CYCLIC OLEFIN COMPOSITIONS FOR TEMPORARY WAFER BONDING BACKGROUND OF THE
INVENTION 5 Government Funding This invention was made with government support under
contract number FA8650-05-D-5807 awarded by the Air Force Research Laboratory (AFRL). The
United States Government has certain rights in the invention. 10 Field of the Invention The present
invention is broadly concerned with novel compositions and methods of using those compositions to

form bonding compositions that éaX(3dpekEadtvear&8IdH A G fdy wafer or substrate during wafer

thinning and other processing. 15 BesgHpion:of the RriemdiipivWafer (substrate) thinning has been
used to dissipate heat and aid in the electrical operation of integrated circuits (IC). Thick substrates

cause an increase in capacitance, requiring thicker transmission lines, and, in turn, a larger IC

footprint. Substrate thinning incregsgs2fumpadaneerwhilegapacitance decreases impedance,
causing a reduction in transmission line thickness, and, in turn, a reduction in IC size. Thus, substrate

thinniﬁg facilitates IC miniaturization. Geometrical limitations are an additional incentive for
substrate thinpingeXixHlgs are etched on the backside of a substrate to facilitate frontside contacts.
In order to construct a via 25 using common dry-etch technigues, geometric restrictions aEpIy. For

substrate thickne5&8s BYRES thafi2odnas, 2R HEVFHYEHamEEr o 38050 GRTiedo ed using

dry-etch metheds.-thab proguserainimalRosi-rteke resichiewithin-an-aceERIabler kot S thick
substrates, vias with larger diameters are needed. This requires longer dry-etch times and produces

larger quaﬁ‘f?ffé‘é“fﬁ?ﬁb@?ﬁsect@ﬁaf@é}ah@,”fhtli]‘% GE#iHRAntly reducing throughput. Larger vias also require

larger30 quantities of metallization, which is more costly, Therefore, for backside processing, thin
substrates_can be processed more quickly and at lower cost. Thin substrates are also more easily
cut and schietOhtB ICE F iiRner substrates have a smaller amount of material to penetrate and cut
and therefore requitepessreffortnNenmatiendihatncerned with novel compositions and methods of

using those compositions to form bonding compositions that can support active wafers on a

carrier wafer or substrate during wafer thinning and other processing.

Description of the Prior Art
Wafer (substrate) thinning has been used to dissipate heat and aid in the electrical
operation of integrated cireuiis (IC). Thick subsirates cause an inerease in capacitance, requiring
thicker transmission Hnes, and, in turn, a larger IC footprint,  Substrate thinning increases
20 impedance while capacitance decreases impedance, causing a reduction in transmission line
thickness, and, in turn, & reduction in IC size. Thus, subsirate thinning facilitates IC
miniaturization.
Geometrical limitations are an additional incentive for substrate thinning. Via holes are
etched on the backside of a subsirate to facilitate froatside contacts. In order to construct a via
25 using common dry-etch techniques, geometric restrictions apply. For substrate thicknesses of
less than 100 pm, & via having a diameter of 30-70 um is consirucied using dry-etch methods that
produce minimal post-etch residue within an scceptable time. For thick substrates, vias with
larger diameters are needed. This requires fonger dry-etch times and produces larger quantities
of post-gich residue, thus significantly reducing throughput. Larger vias also require larger
30 quantities of metallization, which is more costly, Therefore, for backside processing, thin
substrates can be processed more guickly and at lower cost,
Thin substrates are also more easily cut and scribed into ICs. Thinner substrates have a

smaller amount of material to penetrate and cut and therefore require less effort. No matter what
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method (sawing, scribe and break, or laser ablation) is used, ICs are easier to cut from thinner
substrates. Most semiconductor wafers are thinned after frontside operations. For ease of handling,
wafers are processed (i.e., frontside devices) at their normal full-size thicknesses, e.g., 600-700 pm.
Once completed, they are thinned to thicknesses of 100-150 urn. In some cases 5(e.g., when hybrid
substrates such as gallium arsenide (GaAs) are used for high-power devices) thicknesses may be
taken dowithedS daming, sdvibehahisakisubdtrateatimioing dsipekfBiaved drgibringingftom Waieersurface
into contact, with a hard and flat rotating harizontal platter that on{a&s a Iigyi%glulgr& T,hg gjlurry may
contain aﬁ}lgg}ffge&e igbéla?%ﬁlﬁv(}llt%% {%I?nvl’}é%r rét%eatrlr%%el?c tﬂgls %ﬂ%}rﬁ%nig}gﬁ{ﬁﬁ e, or cgrdr?binations 10
thereof. Thanalingsiveiprovidescigres§ subsitsitz demeonsakt itesirthimmid dpivhite thekatskéiineghemistry
facilitates 'polishing” at the submicron.level. %\gg[er&ils*%%i @inggoi@_gﬁp tmg%ﬁ}f@%ggia until an
amount o é)é)"bstrfﬁgenhazgljsl,1 been #@Fg%%gget‘baé%ﬁ%\% a %aré‘éte’d%h“lcokness._ 'Ell:ﬁc')r a wafer thickness of
300 uin o greatdenthebvidebis died durhplage hvith ooy iHatatiiresalvachighiehvRieorissne means
of mechanjcal attachment, V @ 'hé%@ﬁ%%‘i ess is 15 reduced to less than 300 um, it becomes
difficult oﬁ%‘%%%ﬁ%?é%@”?ﬁ%ﬁta?n controly“vit_ r'egard to attachment and handling of the wafer during
further thinning avidehrotessifigtritesbine taters feaphRicalidevis & majrbeHdds siaer and hold
onto tinnei el Ca"ﬁ?éf%&hs?g e blechinnany Riablamsigspesialy whensagagses may

e

vary. For this reason, the wafers ("active" wafers) are mounted onto a separate rigid (carrier) substrate
or wafer. Thigsublstrsite: 20diealonisithel Bl PharERFforSRIFRARhifRRIY A AL PBLERR NG
procegsing, Carriergulsiraies are cpmpgsed of matarialssuah as. Sapphikg, quadzneefigimglasses,

and sﬁicon, and usually exhibit a thickness of 1000 um. Substrate choice will depend on how closely
matched thlecooeidhsiitafem antidlaxpanaion Teirens e aidsn s5E MaAARCHBHEEE st of the

currently ayailable adhesionmethodssie-nethave-adequaie thermalos meshanicabsiability to 25
withstand the high temperatures encountered in backside processelngds,tecgﬁ, §u,cﬂ]as metallization or
Ve plot Pand

dielectric deposithsn aHaanHEANTEs M) ihEERBh s A5 i i f\%\*/ﬂgth Tontributes
excessive [ptalthickness ariation asresadhe welerdimensiens)nand praecheftickl resistance.

One method that has been used to mount an active wafer to a carrier substrate, is, vig ]gr?;qmprmal
releak® adiidsive tapss T HH0LasS RIS HajiH SRbHEBMAYS ‘PG IRE tApes Rave fimited
thickness ynifesmityaciassdhaiastivenwalavcairian subistrattrintieriadeanesthis mited: uniormity is
often inadequate for ultra-thin wafer handling. Second, the the[mal_rglea Qsang%%j}é? §8£g,egi% at such
low temperaRGias tRbITHE SRR ASARFAFECL RSP SR ERROT Withstand many typical wafer
processing,steRs ihatare earisee owrat highehtemperatasesa hermally stableadhesivesifen the other

hand, often require excessively high bondin%jg ressures or L %@%LQ,%&%E?%%&%@PFﬁﬁstgu%gmﬁé'e

sufficient rhef gt Y61 GOHHSRIISIREIoh T BEEFHIKEWISE, £56 much mechanical force may be

needeg to separaletbeactive wafenanthcduidrwateniecausedhelddhiagivevisodsity fefridns too high
at practical debonding temperatures, Thermally stable adhesives can alsp he diffieult 1o remeve
without leatHRt iAo 18T S B AREed for ﬁ‘ses\?%%]r’ﬁ%tﬁsl}%lc%sbfr%d niethods of adhelrfng1 an active
wafer to a gawsiey subistrateitiatcant e Atiirerhighiptotesking: teftipsratifres hnd diaehiBw forready

DO O e YA AP SRRl AL 1 BRRIR Rl Pe:A TR RIPCERR SUMMARY QF THE
currently available adhesion methods do not have adequate thermal or mechanical stability to
25 withstand the high temperatures encountered in backside processing steps, such as metallization
or dielectric deposition and annealing. Many current methods also have poor planarity (which
contributes excessive total thickness variation across the wafer dimensions), and poor chemical
resistance.
One method that has been used to mount an active wafer to a carricr substrate is via a

10 thermal release adhesive tape. This process has two major shortcomings. First, the tapes have

fimited thickness uniformity across the active wafer/carrier substrate interface, and this limited



15The present invention overcomes the problems of the prior art by broadly providing a wafer bonding
method, which includes providing a stack comprising first and second substrates bonded together via
a bonding layer, and separating the first and second substrates. The bonding layer is formed from a
composition comprising a cycloolefin copolymer (COC) dissolved or dispersed in a solvent system.
20The invention also provides an article comprising first and second substrates and a bonding layer.

