H GH TEMPERATURE, SPI N-ON, BONDI NG COVPOSI TI ONS FOR TEMPORARY WAFER
BONDI NG USI NG SLI DI NG APPROACH BACKGROUND OF THE | NVENTI ON

5Gover nnent Fundi ng This invention was nmade w th governnent
support under contract nunber W11SR-05- C-0019 awarded by the United
States Arny Research, Devel opnent, and Engi neeri ng Conmand. The

Uni ted States GIGEFTRERERAIZRIGSPENON,IRINNBING COMPOSKEINS FOR 10

Rel ated Appli caty i [cati aj priority
benef ¢ of U S TRORPEARAN R APRIR VN RSN E
entitled H GH TEMPERATURE SPI N- ON ADHESI VES FOR TEMPORARY WAFER

BONDI NG USI NG SLI DI NG APPROACH, filed 15Cctober 16, 2006, the entire
di scl osure of which is i NRBOFBORAEIDKYT BHR INYENd{@Nence. Fiel d of the
| nvent i on Government Furndifx P esent invention is broadly concerned wth
novel® conmpositions an t hods of using those conpositions to form
bondi ng conposi tihisn@ivediah wanmadgppith tgo@antatveeppat efider @ontéact aumbar

waf er or su t uri.ng f hi nni and ot her praqcessing.

Descri pti on‘?@uﬁ%ﬁ&%ﬁ%? Ao by the Ui at@%‘g’a’g‘{ﬁ%‘gﬁ?@)’ﬁt VARPRE! e
been used t@oilisgidabRingal BRAUMA $iel TRVELRRA! hésdler@RChid AP tRf
the integrated circuits (1 C). Thick substrates cause an increase 25
i n capacit dnetior.equi ri ng thicker transmission lines, and, in turn, a
| ar 98y |C footprint. Substrate thinning increases inpedance while
capacl tance decreases i npedance, causing a reduction in transm ssion
| i ne thickrmesged Apslicatiohst urn, a reduction in IC size. Thus, substrate
thinning facilitates |C mniaturjzation. Geonetrical |limtatjons are
an addi tional i fdéntanlieatiosraliydaipisahe prigiitrieagfit ofitaS. Bryviianak Pafprd
etched on t0abAck Nodey@s 572 SARALL BRI T EMPER A T8 SpINL OGRS IHESIVES
contacts. In order to construct a via using conmon dry-etch

t echni ques,FQR ARMPOBARYS WALER BNBPREG yUSIRG SEUBNG ARPROMCENEBdes

of less th 00 vi a_ hayi a di ter of 30-70 S
consr uct e RiRRATaRo el it s SnrBe e hafi b Stergneen
residue within an acceptable tinme. For thick substrates, vias with
| arger dianeters are needed. This requires |longer dry-etch tinmes and
produces | drgjépf hadmentioes of post-etch residue, thus significantly
reduci ng throug t (! r Lr : -t 1.es. af
et al | 2at i on, e el BSnithS @R LGS Wi Ae) 3Bl

pr ocessi ng,mdthads of ukisg thatesniioaniohetofome basiig: compesitiunscthhtycan mappatt

| ower, cost. . Thin substrates are al so re.easil ut and .

sor i4ed | nie6UYSCRETerT AP AREHCTINSE OF ShbaEaip e 3 ey he afglfet prfessing.
material to penetrate and cut and therefore require less effort. No
matter what_ net hod (sawi ng, scribe and break, or |aser ablation) is
used, |Cs dPescraptiongf thedrion’\rf r om t hi nner substrates. Most

sem conduct or vaf gts (1)l ARt Shen Aka" bOPFARRNALILTS me 0"
ease of handling, waters are progessea I](l .e., trontside devi cess at
t hei r nor madlectrithl ergtatien bhithekimegaes cirenig (IC) 6 VhicK Odbsgates Eneearcincphset ed,
they are thinned to thickneﬁs s of 100-150 m |In sone cas (e.g.,
wherhybr i dP §3BEHAnSE 8L STRaT ’&gerg%“?‘}“éﬂ?% %férﬁn&em(t@;a%sar%rﬁét?gaﬁmﬁor
hi gh- pover gleui688hninifkAeSHBBediRY wifile LaAEIRNEAWErchRs #rbelince, causing
15Mechani cal substrate thinning is performed by bringing the wafer
sur f ace i ntagreduction in transmission line thickness, and, in tum, a reduction in IC size. Thus,

substrate thinning facilitates IC miniaturization.
Geometrical limitations are an additional incentive for substrate thinning. Via
30 holes are etched on the backside of a substrate to facilitate frontside contacts. In order
to construct a via using common dry-etch techniques, geometric restrictions apply. For
substrate thicknesses of less than 100 um, a via having a diameter of 30-70 um is

constructed using dry-etch methods that produce minimal post-etch residue within an



contact with a hard and flat rotating horizontal platter that
contains a liquid slurry. The slurry may contain abrasive nedi a al ong
with chem cal etchants such as ammoni a, fluoride, or conbinations

t hereof The abrasive provides "gross" substrate rem)val i.e.,
thinning, while the etchant chem stry facilitates "poli Shl ng" at the
subm cron |=veltableltime. X0r Wiadkesubsisatempivins avitheldrgen dooetescdre weededt Hdhis
media until an apount of substr S been rem)ve to achi ey

ar got od. ¢ BRI LRER dry-etch BEEs BRpdicy RieekHEEE Pt BOGelh o ditie:

the wafer iggfidadily RedticpGeihbleBpdtOOLhRE (Agtalddt fehhla?@%rgerV@ﬁHHﬁEsC&'ﬂJCk
or sone neans of nechani cal attachnent. When wafer thickness is
reduced to m@tslélzatwanwmomsmori: mﬁbcﬁmﬁw@ifprba@kﬁldemcesmm gbsirates 25
mai nt5a| n cont %9 O%S%Qdﬁig%atglgcksfan%tattﬁ)% &E and handl i ng of the wafer
duri ng furthier CR“RRI N roce n sone cases, nechani cal

devi ces may be m&lﬁi&subaraetstaaaaﬂsoamfebecsilglcmaﬁdnschbediﬁﬁdcwamﬁﬁm subevesser
they are subject to nmany probl ens, eci al | V\/n rocesses

vary. For tiivea ?@ﬁ?&ﬁno'@rﬁ @f%étFE?léo ?‘mﬁgi‘tF e %réqlﬁf?dﬁgtsg%g’&nt 0
a separat e b Hafer(iRk Eﬂeﬁfo}l %th%% rs@fise Md Bﬁ@afkeBr laggphﬁaﬁébﬁ% ﬁ_@g,chgf:eorres

t he hol di ng pl atform 30for er thinning and post i nni ng
processi ng.ecaglar oi @it fropbihinnax abstates. cMoposretoofluaimtwaferalags duphd ager

iy aWhess aroTioGrEmIo S Berv R TapbRee e RBsERa o ourdr BRey) |

mat ched t heat giggf lfldrﬁiaEﬂill fife tikhests, @X0a091700 Binck Solflewaethepageh
mat eri al . One net hod t hat has been used to nount an active

waf er to a thiaped tafhigknesses oft IO0dgRpI fsomergases (- ,drfheahtslen@ﬂbmisv@
conmposi tio

compost 11 ot FumimERlefac R MGAC M fobbihnBucctc IR0 HaRcleE i 0B
sol vent . TfﬂosvmtsZS’rqmy ti me-consum ng, thus redum ng t hroughput.

