpifess anfl/cs sethicandammonid chipcivitheutgaseprioyékingthrbeddapandone as
described in U S Pat No 4,737,559 (Kellen et al ), p-acryloxy-benzgophenone,
which is  -Withaytaubsisial gipigies coeiaing opn prsylt foouadissivg residuelcashevatesm
Sartoner Co YoviPdrQRdsivatibn ;TOROABL S Cl [ ki t. No.
5,073, 611 (rRméﬁEeret 5 b af’ncl"%i&hg i cEh R alEfa'Y 1bokity 7

p- N- ( met hacrghlangds-id opagad dermsirg tonythe meface af havadst! Thybeprzfepdbéyntees, is no

N- (benzoyl - p- phenyl epe) - N (net hacr yl oxypet hyl ene) - car bodi i m de, and
p- acryl oxy- b%’ﬁité‘b‘lalf’éﬁgﬂge' optgal gﬁ’ﬂs}/‘y S’“Nggs%%(@ée%'?‘@?‘("lﬁéﬁé eyt ofjusing ¢
col ums »g- 6 ¢ g&%ﬁﬁ@ﬁre@é}ﬂm%éh" table olefinically unsaturated
crosslinking agent referred to therein as Formula 2, which is {

2- [ 4- (2hydr oxy- 2- hedmantlyrtbe swafet -pooesgihg rapey bff ht pydsent invention display
(2o 2oL 2 PRl £00) A o) oparnoate The, SLELTIe!Y o
hydrogen pref&eabldairihetHAREng 5p¥aliGns is acceptable to the industry 1n actual use,
cutting quality 1s typically a function of the shape, sharpness and temperature of the
25 cutting tool, the cutting angles and rate, as well as the type and thickness of the
backing and adhesive used Modifications of one or more such parameters can
broaden the types of adhesives which may be employed in tapes of the invention,
Significantly and preferably, the wafer processing tapes of the invention are
also stable in water That is, the adhesive composition is not significantly soluble or
30  swellable in water.
In one aspect, the wafer processing tapes of the invention include a
permanent backing and a layer of a nonpressure sensitive adhesive (non-PSA) on

the permanent backing, wherein the non-PSA includes a copolymer of at least one



10 functionality Conbinations of such crosslinking nononers can be used to
make the copol yner of the present invention. Mnoners A B, and C%ngP?@?d
‘in anpbunts to produce a copol yner havi ng nonpressure sensitive adheérve
properti esvaagssded2i ned above, and desirghl e properties w th REEPEEN0331d
adhesi on, stain, and cueing characteristics in the wafer processing 15

i ndustry Preferably, the nononers are used to nake the copol yner useful in
t he nonpr essfii érss eftmbtthyleniaalhesisneraanmposomennt ledst bheops ssend i nvention in
anounts of about 60 parts to about 85 parts of nonomer A and about 10 parts
to about 30MeaPEBYISHCHYIETREIaed MBRAMSS aAGRtdeAs) Ong FRIIGRIHERENIBKIAE e used i n

o about 20700y 1 100 5ARRN uckBe@Viika B Do IRRTEL cOUBRIE 0L i G

unl ess ot hepdns@eshRind 4 Bsmdpeymernalnt 1RO terfber AMBQYTEY hiher alfteh thanonmer C
is 100 parts by weight. Mnoner C (i.e., the nonionic crosslinking agent)

i s used §n aftheffirsaronasthylenirally urpgtufgipd Monemeeant an anount that is
sufficient to cayse .crosslinki of the, adhesive to provide t.he. desired
Final Cadhesi on pPogererBapbARges insteis  SETrel BeBb b sl o' ¢
appl i cati onjénded€o fRPan! iAte@ralPhre bf thBRvAfBSpbEdssing Mpe3aMbrthapbeisg #Ss! i nki ng
agent may cause inefl:'ective curing of the adhesive conposition such that
t he adhesi oremsaviable areelaisabletcomphiegh saphiA? tanporanys prioregtivchegieasstlmer stics are
undesi rabl e il.e excess crpsslinking agent al so.result.in undesirable
adnest on antAgPUREeRt & asias BEF pt €ef Be B aRPFeReSSRR Rt Bent 1< an
acryl i c;gmnQaARk prddesdise 2BePshe IBAnonUaRbrMafAt BIRINGtwiRideaRByt 5 parts to
about 30 parts, and nore preferably, about 10 parts to about 20 parts,
based on t hpossesssEveipIapPeroes Monsnemele] the tphemaneasacking ishepldibent is an

ol ef i ni cal l nsat ux at.ed. copol. rizabl hot or eacti ve.conpound. whi ch, in
The exci +ea uSREHEIEE o ARRM Y B Ao RITh e5RIRGHF SiBIB0HY 'S0502 - g
PC T/ US99/ O8abling) Ve e 8nd kHippifig PARD &tha BedmateftbacRin@ BhaN® Hive (R amilpgut 1
part to about 10 parts, and nore preferably, about pan to about ~ parts
by wei ght, babeeitdy akniiospanto pérmitibe menafacpnolimneide ovghs that candier pri si ngl y,

i ncorporation of a.crosslinkin~ agent .intog an acrylic copol ymner rior to
use oﬁ Lsavvaf SOHEBYY a‘é‘s°’§agiﬁ‘a%{13é’ acﬁﬁe“gpglﬁ%&t C?'Plge %Qbeeeaf’g‘P 't‘sﬁé‘ %aweglrp but not
SO nuch as hoid RAYINARDIRRSemIoABRESH ITUCHIE malufactifind 58k Bkt WilllragliRithen to
reduce adhesion after grinding or dicing) This is in contrast to

convent i onaPefmenett hackng i@ bagutt A)seferablyathe peemeneshbrekint vell canaiagiove

copol ymer o rs I | e it ounds. | ggous to
monomer ¢ ToSREIRHTE ket RE ccined: Bs GRAR mpbils ERTRRATRRATAERET
processed, amtlehtical pafed préd@sdisiadesrylstoiiaidi@niahere préfefablyi ailiese t o

polynmerize the third nononer to forman interpenetrating netwark of the
copol ym ofubstagHallyereq Freamausiomaisrly se s b redues e MarrsrRISitivity jof the

| nter penet r gblNgCRSMANK A% IAAUARE iRLINGEH AP i BRIBRY AL QbR the vafer
to be renovéd.” By incorporating a crosslinking ageﬁi Pt o 1 he copol yner of
mononers A becoaiif Boamatdddyapgk intddrian of the tape to a wafer, the need
for such post-processing is elimnated Polynerization of nmononers A, B, and
crosslinker C, tBefeangnt packingpusefutad theswdien progessing tapsh pf dgdnmeatigfensi ti ve
adhesi ve co Lt f.th i nvent | 1S i cal ri out

usi ng ther m%9§hé?§§d&e Seaci??%%ﬁgg@r%mrogcfg §t+®ﬂflaylflr W’gvﬁg L%Ck%ggsrog Iation,
and the2$ i keackfigohapodry vedEl7 86 Lomg a6 @t fesulfing tdpk ai Belreadilyehapaled Br i zat i on
initiator, which can be a thernmal initiator or a photoinitiator.

Phot oi ni ti at'3fes celafing and ederiane eluimmesnt p Méithin these eviddisen thethiskaessnki ng

preferred crols FSRTELE g L PGLARED SR Feeberd S0 e Shestiehdotcs monorrer
Exanpl es of waridaierapbok o prifebral @fab tHeeldfont Baklkird avE @thibiiatd §d 25 to,
benzoi n ethers such as benzoin nethyl ether and berizoin isopropyl ether,

substi t ut ed aban@iym et hlens SSyoh Merapriefeoabily ngé pgrimaeth dackisgifos wiafert ed
acet ophenones  such as 2, 2-di met hoxy- 2- phenyl acet ophenone. and substituted

al pha- ké¥ ol diciigdapeschas acknass of #hplr bX i By IpAbaphehbRearEmay IPeeferably, a

commerci al | y;. I I toinitiataqrs inglude. | RGACURE 81 9 and.DAROCUR 1
75 b EuERR Bl EEL BB abb R S i, s RErerRRRCESE COREAPRAT 1 o
BASF, Parsi pRaitéd fORusebx aitlgappRéaish dralpk&retrb@{I®Y suitidntips@bShdpie! ude, but
are not limted to, peroxides such as di benzoyl peroxide; dilauryl

peroxi de, methyl ethyl ketone peroxide, cunene hydroperoxide, dicycl ohexyl
per oxydi carbonate, as well as 2, 2-azo 4 SEP 2D02 WD 99/50902 1 ¢
PCTNS99/ 03211 bi s(isobutryonitrile), and t-butyl perbenzoate Exanpl es of
comercially available thermal muators include VAZO 64 from ACRCS
Orean~cs, P~ttsbuTg, PA, and LUCTOL 70 fromElf Atochem North Aneri ca,

A =l N -, = -,




The copol yners of the present invention can be prepared by a variety of
techni ques. which may or may not include solvent or chain transfer 3&9@%
‘(e.g., 15 CBr4) to control nolecular weight These techni ques may i A 62 0
the use of wgPsysepdzi ate pol ynerization inbtiators A preferredrepisents2free
pol ymeri zation nmethod for preparing a copolymer using nononers A B, and C
is disclosed in U S. Pat. No. 4,379,201 (Heilmann et al.) Initially, a

m xture of NRRPIRYSafa@dthribdate MELYEETd ZAH- W fdedR BPrbbeaRaGhayibe
photoinitiator by exposing the m xture to W20 radiation in an inert

envi ronnment émploged infacititatd cimeval ¢fe seowapnducoatiebl e chalsels ypeapaneand
subsequent |y addi ng %Dno r C and t he renai nﬂer of the photoinitigtor. This
final syrup PRSXINESRTHETFOI0HES NAVATEr §Cing fARES APRY Brelsie FEFSR Fsieds Iy of
about 100 cept.i ol ; ~ [WeTol 235 ith a No
4 LTV spindl {e}{e rﬁ%@% é@%ﬁﬁagﬁgp?eﬁﬁ%%%g eSBedlbgBttﬁen lt:%}g%e qggé)gﬂgwn
substrat & sthehraasveasepdiraraoe rbolut D0ddakod rgoutGiHekRah Simiiarly thesmachatieed ont o a
per manent backing, further polynerization and crosslinking is ;fypi cally
carried out dlﬁe%wniei@set'miw%ﬁmefmqn.e@. backmgs piaterssthion 1se Rayatess
nonreactive Wt . ol ) i |l e d t Vi i ncl ude
ni trogen, cazrivI %1% t%}ékgi%?l?ﬁg {T&ﬁlﬁl}%ﬁ& Ogﬁ&ﬁﬂﬁﬁ?ﬁgﬁggxag l&d{ajog)?z%e noql,&

suf fi ci ent|y165%8Y, tandab®1R 31005 © sba0t DE%AE HeayAdvérye Givateibh NBefindneier of the 30
phot oactive syrup with a polymeric filn) such as pol yethyl ene terephthal ate
(PET) film baskings davipgpsensilesirength less thamiihis 1apge of arcelpegatirn SEEaterith# at i ng
t hr ough e filmin ajr, ~ 99| 5090 US99/ 03211 A
preferr elgﬁso{hﬂﬁ fieion ‘f)vgi {}%Cnhzrg éovﬁfeﬁe ﬁ@gte}é\gﬁ apsfeénﬁ%orrﬁ%ﬁégéf)g{ﬁglrgﬁggﬁusi ng
mononers A, BrobafithnGBe bérnthinémIbasidtlgd of tht fivBRtonNerefer@d $orflse In (VR MRYinget al . )
Sui tabl e solvents for such preparation nmethods include, for exanple,

hydr ocar bonsP®gesieasAbe Fesiliesuch gpckangs noy yitbinethe peafersgd 13asesfas rewiidh ohexane,
as well as e r i el her i Xt t For carrv_ ing
out the pol yiSHeo PR FRHE e B B pllBE g iRl E rneds®l SN 2
with sone of Mdieovep iRy stifingsldfeh@penmanei batkiag incedasdsee t highh@dsile ni ti at or.
Wien the pol ynerization begins, the remainder of the nonomer m xture, and
wher e re1£vaﬁf§"gthaé0‘¥ém8#ﬂ@ﬁ itg$ eastrs 1@ henddatheilariged diemeteaspmicordusiirvent are
added. After I ' ' ition can be coated 10 onto a

backi ng and Vﬁ%r%{ﬁt\r/é&ht%reézogﬁh%ge%?ee?r%\gggﬁby evaporation with or w thout heat
A | atex pol ymeri z8ar€rialsfesti achidtothe PERRABHITECRInG O REYRY IR theUsd fagprooessigr s A,

