WD 2008/ 115711PCT/ US2008/ 056178 DI Cl NG AND DI E ATTACH ADHESI VE Cr oss
Reference To Rel ated Application This application clainms the benefit of

U. S. ProwveizossalisRat ent Application No. 560; 895, 189, fi lpea/ushoosiosciGs 2007,
the disclosure of which is incorporated by reference herein inits
entirety. Technical Field This relates generally to a single

| ayer adhesive which finttions as a dicing tape 10and also as a die attach
adhesi ve for dicing thi nﬁéﬁlﬂﬁf@ﬂgwgﬁgﬁﬁmEﬂlﬁEattaCh operations of
the diced chips in sem conductor device fabrication. Background Wafers of
sem conductor material such as silicon and galliumarsenide with

15i ntegrated circuits forords Refdredde T@Reladed AbplieatRny | arge di ameter. In
t he production of integrated circuits él% such a wafer is adhered to a
pressure sensithiyeprdighied dlainsgpebenesfet Une Sraasipead Pateat applipatiap®o. and di ced
into LC chiRs 1<0he; .l ' 1e.qr. di re. n fr e dicing
t ape, Sancfg)l/ es%gééﬁ}eg%g%%bﬁéﬁédt%g’ tth%éhsglloﬁgl)eooﬁt 6‘312{3%%(‘!'002‘%%?%&? g:bytr ‘%g}e%:llﬁ? pis

pl aced orhectdigisubsitireye and the adhesive is cured to attach the die to the
substrate. 20Di cing tapes nust provide strong adhesion to a sem conduct or
wafer during the step of dicing the wafer into individual chips. However,
the dicing tape al so shoul d subsediechnicgl Biekli de a sufficiently | ow
adhesion to the .die to allgw. the.individyal .chips t.o be renoyved fromthe
fape_quickl'y. st et ad fFipall BV RZ iehfe FOTERE RE! ng
tape 190 havelwd ars@Qﬁ@@t@hcﬁQHE@%_&@%%@ngttﬁi%n&hbvﬁfe!r§aﬂdeslﬁﬁy&]fdent5&ﬁ'@|at¥a!&ﬁr e shoul d
be no residue 25fromthe dicing tape on the chip. Therefore dicing tapes
have beerppgratipas elthe desed Khipe imsanirendvetop flicdghtabiiosiiono t he wafer to adhere
strongly during the dicing step, but the tape also releases fromthe

i ndi vi dual chips without |eaving a [esidue on the chip when the chip is
renoved fromthe tape. Some dicing i’&%@%‘ﬂlﬂle been prepared which may be

detackified UpERrAXPIAZHEG@NHOCtHE b@VihOlugh al %iﬁ@én R dAMIRYRhiAE virean renoval

of individual 30chips. Wthout a balance of adhesion, 1t is difficult to

car r yiSoutintcpeitest @psito forgicd ithegedntevea frelntiviy lqpgectiamgtcard thpd @rodwngion o

i ndi vidual , chips.. If adhesi an .of .t he, di ci ng tape.i.s npt .bal anced and
some  adhadicqa KRt 0 SHbS PHT HIroCR IR PRI FOFIVRHTPr om WO
2008/ 11573 ARGH-USARA8/ Ha@d (et zﬂ?i dHb&d R ItCaHigps. afghi1d &Z&%‘ (AR &REcHLR required

to renove the adhesive resi ue romthe chip. These additional steps often
i ncl ude chgarnevsdfivenths dicing tape, Ahtadhesiveas dpiaddgo dpechan dot aasutistedté, ghe

i | ati i | et i V. tly.. b I d
R AR R e R
substpat e. ThepaeaRsksadhesiovric sHbheRdi@loNs 8dehRofdudordl Seadiraghnadhesi ve,

can be applied tothe surface of a chip that is opposite the circuits or it
may be appip ddlidng detwafert inta indivadiab elrips. eHowewsini thé dicine tepd gsablidulbe bonded.

Using a separate die attach adhesive requir ddi tjional .ste d

cqul prenc P SaprIbePrpHac aREEAAT IV b i R st EBRe s tosone
separ at e i @m@bé@fi&n&ﬂé"ﬁ?é yeRkhaviealeemdRRAKY THR$isNd if fidtul Ganhbaickicur ed
once the chip has been aced on the substrate. Summary A need has

been f ouritpd torhaze 8 irgriylced ddhpsion adiga ghoschip islrempiedt, apd theradwuldies rmpesidpe | at e

bal hesi. d : ired th di ci

15t anc i Qe S ge R andrerier ThRE TeRRLI SR hom autER a s of

si ngul at iamnc@Bfadtesion S MEivAES: thRBhIIECRSSAY Yu e rdﬁql‘k% §t881 uthd tgpedsequent
die attach step. Accordi ngly in one enbodi nent, the present

di scl osurasorrglcasas Sramptherindigisdesl shépscvithsws iqaving agesrgud e g chw wentharkipest er
pol ymer havin functi onal, gro mul tifunctional, thernosetting resin, a
ol it unSirfeft Aot e iR° e itBiyg Bl e B8 bR sUIFS P Pt 1 on

cat al yst dqefackificd@orr@Lpsuredto tultedviigabt ihk &f @ifroathalchesh r&hbvadbf @dfvaduatur i ng

the nmul ti-functional thernosetting resin, and an acrylic acid salt, wherein
t he 30rylchins. &¥itlequt a balance of adhesion, it is difficult to carry out the steps of dicing the

wafer and picking and placing the individual chips. If the adhesion of the dicing tape is

not balanced and some adhesive remains on the individual chip when it is removed from
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pol ymer and the thernpbsetting resin arc capable of reacting with each

ot her. For the purposes of this disclosure, the terns acrylate and acrylic
i ncl ude oeoi2verilyas of both acrylic and nethacrylic aci @CTRS@8®MES t o an
acrylate ester polynmer having a functional 25group are to be understood as
describing a noiety having at |east one functional group other than an
acryl or nethacryl group I n other enbodi nents, the present )

