MULTIPLE BONDING LAYERS FOR THIN-WAFER HANDLING Field of the Invention The present
invention is broadly concerned with novel temporary wafer bonding methods utilizing multiple layer
bonding systems. The inventive methods can support a device wafer on a carrier substrate during
wafer thinning and other backside processing. Description of the Prior Art Integrated circuits, power

semiconductors, ligty-gFjiing @Q@ﬁ@@g@@@g%ﬁ Himicpoglegtomashamigal systems (MEMS),

embedded passive arrays, packaging interposers, and a host of other silicon- and compound
semiconductor-based microdevices are produced collectively in arrays on wafer substrates ranging
from 1-1Z:ipchesin giameter. The devices are then separated into individual devices or dies that are
packaged to allow practical interfacing with the macroscopic environment, for example, by
interconnection WitHPE: S IEHETERAri MG TB AN IR SARCE AP T EFRABIETY popiafdednstruct the

devige pagkagde.qmieriaraynd: the, die-whilg:itis still.partof the.waferatravs Thisspractice, which is

referred to as wafer-levél packaging, reduces overall packaging costs and allows a higher
interconné&ctish HERsitYy 16 HEHCHaVERBREaH{RE Havie ard JtBamerbeleeolie Egironment than
with more traditional packages that usually have outside dimensions several times larger than the
20actual device. Until recently, interconnection schemes have generally been confined to two
dimensiok§s¢reaRng the BIEEtERI connections between the device and the corresponding board or

packaging surfage.towhichdtis moweieshaveialibeendlagad:inLdnRiiZonilo A X YeRigne. The
microelectronics in ustr% has now reco%zed that significant increases in device 25interconnection

dendfty aRtCERSHESHwH TSHEHERS (1 bﬁd} ' ?5@ %?é‘é“@lf‘%%%ﬁ?féﬁ%i@&ﬁéedpﬁ%ﬁﬁ&e between
electrical cENNRGHQT RAINTS)EaN. RRACHIBWEH Py strekingBRHIneIaRIRRGHNG devices.vedtically, that
is, in the z-direction. Two common requirements for device stacking are; (1) thinning of the device in

the throu§RGFATET BbRHAYs RBTT e Bhekaiaraasi ey Stdsb e iRahay forme thrdigrisvater electrical

connections;1comenanRly Sorefaredde.psthreyehisiican-yias ki LSMSs aithat ferminate on the backside
of the device. For that matter, semiconductor device thinnin(T:; has now become a standard practice

even wheéR-HEVERs B HEITAERMGBEIFIEAGEY B gt ohY JBCAT B ratATeS P

15 wiring board. It has become increasingly popular to construct the device package on or
arcund the die while it is still part of the wafer array. This practice, which is referred to as
wafer-level packaging, reduces overall packaging costs and allows a higher interconnection
density to be achieved between the device and its microelectronic environment than with
more traditional packages that usually have outside dimensions several times larger than the

20  actual device.

Until recently, interconnection schemes have generally been confined to two
dimenstons, meaning the electrical connections between the device and the corresponding
board or packaging surface to which it is mounted have all been placed in a horizontal, or x-y,
plane. The microelectronics industry has now recognized that significant increases in device

25  interconnection density and corresponding reductions in signal delay (as a result of shortening
the distance between electrical connection pointsy can be achieved by stacking and
interconnecting devices verticaily, that 15, in the z-direction. Two commion requirements for
device stacking are: (1) thinning of the device in the through-wafer direction from the
backside; and (2) subsequently forming through-wafer electrical connections, commonly

3¢ referred to as through-silicon-vias or "TSVs," that terminate on the backside of the device.
For that matter, semiconductor device thinning has now become a standard practice even

when devices are not packaged in a stacked configuration because it facilitates heat



dissipation and allows a much smaller foiui factor to be achieved with compact electronic products
such as cellular telephones. There is growing interest in thinning semiconductor devices to less
than 100 microns to reduce their profiles, especially when they or the corresponding packages in
which they 5reside are stacked, and to simplify the formation of backside electrical connections on the
devices. Silicon ,vvaferg Lﬁ,ed in h;%h-volq{nefintegratte% c'rcuiﬁthgrod Cti[?” are t¥pi?all 200 or 300 mm
in diamet&FPXRATTRE R PSS Gh WP IR ASEE BB 40T S0 MG ORE VRAIBER HFHIRY it would be
nearly impassiblesteicrntdacksicierdlestsical contacts that connect with front-side circuitry by passing

the connectlons,ltﬂgcr)%gh the wafer. nghl){ efficient thlnn|(r§1‘96{19%200esse§ef&9rtggjm(;ggnductor-grade

. B'IGWIHC’dntB eS ]B hinping semicon VdCBSt ICI'%HS ..
silicon and compotnd semiconductors based on mechanicar grinding (back-grinding) and polishing as

well as chemibaleetching e novpdni ghynrhencialuseth® hesespoadesses il idevidehwiafer thickness to
be reduced tg less than 100 microns,in a few minutes while maintaining precise contrgl over
crossg-iwafrg?lt%“ié %é{gé‘ak L?F'}lif%?ml?y%} Bg(/?llété %\I/V?/a élps()?h(gﬁ?gv%l ee%?lc% if’ﬁig({é%npg (ﬁelggst gr% oo microns,
and espediallyeth dS&dwmnneld:toulesstiagh60microns ganeexemetpdragive ard ypiast pe&EuEported
over their_full dimensions to prevent cracking and breakage. Vario fer wand d chucks have
oo devap o B e S o R S0P v supor
the wafers:ouwing back:grirding bndFSvifenndton prdcessesdtiatnode stepssucit 208k
chemicalymechanical polishing (CMP), lithogra, etchi depgsitign, annealing, and .cleaning,
because t elgeeb%fg'(é%;éﬁ?rl‘}eé se %}é mtﬁégr%éa{lf.l{ 15%6 %géﬁg%i%%%’s?r\gg%zs %ﬁtﬁleeﬁg}ﬁ%@ {/f\j}lé or &5 it is being
thinriéd opmaftessthifmingritnnidereasingly popul andppryachdoalttettdinwarershdrdling involves
mounting the. full-thickness device wafer g n.to a rigig, carder wi lymeric adhesive. It is
then i A R O R b e
removed coruedsonties:. fiGrmsthe easder Hipthdened, thénmbrlechanidal foluchemitat procd §8es after

the backside procesINg Qﬂ%x%@%hﬁ@@%lﬁ{% ing r%c?@%%?f&ﬁ%jsfc%gé%ﬂ%’& glude silicon (e.g., a

blank device wafer), soda lime glass, borosilicate glass, sapphire, and various metals and ceramics.
The carriessfrranitbe square or rectangular but are more commonly round and are sized to match the

devige wafer sotai 1he, 3apanaad, assembly.¢an B%%@ﬂ%'x?%ﬂ Ig%%}rélﬁ ~,t£%ae's§£8&‘?l§fs&ﬁ‘c95$°°'s and

cassettes. Sometimes the carriers are perforated to speed the d Ing process when a liquid
chemical &gentivdsedhendiSsoiveony. decomposty theggolyrderiesnbthagipertd themtwanibr release.