B, and C? is disclosed in US Pat No. 5,424,122 (Crandall et al.). For
exanmpl ) a | BPexOkhe invieptoHBry e PRrdatFiuae pelyelsfing tds. opRIYHYYierbi ni ng
nononers .4, , Y Lonj ' i nltiator,

wat er, and ap‘ﬁg?ﬁ%gﬂlle%sp 33@3@%‘ g%’?&ﬁé‘&‘%ﬁ@%ﬁkﬁﬁghé‘,}éE{hgr%ﬂggn‘gggﬁ!ﬁ%de‘g to form an
enul si ond ol teputgmdry (¢.0i eihglehe(meh)dcrvdie aciddiopalymed by hyizmd/viagl, ackypd cal |y
done using heat, while agitating the enulsion under an inert atnosphere
After pol ynefPRRAYMeh RADUragiens. RV Viswichiorder polyuestbansoplpraidesindat e and
dried, typic t | t ssary, water
can be addedroy 8 shes P FORHEntlerdhuisERS! GBI e RirrBERT VY,
Certain of tb&kingeehybepsmed. Thatys,it6 efibncs bomdihg BDNAGEPSAlsgaédive do t he

i nvention may have inherent Jevels of adhesion that are either_too | ow or

t oo hi gh for PeREPARIREKINS.i the Permaneftdrckipd saswciige appimed suifeses The additi on,

certain t i i |, 1 r i j ci entl
wet the SbsPimFRORIRAT L BEY IRt B LAY APROP SRk e e B N ey
be diffiicul torofa eresmenoprodesdpfoe@rdmplat i on thereof, for best utility in

waf er processing &%gl i.cations, Accordingly, the adhesive conpositions of the
i nvention may fur AE8ESIERPIPETGRR Pl dB SN RNtign aEeitRRprespUrAERsitiver such as

a tackifying N0 | &N to increase the i.nherent .adhesion,
wetting abil i‘l{}&?hgp'{é’oa na%?'llq '9?/{689 Q? $1a C§'_888fey MY e Brc?fv%q%' cfoﬁ'ﬁ'gt[i onal
nonomer s. Thegentidly ofe EpROIMETRE hZie: endvhion oBiRGleficaliDRaRfat DmEBBRBEr S A,
B, and C. M nor ampbunts of vanous other additives can al so be included in

t he adheii veh@dngpdspmppelvmeugipssathdiition esmpenauctd 2) o ne gteater djarsabout
pl asti ci zers illers, stabil iViﬁ,%r %{ ul travi gl et _ahsorbers, antioxidants,

processi ne ofl%&)3 4555k e manasth Iy, Bnsajyrated finfong it MOFPMBLEAY IR t i ve used
can vary dep ' - f 9,0 final
oropert] es. doneRdv Bl el R 1T s et S O R D il Ve
conpositions of the present invention are substantially free of additives
that are fugitive or mgratory (e g.) certain surfactants and tackifiers)
Furthernore, to provide enhanced utility in wafer processing applications,
the wafer processing 5 tapes should be essentially free of ionic inpurities
that could mgrate onto and contam nate the | C sem conductor wafer. The

o S A o " Y b1 oy . a . a



15 adhesi ve thickness of about 50 umto about |00 pm may be used for tapes
enpl oyed in wafer dicing processes Once the adhesive conposition ?%%Et?’eﬁlﬂ
substantially fully cured and crosslinked so as to provide a wafef ° ’
pr ocessi ngwioapsspsdzhe adhesi ve surface of; the tape may, opti ®GATYSPY/0HAI
protected with a tenporary, renovable release liner (i.e.) 20 protective
liner) such as a polyolefin (e g., polyethylene or polypropyl ene) or

pol yester (en@nonitaly@bhithigneagent eplidhhaihadied cdnmpoditions are ppéfasiblyc fil m  Such
filmse may be treated with a rel ease material such as silicones, waxes,

f 1 uor ocar borsspstamially Hiege of mm@ﬂrymamw Sﬁfﬁ@tHEh@ﬁtﬂd\lﬁﬁmélqth%n has been
subst anti al lff(%xf .ul Ig cured and cross sub§tant| ally

no unsat ur atPEHV&PEMHAFCHHURR]IET 5 Slé‘gva g%" Ffrﬁftéralgh\lsélﬁf% fgl?l"éﬁfﬁﬂ ed to a

wafer for prpgsgsd {&){mtes e 8 cdnehbRle @i sedifeld of 4 Mafedr AUERS infurited thabe nmoxe
fully appreciated with reference to the feH-ow ng non-limting exanpl es The

exanpl es Swerage pmadhuead euting thtisyndmsof suah aceylates n test methods which are

descri bed bel ow di maggl\ons (%I ven in th tgst nmet hods and the exanpl es
are noninal dine 6n%°“ 1S meang Spge QRSHEOGBPIY PEEEIS90/ 03211

Test Met hodsefegie ﬁ@g%hpmi’) Eux@qgﬁ‘sﬁlv@%d%e@%&ﬁ%rﬁ@ﬁh%sz%@t&m i shed
surface of a st an uncircuitized (I e., no circuit pattern was present
on the surf aefej 1o adaditesivethas displaympeésmamdnabnd esdresavt eackmass tog widehi ckness of
about 700 pm AdheS| on was al uated, after washing the fer wiih

Vv
i sopr opanol VAREYA ISBWWQFSF&E@ ipg BWVE‘gIHWfQ%SPrécWhﬂ’CﬁP‘ 8eaatst strip of
waf er prygce surface.
Thi s test9 stso;% F%ﬂj\}\}/gg%ggﬁg%g etstg)"%%tﬂg%k! Iéessél\;é Sfj a]% m@l%lt u:lgm’litci-ﬁlhovvn W th
two passes obhienindfates Xharatagdrialsthakinigagsaragd mbbmus (:G)atoéd:ssr thkh @boutHed

Substrate W|th ;10 the wafer processing tape was then eifher tested

i mredi at el y %o}9 dﬁaﬁﬁ}kﬂnwrﬁ%‘l ’IOOH’c‘eE’Q@'a&HH) mAYGPrassuLe sSSIVEAHRESYS (RH) for a
period of t;;ngpe?ﬂ%cv'vm@ﬂaﬂeﬂalﬁhﬁn Q@}ﬂh@éxc@s% of dHE Whive dbst T .Fem%mostrate
was securely taped down to esion test carriage o I p- Peel Tester
Model SP- lozﬁeﬁﬁMyadhersPSA dsassea hereln\¥eb&s td aenaterat tat bas aldoree . The hol d
down tape (3 rodu 232 ki.ng tape, the 3M ny, St. Paul, M)
was pl aded (i‘EﬂSt éﬁ?pﬁ%ﬁ Neeesriony, g ’E@’ecﬂ{ggg’gﬁ'uﬁéioﬂ'ﬁgﬁ tized
surface of trk@dumfﬁneaqpmnwwtpasealg%?&smwmﬁﬁdﬁ@h&mgu a6@gand

ext ended beyond the edge of the wafer to contact the carritage One free end
of the waf ermq:mmmersfmorgreataxptdaam elsdut $trx pO\VRescals haelpadicularly ldesicatledsvain
tester's for Eensor 20 and the test strip was peeled fromthe substrate
at an angl e ¥PIAP™and a rate of 30 centinetersiminute for ten seconds. An
average peel adhepneoﬁbnvlﬁté)a%oy@;nems@mnmh& BrelE T <REon Isiph&efabiyich wi dth
(gliw, which approxi mates grans per 25 mm). Four separate rreasurerrents wer e
made on 20he dopslymet ngtlaasdtwchélfiﬁadnuewes ebpoiymerizable rmnoadweagellsof the four

neasurenments The v V Jnues re ed ve beg‘n round_ed tg he 25 ngﬁrest whol e
nunber Tapes GBI HMOR™ Fﬁﬁp YBer2Rlegrononit; CRsTIi S PeRAT LPY 8houl d

exhi bit sone cBBAGH Eﬁbh@u@dmer%srpmcm\é% BB&ler aEMHES B myghyiRs ophoul d be about
S gliwto abou 00 gliw, and nore prefpera |y, about 20 gliw to about 300
gliw, to prquimeensable mmﬂptsalambtlmfefmheeﬁcﬂhenerpbb'mss teigppolypess, elg. t he

sem conduct waf er manuf act uri n ust ry Preferably, the adhesive
conposi ti onQ@H{‘)Wé‘ ’Bﬁlﬁg‘bfaaa?’é CRBREE N 8 S, qrﬁgqueph%{tpof)gner;t exhi bits

a final adhegd R4Vl chPAymes exbiblit é’ﬂ'ﬁté?) hRESH IS St intérpéherBfing 002 VO
991 50902 73 PCTN899I 032clBI S'rgem conduct or Q?\Q St alb?r#l?‘nu Er‘?ee?eﬁadeng% of
waf er pr ocesmt\ngrks:m[ﬁéﬁdrmbamspolymaxsmrrcgpmj/marssem conduct or wafer having an
exposed circuit ttern overcoated wth | yim de resin on one side was

eval uated in the NEWRRYS dP PreRag *@d&@aw&/‘oﬁopﬁxmwﬁt@ RH&$® havi ng,
in order, eligeditigRi Fef?ﬂaﬁlg‘iﬁélﬁdé R*Ag;a% RAYIR gﬁ)ﬂm&%%em@@nw pyimde

passi vation | ayer epres ntative ose use e manufacture’ of
seni conduct owith Gheédrpen-agrpbn eohitdeiodndy) i, Wheh }@nﬂmgd\esuéd aendallyohastondi ng
wer e both polgﬁam de .and electronic circuitry materials, was w ped cl ean

with isodro [rangfHipR LERRST e A S ipateTdfamatiout §5fel (BY & “ﬁ%’l‘)ﬁhmeﬂ’éa%at ed
surface covepg u\%%&"re%}ﬁ cﬁtﬁgﬁo@mdérqﬁatWP%mNognédo?ﬂne-lr-ﬂgd L%Rg'aw@ﬁasaadher ed to

the silicon wafer |rrg|t
glass transition temperature of at least about 10°C, and (C) a nonionic crosslinking



two passes of an approximately 2 kil ogram rubber-coated roller and the
excess trimmed fromthe edges as described belowin the test rret gESPT@,nd
Cuttability Cutting Debris " The silicon wafer with the wafer pt‘oc

tape was t{)pyabdopwed to dwel | at 23C apg 50%rel ative hum okrdcyu@%)s’lhor 7
days. 15 Atest strip of the wafer processing tape neasuring about 130 nm
by 50 mm and centered on the flat of the wafer, was cut after the dwell
period speci fjefGhitls EJS&?ol%é’t*Habl%ﬁvnWm@lﬁ@Méﬁ’s‘g\ and/bxBd Theadlas GaRsifgzor Kkni fe
across the surface of the wafer processing tape. Next, Ta test strip
measuri ng abemperatPesofitby h@bopatymers of utonomeseh wnd aeemlcalh{rudcxpareabl el, to
each side of the 50 nmw de center test strip by 20 drawing a fixed bl ade
gap razor kriwiin87Gard prsanepsyred by differemial Wanwpg spletEsyYng tape. The taped
sem conduct or waf,er he for ta| ni.n n eel abi

descr 1 bed: bel on A1 A HHeE LuBhie bRl Shg 8 R aRS RS et 1 s
removal sapeia g@ﬂoamgalﬁxﬂ@mgl\dsﬂnbcgrmamaﬁ%&n 0°C5akch as%aﬁart)ﬁxmﬁsnﬁttached
to the | eading édge 3 the center test strip (1.e., the edge positioned
at the flat aikylahelammem}:thmwlﬁg: (hanﬁnghmaduceadedser} @novéalutetsapebiecent er t est

strip conbin wa ull ed and ose the

surface of tti’?Féﬂ\aM é?‘??‘ﬁlfs’gﬁtolf %B& %& &Caéc?&ti % 56?‘ ace was
optically e ChipHAGQER R r@gnb{hle 21N g ! ol 8875, usi ng a Leica

W LD MLO Zoé%nmé[@r e%”rlﬁ crosco etlccaa 4 é?ﬁl-?er EJ“%%%, OB(g) itzerland) for
changes i n thendfiidctionail mmmdrsythafle@pbb&tensumﬁmaﬁorﬁiﬂe“rgﬁaridncthe opti cal
density of the test surface i ndi ca%‘m?: the presence of staining

991 50904 02¢ Breferablyo 1amemen Apg & maasorunctonah metbiacarici actdesgsr ¢ ﬁea‘MH‘él
processing t {i v, kil t removal
of test strl%gﬁ%u\re?ﬁléﬂ#géhat@e ﬂﬁ&ﬁg&@%hﬁﬁ%oﬁ% 'rgg"%ggm%gr{g I(raccailrmval of
the center amdnsidglid@shoraérdrpsmbnamrwahminingdsrenegid fasctdﬁﬁbryl hletbughi n t he

" Sem conduct or fer Staining” was considered peelable if it
coul d be rendEURHERH YN G @F’&té’ sﬁa}a@ufhe@ﬂ@aﬂrw rthe kmeryacrrigiei t, and

if there was i e t he
substrate. arg F%gm%raég?ggf%%@ %h?a"? %m gta? THQQ&QP Onpmggeﬁm?l me 10
Hand Cutlﬁab| ¢antam exygeh tiones iDelpr ¢hainTthereby fdrmivg: aha& ai?z)t emmpllec Bxbmalewaf er

processing ta after, bein lied to the polished, uncircuitized test
surface of aOfS‘P‘PWOEH’ﬁAS'éﬁli“é%S%‘bge aﬁ‘ftéﬁ’ to, gawelbylbupd peryiate. Q00 be not ed
that no atte 2L i bed

herei n. The W?f@@%{ g&?'l%%y@%éa@act%%b@t? sattér ggboar eg&g é(;\%vegrgg& 5 i nt ended
t o denonst raacmylmlam bitbadrylafe, wdexydacnyiuse, |2netbijlbe>@dbe§riave neﬁmplcmrylate,m- The
sane test rﬁI’ | used, for ail the Qa‘r”g) es If there wa @I‘IS vi si bly
present fro e't‘:Pie""’ @8@&?4?@“@69@“6~Nf°% latkasnd sPry agpllpanol and
the vaf ey ai pufdf bGthdhafiRded2 BRI e RSt Ankt Iyt Sonpl e of the
waf er pr ocessfng taggév{/as appl i ed tto th%oﬁeggyﬁﬁ?ig%\e{%ycﬁﬂtﬁ%t t he tape
covered the nanmpxse(mh)faar(y@tahd 20ly¢sth@rniépropelg ondxitie smedgémedogylate)
application, the tape was down onto the vvalfer erface by hand, and

finger pressTPEORESI(-egme OF}‘P cgg@gpnp@e@ EmstRYiviggk &hefont act ~ al ong t he
entire circu on it was
tested i mdﬁgﬁgﬂégﬁ%@%&?ﬁﬁ&?%& dgx%tgbxﬁlﬁﬁ% eﬁ%g%[ﬁ%@&%éé&ﬂg& h@ &t he test
surface was auylawuwaeranasundht heleenlar neight ofuich erenagerbys fyphdiiyaiduta new 35
or used razo bl ade The bl ade s hel d against the edge of the surface at