di scl osurthe disingtare. padigana giees pieacquragrp ey edhe pélestve apsidie foum i Grin-
percent ( ng acrylatc ester polyner, from
about 20 m§%£Jlté %%&@ﬁ%&%},g}kc@a%%ﬁ@% Sﬁ{étl onal thernosetting resin, an
30ef fective armﬁﬂéﬂth@ﬂlcﬁlgmplefdtmﬁ uﬁ@blmp Ralguhtion igdenst &f secandadhakiyst for
curing the acrylate ester a thermally | atent catalyst or curlng

agent f orsubgpapewyl Wﬁéstrl?ﬁ|péqcc¢ bﬁ@t@%ﬁw chm@dbeﬁqbfwtﬁ@wdwe@ elesﬁe%qys
t her ”%Setlhhﬂat% bfiSlsObstARd A AEIM ddhedfl %ft%ﬁ‘lr%f rrxﬂ‘fbfag'a”dlé Qt?acﬂ%ﬁﬁ%sﬂ\;e ester
pol ymer an Re' tHernoset I'ng resin aré capa F m ng an a esi

reacti on qanod laplbhedl to thyedurfacdief a etitp oldit iapipdsitd the cﬁélﬁsseﬁtlt Glap bt oFilicd r eI ates
to a method of maki ng an adhesive conprising providing an acrylate ester

pol yner HHigcthytosthe ﬁmratfﬁawfg%@s chipgyighhechonged Heing pSerskee disrtach

t her noset

t hor moset’ e+ S3bes MARIG SR Chiipa B34 RE OB, Ml bltcctip g

mul ti f unairitenaibstaey Bame sgaiae dicpittavh sdhrgivanhaehgbatoxgstans el ganebiei zat i on

catal yst or curing agent, providing a thermally-latent catal yst suitable

for d H|ﬁ$§¢ﬂ?%ﬁ#§¢nﬁGﬁﬂ%ﬁ%ﬁ&WGQﬂ%ﬂﬁﬁ§hﬁﬁﬁ%g resin, providing an acrylic

acid salt, optionally a netal salt, mxing the 10po|yner t her nosetti ng

resin, nultl-functlonal acryl ate ester hernally | at ent catal yst, and an

acryllc salt to forma m xture, andEgﬁppéﬁélly degassing the m xture.

Det ai | ed Descrai peéditins been found forg@ngle tykaddmepive film uhe prsadesrtanges i ncl udes

all nunbers within that range (e.g., 1 15to 5 includes 1, 1.5, 2, 2.75, 3,

3.80, 4, apneppsipte balqnce ghiesionped Rlsperdicage @%malr%f%éhermﬁet dlé@lgby t he term
functlon bics tra t Hesive ilmbagkin latt nd

" aboyly”. o PATREROG A Qe REN L8 1 Do ARG S RIPRR 1L

conprising an acrylate es iona

mul ti-f urmbwamﬂhehb@@m)sebﬁd ﬁQulTr@Binrh, submbﬂitﬁﬁe axtavhlstdp: funct| onaI acryl ate

ester, an acrylate ester polyner catalyst or curing ellfgent a

20t her mal | y- | Zhesprd le%lvam 9uq crabedizpnte thegyresent dipdosuperehaies to-apjadhesiveonal

bl ymor - ShnteRech RarpAQe A aBS e ool g I ol AR 2 h

other.  functiobui ﬂlaxblhceeta@lgyém & resitiefingngh@irglaktagiciginachuae kktonal  gr oup
i nclude, for exanple, copolyners of |inear or branched mpnofuncti onal

unsat2dr atRodyragFaptaR é%taldﬁt rEUHES agﬂn&taet@e@%w IAtSAL ¢atalyst apijablg foyicuEng tsol s,

t he al kyl ma4 to
12 carbgﬁn%@gﬁgaﬁﬁ%h%@hgngﬁﬁ%geéﬁ?ﬁ% ’%%élgp%a¥unc %%ﬁ%%gkgﬁgé%%g beari ng
an addi t ipphgherfandahe Khaﬁ]hosgﬁmg@esu(:@ﬂmpéwe 6ﬁﬂ&ha}t%va1m1D&mhwﬂlﬁHrl doathenononer s

i nclude butyl (nmeth)acrylate, 2-ethyl hexyl (neth)acrylate, ethg

(et h) ac rwdmﬁses O%tSHWCI((SHE@c Hicdermi aemélateﬁné pemplir iahidereavatjyea o€ oths opr opy |
(meth)acry M‘ced dtraddr 03«1?, c{m% Z:Peﬁ& Nt ac@?a@é égt?r( r%%% %tfﬁnct{bngPt yl
(meth)acryla i sooct net h)acry ate onon )acryl ate an

2- et Yl butrylp 4ro@d by aedeydtadeas c(emﬁlh])@e ity ea‘ﬁuget ieam@he ﬁmmnamlgr@@ar ing an

addi tional functional, group include the nonomers above wherein WO

2008/ 115 PHEM I250E /o0 581! qﬁ&“@heth)acrylate ester al so bears one or
nore substitu r Q%ﬂ{ group,
a gl ycidyl grgggﬁugghgﬁyggn%rgﬁgﬁa%ﬁgﬂgﬁa%& %ﬁ&ﬂogéggﬁgﬂ%bartfgu é?ly
preferredawnahmmﬁoenmgdbmﬁmmiw&%eofmﬁnhhamﬂghnmceshenngmmghﬁramﬂaV|ng an
addi tional funcfion na be aone or re of acrylic aci.d,

met hacr y O ﬁ maﬂ%gaf?%&v@/eﬁ% ousdp A 2 RY'GrigRgHasahiermeseHue GYiRt 8,
hydragy Rieeile st 8F & muly- Hibnd 2R Atc RRENSCLM] heRRY bat