dimensions to prevent cracking and breakage. Various wafer wands and chucks have been
developed for transferring uitra-thin device wafers, but the problem still exists of how to
support the wafers during back-grinding and TSV-formation processes that include steps such

20  as chemical-mechanical polishing (CMP), lithography, etching, deposition, annealing, and
cleaning, because these steps impose high thermal and mechanical stresses on the device
wafer as it is being thinned or after thinning. An increasingly popular approach to ultra-thin
wafer handling involves mounting the full-thickness device wafer face down to a rigid carrier
with a polymeric adhesive. It is then thinned and processed from the backside. The fully

25  processed, ultra-thin wafer is then removed, or debonded, from the carrier by thermal,
thermomechanical, or chemical processes after the backside processing has been completed.

Cominon carrier materials inciude silicon {e.g., a blank device wafer), soda lime glass,

borosilicate glass, sapphire, and various metals and ceramics. The carriers may be square or
rectangular but are more commonly round and are sized to match the device wafer so that the

30  bonded assembly can be handled in conventional processing tools and cassettes. Sometimes

the carriers are perforated to speed the debonding process when a liquid chemical agent is

used to dissolve or decompose the polymeric adhesive as the means for release.
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The polymeric adhesives used for temporary wafer bonding are typically applied by spin coating or
spray coating from solution or laminating as dry-film tapes. Spin- and spray-applied adhesives are
increasingly preferred because they form coatings with higher thickness uniformity than tapes can
provide* Higher thickness uniformity translates into greater control 5over cross-wafer thickness
uniformity after thinning. The polymeric adhesives exhibit high bopding strength to the device wafer
and the carrier. 1" BB AIE SR RSP BE LR AT Bi§t8 eHEPUE VAR SREERE Pthe carrier, or
both, depgndiag:ensthesthisckoesmand:coatingplenanty {flathess)thatissequised- Thespeated wafer is
baked to remove all of the coating solyent from the polymeric adhesive layer. The 10coated wafer and
cattier arGHREH BIUSSE T €5, CAEE I 2 AL o EH AN e SC RO BE 1 RSB Porature and
pressure afgf@ppliethio capusedheradiesiMete fidiiardfihirsmthe denicewafesiustusat fgatures and
achieve intimate gont?,pt [X}\i/m]; all areﬁs of the device wafer and i:arrjer syrfaces. . . } é%fbonding of a
devick waF&T frEHT A ERHISFASTOWIHG BaCKYISE Braassi S%Q%%i%?éiw‘%‘é}’%r?ﬁ%"ih’ & of four
ways:  bdidjichemieah+d he Bonded wafenstaekdsigamersed in, or sprayed with, a solvent or
chemical agent tﬁdiss]olve or dﬁlcom ose the o_Iymﬁri actlh%%ivc{s. : gF) Pfgoto-Dec_:omposition - The
bonded wafer stack {S Hradiated With g}ﬁéﬁtes:c’ Urcek 1Fouog a EF’ar%ﬂbc rén eéelwiae?at%lff)‘h8ffo-decompose
the adhedive: hbypeddain:layehdhaicis:2Qadihceniitg fhacay Elatide)chntianeqntheriihe sepadated from
the sta(:k,wa}i gl th%#alc?%ce oEthe Rol trinericr adpeo iveg : eetl é}l fr?[n the ‘dc%\éige afer while it is held on
a chuck. @5 Srmo-Mechafical - The'bonded Warer stack s heated above the'so pecning
temperaturetof thefpolyiericadhesive phrddhedevicewalferisithenhshdarpedieiddveagifrom the
carrier while.being supported with a full-wafer holding chuck. 25(4)Thermal Dec osition - The
ponded w1 QA REAtE LR e e AP e S B e
causing itdiorvelatilizesanchiosd adiheson telie devicewaleraand idarienckachtiof daese debonding
methods [}V_a egr%}'i'kgag}g tggtageq;riously limit its use in a production environment. For example, chemical
debonding %y Issolving fhe polymeric 30 adhesive is a slow process because the solvent must
diffuse over largBdtistangesithizugle thefariSoou shpolyrner ohediing teckffécpretesseg That is, the solvent

2;%5:?;1; Seig%?@ 5@3&% gl%f égggl%%gﬁ\%as},‘ébsnatea or from a perforation in the carrier, into the local

(1)  Chemical - The bonded wafer stack is immersed in, or sprayed with, a solvent
or chemical agent to dissolve or decompose the polymeric adhesive.

(2y  Photo-Decomposition - The bonded wafer stack is irradiated with a light
source through a transparent carrier to photo-decompose the adhesive boundary layer that is

20 adjacent to the carrier. The carrier can then be separated from the stack, and the balance of
the polymeric adhesive is peeled from the device wafer while it is held on a chuck.

{3) Thermo-Mechanical - The bonded wafer stack is heated above the softening
temperature of the polymeric adhesive, and the device wafer is then slid or pulled away from
the carrier while being supported with a full-wafer holding chuck.

25 {4y Thermal Decomposition - The bonded wafer stack is heated above the
decomposition temperature of the polymeric adhesive, causing it to volatilize and lose
adhesion to the device wafer and carrier.