The first subtratgicompiisenedpasiesiade attdmm setiverslitgee Sopsieh domprged delewst one
active site,and.a plyralily ot iopearaphicakicaiies (hs.secend sHbsiRie hRgadlpnding.syrface. The

bonding layer is bonded to the active surface of the first substrate and to the bonding surface of the
second subihsitad T bhbintiRgiaize PeRsRed ROMIE dohTpB SN Ion CoshprisiigesByefoolefin
copolymer dissolyed. aridispeisediip. A SONERISYBIERand, ot A fLitheLerohodiment, s ipyention is

concerned with a composition useful for bonding two substrates together. The inventive composition
compfise e BYEs SeliPneBOIRRSFANESEA ATgtethcHEHissb el Brdiared A SoReHP8yatem. The

ingredient js selecied fram Jhe.graup.consisting-of tagkifierdesing, lopemelecular weight cycloolefin
copolymers, and mixtures 30 thereof BRIEF DESCRIPTION OF THE DRAWINGS Figure (Fig.) 1
illustrates tAB fvETiive FEetEd BRITNHING i eRBENERG Rhotiiafe at didfil 1o thagrieent
INVention; jompe i 1S arilanatiagranm shawingthamtynical-pragrss stersdollowaddn: thaexamples;
SFig. 3 is a graph depicting the rheological analysis results of bonding compositions according to the
invention d&¥8#ded at 150C; Fig. 4 is a graph depicting the theological analysis results for bonding

compgsitions acqeyging fadherinventiompebansatidat A0 bedthering an kigvbiis @rgsaph-depicting the
rheological analysis results for bonding compositions 10according, to the invention debonded at 250C.
DETAILEBDESRIPHONEE HAEPEREFEREE EEOBIMENTS” " G SREaT, thiinventve
compositieRgcompLisa sty aaletiv-copaty nial(Ce peisparsed or dissolved in a solvent system. The
copolymer is preferably present in the 1.5 composition at levels of from about 5% to about 85% by
weight, more preferably from about 5% to about 60% by weight, and most preferably from about 10%
to about 40% by weight, based upoRtUhevieial Ve teT tHe €nimigdsition taken as 100% by weight.

e et o e e e mepeslcand P SIal aue uao AR ol Ve

wafer bonding method, which includes providing a stack comprising first and second substrates
bonded together via a bonding layer, and separating the first and second substrates. The bonding
layer is formed from a composition comprising a cycloolefin copolymer (COC) dissolved or
dispersed in a solvent system.,

20 The invention also provides an article comprising first and second substrates and a
bonding layer. The first subsirate comprises & back surface and an active surface, which
comprises at lcast one active site and a plurality of topographical features. The second substrate
has a bonding surface. The bonding layer is bonded to the active surface of the first substrate and

to the bonding surface of the second substrate. The bonding layer is formed from a composition

3
LA

comprising a cycloolefin copolymer dissolved or dispersed in a solvent system.

In a further embodiment, the invention is concerncd with a compoesition useful for
bonding two substrates together. The inventive composition comprises a cycloolefin copolymer
and an ingredient dissolved or dispersed in a solvent system. The ingredient is selected from the
group consisting of tackifier resins, low molecular weight cycloolefin copolymers, and mixtures

30 thereof



20 preferably from about 5,000 Daltons to about 100,000 Daltons. Preferred copolymers preferably
have a softening temperature (melt viscosity at 3,000 Pa.S) of at least about 100C, more preferably at
least about 140' C, and even more preferably from about 160C to about 220C. Suitable copolymers
also preferably have a glass transition temperature (Tg) of at least about 60C, more preferably from
about 60C to about 200C, and most preferably from about 75C 25to about 160C. Preferred
cycloolefin copolymers are compHge®BIFRBUMHAY MbrAoHdrEsfEfcicolefins and acyclic olefins, or

ing-opening pobmers based snexelcaletne, SiaRls Gl aletnsor s fnfha resans nventon
ro

are selected from the consisting of norbornene-based olefins, tetracyelododecene-based
olefins, disywlopentadieredsarauverdfits, and derivatives thereof. 30Derivatives include alkyl

(preferably CI-C2Q alkyls, m%aeg?éﬁ{@mm%—&;&%glmmewl@&gef&na%&@aqmyh@k@aq)%yndenes,
more preferably C1-C10 alkylidenes), aralkyl (preferably C4-C30 aralkyls, more preferablyaralkyls),

cyclodlkyl (prefeFably C3aGBEByHPAKIS (e ch PresrhBFCSsc I by abanegiag eMmOSEatI, aromatic,

ester, hydyguxy alkoxyn ¥R AMIde, iMigle. Bid@ilyl-substituted derivatives. Particularly preferred
cyclic olelins for use in the present invention include those selected from the group consisting of V

20R3R3RiRa anti&ohibiAisis SRS FagSHel el ans s By S R PROHIR RIS LEB ted from

the 9rouPceording to the invention debended at 200°C; and
Fig. 5 is a graph depicting the theological analysis resuits for bonding compositions

10 according to the invention debonded at 250°C.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Tn more detail, the inventive compositions comprise a cycloolefin copolymer (COC)

dispersed or dissolved in a sofveni system. The copolymer is preferably present in the

15 composition at levels of from about 5% to about 85% by weight, more preferably from about 5%
to about 60% by weight, and most preferably from about 10% to about 40% by weight, based
upon the total weight of the composition taken as 106% by weight.

The preferred copolymers are thermoplastic and preferably have a weight average
molecular weight (M,) of from about 2,000 Daltons to about 200,000 Daltons, and more

20 preferably from about 5,000 Daltons to about 100,000 Daltons. Preferred copolymers preferably
have a softening temperature (melt viscosity at 3,000 Pa'S) of at least about 100°C, more
preferably at least about 140°C, and even more preferably from about 160°C to about 220°C.
Suitable copolymers also preferably have a glass transition lemperature (T,) of at least about
60°C, more preferably from about 60°C to about 200°C, and most preferably from about 75°C

25 toabout 160°C.

Prelerred cycloclefin copolymers are comprised ol recurring monomers of eyclic olefins
and acvclic olefins, or ring-opening polymers based on cyelic olefins. Suitable cyclic olefins for
use in the present invention are selected from the group consisting of norbornene-based olefins,
tetracyclododecene-based olefins, dicyclopentadiene-based olefins, and derivatives thereof.

30 Derivatives include alkyl (preferably C;-Cyy alkyls, more preferably C,-Cy, alkyls), alkyiidene
(preferably C,-Cy, alkylidenes, more preferably C,-Cy, alkvlidenes), aralkyl (preferably Cy-Cy



consisting of-fl, and alkyl groups (preferably CI-C20 alkyls, more preferably C1-C10 alkyls), and each
R.3 is individually selected from the group consisting of -H, substituted and unsubsti tilted 25 and
groups (preferably C6-C18 aryls), alkyl groups (preferably CI-Cm alkyls, more preferably CI-C10
alkyls), cycloalkyl groups (preferably C3-C30 cycloalkyl groups, more preferably C3-C18 cycloalkyl
groups), aralkyl groups (preferably C5-C30 aralkyls, more preferably C6-C18 aralkyl groups such as
benzyl, phenkethylpand predeyigropyiCeteipledier grelopletiseieatlpst abetyhigiousisaltwrols
(preferably Gl-Gil0@leohals), Aldabyds,groyng, ketones. nitiles.and 30sambinations,hereof.

Preferred’acyclic olefins ‘are selected from the group consisting of branched and ‘unbranche’d C2-C70
alkenes (préferanisbr-mboistasissivaiore Braferiisly patiREBRCH I Befitid e FUSE TFFIRE present
invention have the: stiugture SRA([ B4 £ N R4RAuWRErGi 8aLENR4 is individually selected from the
group consisting of -H and alkyl groups (preferably CI-C20 alkyls, more preferably CI-C10 alkyls).
Particularly preferred acyclic olefins 10for use in the present invention include those selected from the

group consisting of ettrgpe, propene, eferred. Methods
of producing cyclgeteffmeepolymerséare Knows d ample, €ycloofefih copolymers can be
produced by chaization of g acyclic mg (such as norbornene

with ethene as shoywmbelow).
R Rs

10
Ra Ry

i5 }“{ :
) Rs"‘< Ry Ra \——R

20 Ry Ry

and combinations of the foregoing, where each R, and R, is individually selected from the group
consisting of -1, and alkyl groups (preferably C,-C,, alkyls, more preferably C -Cyq alkyls), and
each R, is individually selected from the group consisting of -H, substituted and wnsubstituted
25 aryl groups (preferably C4-C,q aryls), alkyl groups (preferably C,-C,, alkyls, more preferably C,-
C,, alkyls), cycloalkyl groups (preferably C,-C,; cycloalky! groups, more preferably C,-Cy,
ﬁycloalkyi groups), aralkyl groups (preferably C,-C,, aralkyls, more prelerably Ci-Cy araliy!
groups such as benzyl, phenethyl, and phenylpropyl, etc.), ester groups, ether groups, agetyl
groups, alcohels (preferably C,-C,; alcohols), aldebyde groups, ketones, nitriles, and

30 combinations thereof.