acryl atc, ﬁ:%r%xy%tty?nhethacryPaf%BM ch% 8%yf§ ﬁ!g(r)r gf§%% ier

met hacr ylpailwneraa thehinatiyt hydno batalystydr@ntiogagent for cuSng tlEbheltlnﬁuhd:tlonhhnCt i onal

t hernosetting resins include, for exanple, polyepoxy functional resins and
their aziridine anal ogs. The nultifunctional glycidyl ether epoxy
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10resin is present in the adhesive conpositions of the invention at an
anount from about 15 wt%to about 40 wt% I n other enbodinents, the

mul ti f uncwoaped/11§i1yci dyl et her epoxy resin is present i RCTRES2@08/08678% e
conposi tions from about 23 wt%to about 37 wt % O her adhesive conpositions
of the invention may contain any anount or any range of anount between 15
wt % and 40 wt % of nultifunctional glycidyl ether epoxy. 15Preferred

nul ti f undheraeasttipe yesindpnd ai paylie %3 yalt, edicrin thecicpdete ehiss olgpengndrtbgi ns

havi ng nol ecul e. Specific
exanplegq% cﬁ&ﬂnéﬁ%n%i%%é&% (QQng&ggg§§¥&§g%§d%%&ﬁh@?ﬁ unctional pheno
novol ak-type dﬁ@z)éyothasdﬂﬂﬁodﬁrﬁytﬁﬁ hE@prE&dlt disclos@etrtlags phenRthod @f dakkngnnt h

cpi chl orohydrin) cresol novol ak epoxy resin, and bi sphenal A novol ak epoxy
resins. ﬁ%‘vee%orwm@mfev@w anyackyjafe caiT Rolpmsin e h Bticonal giiWei dyl et her

epoxy zre ) [ e s Epon
1050, SEpdhDTebR SR AGRR PRI A gn e LRGB! LTS 5078
avai | abl eh¢ therméiexinreSpand @phyle Oh enici®d with Ga)dmmbuspro@fctmg hewltDEN' series
of epoxy reS|ns avai | abl e from Dow Chemi cal .,.Mdland M; and Tactix

756, and fragiang! sndaisssie nredding aa@aﬁyﬂ%P%erfwmﬁ@fl%ﬁﬁa@ﬁ@ﬁ%ang East
L dyl eth
cpoxy Pesient. pRAfiGETRAIAELARL B UG HoIo I A6 RARRL SR Y 2L 0T o

limted menkhasﬁghﬁu1@gnhmﬁghnadghdasdgﬂakmaa@ﬂﬁpammﬁbsﬂmﬁuﬂagﬂx826 and
828, avail able from Hexi on Specialty. Chemcals; D E. R 330, 331, and 332
resi g, PR Sl NSO SSHH N CHEH &pcte%lal aEigteApir dheraabiy-lggoiscatabystendo, and
GY 2600 r 30 Tarrytown, NY.
Exanpl es aglfséc sfecfsuﬁf{{}(5 %@ afemn%ﬁg]oér?dl%t 9%8’ @%gtdyw%]efrﬁ%gdx; resins that are
di gl yci dyl ethers of bisphenol F |nclude but are not limted to those
havi ng the trade desi gnati ons Wheaaé&l béseripkidal/ US2008/ 056178 EPON Resi n
862 resin, available from Hexion Specialty Chemi cals; and Araldite GY 281,
Gy 282, Gy 285lhepyriBuign ohpdmpcabgmgessichsies all apmbes avithinthigiapae Gpect al ty
enl aI Th I tdn0 y [ sual Iy has
an ooy AU TRttt o o ety MLTg SRS HERERSLAR By,
enbodi menhsdifiéd bynhhermt “adbédtrt o about 5350, and in ot her enbodlnents from
about 170 to about 250. Ranges for the average epoxy functionality include
from 1.5 to 1dnoneembodimenPrgiidades a8 pairespis| cprmpesiHAR cOMBriting prpduldd ng

resin arg %?g&ghl%r HImﬁ ARG ﬁ&&l e%%%lﬁ‘f{i&ﬁ& ’on%l%ﬂérﬁ%lsé %ﬁn%!reasu?ufﬂjﬂg rgpeni ng
reaction of ondens Ion reac ., Su he reac I's a
chai n- extrendefinaivdhbicrelaRsster, I’hlﬁeidr}ﬂﬂb yoeer polsh@Stdataidt or budiid ag‘em)@t i onal

acryl ate esters include, for _ exanp 1%“%%& acrylate esters of di-, tri-

and 28t r dherprily Qte%tdﬁ"t?é)(ﬁﬁé'éltaé’%f?r a%ma -fgndjientl theraossifing gcsin, and

pol yet hyl Vi i xanedi ol
G aor yl a0 eppiesERl ol BREEAhF oyl éf%?@%@??h%?t b i Bt e
glycerol(mpMﬂebﬁkﬁﬁﬁngwﬁméaﬁmﬁMyltoI triacryl ate, pentaerythrito
trimethacryl at e, gentaer ythritol tetraacryl ate and pentaerythritol

15t et r amet hacr3Hitable acndaty peirpoleness haying pyfpestionalepering Bidg olos w&m as
CN2301, 1?;%?81 nﬁgﬁogf LirfeaOdt IYREhER Rl %9@6&%&%‘&%#9 RS} nkhtha &te?' SO
usef ul . ng> ol propane triacry Pate 1 parti cul ar y Ssuita
redudﬁng(ﬁamhtﬁhaﬁhﬂbﬁdhﬁ&bMﬁmwa@mgﬂmpheﬁWhmh&mvéﬁdmdab]ﬂahﬁmmrlzation