Each of these debonding methods has drawbacks that sericusty limit its use in a
production environment. For example, chemical debonding by dissolving the polymeric

30  adhesive is a slow process because the solvent must diffuse over large distances through the
viscous polymer medium to effect release. That is, the solvent must diffuse from the edge of

the bonded substrates, or from a perforation in the carrier, into the local region of the
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adhesive. In either case, the minimum distance required for solvent diffusion and penetration is at least
3-5 nun and can be much more, even with perforations to increase solvent contact with the adhesive
layer. Treatment times of several hours, even at elevated temperatures (> 6GC), are usually required
for debonding to occur, meaning wafer throughput will be low. 5 Photo-decomposition is likewise a
slow process because the entire bonded sug_strate cannot be exposed at one time. Instead, the
exposing MRt SGurSE WHiICATS USRI BUESEF HEGHG BEEh & 68 "-‘é‘?%éli&i%‘?’bﬁ‘ff} B Hiftfimeters,
must be fecysedionsasmaldrgaatadmneda-delivenatfficient energyiferdaecompastion.ef the
adhesive b,c_)nk?alir] to occur. The beam is.then _cann_e(}bor rastered) across the sybstra}e in a serial
fashion (3 ALBER A TS BRI 0S(FLEE VIIER AT (615 CRER NG B PR
thermo-nigthanieak (i) rdghieningdeannaen pesformeddypicallywiteafew ghinutes) bdors.other

limitations that ¢an reauce device ie} : Bagksiqg rocesses for temé)oraril bo grqd device wafers
oftervinvolve warRIHE VERPBAI AL b gH e thar SO0RCS BSR40 TR BAVREN BdSves used for
TM debonging: usteithar decomposaaat, ixsefteni extessiehcatvaritdeanthaevarking temperature,
otherwis%,f dekg%’ndin%wogld occur.prema urely. {As a r_esult,tt e Iadhesd'ves ar%Lormaéll!iy designed to
soften suffici8htly At 26250E Al50ve the iofking' tefiperatlire 1o debdiiding "B eel? Tk nigh
temperattrecreqisizdferftiekandieg:iniposes significanifstre ssesor Hoadbndedpair. afte result of
thermal expansign. At the e time, the high,mechanical force. required to move.the device wafer
vy 10D o B R O R B e A LR AR LE SUASE oo cause

the devicemaferidibreakdorpragudds:dénmmigeasvithin the microscopic circuitry of individual devices,

which leads to q%i e Lailure an Xield I Tgermal ecomposition gT debcgnding is also prone
1z thermo-mechanical debhonding can ﬁ%ﬁgﬁ TIne tlgp Ieally in a tew
to wafer breakage. Gasés are produced when'the po¥ymenc esive ecomposed, and these

gases caminecamelzapihed I26betweeththend exdoecwlatéreand dh & adiside befaredh&bulk of the

adhesive has beeln E%%”'&‘ée(%vﬂée aceum IatlonO J ér\g}ﬁ] ed gar%eé)gr%(}%geg y%%{tg%l Igago%eglrce wafer to
'y Geton INg'is

. temporar WAalers Gien i [ - .
blister and CFACK of éven rupture. Another pro%‘iem Wi at polymer decomposition is

often accorapatisd By:¢hes horreaatiodhofiimdy astddle, Terbeomizduhgesiduss tiratdeammotizentemoved from

the flevice walet b compmon leanina.pracedues. 30The imitations ol these prier art methods have

creafed the n or new modes of carrier-assist in water handiing thatprovide high wafer

throughppteanduetu césor limindteatie charnwe s:fondiéy ibes wafe rdyedagd fanehihterrdl-délice
damage. SUMMARYOE THEINVENTION, a;,The Riesersiouention overcomen the priorart
problems by providing a‘temporary bonding method comprising provfgi‘%g a Stack comprising: 5a first
substratedhbvidia backewufaodicnt e device: sirfaoseled first bsondingt lefbeadjheeptittierdevice surface

and having . SIepiAgISRPRIAIYIES aoicoSEC9NM, honding laver. adiacenl e, rst honding laver and

. r away iTo
having a softening temperatur erein the softening temperature of the first bonaimg ?ellyer is at least
abo®t 20Curier by a sliding, lifting, or twisting motion creates additional stress that can cause the

device wafer to break or produces damage within the microscopic circuitry of individual
devices, which leads to device failure and yield loss.
Thermal decomposition (TD) debonding is also prone to wafer breakage. Gases are
produced when the polymeric adhesive is decomposed, and these gases can become trapped
25  between the device wafer and the carrier before the bulk of the adhesive has been removed.
The accumulation of trapped gases can cause the thin device wafer to blister and crack or
even rupture. Another problem with TD debonding is that polymer decomposition is often
accompanied by the formation of intractable, carbonized residues that cannot be removed
from the device wafer by common cleaning procedures.
30 The limitations of these prior art methods have created the need for new modes of
carrier-assisted thin wafer handling that provide high wafer throughput and reduce or

eliminate the chances for device wafer breakage and internal device damage.
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10greater than the softening temperature of the second bonding layer; and a second substrate
having, a carrier surface, the second bonding layer being adjacent the carrier surface. The first and
second substrates are then separated. The invention also provides an article comprising a first
substrate having a back surface and a device surface. The article further comprises a first bonding
layer adjacent the 15 device surface and having a softening temperature. There is a second bonding
layer adjacent the first bonding layer and having a softening temperature, with the softening

temperature of the first bonding layenpeing atdeastabent 2CfEgreater than the softening temperature
of the second bgnding layer. The article also includes a second substrate having a carrier surface, with

the second boridifigTayvaF B ML CaRisr ATHYCR Fbi N aFSTHEr e BBERFENt of the
inventiomsadempriany bongingnyeibodiisprovidechiptmgnethod, a stack is provided, and the stack
comprises: a first substgate having a back surface and a device surface; a first rigid layer adjacent the
devite surface; a bonﬁi%ﬁﬁéf/%%gﬁz‘@émgtﬁ Efﬁ%ﬂ"%?&qﬁ%}gﬁ dRdssE4Eond substrate having a carrier
surface, the bonding layes beingradiaeeatithenaniel-stodfactaddwnstiask fydhefiaangorises one or both
of the following; a lift-off layer between the device surface and the first rigid layer; or a second
rigid layer between th%e}BB%/r&ﬂfée layer and the carrier surface. The first and second substrates are then
separated. 30The:tnvianiodialshprovdiesmamartisie-oodinrizing antirsh substeatechiaying a back surface
and a device surface., The aE?ticIe ‘ urthgr comPrises ? IFiL'rsft ri%gl Igg/er Iad!"slcgant the dsvic rface, a
bonding AYRF AR SHCHRE A& HG IS SRR S S O &6 HAViAg A dEEP Lt rate. The
bonding deyesrishadjhesnittngastigresittfiace, tance thadbbaléfuityer, ecamprises one or both of the

following: a lift-off Iacy%r bgtween the device surface ar}]d the flgfécr}lx%d layer; or.a second tr|g|d layer

as nd substratg Daving # carrier surtace, the secon ing rayer being adjacen
between the boncﬁ%g ayer Ahd Ii’l"ﬁ‘e carmer surface. & fay & &4