Furt her nor e, sql.vent e. cost. an | exj ty
o the D ocess MetE sitad hASRk IR b R R et S Rt Wt
required t QogiasSmithEhakdedIRREDt At e GOHRA] B]aﬁél‘ -thaAOGHANRE a RRENAGrr{.OThe
m)unt|ng an active wafer to a carrier substrate is via a 10 thermal

rel ease adhégTwmay ggsain phiasive medissdongwith ghermgplotichents sudba Fggonia,
First, the " clive
waf er/ carr |%®p§§8g€o\ﬁgotnlédt%% &, I%Qg% Eﬁb‘?%ﬁt%{?égfﬁi’e{sﬂ%ﬁp&@ﬁoﬁ?@%ge&#ﬁ%alﬁet
of t en i nadebuaing, Widle thd dtcrlmmtdhemlswafﬁrhtdtw'ﬂblixshgng" Selmmtimwdmw@me]’}rml
reI ease adheS|ve sof tens, at such, g}vg t enper gtures thogt t he ql%gged

) car ri eSS Faained inrcopiactuiy A8 2FQRYF At yishseate
proceSSI ng I@ﬁl@&&itwé}{levﬂe@aﬁ@e@amm@s@ut at hi gher tenperatures.
There is a need for new conpositions and nethods of adherin mga@
active wafer toFar @a\rarffirethwhlaﬁ@spféﬂ%uﬁh@tgr@eéw tadvafer inhgld ippirse sdibing

tenperatures h e h

ubstr at o arcihod el Rk O RS RAL B o Wil P50

| NVENTI ON  wafer thicknee$| & recﬂ’dteditcmtﬁﬁ thail BE) b £% Bedonien dE#AdiliosT impogibi@foer
bondi ng nmet had wherein a stack conprising first and second_substrates

bonded t ogé?ﬁ%tra“\fioétrgl ‘B’é‘hEﬁgﬁ’@ tp éf}%‘ihn}e@t ?ﬂ’rde‘Taéiﬂéﬂﬁ %f tgfbﬁf‘@& flardng fyrther
varlous pr Ot,jﬁﬁﬁ‘lF B8 ﬁ%@é@?mé €nYome mgsefnegﬁ}j'nﬂﬂf d3Gikes J%ﬁ)egﬁa‘?i@ gh §fqack
is then heated to a tenpefature of | east about 0C, and a sliding
force is 2®ldpps theved wafkts, hawser, dmgamfsubjmtcsruhwmﬂ@ss wmed:lellmhm ng
the other of the substrates.to resi tﬁt for ce, %.u X ﬁecurl ng
the other SUBETFRMEY §7YsEB] BETFHG B SHposTHE® %F Eié)“ FHEPS ce
is applied s'eﬁ‘ar@te ﬁglfdf(d:ﬁlﬁ‘ﬂiubét@é@ﬁwﬁ& aﬁlsts@osﬁ@ﬂ%émsiﬁmom@;&mte&@ls

I n anot her enbodi nent e invention provides an article conprising:

a fi¥0st subfet fughe thiavinggnapesdknning presessiasdCamichubpiaiessu sarerosedol

d sub ded
o the acti bRC K oG o PR, 20 il ElRRS: YR A AR

to the active an

2.



10l n one enbodi ment, a fl owabl e, bonding conposition conprising a
tackifier and a compound selected fromthe group consisting of
rubbers, styrene-isoprene-styrene, styrene-butadi ene-styrene,

hal ogenat ed butyl rubber, and m xtures thereof is provided. The

tacki fier and conmpound are di spersed or dissolved in a solvent system
t hat nmakes thiskagss 064880 pinou$ub30ate Ishoive ivglh tlepphd tonchopoalpsrdy tiatwhed tased

upon the tot%#.we'{%_}}1 oflthe 15c sifion taken as 1100%by wei ght .
BRI EF DESCRI’PHER S FHE" BRAW JRESYESn AR B glite (Fig.) 1
illustrates the omveRAhdédBatiTRE Bes WBEd fothdint Agacting wdeh endidigertswbstagf er s

according to the present invention; 20Fig. 2 is a flow diagram .
showi ng t hecopsisessihe setepisa FERd BNRdINg sPRRSItioRa ik éajor drawbackiwjth thisj 5 g

ra depi ¢ LG IS f g j .
Cbmpaetonohiet Bpuf S pgLa Ay el L Lo B0 g
t he rheol oghaablvanaTllisisyeryasud-tmswhing, thondduzingemopgiput. | Runhdesxed, ithee d

in Exanple 2; 25Fig. 5 is.a graph depicting.th heol ogi cal . anal ysi s
resul ts of ‘%iet?%ﬁg? gﬂ"%ﬁg%f"tfhﬁﬁoﬁfe r§ it (Extg?nﬁf%e 33341& can e
Fig. 6 is ag5aph, dgRhdh BgbnlihesdarlqGt&ab iR &Sk Bok Btk dnshoStioR
bondi ng conposition described in Exanple 4. DETAILED CRI'PTI ON OF
THE PREFERRED EVBOHicNBN¥®d for mountingrar astivie wafer o  lsarriensubstrito és via a

co itio i.se r{which i : 2 M e
AR VTS S R
present in thiee le@sosidd tickaéss! @i@haitphciosOtheadativé vaferlcarrizb aubstafd% by
5 weight, nore preferably from about 5%to about 35% hy wei ght . and
even nore pREratEatd his lighted BpitRrmityds efisn abpdaquatesor wiraHup yafer iydliag
upon the t &Rl Vi PtmOf re RN clalResive sbidis GONBR R tbRAPrhRKE At HBRdeLY
wei ght . The preferred polyners are thernoplastic and preferably
have a wei ghiferdopaiea gebsirat stach @nnotevitbtandrharyrtppica beier pHOGsiDgstepstbatt o
about 1,000,000.[@& oglzsj and nmore 10 preferably from about 1, 000
Dal tons t o BHEHEIH 2DHB DR r ef erred pol ymers preferably have
a softeni ng poi referié figecdmsl el donpodititiand meions of adherals ah@asie valtaut
50C, nore preferably at | east about 100C, and even nore preferably

from about t@@GETIEHSEBEE thabern cnpprghigh acesHng ierPsraliires ang dhat pllows far
about 95% f I 9 3

o et er abl ¥ e L O e o o e L apePaft SR Foress,
anbi ent tenperatures in a solvent such as |inonene, nesityl ene,

xyl epe, nethyl isoanyl ket and/ or dodecene
for time period of about Q@WW@%W preferred polyners
that work in thenphesetidihéitané pent BGEMIR i§ DRGRr 5&ldRG Qethbd ARRthe
group consisting of cellul ose polyners (such as cellulose acetate 20

pol yrrer s) , ayack@owpasing figs pydrgacend sietrtesdopdrsitegatlr giambpadingteyen gme
Zeonet), r . - e F S (

et hyl ene- pﬂ%%g{aglﬁ(é%?%%%t%%ﬁ%%ﬁ%&%%?e'é'f gv?%lh%lﬂ?l g T Eﬁ%rg%eﬁegne,
st yr ene- butsek éntes hyatehe, a polpynhet bha, leat hydue 1200, ayd aalidihgterce is
houtd comPPieap PRt o5 B GYEvtEs8 B ahtnE CEpiGuTAayEales 1 B
preferably fi& pm-aliRttbs ﬁgsefcﬁri bthSob ¥tV sGbibcti@liMg Bt oSpe i@ ThrcaDr €
preferably from about 65-95% by weight solvent system and even nore
pr ef er abl y Thedoncabonrligbina0ubiseniemeint sead tp senaraty heewystipgs.ed upon t he
total wei ght of Irtl Qr?ot %%H}%%bi&l{e%p ﬂ:[l aill(’lgé’]nt]?)lsl 6)%‘00\19(?8%%/ al\%% c%tér%]-g?l% Saﬁllr\s/tent
system shoul d have a bol I'Thg péint o rom apou - , —an
preferably shbgmeieidy aBk1s8Gee and an active surface; a second substrate having a

30 bonding surface; and bonding layer bonded to the active and bonding surfaces.



Sui t abl e sol vents include those selected fromthe group consisting of
| i monene (particularly D-linonene), nmesitylene, xylene, dodecene,
propyl ene glycol nononethyl ether, nethyl isoanyl ketone, ethyl
acetoacetate, and m xtures thereof I n ot her enbodi nents,

t he conposition could include a nunber of optional 5 ingredients,

i ncl udi ng surf adhant smbadihesi e bardimplayerds fgeed &f a doapkéifibreanprising

pl astici zer nd _anti oxi dant s. ~wWen a surfactant is utilized,
"t is pref ainsbioe i esbmer Piindrad 2 BRlGE T Aer® PR ClgPod Pt ou
0.1% t o abytdightedoy il @lVent 4RRmIVNIM BE §oBHRD NI IdiMBRGHE rtbnbifef0
about 1% by wei ght, based upon the total weight of the solids in the
conposi t i orfompoisingerdio 8efinpoo, by wei ght. Exanpl es of suitable
surfactants incl : Y] o

et ho%c/l ate (sol C}H %ﬁo er glﬁﬁgdlﬁg%ﬁ%ib%ﬁﬁ9@?@%3%“%%3’éc\ﬂﬁ@gggﬁr}p(gghogsi on
pronoti ng agemptising a tagkifier @elch, polyimer chrlefgeealnding ipoesend conprising cyclo-

conposition a_]level]. .of fromabout, 0.1%to about . 3% wei ght, and
preferably s At S dipeisgd %4%@?5 Hh%%g%ﬁbaﬁt%%at
total wei ghhaiQf up H2eS0IbbES 00 by W eht bP(1E MRS dnOPast RIRA tRSohDORY

wei ght. Exanpl es of suitable adhesion pronoting agent include those
sel ect ed f rafitha ¢penngeit o takemas 0Pmly wéight.