Sui tabl e acryl ate ester ynmeri zation catal ysts incl for exanpl e,
20phot oi MAHAHBr gOlaﬁdOtlﬁéﬁﬂsé?P 3ty Eh 8P OWMPF (HHEDBFH attq ; Binghcnabe, ng

ener al | t e

gartlculg? y égnggn?%n%Eghbﬁ égagﬁ)wﬂggg%lé6@@Q$§9%§@b%ag%§?¥g?ggnd
phot0|n|tmﬁnmmasamhﬂb&bbeQa&hMmgﬂEm;b@ﬂ@ﬁﬁiﬂ(ﬁm@&amwhudﬁﬁwlhn@hmunmnaGQ and
| rgacure 8 and Darocurim1 roducts of ba Speci al Chem cal s
cOQ, and rnﬁﬁylr 0\} Jpsrylsts: pprgp r(’é‘a %Crﬂgtesﬁgﬂow(&e Byl agf‘oFrQu"é(ﬁrbodl ment s,

t her rgl i r

et 8 e SO, P Henpch IO SIaml (UG ATE Gl IR OEESIME
conpoundsisomaayl (nah)acighite myddz-athglbasy] (methgapgletccOvgb)mddate pyrrcyibnalm
conpounds, i m dazol es Iorotr azj nes, benzoin, benzoin alk et hers,

di ket onesmmtﬂ’i’éeﬁ%ﬁ%"émgé‘ﬁd‘ fitiop fuactionah oy "‘Eﬁ’éﬁﬁﬁﬁlee@%‘?m%fé P{)%%a WHBY
initiators arc sold as Vazo 52, Vazo 64 and Vazo 67 azo 30conpound ther nal
initiators, all from DuPont. Suptabl e thermal | y-1atent catal yst
suitable for curing the nmulti-functional thernosetting resin include, for
exanpl e, latent catalysts useful in one part epoxy WO

2008/ 115711PCT/ US2008/ 056178 adhesives. Illustrative catal ysts include

bl ocked i m dazoles MZ-A, MA-OK and PHZ-S (Air Products) and pol yner bound
|n1dazoles such as Intellner 7004 (Landec Inc ) In sone enbodlnents

o o T T o a ~ o




5phenyl- 4- et hyl i m di azol e,

2,4-di am no-6-12' -nmet hyl i m dazol y1- (I )l ethyl-s-triazine, and the |ike may
be used. Wheoesatiallyst, if present in an enbodi nent, conmpPCrasg00&05d1eRst
about 0.01 W% preferably at |east about 0.1 w % of the conposition. In
ot her enbodi nents, the catalyst can conprise no nore than about 5 wt % of
t he conposition, preferabl y no nore than about 10 wt% 10Suitable acrylic

aci d sal ttBe (ethisgeylate syterealimbaass onerastpgre sebsfifycatsae|cgted dioap rthgxxdid gorrer
br' does il gPd A dRb TR R R EouEh By S bl A RIS PR 25U

i mpr ovi ng>afnhaﬂmgf prfefkered(ﬂth&&hé/ernb@cﬁﬂﬁﬁﬂsfard)@net@atﬁyﬁb kacambydrhers aevidg el t s

i ncl ude Sartomer CN2404, a polyester acrylate oligoner, and CN2405, a
ur et hane additipnak @n@rqn@b&@rlp ﬂ@SﬂWYé’é PEC BFORT PhAsHIC ackk Meghacry] Wﬁ@t i onal

t her meset ggti ?: e, ryI ate
est epgpolky ch(y e‘:ﬂ?}!l’&c ?l%%g%g(gfyeﬂ@?%ﬂggbp?t ’ﬁg}ag i Ci Q{yﬁae ac yI ate. In
still ot hﬁbp}ﬂ mfmlwcnsamteshydrdsv@ oty ltderyfl aa Cliyidossal bm;zlrmétaﬁceyla&t grycﬁi@hprl ses
trimet hyl ol pr opanetriacrylate. In sone enbodi nents, the pol yner catalyst or

curing agént atPso%lﬁﬁﬁ‘éﬁl@qthﬂoﬁléﬁee@dflﬂé@t@ﬁ?]aﬁfﬂam@ur| ng agent. In sone
embodi ment s, aBlQ%ﬁTﬁ' Xt o"ﬁE LR hﬁ slnlssiné’iﬁdé %]dgﬁ%mgaﬁ ?nggﬁ&fft or.

yet other enbo nments, e acry |c acl I's a net yI|c
acid. In fa@mmhﬂamds mﬁhﬂls],r aizimehmmgmdmhé oiultifah@ionhiaglyadylatiidreposur f ace, a
substrate surface, and a | ayer of the adheswe that is adjacent the
subst!Pat &cHpiyREEnt e a@lﬁsvé cepppsensAt theBVERIANS A8 @exoam ffemeapoits t he

regi on hawipg, dﬁ&tﬁ%% GCirh SHeﬁg?ﬂg&n@%gﬁh%lﬁ%&éﬁﬁg&}s%ﬁ%@Sﬁgf LaGs Ggfs not

have integrated circurts. I'n ot uctor e p has
an acti veecsnlid @eent a thobdiasaceospoiidons frandbaut28gitdhtaodboati3 2dt%d0dsr ve t hat

is adj aceniq the substrate g}ilérface I n sone. enbodi nents, the adhesive has a
backi ng. A9RCYER CRRIMSIIoBRBHUR RYRNEON PR CBBWW“BF OF iy TARK | AROUAT e

conbi ned b%ﬂgee%%t\@ﬁ% %%%@0 ézt%%f?ﬁﬁﬁfélh% gh%@ Ol Sha'pgdpesi ve tape

precursor. In sone e di ments t ape precursor is heated to
formla tape. |Rrefotraé mﬂmnﬂunchomhglscldyhahacblpesy wBink amxéudrrthcwepoxy rsidsam nat ed
astonmer WO