the carrier surface. The first and second substrates are then separated.
The invention also provides an article comprising a first substrate having a back
surface and a device surface. The article further comprises a first bonding layver adjacent the
15 device surface and having a softening temperature. There is a second bonding layer adjacent
the first bonding layer and having a softening temperature, with the softening temperature of
the first bonding layer being at least about 20C greater than the softening temperature of the
second bonding layer. The article also includes a second substrate having a carrier surface,
with the second bonding layer being adjacent the carrier surface.
20 In a further embodiment of the invention, a temporary bonding method is provided. In
the method, a stack is provided, and the stack comprises:
a first substrate having a back surface and a device surface;
a first rigid layer adjacent the device surface;
a bonding layer adjacent the first rigid layer; and
25 a second substrate having a carrier surface, the bonding layer being adjacent the
carrier surface. The stack further comprises one or both of the following:
a lift-off layer between the device surface and the first rigid layer; or
a second rigid layer between the bonding layer and the carrier surface.
The first and second substrates are then separated.
30 The invention also provides an article comprising a first substrate having a back
surface and a device surface. The articie further comprises a first rigid layer adjacent the

device surface, a bonding layer adjacent the first rigid layer, and a second substrate having a
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5In yet another embodiment of the invention, a temporary bonding method is provided where the
method comprises providing a stack comprising: a first substrate having a back surface and a
device surface, the device surface having a peripheral region and a central region; a second substrate
having a carrier surface; 10an edge bond adjacent the peripheral region and the carrier surface; and at
least one layer selected from the group consisting of: a lift-off layer between the edge bond and the

device SUHHES HHAEHI 1A BERBIRY TR WiREHOMICARIF tRE BsridRS UHrtcte further an

adhesionprarraieilaysr hetwveen:-theiedge bond and the device 15surface; an adhesion promoter
layer between the ed&ﬁe bond and the carrier surface; a bonding layer between said edge bond and

said device surfalE- 8 dexeh SRTRER Rl Beth B it t id FO RS HravEsittcarrier surface. The first

and second substrates; asedfiiefiGeparaieeinie idalemnadinentef dheipventian, an article is
provided. The article comprises a first substrate having a back surface and a device surface, and the

device surface NAZH FEHBHSAP PSR EHdE EHHP Pe§ils PR APGRE R AT OIS second

substratediayingeneaniar-suiaces pradag bendiagiagentihe peripheral region and the carrier
surface, and at least one layer selected from the group consisting of: 25a lift-off layer between the

edge bond and THESSURE LG R EER RTHIEIEF BRAISEH 5 EigE bBh ARG tHECaerSirface; an
adhesionprempteiilayesbatveesntha eggmbond and the device surface: an adhesion promoter layer

DetWeen e CO e Ons aDeLe Sving o Aner surface;
10 an edge bond adjacent the peripheral region and the carrier surface; and
at ieast one layer selected from the group consisting of:
a lift-off layer between the edge bond and the device surface;
a lift-off layer between the edge bond and the carrier surface;
an adhesion promoter layer between the edge bond and the device
15 surface;
an adhesion promoter layer between the edge bond and the carrier surface;
a bonding layer between said edge bond and said device surface; and
a bonding layer between said edge bond and said carrier surface.
The first and second substrates are then separated.

20 In a final embodiment of the invention, an article is provided. The article comprises a
first substrate having a back surface and a device surface, and the device surface has a
peripheral region and a central region. The article further comprises a second substrate
having a carrier surface, an edge bond adjacent the peripheral region and the carrier surface,
and at least one layer selected from the group consisting of:

25 a lift-off layer between the edge bond and the device surface:

a lift-off layer between the edge bond and the carvier surface;
an adhesion promoter layer between the edge bond and the device surface;
an adhesion promoter layer between the edge bond and the carrier surface;
a bonding layer between said edge bond and said device swrface; and

30 a bonding Iayer between said edge bond and said carrier surface.

BRIEF DESCRIPTION OF THE DRAWINGS
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a bonding layer between said edge bond and said device surface; and 30a bonding layer between said
edge bond and said cander surface. BRIEF DESCRIPTION OF THE DRAWINGS Figure lis a
cross-sectional view of a schematic drawing showing a preferred embodiment of the invention, as
further exemplified in Examples 5-9; Fig. 2 is a cross-sectional view of a schematic drawing
illustrating how thicknesses are determined; 5Fig. 3 is a cross-sectional view of a schematic drawing

depicting other BB it B?Sfﬁ%“UBH‘i‘?o‘He‘ﬁé*fﬁrfﬁE?’B%?ﬁiﬁﬂ‘ff&gﬂ’%‘%ﬁhﬁl@? %6,  Fig.4isa

Cross- se@mw@wcﬂfﬁeSﬁh@;maﬁcd@r@mw @a@wmgeannemﬁﬂwegesembodlment of the invention, as
further exemplified in. Example 17; 5 s a cross-sectignal view of a schematic drawing

illustrating a vafidtion'bf %8*1158?{'18’6?5%%%0 PO SRANSEA Y L USHAW fepigugknessegiy 6 is a

cross-segtonakmaweef a schematic drawing showing an alternative embodiment of the invention;
Fig. 7isa crossrsectlonal view of a schematic dr wwzé?1 depicting a variation of the embodlment that is

showin in Fig. 67 85Fi§. BIOR EF5ELS Efﬁ)"ﬁaf\%é SRS CHENR L AR GRS 2 B native

embod|me“nﬁ@f;imtrwg@tl@mm&xempﬁfgzcﬁmm&%%qt&nal view of a schematic drawing depicting
a variation of the.embodiment that i |s hownF 95 , With this variation bein ﬁgﬁﬁmllar to the process
EHISE

that is exemplifiedin EXaiipie 18 S8 BETAT LERPTTONOERHE HERRED
EMBOD IdENIifent of thanaresdetal hdhe freseanisieatipneevidesmethods of foiming microelectronic