bi s(tyi met hoxysi e l,) i il i

e e oy o ARG 308 TLRRE sSSP
sil anes), N-¢hgieyhd st te droup @hkistis airlisbees) ytyredtdbopichektyfent ane
coupling agents. 20Wen a tackifier is utilized, it is pre,fera_blg
present in SSAESCHRsERIEShEedtalogepaiedhutyrubbep andmbiireshorcelys BIgsiFed-959%
by wei ght, Baqa iRl ShPRIpohh®iRe ARBLEed o Yk AvaPRUsoRetbsD¥ e 8hhkes
based upon the total weight of the solids in the conpoSition taken as
100% by weiuptat leastlabout 36%:ibyivenghit of the edrapaaision, kst dhoo dzrtbiehweigliod the

( pol ric and/ Oﬁ m gmari ﬁ) band. rteferabl y has an Mv of from about
300-70, 000 BHPPEHEY PEFFSVE Yz‘%eé}'ef erably from about 500-5, 000

Dal tons. Preferred hydrocarbon resins have a softening point (ring
and ball softening point) of at |east about 80C, and nore preferably

from about 120- 200C. BRAFFINEGlPd ION OF THE DRAWINE HEHREShe

hydr ocarbon resipihays, #1 FRAAE Bl fhiiRe SRkl RinihIRGRlacboRmaARRUt
2, 500- 3, 500 cP, %e?gﬁ%g}yu?l?om a%)odt 2, 800-%,0206 ch,Cd anggsever%atgrr@re

pr ef er abl y vadfostc@rdifto3hd p@senPinv&iiohabl e 30t acki fiers include all
aliphatic hydrocarhan resins, aromatic hydrocarb resin and .

211 BB 0 ot omm 310 AEE ATAgtAT PR e SIRER RS FURYEL LB GEPRHS r om
the group consirgdiNg BfgrifSHdpscting. e rhdoBghkRNAnAIGHE Méshits of a bonding

pol y(a- pi nene), pol %q(ﬁ pi nene), and m xtures thereof Particularly
preferred iPpavestepéticikediimExagpRledol d under the names EASTOTAC,

Pl CCOTAC, and RE - ' : i cal ny.
5When an anti oxi%%ﬁﬁlzg gi?%ﬂlh] @?@é@%gié&’g é‘52§§§?§3 ;%lggge%? A l?lg?ltqﬁl
conposi t i orcoatpogitibredeatrited i Egampib@ut 0. 01% t o about 3% by wei ght,

nore, preferably from about 0.01%to. about 1.5% by weight, .and even
mor é%pr ef er abl nylg- Sab(ﬁﬁephodm%s&h%ﬁiﬁoabc_ai%l%%?sgﬂﬁ of Baleadingpon
t he total v&kﬁggiﬁg{d&a@o@qﬁg%@lggm conposi tion taken as 100% by

wei ght. Exanples of suitable antioxidants include those selected from
the group 10 cdigifbis agragh dipsiogi the aheolepidad antlysig sesulis af a bonding
pentaerythrjtol .retrakis(.3-¢3, 5-di,-tert-butyl-

4- hydr oxyphcé)ﬁnyf)ﬁl%?rb%‘?sgﬁ%%én gé n&plgﬁder the nanme Irganox(r) 1010 by

Ci ba) and phosphite antioxidants (such as

tris(2,4-ditert-butyl phenyl)phosphite sold under the name Irgafos(r)
168 by Ciba). The inventive conpositions are fornmed by sinply m xing
t he polyner and other 15 ingredients with the solvent system
preferably at tenperatures of from about 20-80C for tinme periods of

4.



30The viscosity of the final conposition will preferably be |ess than
about 1,000 poise, nore preferably |l ess than about 500, and even nore
preferably fromabout 30 to about 100 poise. For purposes of these
measurenents, the viscosity is determ ned via rheol ogi cal dynam c
analysis (TA Instrunents, AR 2000, two parallel-plate configuration
wher e t he pl at eBERAUEI DESERER HONOF 25 g EFBRREID EMBORIMENTS
viscosity is determ ned. 250C.and there i s preferably. less. than
About 39 by et JRESFRIFingr 4 ee B amRRTHy crRBL RN U e B

wei ght, | osSpalimthaiaerpaspikanor Rsvdien 1QsHent (yaEM. | Thd belyker RO

t hermal deconposition occurs in the conposition at this tenperature,
as det er mi rseferhlyt pescRbbr the carpesitionaaidexels of fropgapout 5% to absaunFﬁ%dw t he
conpasi tion,couyl e ' 0,.e] r.t &y 0,

ot vo vt arapit BoRepBRRIEEont il S o SP3BT AP bR,
waf er fir stpreféraplyeffem nbaht 10% appbitGats bnwaight) basetl mpoh tesompwaighiodt | ng
the conpositjon at spin speeds of from about 300-3,500 rpm (nore
preferably SPL&WE%W@%QRT%%@Wbya‘f’elﬁlﬁtcel erations of from about
500- 15, 000 r pn sge gRgbrreapalyhiafs a?epﬂhéhﬁo;p[@ﬁc Ad ptraan 13 Rt vAQa? Bfkrage
seconds. It will be appréciated that the application steps can be
vari ed to autlpanar veighiof ifiom zhout HiIcRalons to Aqued, 000,800 Pgltonshand more
substrate ¢ : 0 I apor t he 5
sl vihis: Trasy BRGS0 e el 220 BT PR Blie e
150- 275C, gnefefabhateddoftehing poiatididf addiI23hénitopoia) bf aapabdad0 o,
fromabout 2-15 minutes, and nore preferably from about 3-10 mi nutes.
The fil m t HIURBESL2RIYAt legshakopt !%Cf By FA BRI Praferably fiqp abapt 1PO°C to
typically bgy@trghe@ast about 5 m and nore preferably from about 5-50
m 20After baking, the desired carrier wafer is contacted with, and
pressed agai nst Prefbrmed polpnersivill he eleisy ebai AP sprefeobly aFieasicabont %0,

waf er. i s bonded to this.inyenti 0Si.t,J or eating at .
Fenmdr at ur SRGEVT BB BEEtsk So SR TR e St Al B sit o
180- 220C. Haibtsenh@@béragirdssn 2¥oblcf sabil 35 lighehtheQilend NYRNe, Wt Foang f or
a tinme period of fromabout 1-10 m nutes, under a bond force of from

about 1 to kekwetethys acetggeetaigendisy dodecene for tigge peried ofshewid -#hhaxenpl ary
stack 10 conpri g i L or t e
17 Aot ve wat e 013 RSP piFhER 4 A0% Habt bl REu0s RNRE AP
18. Acti ve sslactbd eml e @roupcampistingpeoforrulose palymemcsict as selfudese(anethte

sho as well as a plurali of t opogr aphj cal. featur rais
Foath ea omopreed Gefd iR palytied eicRRS BB Y Bl ZRato ) pitherss
for exanpl ge gt hasfndpsd@nat Qélp@l?m%@a('liqu)E@ﬁfyléb@-p% leh@&BIeRS AtndmeRe
"hi ghest" feature on active surface 18. That is, the end portion or
surface 2XEPBM)Lsbruc-isapipertiEricstiyrat butadicnststyigice polyglefipsa pthylene-
respective i I feature on wafer
12. f@%?g%%%iéltg @ggﬁ&%i?o@’ysl9&@9%3%@@%%*@3@%%% m croel ectronic
substrat e. Exanfllhesomfositanehgpddsiniprae ad¢dsvabowed084 lsy ddghtnclverdeystdngs e

selected fromthe group consisti f 5 mcroel ectronechanica
system (I\/EI\PS‘BrPerGEI\Yiﬁg’BE%%OH‘i e %RP“H% g&’?lgﬁ SEXCHISEs EnaerP B’E"g‘ga'{l-‘éh&‘?“,
cured epoxy,,giiEsiosed Bsweifitkbivet sfs%lﬁitaﬁ@&\%ﬁ @b refefdblyBork 8Rfht 5290R M
maps), conpound sem conductors, Tow k dielectric |ayers, dielectric

| ayers (e. dy,waihtisobmniowykide, basedl iupemtheitetal weight ¢ighe coppesiiion| takasras,

o, SUbet 38, SAURDLS R S Sl SHRAUTLPAERASPar PR

10Si Ge, anqonTXtand ecferbibly fiend HOEYIPONIG0°C. Carrier substrate 14 has
a bonding surface 22. Typical carrier substrates 14 conprise a
material selected fromthe group consisting &sapphire, ceramc,

gl ass, quartz, alum num silver, and silicon. Wafer 12 and carrier
substrate 14 are bonded together via bonding conposition 15 |ayer