to a suitabl e backin , rese

2008/ 115%%1119@@%6%3@P(£§15 Oasav RGP gwpmai%;}ﬂ@n PF%} 5@?&%@% an
i ononer i G,rRRl %’1286 1 &h&-c oJE}JPe%tmél @éiﬁlh){ﬁﬁ@nonglrpﬁeﬁﬁ Advksﬁk t#gb Loy QL]

enbodi nent s, Y 3

ape | l'am nated to a wafer. Obj ec d a vant ages
of this i(ﬂymehﬁsnz@d barreachug pherol nbvalslt wahedlchgormlt}elnh))bﬂemhnngolekaprpdyes but

t he particul ar amounts.th recited in thes xampl es, as
5wel | as YS%lﬂae%ndﬁ%PﬁP@q oAnEOVéﬂad‘ RO TFsins. mpéfsv? 90119316&%& ﬁaﬁ?o undul y
Li m ot h'rﬁulhﬂiﬁ%ﬂ&ﬁa@ Biyc Iys g%g/a@mefaépdx&%sn%f inMRHE AL SpoxDeslis Rk thSAUaLe

Description Epiclon Dai ni ppon k and Chem cals | ndustries, Tokyo,
Japan EpaieyigRetsing Hpponi 082 &Epde X bONE@pelcidaEpgn TitdnEpant SU 6| Epolousd)-30AnEpoxy

Resin Epoﬁpo%%—'%?é\izgﬁbﬁepf?ocrh ﬂe&%’oncgf)%gaﬁ? IC?lemicals, Columbus, OH; the “DEN”
series of epoxy resins, available from Dow Chemical Co., Midland MI; and Tactix 756,
and Tactix 556 epoxy resin, available from Huntsman Chemical, East Lansing, MI.

25 In some embodiments, useful multifunctional glycidyl ether epoxy resins that are
diglycidyl ethers of bisphenol A include, but are not limited to, those having the trade
designations Epon Resins 825, 826, and 828, available from Hexion Specialty Chemicals;
D.E.R. 330, 331, and 332 resins, available from Dow Chemical Co.; and Araldite
GY 6008, GY 6010, and GY 2600 resins, available from Ciba Specialty Chemicals,

30  Tarrytown, NY.

Examples of useful multifunctional glycidyl ether epoxy resins that are diglycidyl

ethers of bisphenol F include, but are not limited to those having the trade designations
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Epoxy Resin TMPTA Sartoner Conpany Inc., Easton, PA

Tri met hyl ol propanetri acryl ate Cl1\ 12405 Sartoner Conpany Inc., Easton, PA
Ur et hane/wsiorzgés/iasalti goner Metal lic i on |Irgacure 369 C baPEpas2eisiy6178

Chem cal s, Tarrytown, NY Free radical curing agent Curezolg 2 MZ Azine Air
Product and Chem cal Inc., Allentown, PA Epoxy resin curing agent Al187

Slime Avail abl e fron1hbtrochen1 Savannah GA Gamma- gl yci dyl oxypr I
trinet ho@Ps@Né?ﬁém@&éﬁeﬂm saaible Gamdiecombrsriatydmcatralspae yaidis mp g}‘%ﬂet i X
756 Do d

Chem c\avl g‘? ase jg {’?@?Pa%ﬂ'g lﬁpggyr ?L%Iahé%fg?%hecgéjstp %1?%' ?‘Bg@c %t hods

Peel Adhesi on ﬁaahulﬁﬁﬁfanbmanglmd:yk cfhigr bpox§ rédih 3uads hhamn aaixgqhivalehe
adhesive filmcoating. The filmlamnate was cut into 25 mmstrips. The

si |i cone Wahiznfdrom agut AL tor ahent 209, 1 ofek sabogimess feom F‘P‘?Htéﬂpt‘b%b%d t he
adhes's"e %%5 Adaﬁ{‘ %&%&b&% qu&ﬁ*élﬁ&usm tggl?;bglé\ﬂg(ggféa eaneﬁ@g{r %gepasses of

2.07kg rub I cone wa pi ng the
surface tdpbeﬁﬁimcmlmytﬂalddemtoanesﬂhe force to renove the adhe5| ve film
strip fromthe silicone wafer at an angle of ' 180 degrees was neasured using
an |- Mass SP. SBBOCHASE eHOVRY vooREIES BRPEIUEEISS oBEEPble of reacing with

cach other, typically via a ring-opening reaction or a condensation reaction, such that the
reaction product is a chain-extended and/or crosslinked polymer.

10 Suitable multi-functional acrylate esters include, for example, (meth)acrylate esters
of di-, tri-, and tetra-hydroxy compounds such as ethylene glycol diacrylate, polyethylene
glycol diacrylate, ethylene glycol dimethacrylate, hexanediol diacrylate, triethylene glycol
diacrylate, trimethylolpropane triacrylate, glycerol triacrylate, pentaerthyitol triacrylate,
pentaerythritol trimethacrylate, pentaerythritol tetraacrylate and pentaerythritol

15  tetramethacrylate. Acrylate esters of hyperbranched polyols such as CN2301, 2302, 2303,
2304 available from Sartomer Co, Exton PA. are also useful. Trimethylolpropane
triacrylate is particularly suitable for reducing tack of the adhesive by photochemically
induced polymerization.

Suitable acrylate ester polymerization catalysts include, for example,

20  photoinitiators and thermal initiators with photoinitiators being generally preferred in
applications where extended shelf-life is particularly desirable. Examples of suitable
ultraviolet-activated photoinitiators available as Irgacure™ 651, Irgacure 184, Irgacure
369 and Irgacure 819, and Darocur™ 1173, all products of Ciba Specialty Chemicals Co.,
and Lucirin™ TPO-L, a product of BASF Corp.