Fig. 515 a cross-sectional view of a schematic drawing llustrating a variation of the
10 embodiment of the invention that is shown in Fig. 4;
Fig. 6 is a cross-sectional view of a schematic drawing showing an alternative
embodiment of the invention;
Fig. 7 is a cross-sectional view of a schernatic drawing depicting a variation of the
embodiment that is shown in Fig. 6;
15 Fig. 8 is a cross-sectional view of a schematic drawing showing an alternative
embodiment of the invention; and
Fig. 9 is a cross-sectional view of a schematic drawing depicting a variation of the
embodiment that is shown in Fig 6, with this variation being similar to the process that is
exemplified in Example 18.
20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In more detail, the present invention provides methods of forming microelectronic
structures using multilayer bonding schemes. While the drawings illustrate, and the
specification describes, certain preferred embodiments of the invention, it is to be understood
25  that such disclosure is by way of example only. Embodiments of the present invention are
described herein with reference to cross-section illustrations that are schematic illustrations of
ideahized embodiments of the present invention. As such, variations from the shapes of the
iliustrations as a result, for example, of manufacturing techniques and/or tolerances, are to be
expected. There is no intent to limit the principles of the present invention to the particular
30  disclosed embodiments. For example, in the drawings, the size and relative sizes of layers
and regions may be exaggerated for clarity. In addition, embodiments of the present

invention should not



structures using multilayer bonding schemes. While the drawings illustrate, and the specification
describes, certain preferred embodiments of the invention, it is to he understood 25that such
disclosure is by way of example only. Embodiments of the present invention are described herein with
reference to cross-section illustrations that are schematic illustrations of idealized embodiments of the
present invention. As such, variations from the shapes of the illustrations as a result, for example, of

manufacti iy IEERh USSRk PO RIFHABES ShtRerRhEBxPe UET TR FS TR MBIENCE ififcthe
principlesiofthe Ry asaninventian e, the Hattisllar3Adisslased srobedingnts, Eor expmple, in the

drawings, the size and relative sizes of layers and regions may be exaggerated for clarity. In addition,

embodim&HES FEths BresEReinvaRtibn SHIUECASE BECarstUEd asnitas RetpRs Jarfeated shapes of

regions illysiated ke reinbutag o inaludederiations)in sharasdhabéasyffon axampladem
manufacturing. For example, a region illustrated as a rectangle may have rounded or curved features.

Thus® the PRBAGHS IREHRREA FFYIE REArALrars eENERifatIe PhATGRIAHA tHelt SRapy afefot intended to
illustrate yp@s@{%ﬁ@-lﬁwape of a region of a device or of topography and are not intended to limit the
scope of the present invention. 1.Bilayer Bonding Scheme | Referring to Fig. 1(a), a precursor
structure 10 is depicted in a schematic and cross- 10sectional view. Structure 10 includes a first
substrate;12. SubsliatadiMassaienatior device surface 14, a back surface 16, and an outermost edge
18. Although substrate 12 can be of any shape, it would typically be circular in shape. Preferred first

substrates 12 intficeetidd Sy bk AEHBETATLE WS debicle SHHA L BaHATSEC ST ay's of devices

(notighowr)iaeiaciedfremihergnatipconsistingtalntegeated Sircuiiss MEMS, malarosesseEs, power
15semiconductors, Ii%;ct-emi ting diodes, photonic circuits, interposers, embedded passive devices,

and other HIDARVCES FaBFa5 et ot PR O EEMEd T & Btral Rt Bttt HteA A5 Wich as
silicon-getimg) il Mogrl iy siseridecandigalipe misde=d hesumagesof thesadiardcrs commonly
comprise structures (again, not shown) formed from one or more of the following materials: silicon,
polysilicol SRSt BRIREC SIS oKyt ??1?8%8&?’68.aﬁaﬁbﬁigﬂﬁ’e}??%fﬂﬂ%iﬂlﬂﬁ?bﬁ%‘i%ﬁgsten,
tantalumXriowvke dinlesttiesipolyatandigtect issuanINBNEBISTRetsdNibi]@3wad suicides. The device
surface 14 can also include at least ope structure selected from the group consisting of: solder bumps;
i b i SCRRHS Y -

meth posfE T PSS S8R N RGN EL o AR HO AT & HiatBIFEP sTSC K& Yroup consisting of
silicon, paksiisomditbenrdicxidle; sildait ixsd nitriderdnetal cdovir diglacisias.opalyimes dielectrics,
metal 25%%&%?:1 ’S%QC rg]sestﬁicscjg.ggig?frslénium, gallium arsenide, and gallium nitride. The surfaces of
these devices commonly comprise structures {again, not shown) formed from one or more of
the following materials: silicon, polysilicon, silicon dioxide, silicon (oxy)nitride, metals (e.g.,
20 copper, aluminum, gold, tungsten, tantalumy), low k dielectrics, polymer dielectrics, and
various metal nitrides and silicides. The device surface 14 can also include at least one
structure selected from the group consisting of: solder bumps; metal posts; metal pillars; and
structures formed from a material selected from the group consisting of silicon, polysilicon,
silicon dioxide, silicon {oxy)nitride, metal, low k dielectrics, polymer dielectrics, metal
25  nitrides, and metal silicides.
A composition is applied to the first substrate 12 to form a first bonding layer 20 on
the device surface 14, as shown in Fig. 1(a). Bonding layer 20 has an upper surface 21
remote from: first substrate 12, and preferably, the first bonding layer 20 is formed directly
adjacent the device surface 14 (i.e., without any intermediate layers between the first bonding
30 layer 20 and substrate 12). The composition can be applied by any known application

method, with one preferred method being spin-coating the composition at speeds of from

about 300 rpm to about 5,000 rpm (preferably from about 300 rpm to about 2,000 rpm) for a
8



A composition is applied to the first substrate 12 to form a first bonding layer 20 on the device surface
14, as shown in Fig. 1(a). Bonding layer 20 has an upper surface 21 remote from first substrate 12,
and preferably, the first bonding layer 20 is formed directly adjacent the device surface 14 (i.e., without
any intermediate layers between the first bonding 30layer 20 and substrate 12). The composition can
be applied by any known application method, with one preferred method being spin-coating the

composHi®h BErEsEats BR AP abBEEBHI RIS Bbbisesigo Pt IPreferBn o AY 48ARIS00 rpm to
about 2,000 samiekantiane Pesiadal famsakaut Bsrandsde.abom 1 R0:sacends (preferably from

about 30 seconds to about 90 seconds). After the composition is applied, it is preferably heated to a

temperattiFe B e ot BoHtS To 286 &> End PidRe SRt ANy o aboiit 7Pbcastibut 220C
and for timgpgkiads L.E 98 aR0M BOLSe6A D IR /RaYtSminttasiRiele bl frgeabout 90 seconds

to about 6 minutes). Depending upon the composition used to form the first bonding layer 20, baking

canalsohfHaTE sePBsinRRTYTERHBIERY JdFRSHENGYBPD 8 ALHPRE SN bOETRINET it Preferable to

subject s ayerde0mulizsiagabake RIEaesSrdPRRHIRgHRM he-eRMROsIHENWLIIZednAlSO, In
some instances, the above application and bake process can be repeated on a further aliquot of the

composRIBRCET RS thés et BangiFyS e P63 BARMBH HRSfirdke MEetFate SEPSPEMEItiple steps. A

second pREURRAICHKIHEIHE 231iSlSe Hepigteshin:asaehemalicaat GiRsr-aretignabmiew in Fig. 1(a).
Second precursor structure 22 includes a second substrate 24. In this embodiment, second substrate