The reaction shown above results in an ethene-norbomene copolymer containing alternating
norbornanediyl and ethylene units. Examples of copolymers produced by this method include 25
TOPASID, produced by Goodfellow Corporation and TOPAS Advanced Polymers, and AMA, produced
by Mitsui Chemicals. A suitable method for making these copolymers is disclosed in U.S. Patent No.
6,008,298, incorporated by reference herein. Cycloolefin copolymers can also be produced by

ring-opening metathesd poliphiteokeliion ot \isHstis dyelic Mo rdmersFaliswed HyHydisybration as
"'Ustratedﬁﬁﬁ%héﬁ%R%N&m%@a ferabREDYMRES S SWHiRg AT S type fRolvnerzZation can he

thought of conceptualfy asa copolymer of ethene and a cyclic olefin monomer (such as alternating
units of etfeylesreirfit PRsyIdpEHtamebs v3-Hiy HESBFown below). Ethiyene 1, R3Rs
15Cyclopentane-1,3-thyl Examples of copolymers produced by this method include ZEONOR(r) from
Zeon Chemicals, and ARTON(r) from JSFBACorporatlon A Suitable method of making these
copolymers is disclosed in U.S. Patent No. B g%)rporated by reference herein.
20Accordingly, copolymers of the present nydentlon prefepably comprise recurring monomers of: (1):

R4 4
where each R, is individually selected from the group consisting of -H and alkyl groups
(preferably C,-C,, alkyls, more preferably C,-C,y alkyls). Particularly preferred acyclic olefins
10 for use in the present invention include those selected from the group consisting of ethene,
propene, and butene, with ethene being the most preferred.
Methods of producing cycloolefin copolymers are known in the art. For example,
eyeloolefin copolymers can be produced by chain polymerization of a cyclic monomer with an

acyclic monomer (such as norbornene with ethene as shown below).

B ]
~
+ OHg oI GHy =g J
tthens Ethylens
-
\

Norbornene R‘; Rs

Rs Rs

MNorbornanediyl

The reaction shown above results in an ethene-norbornene copolymer containing alternating
norbornanediyl and ethylene units. Exarnples of copolymers produced by this method include
25 TOPAS®, produced by Goodfellow Corporation and TOPAS Advanced Polymers, and APEL®,
produced by Mitsui Chemicals. A suitable method for making these copolymers is disclosed in

{1.S. Patent No. 6,008,298, incorporated by reference herein.
Cycloolefin copolymers can also be produced by ring-cpening metathesis polymerization

of various cvelic monomers followed by hydrogenation as illustrated below.



and combinations of the foregoing, where: . each Rl and R2 is individually selected .from
the group consisting of-H, and alkyl 30groups (preferably C1-C20 alkyls, more preferably C,-C10
alkyls), and each R, is individually selected from the group consisting of -H, substituted and
unsubstituted aryl groups (preferably C6-Cis aryls), alkyl groups (preferably CI-C,0 alkyls, more
preferably CI-C10 alkyls), cycloalkyl groups (preferably C3-C30 cycloalkyl groups, more preferably
C3-C18 5 cycloalkyl groups), aralkyl groups (preferably C6-C30 aralkyls, more preferably C6-C18

aralkyl groups, such as benzyl, phenethyl and phcrﬂylpropyl etc) ester groups, ether groups, acetyl

group consisting
The ratio of mong
95:5,and morey !
by simply mlxmg\,m%(gygloolefln copolymer and any other mgredlents with the solvent system,
preferably at MOM temperature to about 150C, for time periods of from about 1-72 hours. The
composition should comprise at least about 15% by weight solvent system, preferably 25 from about

30% to abpyt S5 %Y %@lﬂﬁﬁ@%‘hﬁ@ﬂﬂﬁy%%m@rﬁr@iﬁaﬁabIyafmmtﬁb@glﬁ%%ﬁ@e@b@ﬂﬂy&@% by weight
solvent system, and even more preferab g fom about 6 % to ablcgut 99% u%/ g{_g oIvent CFystem
based quﬁHﬁ@‘f@Fa‘l’Wé]bﬁ?%é SO BB MAKERCES b5 BUSEGHt. “FHe Sorve n ‘System should

have g bojling, painhef froahabewidh2806)and preferably from about 120-250C. Suitable solvents
include, but are not limited to, methyl ethyl ketone 30MEK) and cyclopentanone, as well as
hydrocarbon solvents selected from the group consistigk.

edl

1 5 Cyciopeniane-1,3-giyl

Examples of copolymers produced by this method include ZEONOR® from Zeon Chemicals,
and ARTON® from JSR Corporation. A suitable method of making these copolymers is
disclosed in U.S. Patent No. 5,191,026, incorporated by reference herein.

20 Accordingly, copolymers of the present invention preferably comprise recurring
monomers of:

(@)

30



of limonene, mesitylene, dipentene, pincne, bicyclohexyl, cyclododeeene,
I-tert-butyl-3,5-dimethylbenzene, butylcyclohexane, cyclooctane, cycloheptane, cyclohexane,
methyleyclohexane, and mixtures thereof The total solids level in the composition should be at
least about 5% by weight, preferably from about 5% to about 85% by weight, more preferably from
about 5% to about 60% by weight, and even more preferably from about 10% to about 40% by weight,
based upon the total weight of the composition taken as 100% by wgight. According to the
invention, the compositioncaninclude additional ingredients, including low molecular weight cycloolefin
copolymer (COC) resins and/gr tackifier resing or rosips. The compuwsition ca# also include a number
of optional ingredients ketected from the group iSting 100f plas b ers;‘antioxidants, and mixtures
thereof. When a lgw. ralesular weight C z used in the n, it is preferably
present in the compositionrat & to about 80%t, more preferably from
about’5% to about 509 veight, and even mpre-preferably from abg to about 35% by weight,

based upon the total weight of the corhpositioy as 100% by W term 1.5 "low molecular
weight cyclooletirk mnfended toT Cs%having aerage molecular weight
(M") of less than about,50,000 Daltons, preferably legs than about 203000 Daltons, and more

r 6-preferably have a of from
about 50C to about 15@)(:, mofe preferably fr@r 1+60C to about?90C T andymost preferably from
about 60C to about 70C. Exemplary low molet esins fof use in the present
compgsitions are those sold under the name TOPAS(r) Toner TM (M,8;666), available from Tops
Advanced Polymers. When a tac,kifier or f3sin is (tilized, it is préferably Bresent in the composition
at a level of from about 2% to about 80% by weight, more preferably from about 5% to about 50% by

weight, and even
weight of the co

undeérsthe name SYLYARESTM TR resinyAriz
name SYLVARESTm TR-B resin; ArizoaaCl

SYLVAROS(r) PR resin; Arizona Chemical), rosin ester resins (sold under the name EASTOTACT"
resin; Eastman Chemical), cyclo-aliphatft hydro€arbon r%sins (sold under the name PLASTOLYNT"

resin; Eastman Chemicgl, or under the name ARKQNTM resin; Arakawa Chemieal), C5 aliphatic
hydrocarbon resins (sold uridexthé name PIWin; Eastimari C ical), hydrogenated
hydrocarbon resins (s e name REGALITET/ resin; East n%l), and mixtures

; Z the-composition at a level of from
d more preferably from-about bout 1.5% by weight,

Wed i aight.RExg@mples of suitable
antioxidants include those seleg¢ted from the groyp consisting ofphendlic antioxidants 10 (such as
pentaerythritol tetrakis(3=z(3,5-dixtert-butyl-4-hydyo enyl)propionatg sojd tnder the name 1RGANOX
.1.Z) 1010 by Ciba), phosphite aritioxidants (suct 2,4-ditertbutylphenytyphosphite sold under the
name IRGAFOS(r) 168 by Ciba), phosphonite artioxidants (such as '
tetra§§(2,4-di-tert-buty|pheny1)[1,1-bipheny11-zFl\,3,4“i“-di Qgisphosphonit sold Rnder the name
IRGAFOXV P-EPQ by Ciba), and mixtures thereof 15In alternative entbodiments, it is preferred that
the compositions are essentially free (less

and combinations of the foregoing, where:
each R and R, is individually selected from the group consisting of -H, and alkyl

30 groups (preferably C,-C,, alkyls, more preferably C-C,; alkyis), and



than about 0.1% and preferably about 0% by weight) of adhesion promoting agents, such as
bis(trimethoxysilylethypbenzene, aminopropyl tri(alkoxy silanes) (e.g., arninopropyl tr ilmethoxy si
lane), aminopropyl tri( ethoxy silan es), --phenyl aminopropy! tri(ethoxy silane)), and other si lane
coupling agents, or mixtures thereof In some embodiments, the final composition is also 20
thermoplastic (i.e., noncrosslinkable). Thus, in these alternative embodiments, the composition will be

essentially free (less theastaPolst eI B nsIGRIEA AP Brdreradly ssitiosrby WeigRt B &r8sslinking
agents, such as POWDERLII\L[gt(ﬁ)}gm@geg,ﬁngrgPpquB@;Egg,zqghxs.I—g@qigp SRecialty.themicals.