-5-



20f ornmed of the sane conposition. It will be appreciated that,
because bonding | ayer 24 can be applied to active surface 18 by

spi ncoating, the bonding conposition flows into and over the various
t opographi cal features. Furthernore, the bonding |ayer 24 forns a

uni form |l ayer over the topography of active surface 18. To illustrate
this point, Fig.Sultatdbenlzenss ip¢ladfeth052561d@sd fgoratlekrog apasising of limen@e, at
end portio bst ant.i al | back urfa

di st ance fﬁs#tﬂ?riﬂé B0 BoiseRe Bens cdCesd e P PRET AP I, e
t hi ckness "ether, th&iByltiftaglyNeasne ethl abfiace@icabnd RixticeemereyRr i ation, and
it will vary by | ess than_about 8% preferabl b | ess t han about 5%
nore preferably Iwﬂteé§@b?¢1@ﬁntab%mf:012%mtw0é ¢ 8 nEMBEEiAtpnay

| ess 4 han

30The5t waf e?H%H éqeﬁg%ﬁ%t% Itgr% & su% @Atﬁgg%gbs%gﬂg%qﬁﬁlﬁgﬁn%nﬂ or
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Any bondi ng conmposition remaining in the device areas can be easily
renoved using the original solvent that was part of the conposition
prior to drying as well as using solvents such as xyl ene, benzene,
and |inmonene. Any conposition remaining behind will be conpletely

di ssolved (at | east about 98% preferably at |east about 99% 20 and
nmore pref erca;bi;i;til@mﬁmsin:tOﬂg@te@ﬁmeamiﬁs)mlyfummee&) wfly(@xpese);, sndmixtunes

sol vent . tabl.e t.o. renove an remaln n
conposi ti oﬁhﬁg?ﬁgs% kﬁap@fe&ﬁd BY({%?]C@\%O&I fﬁ"ﬁ‘é‘s ot i cgglﬁg g’t i g?'}n%l th
a sol vent reavratAQr p}@:&}mé\f AR REGABREY.EH11 avhilable Fdm BamehN Chemical
conposi tion-free wafer 12' and carrier substrate 14 (not shown in

their clearC®opM®) will remain. 25 EXAMPLES The foll ow ng
exanp| es set f or
Croemt fons L PV IRLAOEE B RRSR MA iners,

provi ded berMysf Bdmiabdwa thaﬁ ﬂo@boﬂr&% hptvlaugmgmbi'eq&eﬁefab@ffmnh dbdmeo Da%en
as a limtati nQ the |1 scope nven

For mul at i orf§ s d el VB e AR YD PHRE REEIA R DAL Rtr L ey
(obt ai ned fy,Qp; Qﬁ%ﬁ@i@@ﬁ%@tﬁ@i wEBRRAE sl RUokposiidn talen as 100%
appropriate “sol vents he exact bSmaterials and quantities used are

reported i rbyTedigid. Exafiples ef $u1taE@mdi1¢1~gdamﬂmdgdet fhose selseted Ifromi dwgrdupom

Cel l | ose Mat ertlTagL?%}ahe)noNlc anPo Mn%s spenjfaerﬂﬁrgt%ltgpﬂp I(§(315 gl tglq)bufs f‘NPLE

g) SANVP
4-hydroxyphenyl)propionate sold under the name Irganox® 1010 by Ciba) and phosphite

antioxidants (such as tris(2,4-ditert-butylphenyl)phosphite sold under the name Irgafos®
168 by Ciba).

The inventive compositions are formed by simply mixing the polymer and other

15 ingredients with the solvent system, preferably at temperatures of from about 20-80°C
for time periods of from about 1-24 hours. The final composition should be
thermoplastic (i.e., noncrosslinkable). Thus, the composition will be essentially free
(less than about 0.1% by weight and preferably about 0% by weight) of crosslinking
agents.

20 Furthermore, it is preferred that the final composition undergo little or no (i.e.,
less than about 3%) expansion or change in volume during exposure to different
temperatures. To accomplish this, the composition is preferably essentially free (less
than about 0.1% by weight and preferably about 0% by weight) of blowing agents and
foaming agents. Blowing and foaming agents are compounds that will decompose and

25 release substantial amounts gas under certain conditions (e.g., exposure to high
temperatures).

The final compositions will preferably have a Mooney Viscosity (ML (1+4)
125°C; as determined by ISO289/ASTM D 1646) of less than about 35 MU, preferably
less than about 30 MU, and even more preferably from about 5 to about 25 MU.

30 The viscosity of the final composition will preferably be less than about

1,000 poise, more preferably less than about 500, and even more preferably from about



Cel lul ose acetate (29.5% butyrate (17% 20 0 O O Cellul ose acetate
trimelliate O 18 0 O Cellul ose acetate (2% butyrate (5299 0 0 25 0
Cellul ose acetate (18.5% butyrate (31% 0 0 O 25 Propyl ene gl ycol
nononet hyl ether 0 82

30 to about 100 poise. For purposes of these measurements, the viscosity is determined
via rheological dynamic analysis (TA Instruments, AR-2000, two parallel-plate
configuration where the plates have a diameter of 25 mm). Furthermore, this viscosity
is determined at 250°C and there is preferably less than about 3% by weight, and more

5 preferably less than about 2% by weight, loss of the composition. In other words, very
little to no thermal decomposition occurs in the composition at this temperature, as
determined by thermogravimetric analysis (TGA).

Although the composition could be applied to either the carrier substrate or
active wafer first, it is preferred that it be applied to the active wafer first. A preferred

10 application method involves spin-coating the composition at spin speeds of from about
300-3,500 rpm (more preferably from about 500-1,500 rpm), at accelerations of from
about 500-15,000 rpm/second, and for spin times of from about 30-300 seconds. It will
be appreciated that the application steps can be varied to achieve a particular thickness.

After coating, the substrate can be baked (e.g., on a hot plate) to evaporate the

15 solvents. Typical baking would be at temperatures of from about 150-275°C, and
preferably from about 150-225°C for a time period of from about 2-15 minutes, and
more preferably from about 3-10 minutes. The film thickness (on top of the
topography) after bake will typically be at least about 5 pm, and more preferably from
about 5-50 um.

20 After baking, the desired carrier wafer is contacted with, and pressed against,
the layer of inventive composition. The carrier wafer is bonded to this inventive
composition by heating at a temperature of from about 150-250°C, and preferably from
about 180-220°C. This heating is preferably carried out under vacuum and for a time
period of from about 1-10 minutes, under a bond force of from about 1 to about 15

25 kilonewtons.

Fig. 1(a) shows an exemplary stack 10 comprising active wafer 12 and cartier
wafer or substrate 14. Active wafer 12 comprises a back surface 16 and an active
surface 18. Active surface 18 can comprise one or more active sites (not shown} as well
as a plurality of topographical features (raised features or lines as well as holes,

30 trenches, or spaces) such as, for example, those designated as 20a-d. Feature 20d

represents the "highest" feature on active surface 18. That is, the end portion or surface



0 O Methyl isoanyl ketone 50 0 75 50 Ethyl acetoacetate 30 0 0 25
EXAMPLE 2 Cycl ool efin Resin and Pol y(a-Pinene) Bl end 25Fornul ati ons
wer e made by dissol vi ng Zeonex 480R resin (obtained from Zeon

Chem cal s, Louisville, KY) and/or poly(a-pinene) (obtained from
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Mat eri al s. df NOREDIEiRSIcErgPRIErs2 21include those selected from the group consisting of

5 microelectromechanical system (MEMS) devices, display devices, flexible substrates
(e.g., cured epoxy substrates, roll-up substrates that can be used to form maps),
compound semiconductors, low k dielectric layers, dielectric layers (e.g., silicon oxide,
silicon nitride), ion implant layers, and substrates comprising silicon, aluminum,
tungsten, tungsten silicide, gallium arsenide, germanium, tantalum, tantalum nitrite,

10 SiGe, and mixtures of the foregoing.

Carrier substrate 14 has a bonding surface 22. Typical carrier substrates 14
comprise a material selected from the group consisting of sapphire, ceramic, glass,
quartz, aluminum, silver, and silicon.