25 In some embodiments, thermal initiators may be used. Thermal initiators include
organic peroxides (e.g., benzoyl peroxide), azo compounds, quinones, nitroso compounds,
acyl halides, hydrazones, mercapto compounds, pyrylium compounds, imidazoles,
chlorotriazines, benzoin, benzoin alkyl ethers, diketones, phenones, and mixtures thereof.
Examples of suitable thermal initiators are sold as Vazo 52, Vazo 64 and Vazo 67 azo

30  compound thermal initiators, all from DuPont.

Suitable thermally-latent catalyst suitable for curing the multi-functional

thermosetting resin include, for example, latent catalysts useful in one part epoxy

-5-



(I'MASS Inc., Accord, MA). The force was neasured at a peel speed of 30.5
cnmimn. The force to renove sone sanples fromthe silicone wafer was
measur ed wbRees/tifa1sanpl e had been passed once through RCFUS2@8/035138 ens UV
Curing Unit (Hlanp, 0.5 J/cnR) (Gaithersburg, MD). 5Properties of the
Adhesive Film The nodulus of the UV irradiated and thermally cured
adhesive filmwas neasured at 25C usi niﬁa Dynam ¢ Mechani cal Anal ézer (TA

| nst r umerpdbesivgs. Ilpgaticaeatalusts pjudeplecked drideeqipeMt & M AsOK #nd Pe[i thernic
hem cal
(r:reggn u?gd (\%‘r‘?‘ﬁr%aﬁﬁma %&%Ia caﬁﬁlfi]:rll%l §1} P@%&%Bgégai@dg% edl f r om TA

| nst r umenjoime cnitedinldifts, Ginaksolt camBists| epeticiipesirik Wueh 6d gB o@élkylhﬁld@zbﬁﬁkn

adhesi ve fil m was rreasured with the DSC. Test for Voids in the Bondline An
adhesi ve SRt} Amstsgoledanrstiy anirasition mefabcagmiesss md-ethabdopehdavidiazelei & with a

hand eI { t

[ rrad?at [ onHQ L?Elﬁghs}gnhﬁ QGZA ﬁ% %d[8 @3%ﬁ%¥z8§ﬁﬁé&tﬁ?@%ﬁﬂf% %Lm was
renoved ftholiké may ibe nsd. &EI&C&a&dﬁ&Sf Idleséﬂt s anpddmedh) eorghrass anleadt abewape
cover slip with the adhesive film sanple was placed on a hot plate heated

to 100C, Ghawhoseetmplyrssst Ayt Qslcwpe 0£8x¢ecrOn§)pﬁlﬁ0wa§l @B?feﬁ‘f%hqdynﬁ!téced on
the adhe_?hée/ &@%&%ﬁg@%a nﬁkgm lfoqlé?)(xfth}a&dth IHP@m%or? R%%f&%%%‘ rubber

roll er. nat for one I'n an oven’set at
160C. No ratre¢ahasabsar B) wi%i bl e WI t h a mcroscope set at 30X anplification.

Pr epar ation of Butylacrylate/ dycidyl Mthacryl at GVA) copal yner
The 1811 owi ng Sﬂéﬁa@yea'leaféla aci sgltyinslude. fopexqnaple 7(216@8@06‘1‘11015‘6!‘{/%0“%1?1% ate (Dow

e, east ameplttcagfhyd¥obn 85mrEhdly e hal FEHBAR! KuBh Bl DRURPHRR 1t
W | m ngt alissobikde, at hhegthah aﬂB&hhgempeﬁmﬁm thercbpdmpdRing dw bbtheewlbesiviche

sol ution was purged vmth nitrogen far t mnutes at a rate of o e liter
per mi nut@MPPHECBoPEIRD] W%%%ﬂliaal%madbq\fo 2aPme N0 ed p@a?sfﬁertaﬁ atGas

mai nt ai ”"tﬁlg@hﬁﬁ_ AN1034, BRHLfe a&ﬁ%té&%) en mxture was 29.5 wt % sol ids,
red’in

had a neas erent Viscosity L/g and a Brookfield viscosity
of 0.13 Pascal -Iaeoma(dmboaﬂldﬁmﬂmlmulﬂl fuhétionaf thtmeoscompaesmtssanvapory rasked i n
aj ar and .t hen degassed unde reduced ressure in a vaguum oven at room

D e o

t enper at JROPGL IR CYEr PRIFTEES 2 cPRRYMEPDbyiglagyia ascT/ U

S2008/ 05 0 reated
pol yet hyl™e I%%cgtéggﬁﬁk%cﬁgfgt gﬁ%t‘%lg%t)?@f i&ﬁl%&{/}mmt%@ aﬁ@ﬂldltg?%%cgi? g?I%F b’lﬁggﬁﬁie a 25 gm

t hi ck ad_ruempmesatimhwbiprapaadztnmqym heated for 7 mnutes at 85C in a
forced air Ovehq sor?llez)églboldl%lsen%s tq1e po?y I1recatlalyzst gr élurlng agglff]iga\l/%héto 1n?t1a$e?l)free
20  radical curing agent. In some embodiments, the thermally-latent catalyst is an imidazole
accelerator. In yet other embodiments, the acrylic acid salt is a metal salt of acrylic acid.
In some embodiments, the semiconductor wafer has an active surface, a substrate
surface, and a layer of the adhesive that is adjacent the substrate surface. The active
surface of the semiconductor wafer is the region having integrated circuits whereas the
25  substrate surface does not have integrated circuits. In other embodiments, the
semiconductor chip has an active surface, a substrate surface, and a region of cured
adhesive that is adjacent the substrate surface. In some embodiments, the adhesive has a
backing. In yet other embodiments, the components of the adhesive are combined and
coated onto a release liner to form an adhesive tape precursor. In some embodiments, the

30  adhesive tape precursor is heated to form a tape. In other embodiments, the adhesive tape

precursor is laminated to a suitable backing. The backing, if present, may be an elastomer



18.3 ---
Epiclon 7200H 1.35 1.8 0.9
PCT/US2008/056178

9.24 --- 9.24 10.1 EHALIGMA (3:2) (a)
EHAI GVA (1:1) (a) 9.15 9.15 ---
1.35 EpONO2R®/0585 1.8 0.9 0.9 0.45

such as ethylene propylene rubber (EPR), an ionomeric polymer, e.g., DuPont's Surlyn®,
or the like. In yet other embodiments, the tape is laminated to a wafer.