According to one aspect, the melt viscosity (complex coefficient of viscosity) of the final 25

composition will preferably be #E&8#%h Shbut 166P AN nsrETitefabtyddSthar ¥HBMH B0 Pat S,

and even more preferably froj@apeublfatdiio @boyt SR1Ra:S! Eaupurpaseseéthese measurements,
the melt viscosity is determined via rheological dynamic analysis é]' nséﬁrzumengs ‘A%f&-ZOOO, two
paralfel-plate configuration wiEFPRE HERD a\?éag?ﬁ]ia%%’t%sr 5?15 r%_ CrenclitBreS A Welt
viscosity is preferably determineg-abieqreiered debendintg 30tempetatug, opthedompasition in
question. As used herein, the teiin preferred debonding temperature” of the composition is defined as
the temperature at which the ﬁ#’@ﬂ’&&%‘itﬁt& theéteéﬁgﬁggt%nuis%oé%% Bf@@%@?%nagci% détermined
by dynamic measurement at IprtZepgdillalioq frefuednty, inlteinperaturesakepmnEhendoipositions also
preferably have a storage moduIL{s G1) of less than about 100 Pa, preferably less than about 50 Pa,
and even more preferably frof about T g‘t%ﬂeé) out 26 Pa, when measured at the preferred &bonding
temperatureiof the composition. 5The storage modulus is determined by dynamic measurement at 1
Hz oscillation frequency in temperature ramp. The compositions are the'wally stable up to about 350C.
There is also preferably less than about 5% by weight, a&nd more preferably less than about 1.5% by
weight, loss of the composition after one hour at the preferr d debonding temperature plus 50C
(preferably at a 10 temperature of from a 206‘[0 a 00'C), depending upon the composition.
In other words, very little to no thermal decompasition og¢curs in the composition at this temperature,
as determined by thermogravimetric analysi (TFE‘SA), destri&ed herein, Although the composition
coulq be applied to eith%ﬁlgpg carrier substrate or active wafer first, it is preferred that it be applied to
the active wafer first, These compositions can be coated 15 to obtain void-free thick films required for
bump wafer applications and to-achievesthel¢egdiveblahiestniitg across the wafer. A preferred
application method involves S%L{a;ﬁ%%@%%&ame&%@%%ei@ %%BGSQ&QMng-ﬁ@@k&t&QQyWOO rpm
(mor,: preferably floor about 1000-3500 rpm), at accelerations of from about 3000-10,000 rpm/second,
and for spin times of from about 30-180-se s RN Hes APpIecRRBIPIRET thE Sppfliedtibh steps can
be varied to achigye g, 20pAHiGUAINiSkRESSnomer AP RRALING pihensubstrale Gan be baked(e.g., on a
hot plate) to evaporate the solvents. gg)ical baking would be at temP tures of from about 70-250C,

er
and Bfeferalyty framabdub SOP40E T ACHRAY PEmbACErTRIM AButROH 66 rinutes, and more preferably
from about 2- 10-minytes.Tbefim. ticknessiiondepyaf isytepearapby)afige hakepuiltypieally be at

least

any other ingredients with the solvent system, preferably at room temperature 10 about 150°C,
for time periods of from about 1-72 hours,
The composition should comprise at least about 15% by weight solvent system, preferably
25 from about 30% to about 95% by weight solvent sysiem, more preferably [rom about 40% (o
about 90% by weight solvent system, and even more preferably from about 60% to about 90%
by weight solvent system, based upon the total weight of the composition taken as 100% by
weight. The solvent system should have a boiling point of from about 50-280°C, and preferably
fram ahout 120-250°C. Suitable solvents include, but are not limited to, methyl ethyl Ketone
30 (MEK)and cyclopentanone, as well as hydrocarbon solvents selected from the group consisting

of limonene, mesitylene, dipentene, pinene, bicyciohexyl, c¢ycledodecene,



25about 1 um, and more preferably from about 10-200tan. After baking, the desired carrier wafer
I.s 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 100-300C, and preferably from
about 120-180C, This heating is preferably carried out under vacuum and for a time period of from
about 1-10 minutes, under 30a bond force of from about 0.1 to about 25 kiloNewtons, The bonded
wafer canl Bershujeclettdim sz ibsardind thdtst lobeiien CRERerHnfy, PESERRIoh, VRSN, and/or

other progessing, sieRs: iwolwadRwriemthinping, as explained in more detail below. Fig. 1(a)
illustrates an éxemplary stack 10 comprising active wafer 12 and carrier wafer or substrate 14. It will

be appreciated that SAERCTASIS Y SRE RATIP SR ShARI AR b Kas BPEYLYE D tsERITE R oses of

this illustratignActive, wafes 1 29185 @R-agtive suracer 48y Asishewn indrigbb(@kmetyesigiace 18 can
comprise various topographical features 20a-20d. Tygical active wafers 12 can inclu eﬁn@%{
Sététted from

microelectrSritSUBSTRAE [Eraain BRss BIodbMe PoLomie Weh s WHfds P hERmg thELe
the group%gmgﬁtf@mm@[@grmm@hsystem (MENLS) devices, display devices, flexible
substrates (e.g., cured epoxy substrates, roll-up lQ,substrat?s that can Qe usedd tc%‘forrlrf a s),
compound semidSHALHRSS RFdAK HetecH RS b feRmE PAsar (o5 BESHeERidA SN nitride),
ion implant layens. Aavss Bst tatescaT pEsitgRi 000 A kertinuml/ tutgRién; ttugsterv siicidég gallium
arsenide, germani,um,’tarit!aIu , ntalurB nit.itet.Sir e, angl mgxtléj{&%egffthe tf1 rel%oin .r%fas{lri%r substrate
14 has a BOHdMSGTARS fé’in%é?caaﬂ% e ST SHAES T4 Eomprise a 18 matetial selected from the
groupcongisting ot sapahimicenanic] glasaestiatzfaluminum, silver, silicon, glass-ceramic
composites (such as praducts sold under th e Zerodur', available from Schott
combinations thete aq(\%éf?@?ef. and leg?&égggélt?éfeuﬁdéflet %ﬁ%gat%qé%%thgr%iéggﬁ%ﬁdg
compositigredayes 24e Bondingdayen R4dsddimecaiuity cycibolefif ‘bopotyiaiercompuditiots described
above, and has 20 heen applied and dried as alsg describ Ve, As. shown.in, the Figs (a),
bonding Ia%f@? ?Holgi%%ﬁlt&eﬁigg‘é{éc%&éy svirf?’éééaf% of water %ggv@él?%@ t%glggtn ir/?rg]; surface 22 of
substrate b winlikebprianaiitspesdondihy dager unisslionifdren ERERYICAIy Hesame) Phaterial
across its thickness. In other,words, the entir ing. Javer.d4Jsdprmee ofthe, spyne Rmposition. It
will b app?%‘éié’tlgbc %ﬁnal: 8@u§é%%é%ﬁﬁg%§;%ﬁg§dcg{%e agpligd to active surface&’18 25 by
spin-coatingenresprayecohting:ighe(bbndinty wofrpoditeh Hovis Rediensd peveiethe lvarbas 5e8graphical
features. F‘d}&%ﬁ[ﬂ‘af{g% t%&%%@%‘ /8524 101BS AR umbiave! R ues - loReeFARRYIphastive

(off

surface 182. ustrate this point, Fig. 1 'shows a plane desugnated by dashed line 26, at end portion

21 and subbtaptidiyipatatielad bddkosurtane 506 CThedistARe e kBT evis forahly BPBoMMNG Etface 22 is
represented by hedbicknass.l, Te tnickngse b ik cery 0byless thanahayti 0 thopisfarably by
ou

less than ab o, more preferably by less than about 5%, even more preferably by Iess,wthan about
206, afid mesthrEfefablyitedertherinibe RIEs ABEeHETRFGIN DT FRAS IS ARt LBl F The
water package ca(y hen s By hiesisdl 10-sHbsegiuent hinping, (@nether processing) of the substrate as

shown in Fig, 1(b), whére 12" presents the wafer 12 after thinning. It will be .
When a tackifier or rosin is utilized, it is preferably preSent in the composition at a level

of from about 2% to about 80% by weight, more preferably from about 5% to about 50% by
weight, and even more preferably from about 15% to about 35% by weight, based upon the total
25 weight of the composition taken as 100% by weight, The tackificrs are chosen from those having
compatible chemistry with the cycloolefin copolymers so that no phase separation occurs in the
compositions. Examples of suitable tackifiers include, but are not limited 1o, polyterpene resins
(sold under the name SYLVARES™ TR resin; Arizona Chemical), beta-polyterpene resing (sold
under the name SYLVAREST™ TR.B resin; Arizona Chemical), styrenated terpene resins (sold
30 under the name ZONATAC NG resin; Arizona Chemical), polymerized rosin resins (sold under

the name SYLVAROS® PR resin; Arizona Chemical), rosin cster resins (sold under the hame