Wafer 12 and carrier substrate 14 are bonded together via bonding composition

15 layer 24. Bonding layer 24 is formed of the polymer compositions described above, and
has been applied and dried as also described above. Asshown in the Fig. 1(a), bonding
layer 24 is bonded to active surface 18 of wafer 12 as well as to bonding surface 22 of
substrate 14. Unlike prior art tapes, bonding layer 24 is a uniform (chemically the
same) material across its thickness. In other words, the entire bonding layer 24 is

20 formed of the same composition.

It will be appreciated that, because bonding layer 24 can be applied to active
surface 18 by spincoating, the bonding composition flows into and over the various
topographical features. Furthermore, the bonding layer 24 forms a uniform layer over
the topography of active surface 18. To illustrate this point, Fig. 1 shows a plane

25 designated by dashed line 26, at end portion 21 and substantially parallel to back surface
16. The distance from this plane to bonding surface 22 is represented by the thickness
"T." The thickness T is the total thickness variation, and it will vary by less than about
8%, preferably by less than about 5%, more preferably by less than about 2%, and even
more preferably by less than about 1% across the length of plane 26 and substrate 14.

30 The wafer package can then be subjected to subsequent thinning (or other

processing) of the substrate as shown in Fig. 1(b), where 12' presents the wafer 12 after



(g) SAMPLE 2.2 (g) SAWPLE 2.3 (g) SAMPLE 2.4 (g) Zeonex 48CR 120 55.9
46. 05 20 Poly(a-pinene) 0 14.3 30.7 O Poly(-pinene) 0 O

thinning. It will be appreciated that the substrates can be thinned to thicknesses of less
than about 100 pm, preferably less than about 50 pm, and more preferably less than
about 25 um. After thinning, typical backside processing, including photolithography,
via etching, and metallization, may be performed.

5 Advantageously, the dried layers of the inventive compositions possess a
number of highly desirable properties. For example, the layers will exhibit low
outgassing for vacuum etch processes. That is, if a 15-pm thick film of the composition
is baked at 200°C for 2 minutes, the solvents will be driven from the composition so
that subsequent baking at 200°C for 60 minutes results in a film thickness change of

10 less than about 5%, preferably less than about 2%, and even more preferably less than
about 1% or even 0% (referred to as the "Film Shrinkage Test"). Thus, the dried layers
can be heated to temperatures of up to about 190°C, preferably up to about 200°C,
more preferably up to about 220°C, and even more preferably up to about 240°C
without physical changes or chemical reactions occurring in the layer. For example, the

15 layers will not soften below these temperatures. In some embodiments, the layers can
also be exposed to polar solvents (e.g., NMP, PGME) at a temperature of 85°C for 90
minutes without reacting.

The bond integrity of the dried layers can be maintained even upon exposure to
an acid or base. That is, a dried layer of the composition having a thickness of about

20 15 pm can be submerged in an acidic media (e.g., concenirated sulfuric acid) or base
(e.g., 30 wt. % KOH) at 85°C for about 45 minutes while maintaining bond integrity.
Bond integrity can be evaluation by using a glass carrier substrate and visually
observing the bonding composition layer through the glass carrier substrate to check for
bubbles, voids, etc. Also, bond integrity is maintained if the active wafer and carrier

25 substrate cannot be separated by hand.

The bonding compositions are also thermally stable. When subjected to the
thermogravimetric analysis (TGA) test described herein, the bonding compositions will
exhibit a % weight loss (after 200°C for 60 min) of less than about 4%, preferably less
than about 2%, and even more preferably less than about 1%.

30 After the desired processing has occurred, the active wafer or substrate can be

separated from the carrier substrate by heating to temperatures of at least about 190°C,

-10-
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1(c) also shows an axis 28, which passes through both of wafer 12 and substrate 14, and
the sliding forces would be applied in a direction generally transverse to axis 28.
Alternatively, sliding may not be necessary, and instead wafer 12 or substrate 14 can be
lifted upward (i.e., in a direction that is generally away from the other of wafer 12 or
substrate 14) to separate the wafer 12 from the substrate 14,

It will be appreciated that separation can be accomplished by simply sliding
and/or lifting one of wafer 12 or substrate 14 while maintaining the other in a
substantially stationary position so as to resist the sliding or lifting force (e.g., by
applying simultaneous opposing sliding forces to wafer 12 and substrate 14). This can
all be accomplished via conventional equipment.

Any bonding composition remaining in the device areas can be easily removed
using the original solvent that was part of the composition prior to drying as well as
using solvents such as xylene, benzene, and limonene. Any composition remaining
behind will be completely dissolved (at least about 98%, preferably at least about 99%,
and more preferably about 100%) after 5-15 minutes of exposure to the solvent. It is
also acceptable to remove any remaining bonding composition using a plasma etch,
either alone or in combination with a solvent removal process. After this step, a clean,
bonding composition-free wafer 12' and carrier substrate 14 (not shown in their clean

state) will remain.

EXAMPLES
The following examples set forth preferred methods in accordance with the
invention. Itis to be understood, however, that these examples are provided by way of
illustration and nothing therein should be taken as a limitation upon the overall scope

of the invention.

-11-
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EXAMPLE 1

Formulations were made by dissolving various cellulose derivatives (obtained

from Eastman Chemical Company, Kingsport, TN) in appropriate solvents. The exact

materials and quantities used are reported in Table L.

Table . Bonding Composition Formulations from Cellulose Materials.

SAMPLE | SAMPLE | SAMPLE | SAMPLE
INGREDIENTS 1.1 1.2 1.3 1.4
() (8} (8) (8)
Cellulose acetate (29.5%) 20 0 0 0
butyrate (17%)
Cellulose acetate trimelliate 0 18 0 0
Cellulose acetate (2%) 0 0 25 0
butyrate (52%)
Cellulose acetate (18.5%) 0 0 0 25
butyrate (31%)
Propylene glycol monomethyl 0 82 0 0
ether
Methyl isoamyl ketone 50 0 75 50
Ethvl acetoacetate 30 0 0 25
EXAMPLE 2

Cycloolefin Resin and Poly(a-Pinene) Blend

Formulations were made by dissolving Zeonex 480R resin (obtained from Zeon

Chemicals, Louisville, KY) and/or poly(a-pinene) (obtained from Aldrich, Milwaukee,

WI) and/or poly(B-pinene) (obtained from Aldrich, Milwaukee, WI) in D-limonene

(obtained from Florida Chemical Company).

Bis(trimethoxysilylethyl)benzene

(obtained from Aldrich, Milwaukee, WI) was added as an adhesion promoter. The

exact compositions of the formulations are reported in Table II.

-12-
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Table II. Bonding Composition Formulations from Poly(cycloolefin} and Pinene

Materials.
SAMPLE } SAMPLE | SAMPLE | SAMPLE
2.1 2.2 2.3 2.4
INGREDIENTS (2 () (2) ()
Zeonex 480R 120 55.9 46.05 20
Poly(o-pinene) 0 14.3 30.7 0
Poly{B-pinene) 0 0 0 5
D-limonene 280 144.8 138.15 74.875
Bis(trimethoxysilylethyl)benzene 0.5 0.268 0.268 0.125
EXAMPLE 3

Cycloolefin Resin and Rosin Ester Blend

The formulations were made by dissolving Zeonex 480R resin and Eastotac

H142W (obtained from Eastman Chemicals, Kingsport, TN) in a suitable solvent.

Irganox 1010 and Irgafos 168 (obtained from Ciba Specialty Chemicals, Tarrytown,

NY) were added to one of the formulations to prevent thermal oxidation at high

temperatures. Triton X-100 (obtained from Aldrich, Milwaukee, WI) was added to

reduce de-wetting problems, and bis(trimethoxysilylethyl)benzene was added to

promote adhesion. The exact compositions of the formulations are reported in Table

118

Table III. Bonding Composition Formulations Based on Poly(cycloolefin) and Rosin

Ester Blends.
SAMPLE | SAMPLE { SAMPLE | SAMPLE
3.1 32 3.3 34
INGREDIENTS (= (g) (g (g)
Zeonex 430R. 3 5g 7 40
Eastotac HI42W 7 5 3 160
D-limonene 12 30 30 60
Mesitylene 0 0 0 140
Irganox 1010 0 0 0 2
Ireafos 168 0 0 0 1
Triton X-100 0 0 0 1
Bis(trimethoxvsilylethybenzene 0 0 0 1

-13-




Bi s(trinmethoxysilylethyl)benzene 0 0 0 1 EXAMPLE 4 EPDM Rubber and
Rosin Ester Bl end The fornul ati ons were made by di ssol ving
different grades of ethyl ene propyl ene di ene nononer rubber (EPDM
rubber: Buna EP T6250, obtained from 5 Lanxess, Inc., Pittsburgh,
PA; and Vi stal on 2504, Exxon-Mbil Chem cal, Houston, TX) and
Eastotac H142Win a suitabl e sol veiKAMPRE 4nt i oxi dant |rganox 1010
was added to three of the r mul atj on T xact conpositions
of the fornulations are re%@ﬁ{/[e%”ﬁ’ﬁ“ﬁab%"élq ter ble |'V. Bonding
Composi ti,on For mikaloh K BasaeheORa P BY dAMaRAIe A0S ilieEsiresnfiRnds.