an angl €%f AHLYRMYEFG nAROHEC LSRR RA's, é‘@fhpé‘?fe’(ﬂP‘Ye?bQ%éOBéﬂfé wekedPar
plane of thed@skodUabiRitdic 2P &&dalﬂ&k&ul%lo Qc{meﬂf}g’c fa?éplﬂatt&H%Q Qked | NE
along the edge of the test sur ace uring t e cut rocess |ng of
singl e plus gsthonatmanl mclplde 2-rhethylbuigl adrylatel B—eﬂiyﬂkﬁ:xﬁlﬁtﬂlamﬁoaaylasm gned
based on the length of the cut edge which was free of visible debris dunng
cutting Tape§°f§i\§ﬁ§°cﬁu'é’kh‘i%’iaieea“%BOIYQ%hQ?fM‘IaSﬁdéTPFT(Bﬁw agrpiste sCombwagensiafned a
rating of tr +++ useful with either nual or
aut ormat ed me%’%ogs #i 8ﬂ)§1ftt'|%&;%gmsé?sv\/ﬁggﬁrn%%hﬁst?f’t’é‘ea'ono%ﬁgé?ra?e u%ﬁgﬂnt of
debris vg e aaké goedpslymerofithe Present Orvedid P91 50902 ~5 PCTNS99/ 03211 rati ng
double plus (+t) and were deenmed useful with either manual or autonated
nmet hods of cutti n&ﬂoaplnhbﬁgwhé}htlfoqrra*toé@hﬂﬁmlhﬁiwsmaateramctarfemfpmgﬂape@n@m| ch
exhi bited sone reate debris a ed a_rating of si e plus (+)
and were dee%ﬁén%’é% AVIEY W?W'%{U?wﬁa *H% ?%&H‘é?gf COEERITS ! g§5 sel ect ed
S conditions For each tape evaluated one or two sanples were run, using
either a new or used razor blade Wiere two sanples were run an average

grade is reported Modulus 10 A Rheonetrics Dynanmi ¢ Anal yzer RDAII,
Rhesource Series (Rheonetric



Scientific, Inc , Piscataway, |~TJ) was used to neasure the storage

modul us, G . A sanple having a thickness of about two millineters. Vs e 900

. prepared by laying up several layers of the cured adhesive and puglch‘l”ng out
a disc hay@gysoee ameter of about 8 mmjpeasurenents were nagerivssrespar al | el
pl ate node, using 8 mllineter 15 dianmeter plates, at a frequency of 6.28
radi ans/ second and a strain of 0.5% The tenperature was scanned fromOC to

40C at a r afrgnstionabmpératuteofvht Bo T;Ecﬂﬁ:ﬂbrngﬁhﬂsakﬁunseﬁ\h@fe)/n RifeeMds The storage
nmodul us, G at 24C is reported These neasurenments were typically nmade 3-'4

days after osomeii@sd l\hesedbarqm@‘ﬁuedhfsmmdnkys pf dpaadbesive @ndStherebynduct or Waf er
Dicing The specific utili LOCess es as wafer dicing
tapes was eYEEHt e%‘oﬁ‘ﬂf“%'té é‘l"&?ﬁ %t@ag’aﬁﬂa@doﬁ“{’%{b@%rﬁfﬂgr%m mately 200 mm
square, ove I af stav Wrz
A Ber o) S B e A L B e it er 1 ock

ring. A i emnomexpalmai;damd pr arthei monofunziezhak mMoncmerswadteri) chpolymgrizehe
appr oxi mat e di nensi ons nm and_a thickness of 42 mm _ was

careful l'y pw&é@epr@ﬁlefswéa%fi &1?5?@@% MenemenBds a reniorcirg mgnafurciRieheen t he
waf er and t%éf. d bhBhdine: &bfsqs 5&9@@&1 Qalnla%[P/ \A?Q‘F‘ cﬁ”anoa\éﬁrl Eh%ggé;h‘s' de of the

tape to reno any possi ets ours arter attaching the
si | i con waf &hondfinati@saldincan comengreﬁerﬁ)tcss:moﬁbmsylmencﬁyﬁﬁeem almighomeMount ai n
View, CA automatjc dici ng saw. (Mpdel No. DAD-3H 5 fitted with a D sco

NBCZ- 2060 smtﬁp@a@nﬁm rfgﬁlacwahwnﬂfwgbuod@r@ﬂmeﬂféw s#bePresintkness of 0

oo Tonl0 bt IR DHBNE bubetrHsF 15l re, sclRE, 0T B UR T TS
to cut the adrylagide, wefmetrylapiide, - ﬁeﬂ‘@ﬁ&tﬂﬁm;deel\]hahyl"ac@lmx R-rhethytolor 1.3 nm

X 2.5 mmon kerf centers The total nunber of die cut was about 200 for each
si ze The nupslamise. birydigrypdyl s5rlamide. diagriorpadrvigmidseNvi¥dinetlirlci ng process

was recorde r i | owi ng
exanpl es ThéJ a%[onr evﬁgglld%)éﬁ}y rgugxe‘feb g%gg@o §°§F‘ f‘ﬁgnbol I %\?\‘Pﬁlgj schedul e
10 AA - Acr Wdraxysm:hvdac(rﬂmaldealsilPé-dimahlePﬁﬂlaRaresNmpamw,drw)eth&BP -

p- Acryl oxy- benzophenone (avai ] able from Sart omner npany, Exton, t-BA -

t-butyl I%acr Wr&llaé“‘teava‘t“b’%%a'f“td&rﬁ‘ﬂFHWiaéH“@ﬁ@(haETé(ia”%ﬁﬂ%rﬁ?W] p%laquﬂ, I waukee,
W) DAROCU
) Raﬂdlgﬁ .a|3_ getxla n;ﬁ_ 9):0 laﬂhéé aé)ﬂnrer a{)l?s %f monomer B mglgfi%ei ay

2- hydr oxy- 2- e n-115 one romaG

Cor por at i onacrybmﬂdmb mueehaciyiy aEiypitacohic dklrd;licrmbdny lacidcmylenacile ﬁmiai‘rmmrd
(available fro arcg]em Industries, Inc., Newark, NJ) HDDA - b- hexanedi ol
di acryl ate EavaFhamie °¥¥)6Wlk%’l@?emh&f%'l°§>’€8¥‘rﬁcwl91&8@ﬂﬂ%wl%e)j 20 HPA - an

isoneric m o] %Q}@; crylate
(avai l abl e g%&é{%ﬂﬁ Q%lq e?%ﬁ%q%o g%d ﬁg %ﬁﬁ%‘}&y %%:&gmls I%%A -
| sobor n§0 acbyiyht@ylg@yvablgbimethberyimSimvbbatybaayi@e: paphsroan)etiyeacryiarek) NY)

i oni henol et hoxyl at ed surfactan gavai | abl e

Fr om Rhone- PoTEUAE ek Bt anbletos tephory eogeig| cxsingrgrest
dimethyladamantyl acrylate, 2-naphthyl acrylate, phenyl acrylate, N-vinyl
pyrrolidone, and N-vinyl caprolactam. Preferred reinforcing monofunctional acrylic
monomers that can be used as monomer B include acrylic acid, t-butyl acrylate,

25 N,N-dimethyl acrylamide, 1,1,3,3-tetramethylbutyl acrylamide, N-octyl acrylamide,
2-hydroxypropyl acrylate, 3-hydroxypropyl acrylate, isobornyl acrylate, and 2-
(phenoxy)ethyl acrylate Combinations of various reinforcing monofunctional
monomers categorized as a B monomer can be used to make the copolymer of the
present invention

30 Monomer C, which is 2 nonionic crosslinking agent that copolymerizes with
monomers A and B, increases the glass transition temperature of the copolymer,

modifies its adhesion, and improves its cutting quality (i.e , decreases the amount of

cutting debris). The crosslinking agent typically produces chemical crosslinks (e.g.,



| RGACURE 8l 9 - a solid photoinitiator (di(2,4,6-trinethyl benzoyf)phenyl
phosphi ne oxide) (available from C ba-CGeigy Specialty Chemcals , 0
*Corporation, Tarrytown, NY) LUCERIN TPO - a solid photoinitiator” é‘a&?gl Iﬂcllbl e
f rom BASFwdswspbggoany, NJ) 30 2-MBA - 2qget hyl butyl acryl at @CRPEENW/321)

met hoxy- capped poi y(ethylene glycol) 550 nononet hacryl ate (avail able as CD
552, nom nal nol ecul ar wei ght of 550, from Sartoner Conpany, Inc , Exton,

PA)  SEP 2Q8¢a¥R 13450302 1o apisite il 8f 93245k BRTwafepohy/érotdivkiape gl ycol
t erepht hal ate) PhOEA - 2-(phenoxy)ethyl acryfate (available from CPS

Chem cal ) f Iﬁl:rd:ulnaldges Cqﬂsl)mGﬂJRELAtST e566ially commp)ételveepctadevimenemes direr

| abl f P t 1,3, 3-t t hyl
bt ol | aorst o B et BV BO5TRe: Qeo RS et S e oraf W ot oy
CT) TMPTA - 1&16'tﬂ@5ﬂ'§k5911100<5ﬂ9@'88 csopme:cwé&go?yn(&&ahé@mtﬁ nidrReHCR aplgmi cal s

Cor por ati on. August ana, -~ athHermal initiator)

N, N azo- bi s{thrsoghjtheyﬁnhylemct hnsan(raum | ‘Ehdtes, AEREGBsdidkitg GantiiosalitPof thebur gh,  PA)
Unl ess noted ot hervvl se, %aggt he foll OWI ng efxarrpl es all am)glnt are given in
grams roundé&aPRIYMERS Nekgradisd onte FORAY BT AR NEGEY Aridd er

processi ng tc?é’s?luﬁ&rgﬁ%h&%r& 8xsE1'6§ Vlgrs‘,t bRN NS, Eﬁé’V?]fj@fl’ dnﬂmhge follow ng

manner. A pre m Xi ng t'oget In a 47 liter

gl ass j ar 307135, ppcaikrliet), ’a?ndrﬁ,ﬁhglzbﬂwhbmraybaPﬁaférQbWBﬁ‘)nmﬁerI graams of

acr§|c acid (AA)) 6.3 grans of a 25% solution (ww) of carbon tetrabrom de
VBA, aﬁemwccp@eocgwmﬂsvgm@om h. UPYNSKBRBI®IC HIHRYPIETRIFIAR was

capped 350 . B TEAGSH BOMLCLL B bPibu S0 it WiguAog ol e in the

cap. After nitrogen ftor ten m nu e mxture was gently

swirled and neranﬁ&ect)tcmustisttham;ﬁdlﬁher(tbi\a@sshmk amOaé p:@ﬂ:ralﬂy mgortonter IC iS V\at t
bl ackl i eht bul bs (Sylvania Mpdel F15T8/350BL) until a syrup having
esti mat ed (\ﬂ)s%aPlb’WCW%aéB@M’?C@FS @Bﬁﬁtmqurzw @ an plsnisallyens af@ﬁtt%ﬁ ned

Th t 8 f
LUoeR N o0 pRAPAR ek i ACALAARUE § hRE oL ASaRa RISt AN FaBb0ca ™ ©

t herei n by pheaeintughoktees (cEdniudrraI) 98 frdeﬁa&cﬂw&ﬁntrﬂd’ableﬁﬁb@n’f@|ch;ﬁblefdﬂ 30
mnutes to glveabases rup. Next, to 35.2 grans of the base syruplnaO
25 it efd gl &SBOIYRENAE &RdnREPBers Aypnsher By Cembmaﬁgms eforaipanfrasslippng) and

7.7 grams of,, 30 REXROEALQL nfii@Ghe héHpredsti R sith V6L &t ik YRLedi09et her by
hand for abdBt 2 m nutes usi ng a mnet a? spat Fur'a amr% resul E{kﬁ Fi'nal syrup
had a conposiventan.oPreferbBA. uﬁémDM& EidbéY Wik .idcldde a*urkﬁ\aﬁmtrghte pencent, w-%
adhesives containing them can produce undesirable wafer staining
One type of nonionic crosslinking monomer (i.e., monomer Cl)isa
20  polyfunctional acrylic crosslinking monomer that preferably has an average of less
than about 12 atoms in the chain between acrylic groups The term
“polyfunctional” as used herein refers to crosslinking agents that possess two or
more free radically polymerizable ethylenically unsaturated groups Examples of
this type of monomer C1 include, but are not limited to, trimethylolpropane
25 acrylate, 1,6-hexanediol diacrylate, pentaerythritol tetraacrylate, 1,2-ethylene
glycol diacrylate, dodecyl diacrylate, and the diacrylate of ethylene oxide modified
bisphenol A Combinations of acrylic crosslinking monomers can be used to make
the nonpressure sensitive adhesive of the present invention
Another type of nonionic crosslinking monomer (i e , monomer C2) is an
30  olefinically unsaturated compound that is copolymerized with monomers A and B
and generates free radicals in the polymer backbone upon irradiation of the polymer