5 appreciated that the substrates can be thinned to thicknesses of less than about 100 um, preferably
less than about 50 um, and more preferably less than about 25 um, After thinning, typical backside
processing, including backgrinding, patterning (e.g., photolithography, via etching), passivation, and
metallization, and combinations thereof, may be performed. Advantageously, the dried layers of the
inventive compositions possess a number of 10 highly desirable properties. For example, the layers
will exhibEfoW BUtya3Sires for bacuam eEh g c@s‘g%@ﬁlfPW&t‘ié}W‘ﬁcﬁbﬁ?ﬁffﬁﬁ(ﬁW 16 Edmposition
is baked af,8Q-2bQGfor 2160 minutestmereraferabhuLad-minsies) Attesaiventsivil-be.drven from

the composition so that subsequent baking at 140-300C for 2-4 minutes results in a film thickness
change of 1e8ifthnGhaiRsys ibrsmby ls88 TR AB6E Bosaid Eveh Tdre pretRrapiigls than
about 1.0%eh 218 ¥eaR8eualerrdaastheirk i Shiinkage. desKEFAUS Rereiied iayars can be
heated to temperatures of up to about 350C, preferably up to about 320C, more preferably up to about
300C° withbET M PEEBHEBE rming in the layer. In some embodiments, the layers can also be
exposed to polamselyentsnesgiddmehyrdayEolidione)yalrastanipeiatsamk 80 dos yehidutes
without reacting. The bond integrity of the dried layers can be maintained gven u osure to
an acid o198 a0 4 180 éocﬁl?gat%‘%l}}%‘f\f{:ﬁ%h& @?ﬁ%ﬁ%‘éﬁ%ﬁ %%3&8@%@%2&803? EQSq ugrar}fl’O can be

submergeg inamacigicanegdiai(e gialcosigenifated suffosicaciscanbase ey ahvt S igOisl.) at 85C

for about 45 minytes while maintaining bond integrity. Bond integrity.can be evaluated by using a glass
carrier suBgﬂﬂi%b}f‘r‘Fd“R‘)Fslt%W 8‘82%%?&%%@ %?1% iihog%é‘ ége f)%%‘?t?gﬂsfg{f/%‘? ?ﬁ%gﬁﬁ%ﬂ%&tl )é](g%ig{sss carrier
substrate ta:check-fosduibbles janids( i3, Adso;rbonglitegdtyxisshrainiaingd ifthe ativeewbder and
carrier substrate se ted by hand. After the. desired processing, h geurred., the
active wafst"8t s@b@#&%’g@n t?glr sgegba‘(ra)téelg#orﬁht%s ﬁé%’rriglr} é@ﬁéﬁ%ﬁe%ﬁ%nedérﬁgg(tﬁrﬁeﬁrﬁglt{he active
wafer andt@tu;bpiltratﬁi@Kmsﬁmmmmaﬁagﬁﬁmwﬁ%fmﬂfﬁ@)e;ﬁt@b@i@%ﬁé?ﬁ&ﬁdﬁn? layer.
More specifically, the stagk is.30heated fo t raf f ALl - pigferablyat least
about 120 =‘,mallaqncis Fﬁ%’?‘g‘g@%@eﬁéﬁfﬁ ?Pgt}ﬁ?%%g eiﬂ%%@%%%ﬁuﬁgo%ﬂéggrﬁgi% il'Ege?%%erature ranges
representx@ﬁ@ﬁéﬁéﬂé@)ﬁéﬁgﬁ%@}t@ﬁb@kmreéi@tfthél@@n&ling composition layer. This heating will
causgthe F’O”d”ig eﬁfer{'rgﬁsg'&'%ﬁ%%{&%s%fﬁe aoddenm.seftensd. handing.compositenlayss 24' as
shown in Fig. 1(¢), at which point the two substrates can be separated, for example, by sliding apart.
Fig. 1(c) showstanakis’28ndhicfepabsebothirdtghy bt v warshaPoariosopitatacns: aHeMAR sliding
forces 5 would:be applied;ina direction genesally transverse o axis 28.nsisasof sidingwafer 12 or
substratgvﬁ ggﬁ t@&ﬁﬁ%@%%@%%%%upﬁ%%.ee?in a girect%?\'théat IS gengrélg/ a{way, from the
other of wallend2eor subsiretts ity isysdparake thenwansnep st etnetae) 1pd otheR fid¥hatively,
instead of ng%ﬂﬂg E‘%&Q@Ee&-tﬂﬁx@&f b bongding.cerspesition candhe slissolagousipg & selvent, Once

the layer is dissolve , the active wafer and substrate can be 10 thereafter separated. Suitable solvents

for ugé in dissoluirgtiné bonansePryEkdan bE R BRI FIAFVAS BEPLBREAS LBRTBBEHESH Brior to
drying, sucha§dh0s8 salecied drmhegraup. pansisingiet M eanthoyslopentapone: gawell as
hydrocarbon solvents selected from the group con%istiné of limonene, 1me,s_,iMen%02£§?§gene, pinene,
bicyclohexybsyisliasdeesiiesahet- BRI IR BN thPIbEREEnE Dttty idhexans. &ct he,
eyeloileptang,.cyclehexapgs 15rnethylcyclohexane, and mixtures thereof. Whether the bonding
composition is softened or dissolved, it will be appreciated that separation.can be cgqﬁmplisp’ed by
simply applying fORSS ISR HE AR ATBF I HSHB O (WARSFL S OP BB SR °1%Wﬁﬁ§%%fﬁ?§ir¥lhﬁg fié other in a
substantially,statiorarypositfenise Bs i msistihe Sitngsomlifingforas (kg ihay apphing sfinultaneous
opposing sliding or lifting forces to \(/)\tffer( 012 ng §SOLJb§tr%te 14})\_ i[hig? can al'lﬂb‘eoasgg%r}lqligpeed via
conventior®@eGUiprieit PreiRAb B SHIhg d%go fiion temAining in the device Areas can be easily
removed hydinsipg i) arsuitabte selvent falldwedriy-€pinadrind. Suitalie-solvents yacludeéithe
original solvent that was p f the composition prior to drying.as.well as those solvents listed above
suitable fol'iHE¥8RiHy ey ﬁé“éh?&h%%ﬁﬁa‘”d*é rbtl}%é‘fﬁé‘f%ﬁ‘n;l%crérﬁlﬁgé?t‘ibhrﬁ“‘r‘éﬁ{h?ﬁ?ﬁrg& ‘é#f? will be
mm). Furthermore, the melt viscosity is preferably determined at the preferred debonding

30 temperature of the composition in question. As used herein, the term "preferred debonding

temperature” of the composition is defined as the temperature at which the melt viscosity of the

i1



25 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. 30 EXAMPLES The following examples set forth preferred

methods iPaEesHERNEOWRN 198 Rivermsns Aosraipe! MRS PBHITREIHETET Rt tHest 'ERbftbles are
provided by way.0 ﬁH'&%&%ﬁﬁg{xEPtmm@@mm& bestaken asa limiatienupenshepverall

scope of the'invention | Cyeloolefin Co ogmer Resin and Low Molecular Weight COC

Resin Blefidgss than alPH‘%HQ@)%Hiﬁfér%m%F&h%gbeﬁh? hing ¥ RIERTBE REPORNEFSEAG %’ﬁow

molecular; 1Qweight;CQ G esiRvesesmana (v ierigantz wearadedagdda:samelns toe fosmulations.
1.Sample]. In this procedure, 1.2 grams_of an ethene- norborne ?ﬂpgiglmer TOPAS 5010, To

110C5 obtAletPRBMIPEBRISATARdE BORIERS FIGRASRRYY NSRS }atyms 15 of
D-limoneng{Fdetiga Ghgmical Co.), along with 2.8 grams of a low molecular Welght cycloolefin

copolymer (TOPAS(r) Toner. TM, My; 8,0 M, 2 0 Tha tion was allowe to r.at room
temperature untif Be TREHRMR %W%@iﬁ%ﬁ\% s‘)‘gf’u |ont%Jgﬂ Ot 4096 Boiids 550&8 Bample 1.2
In this progeduwend.7% %am&@ftamnathmﬂemefmmenescmpnlymﬁ: (ITBPDgS(@J@BO‘IQs‘ESﬂm) and 3.25
gram.s of low molecu@gé We| ht COCt TOP Séd) TQgO ]vj[\l/e&eagl?ssqlv 9[)%%{9@% a%lg ! -limonene.
The solutiBRREE4iid 5?8 T urenun%ﬁ & Fhgredients were n solution. The solution
had B@OU&&Q%@@H&M 2:518 Sandle(r 3 Babthis3pesEadimes B Sygraths afiarsthendmotizornene

copolymer %T%PQ% 1ttlc to ho thermal decomposition occurs in the composition at this temperature, as
determined by thermogravimetric analysis (TGA), described herein.