SAMPLE SAMPLE SAMPLE SAMPLE 4.1 4.2 4.3 4.4, | NGREDI ENT
propylene diene monomer rubber (EPDM rubber: Buna EP T6250, obtained from

5 Lanxess, Inc., Pittsburgh, PA; and Vistalon 2504, Exxon-Mobil Chemical, Houston,
TX) and Eastotac H142W in a suitable solvent. The antioxidant Irganox 1010 was

added to three of the four formulations. The exact compositions of the formulations are

reported in Table IV.
10 Table IV. Bonding Composition Formulations Based on EPDM Rubber and Rosin
Ester Blends.
SAMPLE SAMPLE SAMPLE SAMPLE
4.1 4.2 4.3 4.4
INGREDIENTS 4] (&) (&) (2)
Buna EPT 6250 0.6 1 0 0
15 Vistalon 2504 0 0 3.7 19.425
Zeonex 480R 3.4 3 0 0
Eastotac H142W 16 16 11.1 91.575
D-limonene 20 20 25 189
Ireanox 1010 0.2 0.2 0 1.11
20
EXAMPLE 5
Application, Bonding, and Debonding
The formulations from Examples 1-4 were spin-coated onto various substrate
25 wafers. After baking to evaporate the solvent and allowing the bonding composition
to reflow, a second wafer was bonded to each coated wafer by applying pressure. The
procedure for temporary wafer bonding using these bonding compositions is illustrated
in the flow diagram shown in Fig. 2. The bonded wafers were tested for mechanical
strength, thermal stability, and chemical resistance. The wafers were tested for
30 debonding by manually sliding them apart at acceptable temperatures.

-14-



(9) (g9 (g9) (g) Buna EPT 6250 0.6 1 0 O Vistalon 2504 0 0 3.7 19.425
Zeonex 480R 3.4 3 0 O Eastotac H142W 16 16 11.1

EXAMPLE 6
Analysis of the Bonding Compositions
From a rheological analysis, the compositions of Samples 1.4,2.2,3.4, and 4.4
were identified as the preferred materials for temporary wafer bonding. Figs. 3, 4, 5,
5 and 6 shows these results for Samples 1.4, 2.4, 3.4, and 4.4, respectively. The viscosity
and modulus values of these materials are reported in Table V, and these materials were
successfully tested for debonding. Further studies on thermal stability and chemical
resistance were also carried out on these four compositions as described below.

Thermogravimetric analysis (TGA) was carried out on a TA Instruments

10 thermogravimetric analyzer. The TGA samples were obtained by scraping the
spincoated and baked bonding composition samples listed in examples. The samples
were heated at a rate of 10°C/minute, up to 200°C, and kept constantly at 200°C for
longer periods of time to determine the thermal stability of the particular bonding
composition. All of these compositions possessed the required thermal stability at

15 200°C and exhibited minimal outgassing (see Table VI).

To determine chemical resistance, two silicon wafers were bonded using the
particular bonding composition to be tested. The bonded wafers were put into chemical
baths of NMP or 30 wt. % KOH at 85°C, and concentrated sulfuric acid at room
temperature to determine chemical resistance. The bond integrity was visually observed

20 after 45 minutes, and the stability of the bonding composition against the respective
chemical was determined. All bonding compositions, except for Sample 1.4, retained

the bond integrity.

Table V. Storage Modulus and Viscosity Values of Bonding Compositions

25 Sample Number G' (dynes/cm?) at 200°C h at 200°C (poise)
1.4 270 ) 244
2.2 2026 1782
3.4 736.5 847
4.4 463 210
30

-15-
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From a rheol ogi cal analysis, the conpositions of Sanples 1.4, 2.2,
3.4, and 4.4 were identified as the preferred materials for tenporary
waf er bonding. Figs. 3, 4, 5, 5 and 6 shows these results for
Samples 1.4, 2.4, 3.4, and 4.4, respectively. The viscosity and

modul us val ues of these materials are reported in Table V, and these
mat eri al s W¥eelagmccessful |y tested for debonding. Further studies on
thermal stability and chem cal resistance were also carried out on

t hese four conpositions as described bel ow. Thernogravinetric

anal ysis (TGA) vas ca whfedbaudinganethodlddnlpaigingunents 10

t hernogravi metric anal yzer. The TGA sanpl es were obtai ned by scraping
t he spincoated éﬁﬁﬂ”‘ﬂ)‘aﬁéata%?%‘mﬁ’(jméé'ﬁﬁéggﬁqcﬁ?fi whptedopdeditagrthes via a

exanpj es. The sanpl egoNBhe IRALGN AL frfm! AldnGh BHBY BmpHBnt &
200C, and kept constaﬁtlyga%ﬁZOOC orrérlnonge;1 p%?t%o sO oﬂfwtirrrrlg tgé
det erm ne t he t her nalpobtmebiissdlwedefr dishesqlannisclvkmtsydiemdi ng

ition. All of th i ti dth ired t I
Stabi ity at 1520BESTEHACHIS &t HERTHRLT BUESLAHA) S8 FdBretd )
To determ ne cheni cakaifl ®sh&h@1AG&; addwo silicon wafers were bonded

using the particul ar bonding conposition to be tested. The bonded
waf ers were put aPRiyBISaHeE oAl lepgoRg oigridve apd segondgubstoatesophilgragg,

and ncentrated sul ' i 0: . 2l .
chemfdgal resi st ance. E%Jgﬁ%‘goﬁégﬁdﬁ%{gﬁa%&\%a@%%uwgIGE? E&gggéelg\;éepae%ﬁlg
after 45 m nutes, andortdiecisgappli¢d ity suficichiaanivontkiony tocsepgras sdid Hirst and
agai nst the respective chemical was determ ned. Al bonding

conposi ti ons, except S$GRd f'8%-1.4, retained the bond integrity.

Tabl e V. Storage Mdul us and Viscosity Val ues of Bonding Com ositions
Sanmpl e Nunber G (dynes/cnR) at 200C h at 200C (poise) 1.4 270 244
2.2 2026 1782 324 738hgnghpdafglangd, seid)stack having an axis that passes through

15 both the first and second substrates, said force being applied in a generally transverse

direction relative to said axis.

3. The method of claim 1, said applying a force comprising lifting the at
least one first and second substrate in a direction generally away from the other of said

20 first and second substrates.

4. The method of claim 1, further comprising thinning one of said

substrates prior to subjecting said stack to a temperature of at least about 190°C.

25 5. The method of claim 1, further comprising subjecting said stack to a
process selected from the group consisting of backgrinding, metallizing, patterning, and
combinations thereof prior to subjecting said stack to a temperature of at least about

190°C.

30 6. The method of claim 1, wherein said polymer is at least about 95%

soluble in nonpolar solvents.
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Table VI. Isothermal Thernmogravimetric Results - Thermal Stability of
Bondi ng Com osi tions. Sanple Nunmber % Wei ght [ oss (200C/ 60 min)
Exanple 1.4 0.23 Exanple 2.2 0.35 Exanple 3.4 1.5 Exanple 4.4 2 W
claim 1. A wafer bonding nmethod conpri sing: provi di ng
a stack conprising first and second substrates bonded together via a
5bondi ng | ayer flor medhf msthod o olaidh hgwhﬁmilpﬁﬁéd @qmsiﬁignﬁrrﬂ@r mnmispﬁtﬂnyrrer
di ssol ved or sol vent S, ti.ng said stac

a t enper at UP%relelri) I%th% is'rf)m%l%e rgupfé)&ﬁst o%mclt(l%ers esxo rogiog%%ﬁents

| ayer; and sagpkidamg sarficdntse aidmadurteafhe ff@odfe. sali d fl rst and second
substrates while causing 10 the other of said first and second
substrates to resist said force, said force being applied in a

sufficient amoung 50T%%nfeﬁmoﬁ@?&z!ﬁtleﬁrﬁﬁlﬂ:ﬂs&hﬁﬁtts@@@at@ﬁiﬁ%%t%ﬁ%&éﬁt es.
2. The nethod of claiml, said stac aving an axi s that passes

t hrough 15botehortdrerfacerremoterfebns sd vt sulast aaltw@siprisiag dt et ose wéivagte
applied in ad%?ureﬁltyotltgpggl;&) 1cafatreatures and said bonding layer is bonded to said second

surface.