24 is a JAREF GATEDE THRERIET SBCOMERTTAALR: DA MO RRRSH WY &3 AR BE RIS PEIREIA¥R surface 28,

anda@an qutermast eslgm SO Aklieygh-Secandsupstiales 1524 can be of any shape, it would typically be
circular in shape and sjzed similarly to first substrate 12. Preferred second substrates 24 include

silicon, sapphire, GEMATRRARS FEY MR urnilS 30 SopiSES Nteeh dRA A6 FEiaSSH8%Hd ceramics. A
second empagition (s)asplietitpriaersacondisubsiraia it da fecmndssecend bongings layer 32 on the
carrier surface 26, as shogvn in Fig. 1(a2 Second bonding layer 32 has an ZOU%)ﬁer surface 33 remote

from secOMPSIBRHAIECoU SHRIEATEET S FAET 4 5 a b B S SE6 M STBSEAES Aabt ey, the
second bopging layek824sdoiirduitecthy aniderritbencardas Sitfasaiim¢hescaithatisanye

intermediate layers between the second. bonding.layer 32 and second substrate 24). The composition
carlbe AL D RIGHn S BTG ROG T e BreAHiat FAMRB beiRg i coating the
composiigRtaispeedtscodfeancabalt Blates 24 include silicon, sapphire, quartz, metals {e.g.,
aluminum, copper, steel), and various glasses and ceramics.
A second composition is applied to the second substrate 24 to form a second bonding
layer 32 on the carrier surface 26, as shown in Fig. 1(a). Second bonding layer 32 has an
20 upper surface 33 remote from second substrate 24, and a lower surface 35 adjacent second
substrate 24. Preferably, the second bonding layer 32 is formed directly adjacent the carrier
surface 26 (i.e., without any intermediate layers between the second bonding layer 32 and
second substrate 24}. The composition can be applied by any known application method,
with one preferred method being spin-coating the composition at speeds of from about 500
25  rpm to about 5,000 rpm (preferably from about 500 rpm to about 2,000 rpm) for a time period
of from about 5 seconds to about 120 seconds (preferably from about 30 seconds to about 90
seconds). After the composition is applied, it is preferably heated to a temperature of from
about 80C to about 250C, and more preferably from about 170C to about 220C and for time
periods of from about 60 seconds 1o about 8 minutes (preferably from about 90 seconds to
30  about 6 minutes). Depending upon the composition used to formn the second bonding layer

32, baking can also initiate a crosslinking reaction to cure the layer 32. In some



25rpm to about 5,000 rpm (preferably from about 500 rpm to about 2,000 rpm) for a time period of
from about 5 seconds to about 120 seconds (preferably from about 30 seconds to about 90 seconds).
After the composition is applied, it is preferably heated to a temperature of from about 80'C to about
250r, and more preferably from about 170C to about 220C and for time periods of from about 60
seconds to about 8 minutes (preferably from about 90 seconds to 30about 6 minutes). Depending
upon the EBRGICRIEH dSed o ToRHT (e SUEoHATBHUIMyIREH SR SHAHOPEATFSISE IR a crosslinking
reaction teyemredhedaysidh disame embodiments, it is preferable to subject the layer to a
multi-stage bake process, depending upon the compasition utilized. The thickness of first and
second bonding 13§ MCSEFEH S55EALGERUY SATEHTRYRYE S UL EY Kt PEsH BESE illustrated
by referemesctthbdtheZeivheretiiserumbeting bascheemn-busetk 10, repraserd likepatis: fieHea surface 14
has been drawn in Fig. 2 to schematically depict the variation in topagraphy on device surface 14 due
to the® pre'$&itde Wéﬁﬂb&ﬁ%?&@%ﬁ%%’dﬂ%ﬁ%& 48 WaPEL 3fzf§f§érﬁgf‘§a£?‘é§?l@6’?ﬁ%?i%les, via holes,
lines, trengies, ietcvathiaibar preseapon@rdevilevicesuriace:d b Amasgibe safiousdeatures found on
device surface 1%%re,hi hest i atuzf 36 ri}(g lowest featu;}e 38. (Aitlgeqihe‘rein, "highest" refers to 10
the feature SHERUMTY 18 et BEC LA ETE OF ST sUBLIRATe 128 WIS BwWeSt: refers to the
feature whnsertopresinpoinbisiclizsest tarbaeck suacemd thefirkhsUbstiatefdnt ighastdeature 36 has

an uppermost surface 36a, while lowest feature 38 has g lowermost surface.or pgint 38a. When
referring o) ‘ifﬁigctﬁlc Erileel%.iL %S%\ f%%t/%r \'[Atgmga? %%E’B’S%t '%%f)%ﬁﬁ 10’ o e@%ﬁﬁtaﬁ@%} nlézr[ﬁbglé%ar) surface,
two thicknessesunraxbeadetetentetel: fietarsata thefdbdistantsfobeatowerpitae1 4@ defined by
lowermost surface or. point 38a and extending to upper surface 21, emplified in Fig. 2. T, refers to
the tayer SR eSS ESU B b o CRPELh LG G50 SAGERAIN Hni7 s shown in Fig.
2, this thickinbss Teahegiks lats uppepplanet 42rfiad Bdendsct i tha ipperestf lace 2dwbhest referring to

the thickness of a layer gf%at been applied,to a planar (For ubstantially planar) syrface, that
thicknessslusrézcﬁ roéﬁ)rgelgten 3d%ﬁ%ﬁ§£é?%‘ﬁ%&hﬁ§ QiStahéeDheé %glél#fg%learp u‘ﬁ%&oe%S and upper
surface 32 pfdeyen 32 (Fdnaky, pesamneifistanceshibicknessihy e udednand it reféns to the distance

from1 !Sowe({i Blane 40 to l.‘lg er plane élf?iﬁf}l]l etchj)cginesses, refer.to averagte%t%ick esses taken over five

measuremer?t%(felﬁr?ﬁ%aem 1 wﬁlé%?o i85hv n%‘gﬁr, 7St %u(g%a&ien%rl%%}er f)ﬁrle 5“?5%1?/?1%%% thickness