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, These compositions can be coated

15 1o obtain void-free thick films required for bump wafer applications and 1o achieve the required
wniformity across the wafer, A preferred application method mvolves spin-coating the
composition at spin speeds of from about 500-5060 rpm (more preferably from about 1000-350
rom), at accelerations of from about 3000-10,000 rpm/second, and for spin times of from about
30-180 seconds. 1t will be appreciated that the application steps can be varied to achieve a

20 particular thickness,

After coating, the substrate can be baked (e.g., on a hot piai‘é) {o evaporate the solvents,
Typical baking would be at temperaiures of from about 70-250°C, and preferably from about 80-
240°C for a time period of from about 1-60 minutes, and more preferably from about 2-
10 minutes. The fim thickness {on top of the topography) after bake will typically be at least

25 about 1 um, and more preferably from about 10-200um.

After baking, the desired carrier wafer is contacted with, and pressed against, the layer
of mventive composition. The carrier wafer is bonded to this inventive composition by heating
at a temperature of from about 100-300°C, and preferably from about 120-180°C, This heating
is preferably carried out under vacunm and for a time period of from abeut 1-10 minutes, under

30 abond foree of from about 0.1 1o about 25 kiloNewtons. The bonded wafer can be subjected to



To 134C) were dissolved in 5.92 grams of D-limonene along with 2.481 grams of a low molecular
weight cycloolefin copolymer (TOPAS(r) Toner TM), 0.04 grams of a phenolic 30 antioxidant
(IRGANOX(r) 1010), and 0.04 grams of a phosphonite antioxidant. IRGAFOX(r) P- EPQ). The

_ solution was allowed to stir at room temperature until the ingredients Were in solution. The solution had

about 40% solids. 4.Sample 1.4 In this procedL{ﬁe 1.2 grams of ap et Ege 1%%@?8{{‘6 e copolymer
(TOP AS@%%@@??%@%@QW@B RS Y S S B nene. Atong With 2 8Tgrams of 4 tow

moleculanweight pyslelafihcopohinaesl(HEPASOE daeil DM)v0.04 grams of a phenolic antioxidant

(IRGANOXC 1010), and ramgofa hosphonite antioxidant (IRGAFE )YT e solution
was allowed to &t aﬁ? S%é‘?%ﬁ@%‘fﬁ? aegfnri]gbtre e %céume% etI Eca% uttlk(])n had

about 40%r salidgafdampldtlybll be I%tppthmmbﬁw wegl2. BBEBsgsnammnceEh@n@mbﬁbmrbeﬂe
copo mer (TOPA 13) were dissolv NS f D-iimone 35 grams of a
OO e e ggf%% yfg%?e?w 90N Efﬁ'm{‘m? Bhan A w% ne alanawith 1418359

in copolymer Toner TM 0.04 grams of a phenolic
antioxidanhHRGANQX (i 1.0&0)s amfcm:{wﬁgmmmmwhm@@rme%mwwhﬁia@%mﬂ@%r) P-EPQ).

The SOLUAR AR AINERI0 L ALIOAM %@%@é@f&éﬂ&w Lthe, ingredisnts werg inselsian, Ihe

solution h %SOl In this procedure, 2.2 grams of a hydrogenated
norbomem{b&seeifﬂepidlymétdpr‘épawdiwqtir@%p@ﬁ|E@%W@Pﬂ2’é&£l@ﬁm@}ﬂ®lﬂ@eﬁ®6@° 8 100C;

obtained flo Zeop CRemigals.boyiile, Y had . arams ela o mpiecuatueigrciglooien

copolymer oner ™ ssolved in 5.92 grams o?cyclooctane Aldrich, Milwaukee, WI).
The ﬁmlutlmmsiatﬂ@webletassﬁﬁ@ﬁ@@@rmémﬁé‘mmr@ﬁhﬁﬁﬂﬁ@“m&ﬂ@%ﬁ& FACHTSOIRNRR. The

solution had about 40% sqlidsy; EXAME LR uaeRielin GanslymerResinstansdLaskifiasilends

silicon, aluminum, tungsten, fungsten silicide, gallium arsenide, germanium, tamtalum, tantalum
nitrite, SiGe, and mixtures of the foregoing.
Carrier substrate 14 has a bonding surface 22, Typical carrier substrates 14 comprisc a

material selected from the group consisting of sapphire, ceramic, glass, quariz, aluminum, siiver,

—
LA

silicon, glass-ceramic composites (such as s products sold under the name Zer odur®, available
from Schott AG), and combinations thereof.
Wafer 12 and carrier substrate 14 are bonded together via bonding composition layer 24.
Bonding layer 24 is formed of the cycloolefin copelymer compositions described above, and has
70 been applied and dried as also described above. As shown 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 aumiform {chemically the same) material across its thickness.
In other words, the entire bonding layer 24 is formed of the same composition.
It will be appreciated that, because bonding layer 24 can be applied to active surface 18
25 by spin-coating or spray-coating, the bonding composition {lows 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 designated by
dashed line 26, at end portion 21 and substantially parailel to back surface 16. The distance from
this plane to bonding surface 22 is represented by the thickness ™ I'" The thickness "I wiil vary

30 by less than about 20%, preferably by less than about 10%, more preferably by less than about

13



In this Example, formulations were made containing cycloolefin copolymers blended with various
tackifiers. As in Example I, antioxidants were added to some of the formulations. 1. Sample 2.1 In
this procedure, 0.83 grams of an ethene-norbornene copolymer (TOPA S 8007) were dissolved in 5,92
grams of D-limonene, along with 3.17 grams of a hydrogenated hydrocarbon resin (REGAL1TE(r)
R1125; obtained from Eastman Chemical Co., Kin sport TN), 0.04 grams 10 of a phenolic antioxidant
(IRGANOX() 161 B AREE TR ér%?’n]r%g%?’ﬁrb??é’élbﬁ RS ARRRSRERAF E’? EREERAYBLEPET Fhe solution
was allowgd tenstit @tﬁﬁ@é@t’ﬁﬂi@@ﬁ@%@&]ﬁﬂ the ingredients were in solution. The solution had about
40% solids. 2. Sa %252 15For this procedure, 0.7 g agms of an ethene-norpornene copo mer

(TopAse 8007) aritf 38YFANS S Astralsd Jteécriﬁgﬁoes STORATRER § %o%cﬁféﬂ% from
Arizona Ghemibal;-dacksomvilley Flg wehe wissohMe gricsdnQ2igranfs:-of Ddiendnienegalangiwith 0.04

grams of a phenali ntr xrd t IRGANO 1 nd O. 04 s of a phonit oxrdant
(RGAFOXFE R ARG o L S TSP T AR B g Ao to were
in solutlomEEhrazsoh}ratmnih)aphﬁbmd A% sodidsbBy sambdﬁ ABut 23 mﬂmsMrmm]aﬁmng 1t@pgrams of an

ethene-nqrbomene co ol mer PAS T05 3)W re dissolved, i in sofD I| ene, along
AR bt K RON B R}

with 2.1 grgms 0 If:’f/c ro c’kg?b[ res(f“rrrir}1 iy F(%)NJ arhélé From akawa

Chemical M&Armrrion,@hﬁcagua 1it@uéhOdr@ramémhﬂqnhdm@mfamﬂDMauf@R@%NOX(r) 1010), and 0.04
grams of & phos?\ﬁ}] nite antigxidant (1R aver PR EEQ L co%%%‘st‘{?@n‘é" S.alowe é{x}gbﬂjr (@t room
&r dierits wer T u

temperature until the in e In so utlon 4, Sam ort IS procedure, 2.42 grams of
an etlﬁendargbﬁb@meabimp@tym@r FrORASHE) &@i@)ewe\nél dxéisb‘itvl@(é« g 9RiggamsshDiisdnene,

along with 1,28 grams of & ycloraliphaie pyeracarhienJgsin (RLAST QL INID 33340 gpfained from

Arakawa ethemrcal A'Inc., Chicago, IL), 5 0.04 grams of a phenolic antioxidant IRGANOX(r) 1010),
and 0.04 @fam@mta(prmphxﬁmb aatroma@;msmFi@ﬁai@mwlép@vqrh&%r@ﬂdﬁ%w@wed to stir at

room tem@%ra&%gor:%rl (he ingredientswere jn-selution. The aoltion hadabut #0%,s¢ids;EXAMPLE

3 10App||cat|on ing and Debondi.ng, and Analysis The formulations pre ared in Examples 1

and 2 abotevrarspin-esitad ohtes Varothe subetaeoNuTarer saree ki e tdhetaporhateiesolvent
and allowing. thesbending compesition i tefiwa secondwatenwasibended .each.coated wafer by

applying pressure. A typical procedure for temporary wafer bondrr(lzg using the bondrng compositions is
illustrated fgFigrapies of up to about 350°C, preferably up to about 320°C, more preferably up To about

300°C, without chemical reactions occurring in the layer. In some embodiments, the layers can
also be exposed io polar solvents (e.g., N-methyl-2-pyrrolidone) at a temperature of 80°C for
15 minutes without reacting,

20 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 13 um can be
submerged in an acidic media (e.g., concentrated sulfuric acid} or base {e.g., 30 wi. % KOH; at
85°C for about 45 minuies while maintaining bond integrity. Bond integrity can be evaluated
by using a glass carrier subsirate and visually observing the bonding composition layer through

25 the plass carrier substrate to check for bubbles, voids, ete. Also, bond integrity is maintained if
the active wafer and carrier substrate cannot be separated by hand.