Objects and advantages of this invention are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, as

5  well as other conditions and details, should not be construed to unduly limit this invention.

Examples
List of Materials
Designation Source Description
Epiclon 7200H Dainippon Ink and Epoxy Resin
Chemicals Industries,
Tokyo, Japan
Epon 828 Hexion Specialty Chemicals, | Epoxy Resin
Columbus, OH
Epon 862 Hexion Specialty Chemicals | Epoxy Resin
TMPTA Sartomer Company Inc., Trimethylolpropanetriacrylate
Easton, PA
CN2405 Sartomer Company Inc., Urethane/acrylic oligomer-
Easton, PA Metallic ion
Irgacure 369 Ciba Specialty Chemicals, Free radical curing agent
Tarrytown, NY
Curezol® 2 MZ Azine | Air Product and Chemical Epoxy resin curing agent
Inc., Allentown, PA
A187 Silane Available from Natrochem, | Gamma-glycidyloxypropyl
Savannah, GA trimethoxysilane
Epon 164 Hexion Specialty Chemicals | Epoxy Resin
Tactix 756 Dow Chemical, Midland, MI | Epoxy Resin
Irgacure 651 Ciba Specialty Chemicals, Free radical curing agent
Basel, Switzerland
10 Test Methods
Peel Adhesion Test
A 50 um thick Surlyn® film was laminated to the adhesive film coating. The film
laminate was cut into 25 mm strips. The silicone release liner was removed from the
adhesive film strips and the adhesive was laminated to a polished silicone wafer using four
15  passes of a 2.0 kg rubber roller. The silicone wafer had been cleaned by wiping the surface

three times with heptane. The force to remove the adhesive film strip from the silicone

wafer at an angle of 180 degrees was measured using an [-Mass SP-2000 tester

J7-



Epon 862 0.1 CurezolR 2 MZ Azine 0.1 0.2 0.1 0.001 0.1 0.18 Irgacure
369 0.02 0.03 0.02 0.02 0.02 TMPTA 0.3 0.2 0.3 0.3 0.3 0.4 CN2405 0.2 0.8
0.2 WO 2008/115711 PCT/US2008/056178

(IMASS Inc., Accord, MA). The force was measured at a peel speed of 30.5 cm/min. The
force to remove some samples from the silicone wafer was measured after the sample had
been passed once through a Fusion Systems UV Curing Unit (H lamp, 0.5 J/cm?)
(Gaithersburg, MD).
5 Properties of the Adhesive Film
The modulus of the UV irradiated and thermally cured adhesive film was measured
at 25°C using a Dynamic Mechanical Analyzer (TA Instruments Inc., New Castle, DE).
The peak temperature of the exothermic chemical process when the adhesive film is
heated at 10°C / minute was measured with a Differential Scanning Calorimeter (DSC)
10  obtained from TA Instruments, Inc. The glass transition temperature (T,) of the cured
adhesive film was measured with the DSC.
Test for Voids in the Bondline
An adhesive film sample was laminated to a glass microscope cover slip with a
hand held rubber roller. The laminated film sample was treated with UV irradiation
15  (Fusion Systems H lamp, 0.5J/ cm?). The Surlyn® film was removed from the irradiated
adhesive film sample. The glass microscope cover slip with the adhesive film sample was
placed on a hot plate heated to 100°C, and a second glass microscope cover slip was
carefully placed on the adhesive film sample and laminated by hand with a 2.3 kilogram
rubber roller. The laminated sample was heated for one hour in an oven set at 160°C. No
20  voids were visible with a microscope set at 30X amplification.
Preparation of Butylacrylate/Glycidyl Methacrylate (BA/GMA) copolymer
The following were added to a 946 mL bottle: 72.0 g of butyl acrylate (Dow
Chemical Co., Midland, MI), 48.0 g of glydicyl methacrylate (Sartomer Co. Inc., Easton,
PA), 0.18 g of 2,2'-azobis (2-methylbutanenitrile) (DuPont, Wilmington, DE), 140 g of
25  cthyl acetate, and 140 g of toluene. The solution was purged with nitrogen for two minutes
at a rate of one liter per minute. The bottle was sealed and placed in a water bath that was
maintained at 60°C, for 24 hours. The reaction mixture was 29.5 wt% solids, had a

measured inherent viscosity of 0.78 dL/g and a Brookfield viscosity of 0.7 Pascal-seconds.

30  Example |

All of the components were mixed in a jar and then degassed under reduced

pressure in a vacuum oven at room temperature for approximately three minutes. The

8-



0.2 0.2 0.1 A187 Silane --- --- --- --- 0.01 Epon 164 --- --- --- 0.9 ---
--- Tactix 756 --- --- --- --- --- 1.33 Irgacure 651 0.03 (a) Wight
of 30% sovotoemisfitt he polyne n ethyl acetate/ to uene @LTA)S2008/056178

adhesive coating solution was applied to a silicone treated polyethyleneterephthalate
(PET) film with a knife coater to produce a 25 um thick adhesive after the coating was

heated for 7 minutes at 85°C in a forced air oven.