Examples of such a monomer include an acrylated benzophenone as described in

U.S Pat No 4,737,559 (Kellen et al ), p-acryloxy-benzophenone, which is



~t, 5~ P 2002 WD 99/50902 2g PCT/ US99/03211 The final syrup was coated
between a 50 0 umthick optical evade pol yet hyl ene terephthal ate ?E%’E}: 2002
-cover film ("opncal grade" refers to a filmhaving a haze val ue of no
greater t ofdygbt 1.8~0) (on the bottom and a 90 pin thickcT/oS99mAA
treated pol ypropyl ene backing film (available from Anerican Profol, Inc., 5
Cedar Rapids, 1A) (on top) using a knife-over-bed coating station The knife
was | ocked L{kiiRORiffdn?BarkOmBBCHhpAY, BxidnX 0 SRAPmWYAGHs WBsiB&Findl $38 pin
greater than the conbined thicknhess of the two filns enployed. The

resul ting cBat &th. 6HTPEYil (Behmer athéhincludeg mhi¥-(pasiscndoyi+4-through a 9 1 neter
l ong WV irradiation chanber having bul bs nounted in the to igh had a
spectral OUPW“FWFHYQFG‘G 'ﬁ?ﬁbﬁﬁoﬁlﬁgybﬁﬁfo epweig-&ewg-mgﬁergg}\ hm There
were four e NS hYh ) ArS QB ARE b-2R HNendophthbfeh f SPBgSENt ed
about one qﬁggtzlgérrylo?ytﬁe%o%)al rexposur’e t rzri\g&lt e P%?*H)\g@arﬁu}é set poi nt was
15. 5C ard t e. b6 79€Babisettal att eolumng Bibsdesgribes adotHer. suitable olefinically

mlliWatts/centineter , . in zones %-4 t he tenperature setpoint was 3'' 2C
and bul b i nEBRraed gEpsslinkingaeegt teisad toveres/as Eprmwa e vdiciie! (2 peed

t hrough t he I S I on L | b ON 1Hek_ 3 ;

nmet ers/ m nu g‘ﬂg\#ﬁl gﬁn%g}gﬁf%ﬁp?ﬁggﬁpgﬁ%ﬁke égir"g%n@ggﬁgyﬁ(%@gggéogﬁn | 800

m | i 3oul es/amBjantied)propandatk.alThe bifinicaibt idsatueated cShpahdrvatichairckhd echnol ogy
(NI'ST) units) After irradjation fromthe top (polypropyl ene) side, a wafer
processi ng EXRHEd §LiE, igcarabla Ok Rbyracinghirogs pr‘g 1apladesachilif ed,
crosslinked I i {1 ut .38 pin i 0, .t hi nd a PET
cover {11 m ADSISRINE CORBRRHIOh. Bhafth FAiEnRhnkS o8Fbs (N il vR1C Do
eval uat ed f espodgthe@sifahe piebeit ivegiiopeel abi lity, and cutting characteristics
as descri bed above The results are presented in Table 1 bel ow. Test

speci nens far t hMenegiegati Bnant C pirdufed dn smpentprepraduee heomobmesiiavingrhe fi nal
syrup conposj.ti -0al L t R a ?5

o et hane ol EuE ERAL AReREL IRRENR 9L LLGRRGER, Bk Thpbt BpARS

kni f e- over - bal respatt toGdaésidr, GtainMahd c@rigaRhseéteiidigs Of thabatdr p2&edssrigh. Thi s
sandw ch construction was then exposed to UV irradiation using four 15 Watt
bl ackl i bht BBy (gferahly.dhameapmers ererasessomake gy copolymen ysadial 11 Hiegi ve a
total energ . . 14 Jo b resuitin~
cured, cr os}s{?r&(r?\%gg]%asgﬁsé@?e\?&eghﬁégé g%rg})dé,gngch %ﬂtﬁ%@%‘?@%ﬂ\}gbﬁ%}mta@gﬁgéﬁl i ners,
to prepare sipaticopass foibdh@Seuak bhimoaomef Arfddbelg 10 partd tS&ARBLWLRO1L WO

99/ 50902 PCT/ US99/ 03211 29 Exanple 2 A wafer processing tape was prepared
and eval uat BytHf meRmerRdMase plekerphly the manpmerseare Badgnpmguirs Al 3904t | ons
The prem x ' I 25 r , 0.84 gram
of a soluti Z%ﬁgﬁ?s iéf/fbgg? ggﬁgéé ?g?érg%r‘%n? g@%"“ﬁ%ﬁf‘zé"ﬁﬁg’f%@p@r@m DAROCUR 1
173 pho2®i nimonamer B P! parisseferedita hengmugre e meeightl deldssloth¥rwigeapecifiddCERI N TPO
photoi nitiator and_26.6 grans of to give the base syrup..To 55.6 grans
of the basetrgﬁlf‘ﬂﬂ ofgon H‘g%é’ BI0gogFL: a’tﬂ‘%’?‘?'ﬂ%’t@niﬁl pﬂF‘ébéH‘@‘%P-i acryi ate
(TMPTA) to provi dgymdrier @80 eSY¥RIRoIGHL - Iod i i

VA A v v iorbrler e Ehe ot B ?’H‘Eﬁ@%@@@yﬁﬁﬁe%‘sa"ce%%‘g and

irradi at ed amoumsby whed i mekxamAmeubt thec apufiichkat wetauspeaesslinkiag bf the
meters/ mnute and the tdot EI neasuy ed energy dosage was 1531 .

mi | 1§ Joul esPRRESIVE AR PEIVIdE(IRE S¥sitffifina) adhasigh prapepies @ B HS 4D IHgShg a
cured, 5405 Bhb¥6HpRIRBAIKEABPASE Walll, LN IRAES S AncBROM cridlidh WS

obtai ned. The test 'results on the resulting wafer processing tape are shown

in Tabfe 1 agenExayhesedndffavdlecunnrgosfaks adigsivapempasitiglr sightied tiend eval uat ed
as described in Ex le. .1 wth the follow ng nodifications. The prem x

a ] { .
syrup was nﬁ%s’lﬁ@isﬂ rerpAnstagy ek and/ Qi Ae cuting chgragrgristics arg undegtablénet hy |
butyl acryl g exdelMibsslitking agent may also result in undesirable adhesion and/or

cutting characteristics. If the crosslinking agent is an acrylic monomer, it is

30  preferably used in an amount of about 5 parts to about 30 parts, and more
preferably, about 10 parts to about 20 parts, based on the total amount of
monomers If the crosslinking agent is an olefinically unsaturated, copolymerizable

photoreactive compound which, in the excited state, is capable of abstracting



20 solid which dissolved in the 2-MBA), and 0 07 ttram DARCCUR 1 173
photoinitiator To this prem x syrup was added 0.78 gram additionaly DAf
.1 173 photoinitiator to give the base syrup HDDA (6 8 :rans) was conbr ned

with 45.6 gpagBeseh the base syrup to prgyvide a final syrup hatiusomszi
conposition of 2 MBA: NOA: HDDAI 65: 22. 13 (w-% The final syrup was coated

and irradiated as 25 described in Exanple 1 except the web speed was | 7

met er sl m nutiggadidn DR ﬁr&%t’%bl_Fr&@éWﬁfjaz%lﬁ’ﬁ BV aRE 2GR WBSbd2310 parts, and
mlliJdoules/centineterz (MST units). A wafer processing tape having a

cured, crosshomkeefemtilyesione | panposbtitdnpartsibykvegs, bdsealboutCO3@ripihtheas
obtai ned. The test results on the resulting wafer processing tape are shown
in Table 1 30WEDORPPE P Naf er processing tape was prepared and eval uat ed

e b e s P B P

was made using WO 99/ 50 6" 9 grans
poi y( et hgl engicdxs dsg omdwatenptdvéadss abeduatef adREGDY of e 2abegbahe ofafen, Bbnocar bon
tetrabrom de solution ~n, 2-MBA, and 0 06 gram DAROCCUR 1 173 photoinrtiator
To the prenisR myhras tmuae@eér-amaesgwaﬁ%gﬁﬂzmvr IR tERGOJEANeS at or and
116.9 grans 10 - YRUR : conbined with
39 5 grans O%%n %fgésrégrsléypggptagtﬁ]&?O\Fgl}{'géﬁggp‘fn%%ﬁt %géﬁ%ﬁ%%’\%l%?% conposition

of PEOM DVA: i@ tapds tht (3atbiéfds of Beadtiesiat coptlyhervdrmenahe s Acad B,r r adi at ed
as described in Exanple 1 except the total neasured ener%i/ dosag‘; was 1769
th g5k aHBgs

mi 11i loul es/feeptamas, afith ORIPIRNghHIRAPZoUNO EeRAMes (o c EaRASHY Y6y a
g . . Sp ek, f
bt ai ned 01 > SRS S APIERA P SRS U BRSRp Tern B o I MRS

shown in TalihradidieBEXapplymenze'theahied mphOEESBIiftEN hipterpesetRtiap aeLebriiod
eval uated as described in Exanple 1 with the follow ng nodifications The

prem x syrupheeepaiyers of 4 3¢ B sviee borpenahwmer ofk C megogreand hisa, 0. 15 gram of

a 25% carbon_tetr ' Lyt i ' - MBA, , and 07 m R 1 173
ot of ni 1  at e rReR BT RaR il el sl B a0 Ao I ANARISRE

phot oi ni ti atremovédl By Gkéipbraoib.a @bdlid8ngadhaiit MECYpbYn@r vemoRembase Syr up.
HDDA (6 1 grans) was conbined with 31.9 g%am; of ?#g lgase syrup to provide
a final 18yr andHhpiieigoapRlisapes pf theriapsgrtoa veader, the need for such post-processing

VBA: AA: DVA. Pg%éag@lza 5:2:25.28.5:16.0 (wt-% The final syrup was coated

and irradi at'e escribed in Exanple 1 except the total neasured energy

dosage was 1769 mdiyrhel@dli®s6CRBhOMEE L B, and\brdisiinkért G)toAona e capobeassi ng
tape useful in the nonpressure sensitive adhesive composition of the present invention is
typically carried out using thermal energy, electron-beam radiation, uitraviolet
20  radiation, and the like. Such polymerization can be facilitated by a polymerization
initiator, which can be a thermal initiator or a photoinitiator. Photoinitiators can be
used with either preferred class of crosslinking agents, whereas thermal initiators are
typically only used with the preferred class of crosslinking agents referred to above
as the C2 monomer. Examples of suitable photoinitiators include, but are not limited
25  to, benzoin ethers such as benzoin methyl ether and benzoin isopropyl ether,
substituted benzoin ethers such as anisoin methy! ether, substituted acetophenones
such as 2,2-dimethoxy-2-phenylacetophenone. and substituted alpha-ketols such as
2-methyl-2-hydroxypropiophenone Examples of commercially available
photoinitiators include IRGACURE 819 and DAROCUR 1173, both from
30 Ciba-Geigy Corp, Hawthorne, NY, and LUCERIN TPO from BASF, Parsippany,
NJ. Exampies of suitable thermal initiators include, but are not limited to, peroxides
such as dibenzoyl peroxide, dilauryl peroxide, methy! ethyl ketone peroxide, cumene

hydroperoxide, dicyclohexyl peroxydicarbonate, as well as 2,2-azo-



havi ng a cured, crosslinked adhesive conposition thickness of about 38 pm
was obtained. The test results on the resulting wafer processing 7t4a§)Ejl; @ﬁle
- shown in Table 25 1. Exanple 6 A wafer processing tape was prepared an

eval uat ed v@899§’0§5{i bed in Exanple 1 w ;E{Bt he fol |l ow ng nodi peaisbepiiThe
prem x syrup was nmade using 30 76.8 gr hydr oxypropyl acrylate (HPA),
15 gram of a 25% carbon tetrabrom de solution in 2-MBA and 0 04 gram

DAROCUR 1173. phat oi ni.tiator, T, j dded 0. 92. LUCERI N
TPO phot of nPETHbiFOkl8) ik E Fmthes B aBE AR ABUMAC base
syrup HDDA (irraldhidd®)s incidde VRZID 64 A0 NORSY 6ARBR s I iksted /RS9HI03211 was

conbined with 45 7 grans of the base syrup to provide a final syrup having
a conposi t i bICIPREAMrerREIDRrocEem I Agiehi0r, Philaeighva. P¥) . Tiithe final syrup
was coated vnd irradi at.ed as deidcri bed ~n l!][Examgl e I..exce&}y t he totatJ
measured enBPYCHELIOGHNMUALT FHIHI™ 47 SANPL EHCNE o fAcilifate pRIVEIENZRHNGt A \af er

processi §1Ig mhelABMRY | PGt tRpolghesShibn hEHatBARGREY B MOAUMATH bf Mbut
t hi ckness of about 38 um was” obtai hed The test results on the resulting

vaf er proce§sdipugt togbeuns.e pghgwnd mord pieferatily, dboanfRepait td@bsutwal gartpyocessi ng
ol | ow g MM QEFRERSI Bk B AR BROPTRSEREETI  acr vl ate (1 OA) was made
using I OA and 0. @084 Wb %R%LR;; RAAtQ Pid d l2dhdve/anhedr ans of the
prem x syrup was ad%{edgl %552 cr n’?sno%]l ﬁenox@’@ti@cﬁ%&y atee (nPﬁOEA) and an
addi ti onal expSed RARGEVIBlel rddvaBiof \Waving a sexdelength lof abautt®is0ech thbaboet 408  of

prem x syrup and Ph ) to give the base syn.~p HDDA (5.9 grans) . was
conbi neélgvvi i 3gnegagipnlRnergy 19 H@W&geéregﬁrtgﬁ Ctr}d"’ap’P’GW‘aée‘&“ﬁepg%Icr%s?lﬂrﬁ‘p havi ng

a conposi ti g dafaﬁaeéimsﬁb bb'%ﬁ/o%@esﬂc%z}&aéeMx-1‘,’/9ooT.ﬂmijB&1gs?ém5,>é§mdf@s coat ed
and irradiated as described in anple 1 except the"web speed was 1 7
met er s/ m nupeefanblyt deut 2dGinilijeslssicretioabengdotmiiigelesies® 1531 20

Cur ed, or ogs! | nkde SORRKNG SLBIRGEEH BHET IR CRABE & PR Y BRI was
obtai ned. Theph@gts (RN hay Gindy Yot iRAMelsbREVE! GhinRFASRS 5bdhs eape are shown
in Table 1, Exanple 8
15 CBrs) to control molecular weight These techniques may involve the use of
appropnate polymerization initiators A preferred solvent-free polymerization
method for preparing a copolymer using monomers A, B, and C is disclosed in U.S.
Pat. No. 4,379,201 (Heilmann et al.) Initially, a mixture of monomers A and B is
polymerized with a portion of a photoinitiator by exposing the mixture to UV
20 radiation in an inert environment for a time sufficient to form a coatable base syrup,
and subsequently adding monomer C and the remainder of the photoinitiator. This
final syrup containing monomer C (e g., having a Brookfield viscosity of about 100
centipoise to about 6000 centipoise at 23°C, as measured with a No 4 LTV spindle,
at 60 revolutions per minute) is then coated onto a substrate, such as a permanent
25  backing. Once the syrup is coated onto a permanent backing, further
polymerization and crosslinking is typically carried out in an inert environment (i.e.,
an environment that is nonreactive with the monomer mixture). Suitable inert
environments include nitrogen, carbon dioxide, helium, and argon, which exclude
oxygen A sufficiently inert atmosphere can be achieved by covering a layer of the
30  photoactve syrup with a polymeric film, such as polyethylene terephthalate (PET)

film, that is transparent to UV radiation or e-beam and irradiating through the film

in air.