After the desired processing has occurred, the setive wafer or substrate can be separated
from the carricr substrate. In one embodiment, the active wafer and substrate are separated by
heating to a temperature sufficient to soften the bonding layer. More specifically, the stack is

30 heated to temperaturcs of at least about 100°C, preferably at least about 120°C, and more

preferably from about 150°C to about 300°C. These temperature ranges represent the preferred

14



15 The bonded wafers were tested for mechanical strength, thermal stability, and chemical resistance.
The wafers were tested for debonding by manually sliding them apart at acceptable temperatures.
After debonding, the bonding composition residue was cleaned using a solvent rinse and spinning.
The theological properties of each formulation from Examples 1 and 2 were tested, All 20 of these
materials F§uccessfull tes bond| It wa dete |n d that tqg refe rekgi dgbondlng

temperat

SEnipies't Tei %‘?"Q OS‘_TLSB v":i‘he preferred

L‘{ci’lntg emperﬁture for
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and 2.4 quse}ZaEaStt(?[% %I'ggg%?{a e mo ul%%gczmaggbgwglrta ?é'(?%o %Xa%a | fte}apée Oc%i/)aeffl h%oﬁg%scosny) for
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FR tc}/bé' %;éﬁt% %Dgarec L%Irrz] %ener E’f £1aaFrysR%1(s%)tola%'<1§§§ "i)’ésfga]cﬁq* g‘ll%mg,, water 12 or

substrate 14 can be separated by lifting upward (i.e., in a direction that is generally away from
the other of wafer 12 or substrate 14) 1o separate the wafer 12 from the substrate 14,

Alternatively, instead of heating to soften the layer, the bonding composition can be
dissolved using a solvent, Once the layer is dissolved, the active wafer and substrate can be
thoreafter separated. Suitable solvents for use in dissolving the bonding Jayer can be any solvent
that was part of the composition prior to drying, such as those selected from the group consisting
of MEK and cyclopentanene, as well as hydrocarbon solvents selected from the group consisting
of limonene, mesitylene, dipentene, pinene, bicyclohexyl, cyclododecene,
1-tert-butyl-3,5-dimethyibenzene, butyleyclohexane, cyclooctane, cycloheptane, cyciohexane,
methyleyclohexane, and mixtures thereof.

Whether the bonding composition is soffened or dissolved, it will be appreciated that
separation can be accomplished by simply applying force to slide and/or lift 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 or Iifting forces to wafer
12 and substrate 143, This can all be accomplished via conventional equipment.

Any bonding composition remaining in the device areas can be easily removed by rinsing
with a suitable solvent followed by spin-drying. Suitable solvents include the original solvent
that was part of the composition prior to drying as well as those solvents listed above suitable for
dissolving the composition during debonding, Any composition remaining behind will be
compleiely dissolved (at Icast about 98%, preferably at least about 99%, and more preferably
about 100%) after 5-15 minutes of exposure to the solvent. 1t is also acceptable to remove any
remaining bonding composition using a plasma ¢ich, either alone or in combination wiih a
sclvent removal process. Afier this step, a clean, honding composition-free wafer 12" and carrier

substrate 14 (not shown in their clean state) wiil remain.
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EXAMPLES
The following examples set forth preferred methods in accordance with the invention.
It is 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,

EXAMPLE |
Cycloolefin Copolymer Resin and
Low Molecular Weight COC Resin Blends
in this Example, formulations containing cycloolefin copo.lyfhcrs and a low molecular

weight COC resin were made, Antioxidants were added to some of the formulations.

1. Sample 1.1

In this procedure, 1.2 grams of an ethene-norbornene copolymer (TOPAS® 5016,
T, 110°C; obtained from TOPAS Advanced Polymers, Florence, KY) were dissolved in 6 grams
of D-limonene (Florida Chemical Co)), along with 2.8 grams of a low molecular weight
cveloolefin copolymer (TOPAS® Toner TM, M, 8,000, M, /M, 2.0). The solution was allowed
{o stir at room temperature unti} the ingredients were in solution. The solution had about 40%

solids,

Z. Sample 1.2

In this procedure, 0.75 grams of an ethene-norbornene copolymer (TOPAS® 8007,
T, 78°C) and 3.25 grams of low molecular weight COC (TOPAS® Toner TM) were dissolved
in 6 grams of D-limonene. The solution was allowed 10 stir at room temperature until the

ingredients werc in solution. The solution had about 40% solids.

3. Sample 1.3

For this procedure, 1.519 grams of an ethene-norbornene copolymer (TOPAS® 5013,
T, 134°C) were dissolved in 5.92 grams of D-limonene along with 2,481 grams of a low
moleeular weight cycloolefin copolymer (TOPAS® Toner TM), 0.04 grams of a phenolic

antioxidant (IRGANOX® 1010), and 0.04 grams of a phosphonite antioxidant (IRGAFOX® P-

16
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EPQ). The solution was allowed to stir at room temperature until the ingredients were in

solution. The solution had about 40% solids.

4. Sample 1.4

In this procedure, 1.2 grams of an ethene-norbornene copolymer (TOPAS® 8007) were
dissolved in 5.92 grams of D-limonene along with 2.8 grams of a low molecular weight
cycloolefin copolymer (TOPAS® Toner TM), 0.04 grams of a phenolic antioxidant
(IRGANOX® 1010), and 0.04 grams of a phosphonite antioxidant (IRGAFOX® P-EPQ). The
solution was allowed to stir at room temperature until the ingredients were in solution. The

solution had about 40% solids.

5. Sample 1.5

For this procedure, 2,365 grams of an ethene-norbornene copolymer (TOPAS® 5013)
were dissotved in 5,92 grams of D-limonenc along with 1.635 grams of a low molecular weight
cycloolefin copolymer (TOPAS® Toner TM), 0.04 grams of a phenolic antioxidant
(IRGANOX® 1010), and €.04 grams of a phosphonite antioxidant (IRGAFOX® P-EPQ). The
sohution was atlowed to stir af room temperature until the ingredients were in sciution. The

solution had about 40% soiids,

6. Sample 1.6

In this procedure, 2.2 grams of & hydrogenated norbomene-based copolymer prepared by
ring-cpening polymerization (ZEONOR® 1060, T, 100°C; obtained from Zeon Chemicals,
FLowsville, KY) and 1.8 grams of a low molecular weight cycloolefin copolymer (TOPAS®
Toner TM) were dissolved in 5.92 grams of cyclooctane (Aldrich, Milwaukee, WI). The sotution
was allowed 1o stir at room temperature until the ingredients were in solutior, The solution had

about 40% solids.

17



10Further studies On thermal stability and chemical resistance were also carried out on these
compositions. Thermogravimetric analysis (TGA) was carried out on a TA Instruments
thermogravimetric analyzer. The TGA. samples were obtained by scraping off the spin-coated and
baked bonding composition samples from Examples 1 and 2. For the isothermal TGA measurement,
the samples were heated in nitrogen at a rate of 10C/min., up to their preferred 15 debonding
temperature plus 50C, and kept constant at ﬂﬁ%ﬁf%@%\ture for | hour to determine the thermal
stability of the particular bonujog semposiiomdire:isethaimatmeaserements for each sample

formulation are reported below in Table 2. For the scanning TC 2asurement, the samples were
heated in nitrog&h! 3 S8R Er TIPSR f@ﬁﬁ%ﬁ%@&%@ﬁ@pﬁ e }f}ﬁ%éc?\‘ﬁ mal

thennograyiaetrigckesults Athermalsiadilibn(ioNZ)tSasplel Weight ioss {86)disoibermal for 1 hour)
Isothg;'rmal temperature (C) 1.1 0.123 20 1.2 0.847 200 .3
1. Sample 2.1
In this procedure, 0.83 grams of an ethene-norbornene copolymer (TOPAS® 8007) were
dissolved in 5.92 grams of D)-limonene, along with 3.17 grams of a hydrogenated hydrocarbon
resin (REGALITE® R1125; obtained from Eastrnan Cherical Co., Kingsport TN}, 0.04 grams
10 of a phenolic antioxidant (IRGANOX® 1010}, and 0.04 grams of a phosphonite antioxidant
(IRGAFOX® P-EPQ). The solution was allowed to stir at room temperature until the ingredients

were in solution. The solution had about 40% solids.