25Ti that ipptrleasteclibldoeidmpidfedablyifrom Bhefitrd i 14t photitiknd, andemoradpreferably from
about 1.2T4 to %bout 1.3T4. Th \évglé%g%%lc%[%ﬁult in.a ;d;g:okvr}g?s A 05 atgile&slt bout 24 um, more

preferablﬂ??g% About 45 Uimto abou AT A 1es

| alt . 1S thick
um, and éver more preferably from a 6t 56 um to about

150 um. Fagthemnappsifirbirisciiding dajei 2 @ pheferpblyihésathickhesscfrohatteastialokuts um, more
. Socord A EersS R e R SR S St b W abour 1 um
to aBdut 35purssedrieyprefe fakly2 fromh ialtoudittametocabout 128 urmyrénd @vendmpperprefecalily from
about 1 uge !ta%f@t%lt Ili%alllﬁrf]._'in some instances, thickness Ty is used, and it refers to the distance from
lower plane 40 to upper plane 42. All thicknesses refer to average thicknesses taken over five
measurements.
In the embodiment of this invention, first bonding layer 20 preferably has a thickness
25 T, that 1s at least equal to T, preferably from about 1.17T; to about 1.5T,, and more preferably
from about 1.27T, to about 1.3T.. This will typically result in a thickness T; of at least about
24 pm, more preferably from about 45 pm to about 200 pm, and even more preferably from
about 50 pum to about 150 um. Furthermore, first bonding layer 20 preferably has a thickness
T> of at least about 5 pm, more preferably from about 5 um to about 50 ym, and even more
30  preferably from about 10 pm to about 30 pm. Second bonding layer 32 has a thickness T of
less than about 35 um, preferably from about 1 wm to about 35 pm, more preferably from

about 1 pm to about 25 pm, and even more preferably from about 1 pm to abourt 15 pm.
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First bonding layer 20 preferably has a softening point (ring and ball) that is at least about 20C higher
than the softening point of second bonding layer 32, more preferably from about 20 to about 200C
higher, and even more preferably from about 20 to about 100C higher. This will typically result in first
bonding layer 20 having a softening point that is at 5least about 100C, preferably from about 150 to
about 400, and more preferably from about 200 to about 300. Furthermore tyé)écal softening points of

second bondingfT5/dio88 sIiaEN 20 trsF Bl 2o0ECHRSrRPE I warPd el BBEYG ABHt 220, and

more prefg@plyoiron:raaubd 80 W ebekt 56« Thermatasimsitomwhichliset reasterdonding
layers 20 and 32 are formed 10should be capable of formig&a strong adhesive bond with the first and

second sttt at&s PARR ST JUBRE GRS Y AT SHH O & ARt ARy WitA%n adhesion

strength af greaterihaniabeubBPpsia, ipreierskivifiomyabouh 80 :1sic taaleubehOpsigs and more
preferabIY from about 100 psig to about 150 psgg%as determined by ASTM D4541/D7234, would be

desirable’f8 08U 15t A TR BLIRANG el 2PutSS: IRN0ERAEHSY e ESHpositions
for use inzmrminatirst smpCsaaend bendinglayers2iangdoda Conbesereigd dnane.comamgrcially

available bonding compositions that would be capable of being formed into layers possessing the
ove prOpUTRL LR S BB HEUCHORS 478 G ATt o ABH S FORHTSR Siormor
dissolvedipsidispersed:bba 36li@nt system. The polymer or oligomer is typically selected from the
group consisting of 20polymers and.oligomers of cyclic olefins, epoxies, acrylics, silicones, styrenics,
vinyl halides, viﬁ@ﬁ%’é’fﬁ%‘%&%}’%ﬁ"f&%, 6%9%?&55?{5%@1&%@%0%% (g?s{ufffii%g?% clic olefins,
poly@efimfﬁubl@efél;gamap@%/mﬁthﬁg\esmlt@dem?mﬁm&m&cﬂmt@éﬁs; m"mmm;hde ‘ sestarasﬁpwlimide
esters, po tals, and polyvinyl butyral. Typical solvent systems will depend upon. the polymer or
Oigomer TR I IR e i e s R S SRPABL 106 10 about
?hO% by veeight @adl w@iei%qgg/iggmiamg ﬁs%’mi@mabqt&a:) éﬁl‘gﬁt@ybmight} bag?&mnethe_z tcijtaéwpeigght tof
e composition taken a weight, e suitable compasitio r r in U.S. Paten
Punlcat g NCR BATHOTSEN, BORTCE DT PRSI SE Tk At o IR 24t incorporated
by referencalddretesBitlectorasd s dnst 22iaredheé bqpiasgetvtegathaxiina face-to-face relationship, so
that 30upper su%: ce 21 of fifst ondirﬁﬁla}}{gr Zf(()}ris in contact with lg)rggr surzfggg 3 oi second bonding

Iaye1r°32 (Fig. 1( YWH%%GB?JSSEIﬁg@g clen Spreslf't,slj":r%en AR ?51?88 JUfIEERt amount of
time so adtareffscthondinn obdiestwocstiucicindly 0.8t 2B -teliethentpodoiomshbadeshikidek 34. The
bonin e L RLIRRIR esn e empostans fom wheh bopdna lver 20 2
preferablydngmsaoutatH G gaticadnd w8 omwiphi 4y pipal yoressucdgoang ifigsfload abowpdr@aG:Nito about
5.000 N. g referahl fam, 59004, 209019, 354h) 099, eL 2 g Bstiod ek o, pbout 3
20  polymers and oligomers of cyclic olefins, epoxies, acrylics, silicones, styrenics, vinyl halides,
vinyl esters, polyamides, polyimides, polysulfones, polyethersulfones, cyclic olefins,
polyolefin rubbers, and polyurethanes, ethylene-propylene rubbers, polyamide esters,
pelyimide esters, polyacetals, and polyvinyl butyral. Typical solvent systems will depend
upon the polymer or oligomer selection. Typical solids contents of the compositions will
25  range from about 1% to about 60% by weight, and preferably from about 3% to about 40% by
weight, based upon the total weight of the composition tzken as 100% by weight. Some
suitable compositions are described in U.S. Patent Publication Nos. 2007/0185310,
2008/0173970, 2009/0038750, and 2010/0112305, each incorporated by reference herein.
Structures 10 and 22 are then pressed together in a face-to-face relationship, so that
30  upper surface 21 of first bonding layer 20 is in contact with upper surface 33 of second
bonding layer 32 (Fig. 1{b)). While pressing, sufficient pressure and heat are applied for a

sutficient amount of time so as to effect bonding of the two structures 10 and 22 together to