25 A wafer processing tape was prepared and eval uated as described in
Exanple 7 with the follow ng nodification HDDA (9.2 grans) was conzbg; gﬂﬂzggz
‘Wth 46.0 grans of the base syrup to provide a final syrup having a
conposi ti ogolbsedep: PhOEA: HDDAI 66. 7. 16 7246 7 (Wt -9% The fi napCHysw9mInas
coated and irradiated as described in Exanple 1 except the web speed was 1
7 nmeterslmnute 30 and the total neasured energy dosage was i 531

m | I'i Joul es/ cent st qerred Mlﬁ%ﬂ%ﬂl?rﬁérxz‘émﬁﬁfﬁé@h{& fg@%sgiagg% gge%mw keh

cured, crosslinked adhesive conposition ~% 991 50902

PCTI US991032hoton32s AhBc kmb €3 indisclbsedtin BBS uPatwle 507 3i6hé dRaHmeerteeslt) resul ts
on the resulting wafer rocegsi ng t.ape a{ygq shown in Tabl % Exagrpl e 95 A
waf er proces2Hitablesalyeniader YR BEEPAR AR MeLlegsuasude. 4Qr 4 BYYOFFHO®anpl e 1

with the fol i i fl i repl . X.S j 113.1
grams | QA 2%? gtrgeangrgrml g%ﬁg}reh qg"a%@ﬁ%ﬁé‘%’@&%%ﬁ%%ﬁ gl_r%_rsgs%gﬂ?ogﬂ 1173
phot oi ni t5i at HEohdB, ethersparifniusys therasdis Fadcaeyifth i 19 ?Hﬁfn&ddatidndiﬂm DARCCUR

1 173 photoinitiator to give the base syrup. 1-iDDA (5.4 10 granms) was
conbi ned wi tselusion, g efrall ffthe srivess sscheaind yith some et thgenenames MIXwIRaRs havi ng

2 corposi t1 opate ARl YRNLGD Wik il Wi TG LLARL Sy iies coatod

and irradiated as given in "1 excep

met er s/ m nut&f tRBohbiert Mixtlre BASMiieze r@Rang Yt hé eengeien@s tHeaBdrmal initiator
m 11i 1oul esl centimeter” (N ST units). A wafer processing tape having a
cured, 15 cranddhg sobesnt agtpddedie ABRPRAYMEGZALION] REOBWOFTIOBBHLRE BBIEM was

obt ai ned.. The test results 0 e.resulting wafer .0cessi ng .l.ape, are shown
Cn Tabi 40 1o EheEtd B30 EHGAR BE Krho ik 5 BRo RS SIR e REp At
Dvel | Peel abl e ( Yes 1dieNedIphadiZzitidg meYiesd for ing 2 @apbighiel LisiddHbmers
(Pascal s) 1143169YesNo)_d:Eafr?5]. 0 x 106296236@?%ﬁgoﬁ+g++1k7@x 10 3%\1@84YesNo+++2. 8
x 10645173YesNd-and-LL 8 discloggbm1ld SYBaiNdlo+ B.424x] 2206623l ¥ealNokarexample,
106?88YesNo+1,. 5 x Iu?6888

g

i | ) OlesNo+g.i. 7ixc 10b c:)L_?tZRZYYes!\g’o-l-.;ll-t:,L 7nx 109 g% agéaﬁpl e 10

waf er proct8ET AT CAPP AEEIHRY 'Y GTY He Ve BR S AL EP6V; o

e 0, SEMOMS TSt RSk a0 8 omrapolyse (75T

85 part 95by The migtureisAomapepized & foymasi egtitision fllopedadyrivitiatien ¢iifr@A) ) 2% by

wei ght (bas er%digﬂ polymerization, typically done using heat, while agitating the emulsion under
an mert atmosphere After polymerization the latex can be coated onto a solid
substrate and dried, typically at a temperature of at least about 65°C If necessary,
water can be added or removed to reach an appropriate coating viscosity.

20 Certain of the copolymers of acrylic functional monomers useful in the
invention may have inherent levels of adhesion that are either too iow or too high
for maximum utility in wafer processing applications In addition, certain of the
copolymers of acrylic functional monomers may insufficiently wet the substrate
surface to be bonded, may form a low quality coating, may be difficult to coat, or a

25 combination thereof, for best utility in wafer processing applications Accordingly,
the adhesive compositions of the invention may further and optionally comprise an
adhesion modifier such as a tackifying resin or a liquid rubber to increase the
inherent adhesion, wetting ability, or coatability of the copolymer of acrylic
functional monomers. These may be copolymerizable with one or more of

30  monomers A, B, and C. Minor amounts of various other additives can also be
included in the adhesive compositions Such additives include piginents, dyes,

plasticizers, fillers, stabilizers, ultraviolet absorbers, antioxidants, processing oils,

surfactants, and the like The amount of each additive used can vary depending on



z ~ ~~~ z002 WD 99150902 PCT/ US991 03211 33 the conbi ned wei ght of HPA and
t-BA) p-acryl oxy benzophenone (ABP) photocrosslinker, 0.35% by WP.}%SF_ 0
"(based on the conbi ned wei ght-of HPA, t-BA ' and ABP) of VAZO 64 4 ?n&q
initiator Qnslogdohpsl acetate were chargegjinto a bottle to girer/as@@disol ids
conposition The bottle was capped and rotated in a 5 water bath at 60C for
24 hours After allowing the mxture to cool to roomtenperature, the

resul ting poinermRal sropstibPdeshes meferly dahever, BR Mnprasidie cknsRk agidsiver ade
PET fil m backing and pulled through a knife-over-bed coating station by

hand. The gapompasiieap ok Hiefpeesamidnysationars substantplllydrep 54 agditiyesahstere t han t he
t hi ckness of .t he backi ng. he coated filmwas dried at. roomtemperature for
about 10 10 PHEHYESS "f'%rla&&v&dg'bglmﬁﬁbﬁﬁaﬁmmsﬁﬁaé%cﬁliﬁerﬁ ;F(B‘Pt?’gﬂn%{fe’p{%oven set at

82C. This coplpmieaRrhrided 8itd id WatdRsrobfamoRRpi&sioh tRLEFER pRicdkispgen i nerted
irradiation gitr?gnﬁer, havi nlg§a Ieng}?rr? of %%?Et 2lo4’r[ret er§ apnd eﬁ% pped with

two medi Um prapssshoeldrieressenyallyfrdasof iGic mmries thet calldmigetBometaad s/ m nute. A

total neasured ener‘gyh dﬁéa e of about 625 m|liJoules/centineter2 (N ST
units) was appItargatEshe Kesemicondpsoewatsh| yrer side. Upon irradiation a wafer

processing tape hayd Etg}-ﬁsﬁk%}ﬁb@&iéds'o?‘ﬁg ;f(r%?e-ﬁt Hnd CMEfﬁvea%%%gﬁﬂeid%Ed

adhesi ve conposition about " 70 pm t hi ckness was obt al ne conposition
of the adhesihepemmmehiPfrekiBADABRABSY of ddatidhig(métBddsTheudiag&nifasoativg] uat ed f or
lity, and cutting characteristics as described above

peel adhesi on, peef abi

with the foI‘I‘lB\}\;%lﬁ“‘%t?GP‘f"?geﬁf regfrse polbrpating I the semPRUHRTBRKARY HI0IVEREer
havi ng Ol Yk L hRe t hod

" Seni coﬁ] uctfé?%ﬁ%@éﬂ%{t%ﬂ%ﬂg?ﬁ%@sé@%fg@?é?@%ﬁ11_gfét gatetZré%ﬁ I’ done.
The peel adhsyemhmimataseo rbpoohedourd saas aveoage aafadsesiveneps uTeamhitksesthe

results are %s ntﬁ‘% iﬁ Tabl e 2 bel ow., 25 Exanple 11 A wafer proce?si ng

t ape accor di E{;‘ £ SYETRS ARG PHNVARASVH RRIPRLERNBS OhrRawar P iycranp i sevefd! | at ex,
coating and i j 2] - T i - i i e coated
ol ymer o i Prrnichorle?  BRERY Herbl ARREE Ad@NERRDRIR. © o
parts by wei ghidhesehiuwakptssaf pyoua2é pfl BOMout 40 pad isSndry prefeigéd, vdfiletahe 30

met hacryl_am de-f.uncti onal photqcrosslinker disclosed in US Pat No
5, 506, 279 ( fiKe é‘l‘%‘{’eﬁé&f ﬁgﬂlﬁgg)“,m HuAh00t WP YAt MEnB B¥IJAT 13RES conbi ned

wei ghts of 2, g%edliﬁ%ferqun hetQedsosslinker) 1GEPAL CA 897 nonionic
surfactant, and 0.5% by wei ght (based on the conbi ned wei ghts of 2-MBA,

1BOA and Once the adhesive composition has been substantially fully cured and

crosslinked so as to provide a wafer processing tape, the adhesive surface of the
tape may, optionally, be protected with a temporary, removable release liner (i.e.,

20  protective liner) such as a polyolefin (e g., polyethylene or polypropylene) or
polyester (e.g., polyethylene terephthalate) film, or a plastic film. Such films may be
treated with a release material such as silicones, waxes, fluorocarbons, and the like.
Only after the adhesive composition has been substantially fully cured and
crosslinked such that there is substantially no unsaturation are the adhesive 1apes of

25  thenvention applied to a wafer for processing (grinding and/or dicing).

The invention will be more fully appreciated with reference to the following
non-limiting examples  The examples were evaluated with respect to certain test
methods which are described below  All dimensions given in the test methods and
the examples are nominal dimensions.

30



"~ 4 i~~ 2001 WO 99150902 PCTI US99/0321 | 34 photoinitiator) of dilauryl
peroxi de, and 104 grans of deionized water were conbined in a 1 li#ErSgPZUQ?
* honogeni zi ng m xer (blaring Bl ender 700, blaring Conpany, New Hart ,

CT), purgegygMdidgogdi trogen at a rate of L, Jiterirninute for tpheegsmwameies
and t hen honogeni zed at high speed for Z'minutes The resulting mxture 5
was transferred to a 2 liter flask fitted with an agitator, a condenser and
a thernocouple, and stirred at speedr&f MRfodi€vol utionsl m nute (rpm while
heating to 60C. Stirring was continued throughout the preparation described
bel ow. The m xt ur Beahdgihemomt ai ned at 60C unti | an exot herm to 82C occurred)

at which tine the external heat source was re g e mxture al | owed
to cool to 60C 1BectrahesianayasAneasderd aggiscide Ry S*}e aﬁrg andae

temper at ur e (il 8hHPE (AlnoBCL Yo BAR MOMEserfbh e ML) IR BX LI Deat

source was renove re allowed to cool bout room

tenper at g e Aefabtesf whieehavigg & fidclared ethboux 700 @m( nmreoagulau rvlBse@bserved) a
pol ymer | atex having a neasured solids |evel of 49% was obt ai ned 15 The
pol ymer | at ekﬁwswgﬂwweﬁf With iIspropang! e dl@%p& it dapIr gRady apeEghisg 3 m

backi ng and i \, i The
oap botwoon DiepiigesysiOd0a B SRCL i EDe R bl 303h 3 B Aithe T
greater thantesth.@rfalsa CKifiS 8¢5t StkiptwAss éaaeﬂeungtheﬂé@ @Beta@abgﬁ rdlmg/\@aodhwm about
4 minutes in a forced air oven set at 93C. A$er dr t he exposed pol yner
surface was WovRasess alianapproxgngely@ lﬁlﬂ&fﬁnﬂtbbﬁptcpﬁ TcdhadehPEJbS?réﬂee‘age | i ner
film havjnhg sil.i cone-ure reIe none S| d,in US.
pat o 51 D90ttt PTG e S e BRDesidd PR ot Al "
coating unt i b3°Ctandes9% rdlaweamﬂdumiﬂ ﬁir@%ﬁﬁoﬁ ro@ﬁﬁx@%pédxﬁiﬂ maﬁe @laﬁf?bﬁ;d facing
inward so that it was in contact wth the pol ynmer pon renoval t he

rel ease |inets {dm&llincr ossl i nked adhesi ve on the PET backn ng was 25 passed

t hrough a nitrogeg.l e i a |l ength .of out 2
4 neters and eqwlgﬁxe[d V\nsf"gStf%r o&s ?réeé u’r’n?41 g% §/omﬁsgg§m§e ojbspeed

of about 18. 3ShEPes] Slesich M el &PI]@Q@Lzma&un@ebrﬂ@aegmmgﬁc OAcévrd,
mlliJdoules/centinmeter2 (KIST units) was applied fromthe exposed ‘adhesi ve

side Aftler i MAadiTaeiheld doyen tape § AP 1odnel Nowad3 2raagkingitark. the IM<Coroneny,
crosslinked gtdi}gﬁl Nﬁﬁs‘%s @%%d%;vegg %?tﬁe )y i ve 33.55 ﬁ]éeegn roceSS| ng tape

havi ng a backing f Cro esrv conp05|t|on

t hi ckness of urhrouitizéi7supfice aﬂdueavﬂE'Tomﬁisﬁaﬂﬂt in Etkact WMhaROPaBkgd &d of the
adhesi ve was 2- MBA: 1BOA Phot ocr ossl i nker/ 86~ 104 (wt-% The tape was ~ 4