2. Sample 2.2
15 For this procedure, .7 grams of an ethene-norbornene copolymer (TOPAS® 8007) and
3.3 grams of a styrenated terpene resin (ZONATAC® NG98; obtained from Arizona Chemical,
Jacksonville, FL) were disseived in 5.92 grams of D-limonene, along with 0.04 grams of a
phenolic antioxidant (IRGANOX® 1010}, and 0.04 grams of a phosphonite antioxidant
(IRGAFOX® P-EPQ). The solution was allowed to stir at room temperature unti! the ingredients

20 were in solution. The solution had about 40% solids.

3. Sample 2.5
In this formulation, 1.9 grams of an ethene-norbormene copolymer (TOPAS® 501 3) were
dissolved in 5.92 grams of D-limonene, along with 2.1 grams of a cyclo-aliphatic hydrocarbon

resin (ARKON® P-140; obtained [rom Arakawa Chemical USA Inc., Chicago, IL), 0.04 grams

2
wh

of a phenolic antioxidant (IRGANOX® 1010}, and 0.04 grams of a phosphonite antioxidant
(IRGAFOX® P-EPQ). The solution was allowed to stir at room temperature until the ingredients

were g solution,

18
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4, Sample 2.4

Forthis procedure, 2.42 grams of an ethene-norbornene copolymer (TOPAS® 5013 ) were
dissolved in 5.92 grams of D-limonene, along with 1.58 grams of a cyclo-aliphatic hydrocarbon
resin (PLASTOLYN® R-1140; obtained from Arakawa Chemical USA Inc., Chicago, 1L),
0.04 grams of a phenolic antioxidant (IRGANOX® 1010), and 0.04 grams of a phosphonite
antioxidant (IRGAFOX® P-EPQ). The solution was allowed to stir at room temperature until

the ingredients were in solution. The solution had about 40% solids.

EXAMPLE 3
Application, Bonding and Debonding, and Analysis

The formulations prepared in Examples 1 and 2 above were spin-coated onto varicus
substrate wafers. After baking to evaporate the solvent and allowing the bonding composition
10 reflow, a second wafer was bonded (o each coated wafer by applying pressure. A typical
procedure for temporary wafer bonding using the bonding compositions 1s illustrated in Fig. 2.
The bonded wafers were tested for mechanical strength, thermal stability, and chemical
resistance. The wafers were tested for debonding by manually sliding them apart at acceptable
temperatures. After debonding, the bonding composition residue was cleaned using a solvent
rinse and spinning.

The rheological properiies of each formulation from Examples 1 and 2 were tested. All
of these materials were successfully tested for debonding. It was determined that the preferred
debonding temperature for samples 1.1, 1.2, 2.1, and 2.2 was 150°C. The preferred debonding
temperature for samples 1.3, 1.4, and 2.3 was 200°C, and the preferred debonding temperature
for samples 1.5, 1.6, and 2.4 was 250°C. The storage modulus {G7) and melt viscosity (n*,
complex coefficient of viscosity) for each sample at their preferred debonding fernperatures are
reported below, The rheological data is also illustrated in Figs. 3-3 for each debonding

temperature,

Table 1

Sample number Storage Modulas, G Viscesity, g* Debonding
{Pa) {(Pa=s) Temperature (°C)
i1 255 350 150
1.2 9.6 167 150

iy
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As can be seen from the Table above, all of the COC-low molecular
weight COC resin blends (Example 1) possessed the required thermal stability at least up to 300C and
exhibited minimal weight loss (< | .5-wt%). The COC-tackilier blends (Example 2) had an average
weight loss of about.5-wt% when maintained at the testing temperature. However, as shown in Table

~the 1-wi% weightlgss-temperatures-were-higherthan-their-respestive-bendingfdebonding

Ires, suggesting suff

LALLM

cient thefrilal resistance for wafér-bonding applicai8ns. -mettic results ,

emperatyrg at 1.0%

weight losg Debondi

ng Temperature ("C) (C) 11 200

1.5

16.3

20.1

250

8.1

15.1

250

24.9

14.5

1.3

2.4

217

287

5.5

14.1

Further studies on thermal stability and chemical resistance were also carried out on these

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

thermogravimetric analyzer. The TGA samples were obtained by scraping off the spin-coated

and baked bonding composition samples from Examples 1 and 2. For the isothermal TGA

measurement, the samples were heated in nitrogen at 2 rate of 10°C/min., up to their preferred

debonding temperature p]ué 50°C, and kept constant at that temperature for 1 hour to determine

the thermal stability of the particular bonding composition. The isothermal measurements for

each sample formulation are reported below in Table 2. For the scanning TGA measurement,

the samples were heated in nitrogen at a rate of 10°C/min. from room temperature o 650°C.

Tahie 2 - Isothermal thermogravimetric results - thermal stability (in Ny}

Sample

Weight Loss (%)

(Isothermal for 1 hour)

Isothermal temperature
e

1.1

$.123

266

1.2

0.847

200

1.3

1.268

250

1.4

(.764

250

-

1.5

0.752

300

1.6

0.596

300

2.1

5.496

200
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250

2.4

5.191
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214 150 223 150 2.3 228 200 2.4 252 250 15 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 N-Methyl2-Pyrrolidonc (NMP) or 30% by weight KOH at 85C, and

concentrated sulfuric acid at room ?it temperature to determine chemical resistance. The bond

integrity was visually observed after 45 minutes, and the stability of the bonding cogir(ao(Q?igion against
0

the respective cherfizdewas dumiinetr xPBYhdhg BT dSrHIBNS R EANEH WEBond intedity.
CLAIMS: A wafes-Rending metead COMRIGSIRG thermal stability at least up to 300°C and exhibited

minimal weight loss (< 1.3-wit%). The COC-tackifier blends (Exampie 2) had an average weight
loss of about S-wit% when maintained at the testing temperature. However, as shown in Table 3,
5 below, the 1-wt% weight loss temperatures were higher than their respective bonding/debonding

temperatures, suggesting sufficient thermal resistance for wafer-bonding applications.

Table 3 - Scanning thermogravimetric results

i Sample Temperature at 1.0% weight loss Debonding Temperature
('C) ('C)
21 214 150
2.2 223 150
23 228 200
2.4 252 250
15

To determine chemical resistance, two siticon wafers were bonded using the particuiar
bonding composition to be tested. The bonded wafers were put into chemical baths of N-Methyi-

2-Pyrrotidone (NMP) or 30% by weight KOH at 85°C, and concentrated sulfuric acid at room

[
L}

temperature fo determine chemical registance. The bond integrity was visually observed after 45
minutes, and the stability of the bonding composition against the respective chemical was

determined. Al bonding compesitions retained the bond integrity.
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applying a bonding compesition to either a firetc nd substrate by spin-coating, said layer being a
uniform material across its thickness formed of the same composition; and bonding the first and
second substrates togetherle bonding layer. The method of claim 1, wherein the first substrate is
an active wafer with an active surface comprising topographical features, on which the layer is applied.
The method of claim 2, wherein the bonding composition flows into and over the topographical
features. The method of claim 2, wherein the bonding layer forms a uniform layer over the
topography of the active surface. The method of claim 1, wherein the bonding layer is applied in
that the thicicness T of the bonding layer varies by less about 20%, preferably less than about 10%,

more preferably by lgssgiiag.about 5%, even more preferably by less than about 2%, and most
preferably less than about 1% across the length of the second substrate. The method of claim 1,
wherein the bonding layer is applied by spray-coating

i A wafer bonding method contprising:

apslying & bonding composilion (o either & first substrate or @ second substrate
by spin-coating, said layer being a uniforny material seross hts thickness formed of the
saine campasition; and

bonding the first and second subsirates together via the bonding layer.

2. The method of ciaim 1, whersin the first substrale 1§ 4 active wafer with an

active surface comprising topographical features, on which the tayer is applied.

3. The method of claim 2, whersin the bonding composition flows into and over
the topographical featores.

4, The method of claim 2, whergin the bonding layer forms a uniform layer over
the topography of the active surface.

3.. The method of ¢laim 1, wherein the bonding laver is applied in that the
thickness T of the bonding layer varies by less than about 20%, preferably less thes
about 10%, more preferably by less-than about 5%, even more preferably by less than
about 2%, and most preferably less than about 1% across the length of the second
substrate.

6. The metlhiod of ¢laiin 1, wherein the bonding layer is applied by spray-coating.
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