10 9. The method of claim 8, wherein said second substrate comprises a

bonding surface that is bonded to said bonding layer.

10. The method of claim 9, wherein:

said topographical features present respective end surfaces remote from the
15 first surface of said first substrate, and at least one of the end surfaces
is further from the first surface of the first substrate than the other of
said end surfaces, said further end surface defining a plane that is

substantially parallel to said first surface; and
the distance from said plane to the bonding surface on said second substrate
20 varying by less than about 10% across said plane and second substrate

bonding surface.
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direction relative to said axis. 3. The method of claiml,
said applying a force conprising lifting the at |east one first and
second substrate in a direction generally away fromthe other of said
20f i rst and second substrates. 4. The nmethod of claim1,
further conprising thinning one of said substrates prior to

subj ecting sai d 13t ache sethod@hpleinad uwkerein said firss aghstratbout 190C.

255, The method qfi, ¢k M-hee bl 4 AL, FOIRL 2100 SUPLESHIAG.RALd stack
to a process selecte Foim the group consisting o acskgrl ndi ng,

metal |i zi ng, patcomprisedgt leasnonectitd didtahdpiaralinesfeglogfaphiodl féadursdidy saiedt i ng
said stack to a tenperature of at |east about 190C. 306. The net hod of
claim 1, wherein sai 8G98f #ceia®dat | east about 95% sol ubl e in

nonpaj ar sol ventsseyecitd fidfmt 91&]:%oﬁ%istﬁlg%‘fﬁ}&oelé’@ﬁ%ﬁm%&ﬂ%néﬁis%t&f?H&Wc%is,ti on

further conprises an ingrediéent selected fromthe group tonsisting of
tacki fi ers, adhesi ondpphpdtying, Agebit sybsanates, grindantdssemspnflentdradow k and

m xtures of the foregoing. 58. Th thod o f cl ai wher ei sai d
first substrate has mhcgécté%ﬂ?’f(ggggﬂ%gayﬁrss’éjedﬁﬁiaglbilaﬁ'ﬁré_earl'd:‘?’r@ftéat‘fsrom
said first surface agémg schy AtmlnRas tuRRndalnsten SilfcRleaBallium
plurality of topographical features, and said bonding |ayer is bonded

to sai d second surfa@eenidg@empaiug tHdruss applymnigite, jHe, andymigurgs of
second substrate co i q_bondi ng surface that is bonded to said
bongllrbng | ayer. 10. ng{errfglt%%%] &of claim 9, wherein: said topographical
features present respective end surfaces renote fromthe 15 first

surface of said first, substrafe, and at. | east onpe of the end surfaces
is further from'fhe e 6?#@3&@%\?/11%1‘?1188?1 Focpd Bt PEPTHA ACTTY

ot her of sajflechpsising 8¢@oriab adlciddutdNele B\ MSikReOrd&phtt NGranib] ane
that is substantially parallel to said first surface; and t he

di st ance f radass.oapdz pluatieumosilvireagbyiliéong surf ace on sai d second
substrate 20varying by | ess than about 10% across said pl ane and

second substrate bondi ng surface. 11. The method of claiml,
wherein said fingt saheinediodof claim 1, wherein said providing a stack comprises:

applying the bonding composition to one of the first and second substrates to
form a bonding composition-coated substrate and a bonding
composition-free substrate; and
20 contacting the bonding composition-free substrate with the bonding

composition-coated substrate so as to bond the substrates together.
14.  The method of claim 13, wherein said contacting comprises applying

pressure {o the substrates.

25
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has a first surface and a second surface renmote fromsaid first
surface; conprises at |east one active site and plurality of

t opogr aphi cal features on said second surface; and 5is selected from
the group consisting of mcroel ectronmechani cal system devi ces,

di spl ay devices, flexible substrates, conpound sem conductors, |ow k
dielectric layerl$; difelasdele remprsyrers, ion inplant |ayers, and

sub SF rates conprj flsrlstr%gbs%rlalelh%\%ﬁ a%l chcIné'ur acnélan:[:l qo %ltvgrs]ur zitcgns ;‘%tagf? Sslullr agel de,
gal I ium ar seni de, gérnani um EARFA Um tantatum nrtrrte. s e, and

m xtures of 10t he f oke@ptisige at least oneladtivel bige fRt h@llirglity @If abgvglaphical
wherein said second substrate conprises a carrier wafer conprising a
material sel ected frd%4®e group consisting of sapphire, ceranic,
glass, quartz, 3 dmidiibsudle! Mfhe abBAGiRE bIRRA and S 13. The
met hod of claim1, wherein sai providing a stack conprises: applying
t he bondi ng conpdkdrmoplasticdoodieg tiyerthoeddd te stid antice sertonshdsaksd batdas t o
form a bondi ng conposi t.i on-coated substrate and a bondi ng

conposi tion-free subSPPEEeYISIH 20cont acting t he bonding

conposi tion-free substrat gjiitbpbgkdpBicar retpgs E@ﬁ@o%gpbaﬂmcaﬂt Qffaces
substrate so as to bond the substrates together. ) 14. The

met hod of claim 13, wherein safcioioiema e bagk sefaps olsais fagsnbstats, and
presgure (o the substrates. 25 e one ol eriludidel BliEnE @ TR Gt Bk 2
first substrate having a back SUFTace Gnd an active sur ace, sa|§
active surface conprising at | seafite ofthe &icdtisvisstiaiettranathel othepbigaid ertdy of
t opogr aphi cal features; 5a second subsfrate havi ondi surface;
and a thernopl astic bonding | a}}& C‘ﬁoﬁb%%“%‘?feg‘g?“ﬂ?agﬁ%fgléngﬁ??%ﬁ&}éat&nd
to said bonding surface, whereimsasg phRROGE 3RBIRERbufRALIMHES present
respective end surfaces renote fromthe back surface of said first
substrate, and 10 at | eath d&stancefiram saidrpdansipfthe bendirg surfachen stidom
t he ck surface of the first han. t he .ot f j,d.end
surflta%ges, said further end sur eggglg&£§%tl?ar%% H%ylé]%;hyégsesqﬁ%a%oopég% alm%
substantially parallel to sai dsafd plsiie sidrstane sutdiate bonding surface.

the distance fromsaid plane to the bonding surface on said 15second
substrate varying by | ess than about 5% al ong said plane and second

substrate bonding sumhagiclelclaf s aald toh@ingfayed.ai m 15, sai d bondi ng
| ayer: havi ng a t hi ckness defrnéd as the distance from

t he active surf deeing@ thipkness defined as the distance from the active surface to the
20 bonding surface; and

comprising the same composition across said thickness.

17. The article of claim 15, wherein said bonding layer is formed from a

composition comprising a polymer dissolved or dispersed in a solvent system.

25
18.  The article of claim 17, wherein said polymer is at least about 95%
soluble in nonpolar solvents.
19.  Thearticle of claim 17, wherein said composition further comprises an
30 ingredient selected from the group consisting of tackifiers, adhesion promoting agents,

antioxidants, surfactants, and mixtures of the foregoing.
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20bondi ng surface; and conprising the sane conposition across said

t hi ckness. 17. The article of claim15, wherein said bonding

| ayer is fornmed froma conposition conprising a polyner dissolved or
di spersed in a solvent system 25 18. The article of claim17,
wherein said polynmer is at |east about 95% sol ubl e in nonpol ar

sol vent s. 19. The article of claim17, wherein said

conposi tion further rise n ingredie elected fr he .group
conesti g of |t 20kt 1 r e aR sBh ROt I st SN st bR
sur f act ant syroébnBistiigddrasicRkblctbdndcBaEe0 siom devices, dispd& detiees, Wekibl) €

of claim 15, wherein said first substrate is selected fromthe group
consi st i ng sYpstiptess eranrannd spraicprvcton. law &idisleqiag jayers, diglesthr ddyetetdices,
flexidle s - G - : ' [

| ayers, - A pPgs, aGRTBAURS cSERHARNMED Yol tulialth Hiloh icide
conpri si ng gaillunc enenidd, watnmmim, ttengising mntawmn g&tien SKid, aod dextugalolf ithem
ar seni de, rmani um tantalum tantalumnitrite, Si Ge, and m xtures
of the forggﬁﬁW65 21. The article of claim15, wherein said
second substrate conprises a 10material selected fromthe group

consi sting of sapphire, ceramc, glass, quartz, alumnum silver, and
silicon. 22. THA&e grticleplclaim df.avherdis, saighseceidhsubairale lsompliiseg a

| ayey, has L1 eni t t . u C.