S~. P 2~0~ Wuodsdoeyond the pdny efghe MaBeT 19 cenaruide sarriase dose fiepeed plothe Exanpl e
10 with the Lot oXDindldbd {ALliB V[ NRLRAGH A EAL, AUNES! BRBAIPS are an

averas~e of two renent resu tS are resent le 2

bel ow 5 Zxanmpidahd &sdstyipfvedss petled Eiosh 1@ subfiat@aca i mgoftltzof aed b ptedf 3On was
provi ded by preparing. a polyner |atex as descrlbegln Exanple 11 with the

f ol | owi ng ch%fﬁ&@eter%ow‘f fasaen secopds. AR ayeragppeshadhghion 3al|vswaspbtafwdt s by

wei ght | BOA, t arylamde,]‘ t|

phot ocr ossl i n%q] %%é’ggﬁﬁaa?/ﬁy@gﬁp"r ceul}iblbsﬂ Wéljrpnea %?rgp?r%gec{ ‘tsggﬂéll vg an
adhesi ve congpsiate xﬁéhsﬁfen?enh@/éeﬂeﬁ%d%]ﬂ&@@é@%ﬁgi dndend fuesiregorfed #t aff) . The
resulting tape, which had a cured, crosslinked adhesive conposition

(irradi at ed #€E8F H{f foyr measugergents pThe Malyes reparnpd kave beer raundedkitetbe of

about 85,;pm }?ﬁ% as described for Exanple 11 The results are
presente 52(? 1&\@1 Pnogv 15 TABLE 2 Exanpl ePeel Adhesion ~1~ 0 Days 7

Days Dwel | Dwel | PEgesRb&d 1n¥RS gfinding PAdtdss of semiconductor wafers should exhibit
some measurable adhesion level Peel adhesion values should be about 5 ghw to
about 500 gliw, and more preferably, about 20 gliw to about 300 gliw, to promote
wide acceptance of the wafer processing tapes in the semiconductor wafer

30 manufacturing industry Preferably, the adhesive composition shows acceptable
adhesion build over time; that is, it exhibits a final adhesion value that s still within

these ranges



CuttabilitylON. T.12Yes++~+-a-11114111Yes++[- 12 -~. - 261 ~250Yes++ N. T. =
Not Tested * Dwell = 2 5 Days 20 Exanple 13 A wafer processing taf% %%UZ

- prepared in a manner simlar to that described in Exanple 1 with «3S

fol | ow ngywRdishdeeat i ons. The prenmi x sysyp was made using | ATiuspasm1 2- MBA,
9.4 grans AA, 0,94 gramof a solution of 5% carbon 25 tetrabromde in
2-MBA, and 0.09 gram DARCCUR 1 | 73 photoinitiator To the prem x syrup were

added 40. 1 QhidBnd0EioH N Merafidingfe. 2 grans of DVA to give the base syrup. To
44.0 grans of the base syrup was added 0.26 gram of | RGACURE 819 to provide
a final syr up h&heﬁgn@n@bﬁﬁwgfef pme&ﬁngzm4mawrmmp63 4131 S (w-%
The fi nal S knl 101 6 pm,thi.ck | ene/ vi nyl
acetate fil® B%{va é? 8am &?ffi?\l\%%s it yagem v 6‘6’% B‘glffg 515&}

PCT/ US99/ 03iin én K& Eiue »\@Ebbﬁuaté@ﬁﬁﬂh): f&wxﬁ)@n@ﬁkﬂara AQnficandutidr Sikicapt i cal
~~rade PET cover filmon the bottom and irradiated fromthe top side as

descri béd |waf&>mmwnloré¢<rcebmrome cewitry pbasdlitvagraphed orett @nd b polyurtide and t he
total neasured ener a~! e .was %‘%]‘P 6 mlliJoule /cent nmet.er’ KI ST units)

A vafer pr &é&%‘@u“ﬁ@ A PR B VoL R kT i th8 S Tac e BEHEES B0t 1 om
t hi ckness czlgﬁ Bpﬁ’&i J26h e tﬁg)éx?:'o@@odsuﬁésﬁﬁg?ﬁ{gwf%wer@fboimﬁolfﬁﬂ-decOver film

the tape was ated for use in a wafer process as described in
t he "Sem ccamdtetctmom\t\afremrpmatmﬂls tv@stwnmﬂ diexb valbloiseprbipendd) driddasmgr esul ts are
reported in Table 3 beldo BLE,3 Ex D| e D msnsLons éecng%tg e Lossl3a2 5
x 2. 5-0- 13/pIessunzed aiy, gnd it ppfyimids 9%‘“ F%C‘i"eﬁFc\/\Hft thegp fng tape was
pr epar gg '@n\% nflBAN¢he &bwaaradﬁ&ea htnedaR6H wa?e@' n%'?ol'ﬁﬁ ma'oevnﬂw.m &.&1- e
fol l owi ng nodifications. e prem X syrup |ter gl ass
jar using 2@10(pa§ﬁean€aﬂ mroﬁnﬁtcjy ér\@og@@ﬁmbmebo@teﬁlro@mand ItiRGQc@URE 651

Grams. of PURBIASHUBEA SEry PRt I dEane BF FejoREroaiteas Cabiab Eional 0 05
grams of | RGAEMRBRR]" AfhelsRicBh Wa@ér%nﬁ Qe Wa‘f& F?tr@@esﬁ}@?arpe wids ri'}?e'n Aphvep. |f the
acryl ated urethane oligoner is added to the em x at an earlier stage,
to dwell at 23°C and 50% relative humidity (RH) for 7 days.
15 A test strip of the wafer processing tape measuring about 130 mm by 50
mm, and centered on the flat of the wafer, was cut after the dwell period specified
in the examples by drawing a fixed blade gap razor knife across the surface of the
wafer processing tape. Next, a test strip measuring about 120 mm by 25 mm was
cut closely adjacent, and parallel, 1o each side of the 50 mm wide center test strip by
20  drawing a fixed blade gap razor knife across the surface of the wafer processing
tape. The taped semiconductor wafer was then evaluated for staining and
peelability as described below
A 50 mm wide by about 25 mm long strip of Nitto BT 315S removal tape
(available from Nitto Denko Corp , Osaka, Japan) was attached to the leading edge
25  of the center test strip (i.e., the edge positioned at the flat of the wafer) using hand
pressure. The removal tape/center test strip combination was pulled off by hand to
expose the polyimide coated surface of the wafer The entire exposed polyimide
coated wafer surface was optically examined under a magnification of at least 128X
using a Leica WILD M10 Zoom Stereomicroscope (Leica AG, Heerbrugg,
30  Switzerland) for changes in the optical density of the test surface Changes in the

optical density of the test surface indicates the presence of staining



20 gel ation can occur as a result of inpurities This final syrup had a
conposi tion of | QA LBOA: HDDA. 566A/ 7 _"~.1 19.2.3 9'4.8 (W w). The HrﬁéPZﬂU/
-syrup was knife-coated between a 50.0 pmthl ck optical grade PET filmon

t he bott omyaygdsae20 O pm thick optical ggade PET rel ease |i raT/@$993Hdvi ng
a siiicone-urea rel ease agent on one side (as described in U S Pat. No 25
5,290, 615 (Tushaus et al.)) on the top, and irradiated fromthe top side as
given in Exapgabiltywi th the follow ng nodifications The web speed was 1 68
meters/mnute, all four zones were set at a bulb intensity of 6 0

m | |i Wt tsl cent i mbbepeelabiliie of daevafempeeesting e@ewaeqeé@tmé qvakuatedt al

nafer procestiig 18oaRRRERR bR RE Bt kel S50 Bt RREaShenbtbynd MBS ¢ on
thi ckness of mahavtefMl @fnﬂle cgnter and 2idd tb&atri Y\@'o%%vﬁf@@;?repared E’qes'e@@&y 037 11

was obtai ned After renoval of the PET cover filmthe tape was eval uated for
cutt abi | iSty ianhe pwhamdhcttoFWafe Stemmgt geshr etaﬂrmw&&eonsldcrﬁdTmblabledflt bel ow I n
addition, afte {)em)val ? E' h CO~~er lé t he tenden(fé }())f t he

waf er pr oces%ﬁ“ﬁfb ¢ LEOVEQ ’8511%‘8 S‘étfséﬁam YR bé"'a ’é‘ﬁ1°6(§rﬁ8ﬁ‘6’f’81“ H¥Svi ng an
exposed 5 cigeuhd amslwem,dmrsm@{oemem Bedomlre{anna %nrtﬁékdbsﬁﬂteo@%m?lege was
eval uated after grinding of the taped wafer Specrfically, the utiflity of

t he waf er prwergssterjeittep esmediatelyforrafigr a ddeltime appli cati ons was eval uated
with a sanple of tape having a width at |east equal to the width of a

sem conductor silicon wafer The tape was applied in a class 10U0 cl ean room
at anbi gt tgEREE llen,t(@ut[ g of a silicon wafer 10 having a circuit
pattern overcoate e usi n~, one pass of an approxinmately ? kgt
rubber - coat ed rol'l‘bafclanng t}kwaceemessfhapéertplrémﬁg @apé, dfexbeing hpplisdfier w th
tape attached thereto was all owed to dwel | at anbi ent COI’ldetIOI’lS for no
more than ei GRPORYIGA-UINCHRYUZRG 155! syrpeesQl & Hinen seraicABLC aTHEalEa pEd

sem conduct oL, waf&r MRSobBeBeRhAESE 2 onto a
Di sco Model [SII%G 83 W6 vvg?) te tF?fﬁer \'(I"éh %{Eg?ﬁ%gﬂ%ﬂ@?? ﬁ@é&g&% on a
rotating pl atanditidoy descvihethmmhﬂ'dak hind cngbilinectgracnetisnts ppooesbeloware ot at i ng

pl atter passed %éj series of .thr r.indi ng eel s (each, avall able from
B3 o CaRp. ) Puepe 1 J3RoTSicpis dherefTsah Brer GBI TKeAI MRS RO DROR) B BEE. A
renoved 120 N O
1-2-201 30- N%%tg%(ﬁdeﬁrr\g%cfeggg AIROB e gf){rg,gre\'%o ﬁ.‘?’?‘*?#.%fﬁg wheel
(Mbdel No RSfrﬁﬁi-t}Ze gre8edif) teste itovasdviped pwayiisig) isopropandl phdatheevaferatimt i on speed -

of about 10 s/revolutlon npl oyed Followngthethlrd ri ndi ng
wheel , the s%‘i‘ﬁ RI§@PBY N&rtare 5§§e Wé(ﬁﬁ‘é‘d‘ vt $3RIB PE %R FfePfBG%SS‘le ndi ng

debris, air gpkads 2kdb 'ﬂ%W%El shFa VL t@%@%e&%ﬂé EhROSuffe Aa0Ut 16
hours, after which it was evaluated for staining as described in the
" Semi corkfuct ertentgfl bey@idaisradges’ Akegtapphcaiod, the mpe virdse)rcsesdjdm\sn an@® tBhown i n

Tabl e 4 bel
able 4 be OWafer surface by hand, and finger pressure applied to the edges to ensure intimate

contact along the entire circumference The substrate with the wafer processing
tape on it was tested immediately The excess tape extending beyond the edges of
the test surface was cut away around the entire circumference by hand with a new
25  orused razor blade The blade was held against the edge of the surface at an angle
of about 15° from the normal direction (i e, the perpendicular plane of the test
surface) and an angle of about 30° from a tangent line along the edge of the test
surface during the cutting process
A rating of single plus (+), double plus (++), or triple plus (+++) was
30  assigned based on the length of the cut edge which was free of visible debris dunng
cutting Tapes which exhibited no, or only slight, debris were assigned a rating of
triple plus (+++) and were deemed useful with either manual or automated methods

of cutting Tapes which exhibited a moderate amount of debris were assigned a



Exanpl e 14 A wafer processing tape according to the invention having the
sane 30 conposition as Exanple 1 was provided in the foll ow ng %pgg‘r 1080
-final syrup of syrup having a conposition of 2-MBA AA: DVA. HDDAI 1 ~ 11 16
(ww) was ywoeparezl and then die coated Jsetween a 50 0 )tm t REERXSEEHal
grade pol yet hyl ene terephthalate (PET) cover filmon top and a 9U umt hi ck,
corona treated ~ 4 SAP 2D0? WD 991 50902 PCTI US99f 03211 38 pol ypropyl ene
backi ng fi | matfreyvddubielples fr-oend\werd dezmePuséfol with pither n@adarorRapintsed | A) on
the bottom The resultin

g, coated conposite was then cured by passing it
through a 1 metbodssi Eptngghhe quﬁ?ﬁgp‘gﬂeg}?déH"&rﬂi@g”ﬁévﬁﬁest}ﬁ}l"ﬁb mount ed on

the top and ' I t fro 0,.Am with a
maxi mum at §Q§&)g€ nowg} gég\g?géggs\i&eﬁgéé%e%g% r%%lgﬁeé@s\?\n@%{) lﬁs ?ﬁean?:hanber. In
zones 1 and véere dbéntdil Hegiises enthenitahaed methéds of cithey ttdeakeletpdsure time, the

tenperature setpoint_was 15 5C and the bul bs gave an average intensity of
1.2 m || f\atcosditientt i fastea¢intape pvalupiedsone gr wesamplep svest Tneusisg pithenet was 32. 2C

and the average bul b _int it 3 mllivatts/centimeter~ The web
apeed ¢ hroudh e e PhaRE Yri B AR il s bleRe R {las 2. 4

net er s/ m nutrgpoMridch resulted in a total nmeasured energy dosage of about
2480 mlliJoul es/centineterz {NIST) units After irradiation from both sides
si mul t aneously, a wafer processing tape having a backing film of

pol ypr opyl ega; lg cured, crosslinked adhesive conposition of about 38 umin
t hi ckness, UPET cover fil mwas obtained. 15 After removal of the PET

cover fijhm the tQRBeNRSHOVBIIEMIEAnbREerFESARDRhidWIce RS AR IrC
characteristics as described above. n addition, the tendency of the wafer

processi ng t&petifia IsauBiecatavedynNdywas visd tgmieaslira thegforapemodples, Giafer was
cyalvatod s, SeRopibed i SOTRAIRL %, RIBMBLRheRb oA Rl 917 1S
\AE?Z rr17)l gggz i ;%\lﬁkerﬂihfyel:ﬁc&f%é Surdd 8disReand Bendhihg TR Rt HAGHRW dlAR:E ¢F

about 8 mm Measurements were made in a parallel plate mode, using 8 millimeter

15  diameter plates, at a frequency of 6.28 radians/second and a strain of 0.5%. The

temperature was scanned from 0°C to 40°C at a rate of 5°C/minute with readings

taken every 20 seconds The storage modulus, G’ at 24°C is reported These

measurements were typically made 3-4 days after the adhesive compositions were

prepared.