5  Examples 1-6

Example 1 2 3 4 5 6
BA/GMA (3:2) (a) 9.24 - --- --- 9.24 10.1
EHA/GMA (3:2) (a) --- 18.3 --- --- --- ---
EHA/GMA (1:1) (a) --- --- 9.15 9.15 --- ---
Epiclon 7200H 1.35 1.8 0.9 --- 1.35 ---
Epon 828 0.35 1.8 0.9 0.9 0.45

Epon 862 0.1

Curezol® 2 MZ 0.1 0.2 0.1 0.001 0.1 0.18
Azine

Irgacure 369 0.02 0.03 0.02 0.02 0.02 ---
TMPTA 0.3 0.2 0.3 0.3 0.3 0.4
CN2405 0.2 0.8 0.2 0.2 0.2 0.1
A187 Silane -—- - -—- - -—- 0.01
Epon 164 - - - 0.9 - -
Tactix 756 -—- - -—- - -—- 1.33
Irgacure 651 - - -—- - 0.03

(a) Weight of 30% solution of the polymer in ethyl acetate/ toluene (1:1)

Comparative Example -FH8000 Bonding Film from Hitachi Chem. Co. America, Ltd.

10 Table 1 - Test Results for Comparative Example and Example 1
Example 1 Comparative Example

Initial Peel from silicon 4 (Failure between 14
wafer (N/25mm) adhesive and wafer) '
Peel from silicon wafer 0.15 (Failure between 02
after UV (N/25 mm) adhesive and Surlyn) )
25 °C Modulus (MPa) 240 280
DSC Exotherm Peak
Temperature (°C) 175 190
Glass Transition
Temperature (°C) 125 180

9.



Conpar ati ve Exanpl e - FH8000 Bonding Fil mfrom H tachi Chem Co. Anerica,
Ltd. 10Table 1 - Test Results for Conparative Exanple and Exanple 1

Exanpl e IwaQaensanatiive Exanple Initial Peel from siliconP@afiseoogisassm) 4
(Failure between adhesive and wafer) 1.4 Peel fromsilicon wafer after WV
(N25 mm) 0.15 (Failure between adhesive and Surlyn) 0.2 25 C Modul us (MPa)
240 280 DSC Exot herm Peak Tenperature (C) 175 190 d ass Transition
Tenperature (C) 125 180 Viblp@ogTest Resultstpr ixapiey 396178 Table 2 - Test

Results for Exanpl es—2=6—tmitiat Peet o frion SriTson f NV 25mm (a) Peel

Test After UV Exposure (N 25 mmj (I ?IS‘E?(eae[l% g 2 7?%%@“%&
ilicon water Exposure
(N/25mm) (a) (N/25 mm) (b)

Example 2 7.29 2.53

Example 3 2.21 0.30

Example 4 1.35 0.25

Example 5 4.75 0.37

Example 6 4.22 0.22

Peel Mode - The adhesive delaminated from the wafer during the Initial Peel test.
Peel Mode - The Surlyn backing delaminated from the adhesive during the Peel test after
5 UV exposure.

Various modifications and alterations of this invention will become apparent to
those skilled in the art without departing from the scope and principles of this invention,
and it should be understood that this invention is not to be unduly limited to the illustrative

10 embodiments set forth hereinabove.
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2.53 Exanple 3 2.21 0.30 Exanple 4 1.35 0.25 Exanple 5 4.75 0. 37
Example 6 4.22 0.22 Peel Mde - The adhesive & am nated fromthe

wafer during the Initial Peel test. Peel Mode - The Surlyn
backi ng del am nated fromthe adhesive during the Peel test after 5 W
exposure. Various nodifications and alterations of this

i nventi oglaMnk] becone apparent to those skilled in the art w thout
departing fromthe scope and principles of this invention, and it
shoul d be understood that this invention is not to be unduly limted
to the il ust AatadbesivdOcanprasdigrent s set forth herei nabove. dains: 1.

funct i onal _or SR skt arsieg SRt o120 o EEFaboRd e tihe Sofeostes ao

w % of a nultborg,ﬁﬁg;ti onal thernosetting resin; an effective anmount of
a multi-functional acrylate ester; a catalyst for curing the acryl ate

ester pol yner from 2hwiede f) wik efamulsicfinctignat Germaeseitig resie

multi-functio 'ﬁgm SR Jjc acid salt. 2.
The conpositi %ﬁgfg%&g%%%%{b er gﬁﬁh@ﬁ%mﬁafl%?laﬁ%gri onal acrylate
ester is provadsatdiysthfoaoudmpthetacaibay estér ppl¥mand bel ow 10 wt % 3. The

conposition of cl ai wherejn the thermal |y | atent catal yst is.
provi ded in O EERDENY s GRSt os e Be R -fociong! (amipsgitng réSin; and
conposition o£n§%§ﬁghéd§@grein the acrylic acid salt conprises

mul tival ent netal "1ons. 5. The conposition of claim1 further
conprising a backing. 6. A sem conductor wafer conprising an active
surface gnd a.,substrate surface. and a |ayer.qof the adhesive . .
conos: t fon oF e PUTRICe @Rt | PEreDHEFFLY SindPRuRERiSt Seris provided
semi conduct or it} fm&eIRbOS N tBandGklowel BWithace and a substrate
surface and a | ayer of the adhesive conposition of claim1 adjacent
the substrate surface. 8. A sem conductor chip conprising an active

f d h A ' [ .
ompr 51 g nd1F sappPifoRHRET: SRl b heHhafl KM SRRk g o on

surface. amount above 0 wt% and below 10 wt%.
4. The composition of claim 1 wherein the acrylic acid salt comprises multivalent
metal jons.
5. The composition of claim 1 further comprising a backing.
6. A semiconductor wafer comprising an active surface and a substrate surface and a

layer of the adhesive composition of claim 1 adjacent the substrate surface.

7. A semiconductor chip comprising an active surface and a substrate surface and a

layer of the adhesive composition of claim 1 adjacent the substrate surface.
8. A semiconductor chip comprising an active surface and a substrate surface and a

region of cured adhesive comprising the reaction product of claim 1 adjacent the

substrate surface.
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