23”18 Compauifid FRisaa AR HE GG, BosBling 3P 3hnsB® berd BB w8 e
or di sper sefurinum, Sbley, @nd siiyat em sai d pol yner including recurring
nmononmer s conpri sing cycl o-ol efins. 2024. The conposition of claim 23,
wherein said conposition conprises fromabout 5% to about 50% by

vei ght of said pel ymate angid §OMiRP P4 twiROR kRd AL IR has a softening
temperature of at least about 190°C.
15
23. A composition comprising a polymer and a poly(pinenc) dissolved or
dispersed in a solvent system, said polymer including recurring monomers comprising

cyclo-olefins.
20 24. The composition of claim 23, wherein said composition comprises from
about 5% to about 50% by weight of said polymer and from about 50% to about 95%

of said pinene, based upon the total weight of the composition taken as 100% by weight.

25.  The composition of claim 23, wherein said pinene is selected from the

25 group consisting of a-pinene and p-pinene.

26.  The composition of claim 23, wherein said solvent system comprises

limonene, and said composition further comprising an adhesion promoting agent.
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of said pinene, based upon the total weight of the conmposition taken

as 100% by wei ght. 25. The conposition of claim23, wherein
said pinene is selected fromthe 25group consisting of a-pinene and
fl-pinene. 26. The conposition of claim23, wherein said

sol vent system conprises |inbnene, and said conposition further
conprising an adfesi dnilgranobimimaepamosition comprishig a tackifiaywada polymer

bondi ng compasitL 9l SAIPLL LD, 8L ASkld L8l A0, 2 ROLYIEL L g0

recurring nohomers conprising cyc ns I er
pol ymer beiwghadiigpeaes ecdissoldd sisHiohedt dystem, Sad uceﬁyiosﬁmﬁ teiprisiad 4 least
conposi tion co ri sing at | east about 30%Db ght sol vent system

based upon abRat 303e By W\ﬁ}@h@wﬂvea? SYSI§ L BISRHHBIM 6wt@t%}ﬁ05@em@%wn
wei ghy . m«g%éloﬁﬂ%WQQHQQS't'on of claim 27, wherein said tackifier

is a hydrocarbon resi 29. The conposition of claim 27, wherein
sai d solvent system conprises a sol vent selected fron1the gr oup

o1 yeol  mononet hyk- ot HoF SRR AT Rereieo EenyTe a8 FRREr e

and nixturQ§mﬁhereof 1530. The conposition of claim 27, wherein said
conposition further conprises an ingredi ent selected fron1the gr oup
consi sting of antioxidants, surfactants, adhesion pronnting agents,

and yf xtures thepeof rein
saldﬂ%ngredlent%%onpgwgggngmﬁégg Pﬁgﬁ?danikéﬁgp S§F% %L?hb%nﬁﬁg is
selected f rsnmehhmegtred tipmcbegiosp congistifig @it immmend; nesitylai :eLaenieSdcmiadene
phosphite antioxid The co osi tion of Ialm

wher ei n saiRi°RX Eﬂlﬁcﬁi fg’l‘?n?@et@éls%ﬁ‘ﬁﬁ ethyl 1 LF %Ftoﬂ? S @Ceé?ﬁ‘aetf‘@a‘i‘ﬁdng
agents. 25 mixtures tB&eoffNe conposition of claim27, wherein said
conposition is essentially free of crosslinking agents. 34. The
conposition of claim 27, wherein said conposition has a Money

30vi B 0s! ty of |3%.SS %gnco%‘ﬁn%%ioé 5ofl\é'llaim 27, wherein said composition further

comprises an ingredient selected from the group consisting of antioxidants, surfactants,

adhesion promoting agents, and mixtures thereof.

31.  The composition of claim 30, wherein said ingredient comprises an
20 antioxidant, and said antioxidant is selected from the group consisting of phenolic

antioxidants and phosphite antioxidants.

32. The composition of claim 27, wherein said composition is essentially

free of blowing and foaming agents.

25
33.  The composition of claim 27, wherein said composition is essentially
free of crosslinking agents.
34.  The composition of claim 27, wherein said composition has a Mooney
30 viscosity of less than about 35 MU,
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35. The conposition of claim27, wherein said conposition has a
viscosity at 250C of |ess than about 1,000 poi se. 36. A

fl owabl e, bondi ng conposition conprising: 5a tackifier; and a
conpound sel ected fromthe group consisting of rubbers,

styrene-i soprenestyrene, styrene-butadi ene-styrene, hal ogenated butyl
rubber, and mi xt3dr es Thheempdsitioyaif dlainadkivwhessin sadiconepopition Hasseiisegsity

di spersed or, ,dissol,ved,in.a ent system 10 said conposition
conpri si ng %994) ea%%lesé‘g%% abgbf}(?{)) IQ/‘i)/és’le'ght sol vent system based upon
the total weight of the conposition taken as 100% by wei ght.

37. The conposition of claim36, said conposition further conprising
a 15pol ymer i ncl3di nd* Fewahls. bagding ¢oprosidiop 6ppPIINgig cycl o- ol ef i ns.
38. The conposi tjo:@f. g m 36, wherein said conmpound is a rubber
sel ected fromthe group consisting of ethylene-propyl ene terpolyners,
et hyl enepr opyl ersssodipenid sabevtaieiay thermoup cohsistag dfheblteod, stgfEne-isoprend9.

The conposition of claim36, wherei.n said tackifier .i hydr ocar pbon
resin. 20, *The SBE50 SHEE P BHIcar 3 s ra RRsrn DL i h v ek
system conpri ses a 2%g@hv@nter&g] ected fromthe group consisting of

| i nronene, nesitylene, xylene, dodecene, propylene glycol nononethyl
ether, methyl i §@éﬁ@qklfk6é@@¢1@qm@mh@belag:@tspm&?étoatié;@olaqﬁ%\n asiy et egstem,

t her gpf 41. The_.GO .l aj : j I:
corrpf(;(gi tion further g?)lgonp%?%g!%&g%rg fh“'@‘#@@&? agé\ﬁlg%ot%)‘égyﬁgéé tts}%’leveléjtr oup
consi sting of anti oxisgkdn,hasegilipba dieact Sweiglthod sheannpositiod iak¢h AJO0%.S,
and m xtures thereof = 42, The conposition of claim4l, wherein said

i ngredi ent conpri ses "N oxi dant, and said antioxidant is selected
fromthe group consisting of phenolic antioxidants and phosphite

anti oxi dants. 543. The conposition of claim 36, wherein said

conposi tion is édsentlhalchmposition of claim 36, said composition further comprising a

15 polymer including recurring monomers comprising cyclo-olefins.

38.  The composition of claim 36, wherein said compound is a rubber
selected from the group consisting of ethylene-propylene terpolymers, ethylene-
propylene-diene monomers, and mixtures thereof.

20
39. The composition of claim 36, wherein said tackifier is a hydrocarbon

resin.

40, The composition of claim 36, wherein said solvent system comprises a
25 solvent selected from the group consisting of limonene, mesitylene, xylene, dodecene,
propylene glycol monomethyl ether, methyl isoamyl ketone, ethyl acetoacetate, and

mixtures thereof.
41.  The composition of claim 36, wherein said composition further

30 comprises an ingredient selected from the group consisting of antioxidants, surfactants,

adhesion promoting agents, and mixtures thereof.
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free of blow ng and foam ng agents. 44.The conposition of claim 36,
wherein said conposition is essentially free of crosslinking agents.
10 45. The conposition of claim 36, wherein said conposition
has a Mooney viscosity of |ess than about 35 MU 46. The
conposition of claim 36, wherein said conposition has a viscosity
15at 250C of | es®.t hdiheagbopesitioroolclpoi 4b. wherein said ingredient comprises an

anttoxidant, and said antioxidant is selected from the group consisting of phenolic

antioxidants and phosphite antioxidants.

5 43.  The composition of claim 36, wherein said composition is essentially

free of blowing and foaming agents.

44.  The composition of claim 36, wherein said composition is essentially

free of crosslinking agents.

10
45.  The composition of claim 36, wherein said composition has a Mooney
viscosity of less than about 35 MU.
46. The composition of claim 36, wherein said composition has a viscosity
15 at 250°C of less than about 1,000 poise.
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