20

Semiconductor Wafer Dicing

The specific utility of the wafer processing tapes as wafer dicing tapes was
evaluated by stretching a sample of tape, approximately 200 mm square, over a 142
mm inside diameter wafer ring (#8572 from Gustav Wirz AG, Berg, Switzerland)
25  and locking the tape down with the outer lock ring. A piece of polished,
uncircuitized silicon wafer, having the approximate dimensions of 51 mm x 51 mm
and a thickness of 42 mm, was carefully placed on the stretched film to avoid
capturing air between the wafer and the film A 2.2 kg rubber roller was run over
the backside of the tape to remove any possible air pockets Twelve hours after
30  artaching the silicon wafer, it was diced using a Disco Abrasive System, Inc,
Mountain View, CA automatic dicing saw (Model No. DAD-2H/5 fitted with a
Disco NBCZ-2060 saw blade having a 51 4 mm outside diameter and a thickness

of 0 050 mm). The dicing saw was run at a rate of 25.4 mm/sec using a water wash



(Yes / No)Staining (Yes / No)CuttabiiityldYesNo+++C. E. 1__ YesYes+++ Efcg),
of the patents, patent applications, and publications cited herein I ety
“incorporated herein by reference, as if individually incorporated Various
modi fi cat i susesrsoghzal t erati ons of this inpgention will becone BEPpAISeHe3ztio
those skilled in the art without departing fromthe scope and spirit of the
invention It should be understood that this invention is not limted to the
i1l ustrativeofstheslind® pérsqasre 1fidd (phi) hecrithe silicdd whfe iM d& MeSkin@2BRiRrl. A
sem conduct or waf er processing tape conprising a permanent backing and a

| ayer of a nbﬁﬁﬂ@*&gm%i-ﬁi% Xarclh &YT 9B ket eqneerpeTha meiak nuseker @higie t he
nonpressure scnsitiv~e adhesive. coppri si.n copol Le.conprisi.ng at | east
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| east one of wafep BiRBPreQROWYSRICbZRE. Monoet hyl enacal | y unsaturated nononer,
and at | east one eopol ymet ~zed nonioni c crosslinking agent; wherein the

second nohoet hyl enical |y un9atursted nononer is a reinforcing nononer

havi ng a honopol ynmer gl ass transition h}ggg%r ature higher than that of the
first nonoethylenically unsaturated nB and further wherein the

adhesi ve does ”Otv%&ﬁ%gréiaﬁ'aﬁﬁr@tu's@d in%@&%waﬁ% oo gal fignsity of a wafer

after the tape is applied to a surface of the water and renoved. 2. The
sem conduct oabbnaizionprrecesstdarcoaimg acthefallavgng scheldeen 1 wherein the
rwnpressure sensitive adhtsive displays a storage nodul us at room
tenperature of greater than about 1.0 x 10' Pascala and no greater than
about 5. x AQ'. £3stelSd (availabNErSSB LN PUCS processing tape

accordi nlg) to any p ev% ouga glﬂaalmfnﬁmhere% tﬁeﬁﬁagﬁggg);aure sensitive adhesive
i S subst ant i ABPy p-Aewyloxdy-Henzptheneneguvaiiagledtam RawompoGempsany, Extdih @A)

sem conduct or _waf er processi ng. accar.di to any previous clai mwhich
exhrbits an ﬁ'ﬁf”t'i‘atf“tﬁé‘éw?aéﬁﬁé’gll%ﬁéjgf’mnﬁéﬂﬁh ggﬁ‘P&ﬁ]sCB’é‘Pa’M B¥ar inch width to
about 500 gmmgk ekyfhi near inch width to a substrate conprising a

materi al sel ecte ronfthe group of silicon, polyimde, silicon oxynitride,
and conbi nat DAROCHIRI1633 - ahduid pheediniaetioesi-bydroky-abnethyls] -ghatys-ppgrant li-near
inch width to about. 500 grans_per |inN inch wdth aRer dwelling in contact
with sai'’d sub& éac‘lébllegrro"%cﬁ’_éyggﬁh&é’lrp%{ﬁ‘m’b _a"ffB‘PfE\‘FtNX_ﬁs. 5. The
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6.

2 4 SEP 2002 4 The' ~ni conduaor wafer processing tape according to any
previ ous2@| aHRAwWeeristmersanidtue of 2dytraxmpropghbadrylateiand alydroxyipcomyl ossl i nbng
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ol e6nieal Iy W‘é&ed%ﬁﬂé@e@%ﬁ%ﬁ%@%%&ﬂﬁm ﬁPKmtaI‘?Qﬁ%@éi ‘%‘Egdgi’gﬁg',pﬂ? s~ capabl e
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met hacryiic id ester-qf nop-tertiary al kyl alcohol having a homapol yner
gl ass transiﬁﬁ?ﬁ?‘ %‘Hﬂ@rgfa&'ﬁ%’%&]ho greater than about 0 C, in which the

al kyl group goALad ty@l&)&?}frmé to about 14 carbon atone on average, and said
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subst r at¥® and-MBoer2-wadyibuidasmlatont act with the substrate far 7 days under

anbi ent  condbEHRNS rrefinyd ] tor rocessi ng tape ording to
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met hod conprlr)il)ng t he steps of-.



(a) providing a sem conductor wafer; (b) adhesively bonding the
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1, which represented about one quarter of the total exposure time, the temperature
setpoint was 15.5°C and the bulbs were set at an intensity of 1 4
milliWatts/centimeter”, in zones 2-4 the temperature setpoint was 32 2°C and bulb
intensity was set at 6 0 milliWatts/centimeter’ The web speed through the coating
15 station and irradiation chamber was 1 5 meters/minute which resulted in a 1otal
measured energy dosage of 1800 milliJoules/centimeter® (National Institute of
Standards and Technology (NIST) units) After irradiation from the top
(polypropylene) side, a wafer processing tape having a backing film of
polypropylene, a cured, crosslinked adhesive composition of about 38 um in
20  thickness, and a PET cover film was obtained After removal of the PET cover
film, the tape was evaluated for adhesion, staining, peelability, and cutting
characteristics as described above The results are presented in Table | below.
Test specimens for the evaluation of modulus were prepared as follows.
The final syrup composition was coated between a silicon coated PET liner and a
25  urethane release coated PET liner, each about 51 pm thick, using a knife-over-bed
coating station with a gap setting of about 254 ym. This sandwich construction
was then exposed to UV irradiation using four 15 Watt blacklight bulbs (Svlvania
Model F15T8/350BL) for 10 minutes to give a total eneruy dosage of about 7510

milliJoules/centimeter’ The resulting cured, crosslinked adhesive was used, after

30  removal of the PET liners, to prepare specimens for the evaluation of modulus
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10 syrup was coated and irradiated as described in Example 1 except the web speed
was 1 7 meters/minute and the total measured energy dosage was 1531
milliJoules/centimeter® (NIST units). A wafer processing tape having a cured,
crosslinked adhesive composition thickness of about 38 um was obtained. The test
results on the resulting wafer processing tape are shown in Table ]

15

Example 3
A wafer processing tape was prepared and evaluated as described in

Example 1 with the following modifications. The premix syrup was made using
106.6 grams 2-MBA, 35.5 grams 1,1,3,3-tetramethyl butyl acrylamide (TMBA, a

20  solid which dissolved in the 2-MBA), and 0 07 gram DAROCUR 1173
photoinitiator To this premix syrup was added 0.78 gram additional DAROCUR
1173 photoinitiator to give the base syrup HDDA (6 8 grams) was combined with
45.6 grams of the base syrup to provide a final syrup having a composition of 2-
MBA:NOA:HDDA/65:22.13 (wt-%) The final syrup was coated and irradiated as

25  described in Example 1 except the web speed was 1 7 meters/minute and the total
measured energy dosage was 1531 milliJoules/centimeter® (NIST units). A wafer
processing tape having a cured, crosslinked adhesive composition thickness of
about 38 um was obtained. The test results on the resulting wafer processing tape
are shown in Table 1

30

Example 4
A wafer processing tape was prepared and evaluated as described in

Example 1 with the following modificauons The premix syrup was made using
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was 1769 milliJoules/centimeter? (NIST units). A wafer processing tape having a

cured, crosslinked adhesive composition thickness of about 38 um was obtained

10 The test resuits on the resulting wafer processing tape are shown in Table 1

Example S
A wafer processing tape was prepared and evaluated as described in
Example 1 with the following modifications The premix syrup was made using

15 48.2 grams 2-MBA, 2 8 grams AA, 0.15 gram of a 25% carbon tetrabromide
solution in 2-MBA. and 0 07 gram DAROCUR 1173 photoinitiator To the premix
syrup was added 0.84 gram LUCERIN TPO photoinitiator, 41 3 grams DMA, and
48.2 grams PEOM to give the base syrup. HDDA (6 1 grams) was combined with
31.9 grams of the base syrup to provide a final syrup having a composition of 2-

20 MBA:AA:DMA PEOM:HDDA/28.5:2:25.28.5:16.0 (wt-%) The final syrup was
coated and rradiated as described in Example 1 except the total measured energy
dosage was 1769 milliJoules/centimeter” (NIST units) A wafer processing tape
having a cured, crosslinked adhesive composition thickness of about 38 um was
obtained. The test results on the resulting wafer processing tape are shown in Table

25 L

Example 6
A wafer processing tape was prepared and evaluated as described in
Example 1 with the following modifications The premix syrup was made using
30 76.8 grams hydroxypropyl acrylate (HPA), 0 15 gram of a 25% carbon
tetrabromide solution in 2-MBA, and 0 04 gram DAROCUR 1173 photoinitiator
To the premix syrup was added 0.92 gram LUCERIN TPO photoinitiator, 19.2
grams DMA, and 57.6 grams PEOM to give the base syrup HDDA (9.2 grams)
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Table 1.

Example 7

10 A wafer processing tape was prepared and evaluated as described in
Example 1 with the following modifications A premix syrup of isooctyl acrylate
(I0A) was made using IOA and 0.05% (w/w) DAROCUR 1173 photoinitiator. To
72 8 grams of the premix syrup was added 18 2 grams of phenoxy ethyl acrylate
(PhOEA) and an additional 0.55% DAROCUR 1173 (w/w based on the combined

15  weight of premix syrup and PhOEA) to give the base syrup HDDA (5.9 grams)
was combined with 39.0 grams of the base syrup 1o provide a final syrup having a
composition of IOA.PhOEA:HDDA/70 17.13 (wi-%) The final syrup was coated
and irradiated as described in Example 1 except the web speed was 1 7
meters/minute and the total measured energy dosage was 1531

20  milliJoules/centimeter’ (NIST units). A wafer processing tape having a cured,
crosslinked adhesive composition thickness of about 38 um was obtained. The test

results on the resulting wafer processing tape are shown in Table 1.

Example 8
25 A wafer processing tape was prepared and evaluated as described in
Example 7 with the following modification HDDA (9.2 grams) was combined with
46.0 grams of the base syrup to provide a final syrup having a composition of
IOA:PhOEA:HDDA/66.7.16 7 16 7 (Wt-%) The final syrup was coated and
irradiated as described in Example 1 except the web speed was 1 7 meters/minute
30  and the total measured energy dosage was 1531 milliJoules/centimeter® (NIST

units) A wafer processing tape having a cured, crosslinked adhesive composition
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milliJoules/centimeter” (NIST units). A wafer processing tape having a cured,

15  crosslinked adhesive composition thickness of about 38 pm was obtained. The test

results on the resulting wafer processing tape are shown in Table |

TABLE 1

Example Peel Adhesion (gliw) Peelable Staining Hand Modulus
0 Days 7 Days (Yes/ No) (Yes/ Cuttability | (Pascals)

Dwell Dwell No)
1 143 169 Yes No ++++ | 5.0x10°
2 96 236 Yes No ++ | 1.7x 10’
3 48 84 Yes No -+ 2.8x10°
4 51 73 Yes No ++++ | 1.3x10°
5 31 5] Yes No ++ 18x10°
6 17 31 Yes No ++ 21x10°
7 8 8 Yes No + 1.5x% 10°
8 8 8 Yes No + 1.7x10°
9 17 22 Yes No ++ 17x10°

20 Example 10

A wafer processing tape according to the invention was provided by
preparing a solution polymer, coating and drying it on a polyester (PET) backing,
and exposing the coated polymer to irradiation More specifically, 85 parts by

weight HPA, 15 parts by weight t-butyl acrvlate (t-BA), 2% by weight (based on
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optical grade PET film backing and pulled through a knife-over-bed coating station
by hand. The gap between knife and bed was set to be 254 um greater than the
thickness of the backing. The coated film was dried at room temperature for about
10 10 minutes followed by about 4 minutes in a forced air oven set at 82°C. This
coated and dried film was then passed through a nitrogen inerted irradiation
chamber, having a length of about 2 4 meters and equipped with two medium
pressure mercury bulbs, at a speed of about 4.8 meters/minute. A total measured
energy dosage of about 625 milliJoules/centimeter’ (NIST units) was applied to the
15  exposed polymer side. Upon irradiation a wafer processing tape having a backing
film of PET and a cured, crosslinked adhesive composition of about 70 um
thickness was obtained The composition of the adhesive was HPAt-
BA:ABP/83°15 2 (Wt-%) The tape was evaluated for peel adhesion, peelability,
and cutting characteristics as described above with the following modification. A
20  circuitized semiconductor wafer having a polyimide overcoat, such as that described
in the test method “Semiconductor Wafer Staining,” was employed for all of the
testing done. The peel adhesion value reported is an average of six measurements

The results are presented in Table 2 below.

25 Example 11
A wafer processing tape according to the invention was provided by

preparing a polymer latex, coating and drying it on a polyester (PET) backing, and
exposing the coated polymer to irradiation More specifically, 86 parts by weight 2-
MBA, 10 parts by weight 1sobornyl acrylate (IBOA), 4 parts by weight of the

30  methacrylamide-functional photocrosslinker disclosed in U S Pat No 5,506,279
(Column 5/6, Formula 2), 3% by weight (based on the combined weights of 2-
MBA, IBOA, and photocrosslinker) IGEPAL CA 897 nonionic surfactant, and
0.5% by weight (based on the combined weights of 2-MBA, IBOA and



& () - %rl0%& ()-D nQEMB7y 101098 ()- 10%V& () - SLOWWE () -

1090V& () - SMLO%VE ()-9 g 109%VE ()- 7_dBMB7Y 24 SEP 1002
- 10! ay&&! 109%& () -, $t 109K () - @109 ()- ! 109 () - ‘
310%E () wadQyMyaf) - | dEMB7y 1012 1090V ()-  OLO%VE ()-. ! 10%dEA(S89/03211
710008 ()X CT+RI0E () - , ) A109VE () - 32: <=KxmbOy 10! & 109 & ()-  10M 10M
10MK1094VE, () | - 1090V& ()- SFL09%VE ()- 7109%VE () - KA(dEmbCy 10!f mi0% & () -

10% & ()- f &Ql&z&z&a)nfB.lanP efoide, fahO Y0 & gfam B! bW Ad (WarédwetEMb Cy
10! S10% & ()- @.10% & () - 33 & ()-YL0% & () S&10% &' () - 3310% & ()-J| bdBnbC
y 10/t>- " 1e@mbmeq -4 Bhnemw&:o@ymswg m%r&wa)fm&wm% &0¢,)Werang Company,

ég(ﬁ)f/‘(; ((&) (;: 1 %{gl)lfO%(ég I(?'F) L(f}/ge wit n%gg/gegg a(t)a rate ]quhter/ 2n-u1f,y ojr'(l)l%&ee&l 0)-
minutes and then homogenized at high speed for 2 minutes The resuiting mixture
5  was transferred to a 2 liter flask fitted with an agitator, a condenser and a
thermocouple, and stirred at speed of 300 revolutions/minute (rpm) while heating to
60°C. Stirring was continued throughout the preparation described below. The
mixture was maintained at 60°C until an exotherm to 82°C occurred, at which time
the external heat source was removed and the mixture allowed to cool to 60°C.

10  The external heat source was reapplied and the temperature maintained at 60°C for
one hour, after which the external heat source was removed and the mixture
allowed to cool to about room temperature  After filtering the cooled mixture (no
coagulum was observed) a polymer latex having a measured solids level of 49%
was obtained.

15 The polymer latex was poured onto a 50.0 um thick optical grade PET film
backing and pulled through a knife-over-bed coating station by hand. The gap
between knife and bed was set to be between about 76 pm and 101 pm greater than
the thickness of the backing. The coated film was dried about 4 minutes in a forced
air oven set at 93°C. After drying, the exposed polymer surface was covered with a

20  50.0 um thick optical grade PET release liner film having a silicone-urea release
agent on one side (as described in U S. Pat No 5,290,615 (Tushaus et al.)) in
order to protect the adhesive coating until it was irradiated. The release treated
side was placed facing inward so that it was in contact with the polymer. Upon
removal of the release liner the uncrosslinked adhesive on the PET backing was

25  passed through a nitrogen inerted irradiation chamber, having a length of about 2 4
meters and equipped with three medium pressure mercury bulbs, at a speed of about
18.3 meters/minute. A total measured energy dosage of 631 milliJoules/centimeter’
(NIST units) was applied from the exposed adhesive side After irradiation the
release liner was reapplied to the now crosslinked adhesive surface as before to give

30  a wafer processing tape having a backing film of PET, a cured, crosslinked adhesive
composition thickness of about 87 um, and a PET release liner The composition of

the adhesive was 2-MBA:IBOA Photocrosslinker/86:10:4 (w1-%) The tape was
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5 Example 12
A wafer processing tape according to the invention was provided by
preparing a polymer latex as described in Example 11 with the following changes.
Specifically, 80 5 parts by weight 2-MBA, 17 parts by weight IBOA, and 2.5 parts
by weight of the methacrylamide-functional photocrosslinker described in Example
10 11 were employed to give an adhesive composition of 2-

MBA IBOA Photocrosslinker/80:17:3 (wt-%). The resulting tape, which had a
cured, crosslinked adhestve composition (irradiated according to the description of
Example 11) thickness of about 85 pm, was evaluated as described for Example 11

The results are presented in Table 2 below

15
TABLE 2
Example Peel Adhesion (gliw) Peelable Hand
0 Days 7 Days (Yes / No) Cuttability
Dwell Dwell
10 N.T. 12 Yes =+
11 114 111 Yes ++
12 261 250 Yes ++
N.T. = Not Tested
* Dwell = 2 5 Days
20
Example 13

A wafer processing tape was prepared in a manner similar to that described
in Example 1 with the following modifications. The premix syrup was made using
178.1 grams 2-MBA, 9.4 grams AA, 0.94 gram of a solution of 5% carbon

25 tetrabromide in 2-MBA, and 0.09 gram DAROCUR 1173 photoinitiator To the

premix syrup were added 40.1 grams of HDDA and 35.2 grams of DMA to give the
base syrup. To 44.0 grams of the base syrup was added 0.26 gram of IRGACURE
819 to provide a final syrup having a composition of 2-
MBA'AA:DMA HDDA/68 4 13 15 (wt-%) The final syrup was knife-coated

30  between a 101 6 pm thick ethylene/vinyl acetate film (obtained from Dai Nippon
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bottom, and irradiated from the top side as described in Example | ‘except the web
speed was 1 5 meters/minute and the total measured energy dosage was 1816
milliJoules/centimeter” (NIST units) A wafer processing tape having a cured,
5  crosslinked adhesive composition thickness of about 58 um was obtained. After
removal of the PET cover film, the tape was evaluated for use in a wafer dicing
process as described in the “Semiconductor Wafer Dicing” test method above The

die loss results are reported in Table 3 below

10 TABLE 3
Example Die Dimensions (mm) Die Loss
13a 25x25 -0-
13b 13x25 -0-

Comparative Example 1
A wafer processing tape was prepared in a manner similar to that described
in Example 1 with the following modifications. The premix syrup was made in a
15 0.24 hiter glass jar using 20 O grams 10A, 5.3 grams IBOA, and 0 01 gram
IRGACURE 651 photoinitiator To the premix syrup were added 1 1 grams of
HDDA, 1 3 grams of PURELAST 566A acrylated urethane oligomer and an
additional 0 05 grams of IRGACURE 651 photoinitiator to give the clear, final
syrup. If the acrylated urethane oligomer is added to the premix at an earlier stage,
20  gelation can occur as a result of impurities  This final syrup had a composition of
IOA:IBOA:HDDA.566A/72.1 19.2.3 9°4.8 (w/w).
The final syrup was knife-coated between a 50.0 um thick optical grade
PET film on the bottom and a 50 0 um thick optical grade PET release liner film
having a silicone-urea release agént on one side (as described in U.S Pat. No
25 5,290,615 (Tushaus et al.)) on the top, and irradiated.from the top side as given in
Example 1 with the following modifications The web speed was 1 68
meters/minute, all four zones were set at a bulb intensity of 6 0
milliWatts/centimeter?, the zone temperatures were 32°C and the total measured
energy dosage was 1845 milliJoules/centimeter® (NIST units) A wafer processing

30  tape having a cured, crosslinked adhesive composition thickness of about 100 pm
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cuttability and peelability  The results are shown i Table 4 below
In addition, after removal of the PET cover film, the tendency of the wafer

processing tape to cause staining of a semiconductor wafer having an exposed

5  circuit pattern overcoated with polyimide resin on one side was evaluated after
grinding of the taped wafer Specifically, the utility of the wafer processing tapes
in wafer grinding applications was evaluated with a sample of tape having a width
at least equal to the width of a semiconductor silicon wafer The tape was applied
1n a class 1000 clean room at ambient temperature 1o the side of a sihcon wafer

10 having a circuit pattern overcoated with polyimide using one pass of an
approximately 2 kg rubber-coated roller and the excess tape trimmed off  Next,
the wafer with tape attached thereto was allowed 1o dwell at ambient condrtions
for no more than eight hours, and usually less than one hour

The taped semiconductor wafer was then placed with the taped side down

15 onto a Disco Model DFG-83W6 wafer grinder The wafer was held in place on a
rotating platter by a vacuum chuck During the grinding process the rotating
platter passed under a series of three grinding wheels (each available fiom Disco
Corp.). The first grinding wheel (Model No. RS-01-2-40/60-NA-A) removed 120
um of silicon, the second grinding wheel (Model No RS-01-2-20/30-NA-C)

20 removed 100 um of silicon, and third grinding wheel (Model No RS-03-2-2/34-P)
removed 10 um of silicon A platter rotation speed of about 10 minutes/revolution
was employed Following the third grinding wheel, the semiconductor wafer was
washed with water to remove grinding debris, air dried, and allowed to dwell at
ambient conditions for about 16 hours, after which 1t was evaluated for staining as

25  described in the “Semiconductor Wafer Staining” test method above The results

are shown in Table 4 below

Example 14
A wafer processing tape according to the mvention having the same
30 composition as Example | was provided in the following manner A final syrup of
syrup having a composition of 2-MBA AA:DMA HDDA/72 1:11 16 (w/w) was
prepared and then die coated between a 50 0 um thick optical grade polyethylene

terephthaiate (PET) cover film on top and a 90 um thick, corona treated
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thickness, and a PET cover film was obtained.
15 After removal of the PET cover film, the tape was evaluated for peelability,
and cutting characteristics as described above. In addition, the tendency of the
wafer processing tape to cause staining after grinding of the taped wafer was
evaluated as described in Comparative Example 1 except the third grinding wheel

was not employed and the dwell time before examination for staining was 7 days.

20  The results are presented in Table 4 below

TABLE 4
Example | Peelable Staining Cuttability
(Yes/ No) | (Yes/ No)
14 Yes No +4++
CE.1 Yes Yes +++

Each of the patents, patent applications, and publications cited herein are
25  incorporated herein by reference, as if individually incorporated Various
modifications and alterations of this invention will become apparent to those skilled
In the art without departing from the scope and spirit of the invention 1t should be
understood that this invention is not limited to the illustrative embodiments set forth

herein.
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does not produce a wbsumtm] change in opn density of a wafer after the tape is applied to a surface

of the wafer and removed.

2. The semiconductor wafer processing tape according to claim 1 wherein the nonpressure
sensitive adhesive displays a storage modulus at room temperature of greater than about 1.0 x 10°
Pascals and no greater than about 5.0 x 10" Pascals.

3. The semiconductor wafer processing tape according to any previous claim wherein the

nonpressure sensitive adhesive is substantially free of fugitive or migratory components,

4. The semiconductor wafer processing tape according to any previous claim which éxhibits an
initial peel adhesion of about 5 grams per linear inch width to about 500 grams per linear inch width to
a substrate comprising a material selected from the group of silicon, polyimide, silicon oxynitride, and
combinations thereof and a peel adhesion of about 5 grams per linear inch width to about 500 grams
per linear inch width after dwelling in contact with said substrate for 7 days under ambient conditions.

5. The semiconductor wafer processing tape according to claim 1 wherein the first
copolymerized monoethylenically unsatursted monomer has a homopolymer glass transition
temperature of no greater than about 0° C, the second copolymerized monoethylenically unsaturated
reinforcing monomer has a homopolymer glass transition temperature of at least about 10° C, and the
copolymerized nonionic crosslinking agent is not a urethane acrylate.

vU4
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agent which is a photocrosslinking agent that is not a urethane acrylate; and said tape exhibits a peel
adhesion of about 5 grams per linear inch width to about 500 érams per linear inch width to a substrate
comprising a material selected from the group of silicon, polyimide, silicon oxynitride, and
combinations thereof, both at the time of epplying the tape to the substrate and after dwelling in
contact with the substrate for 7 days under ambient conditions.

8 The semiconductor wafer processing tape according to any previous claim further comprising a
semiconductor wafer on the exposed layer of adhesive.

9. A method of processing 8 semiconductor wafer, the method comprising the steps of:

(a)  providing a semiconductor wafer;

) adhesively bonding the semiconductor wafer to an adhesive surface of a semiconductor
wafer processing tape according to any previous claim;

(©) processing the semiconductar wafer by either grinding the backside of the wafer or
dicing the wafer into integrated circuit semiconductor chips; and

(d)  removing the tape without a substantial change in optical density of the wafer.