11



minutes, and more preferably from about 2 minutes to about 4 minutes. At this stage, the first
substrate 12 can be safely handled and subjected to further processes that might otherwise have
damaged first substrate 12 without being bonded to second substrate 24. Thus, the structure can
safely be subjected to backside processing such 10as back-grincling, CMP, etching, metal and
dielectric deposition, patterning (e.g., photolithography, via etching), passivation, annealing, and
combinalfi%fﬁé?Hé?%%ﬁ%ﬁﬁtﬁut%‘é‘?ﬁﬁ%ﬁ BratseFa st Forysarsa SURMIGhRIBRAG G hfiltration of

any chemisthighRAGIMAIGEEE L INOARESE SuliseRMEBLPraGessdRieRT NalaRlyeaadist bonding
layer 20 and second bondin %r 32 survive these processes, they can also survive processing

15tempePatlFeRes SresrAvsut tarady Hromeap SR SHBE {rabditadbes dhibrbrs Breferably from
about 200GHe,aRALEREEEs ransPRGRRIAEESSINGIE CesMeles e SuhsiiaiesL B34 can be

separated by any number of separation methods (not shown). One method involves dissolving one or
both%f tﬁ‘@%%%’gﬂg @é@@ﬁa%é@%\f GBS 8% B3I Q' SBRIBAPPE G Y RRTBASHE, \8HERene, propylene

glycol 20manem athyhetkerRGMENAlmativelyusishstiates 4 21ane:24 can also be separated by first
mechanically disrugtjng or destroying the E?eri her ofﬂ%]e or both of first and second bonding layers

20, 32 sing Iasat ABIatERF: BESHF BIRHIAE, WAt JEaE) GPOUES MG BHErag ReFhetes that
effectivelyretels&y Hecamposedisisandvsetong KONANG bayers 120320t isalsadsiditalde to first saw or
cut through the first and second bonding layers 20, 32 or cleave StEe J;}/rgrs 20, 32 bg spme
equivale ??ﬂ%%ﬁ%bsﬁétﬁe%rﬁleﬂggufb’f RSP TR S 58N RE AR S BT BaCKS PR Agi R Horce (e.g.,
finger prassuce, gentlejvengingkeag thembmagplied:to cepopleielysepanatedhe substrates 12 and 24.
The most preferred separation method involves heating the bonded stack 34 to.temperatures of at
least abdUtIIIFSHERLalH) FFSWP&B&’&F%@E?‘H&B%?!P%?@‘&‘,C MBIROSBBrSterdbly Hom about
18GC to @hetitid@QCsUbwilltbelappreziatec thap pdithese tenipgrattieso Sacordhandiag layer 32 will

soften, allowing the substrates 12 and 24 to be separated (e.g., by a slide dehondin thod, such as
that e CEEI D S PR B ISR K205 DBt TAbFABIARS By ARG morein). After
separatichdaayorehbatinliig kgt i 2second tiesdpigdayey, 20 anshIxk canrbe¢gmonathyvith a solvent
capable of dissalving the particylar layer.20 or 32. In sor bodiments, the composition for forming
first%onéﬁ?ép f%{%ilr SOt Bgoél %ﬁédé%f aat{?ﬁ 'Eogluﬁ%%ig&%@@ EnE %{) ar &t ﬁ% ‘TR'the first substrate
12 permansathhlirfihesddnstEites; firstdiitding layer 20 will serve some function (e.g., gap fill) in

subsequent wafer processing steps, an advantage missing fr. rior art processes. It will be
aporecated thed e TEG T B G SVREACh I BEt o1 S0 GBS RS BN emperatures
and overafl shermalstabilitysdhthelstrugtuimecartheComrblisd dud o ghexdnventive fimetliogs. That is,

the invenz;[iil\éfe me}lt&obd aélow§ the‘%e igiggg{vgfrl?gessi[}% 10tem£)e atures Wh”Fe simf,lltgpeously making

bonding aha'ge ond‘fﬁguﬁ%s@fﬁﬁe at lower temper fiffag onene, dodecens, propylene gyt
20 monomethyl ether (PGME)). Alternatively, substrates 12 and 24 can also be separated by

first rechanically disrupting or destroying the periphery of one or both of first and second
bonding layers 20, 32 using laser ablation, plasma etching, water jetting, or other high energy
techniques that effectively etch or decompose first and second bonding layers 20, 32, Itis
also suitable to first saw or cut through the first and second bonding layers 20, 32 or cleave
25  thelayers 20, 32 by some equivalent means. Regardless of which of the above means is
utilized, a low mechanical force {e.g., finger pressure, gentle wedging) can then be applied to
completely separate the substrates 12 and 24.
The most preferred separation method invelves heating the bonded stack 34 to
temperatures of at least about 100C, preferably from about 150C to about 220C, and more
3¢  preferably from about 180C to about 200C. It will be appreciated that at these temperatures,
second bonding layer 32 will soften, allowing the substrates 12 and 24 to be separated (e.g.,

by a slide debonding method, such as that described in U.S. Patent Publication No.

12



Bilayer Bonding Scheme Il The second bilayer bonding scheme is shown in Fig. 3, with like numbers
representing 15 like parts. In this embodiment, a "cleaning” or lift-off layer 44 having an upper surface
46 and lower surface 48 is formed on device surface 14. Lift-off layer 44 can be formed by any known
application method, with one preferred method being spin-coating the composition used to form layer

44 at speeds of from about 500 rpm to about 5,000 rpm (preferably from about 500 rpm to about 2,000
rpm) for ZHAEHEEA- SRR ARG SEEBITAL T W0 5 ePBREICEN Y (FTERER RIS FbAT about 30

seconds {e-3Reub A8k senaRes) Attentha cempasitianvsapplieshitipineierabiyoheated:to a
temperature of from about 60C to about 250E, and more preferably from about 80C to about 22GC

and for tiRTESERESY St oM Sbotit BEPEEEHILREEH AR SPMRSHET Freferming fibiPABoiE0 seconds

to about Zpeinutes)i he samne:eRbedimentsiHiz prefesable to subfechihadayer dpamultisstage bake
process, dependinlg 251:%2n the compasition utilized. Depending upon the composition used to fouli

the Iift-ofPR)EIN I oSG S Thities 2P s Rking rEHEHGR S R S PR Era £ ft-off layer 44
preferablyiings athicknessiikoilessdharapouh 3dmunere:praterablyptiomabastt=0:5sum to about 3

um, and even more preferably from abqut 1 um to apout 1.5 um. In other embodiments, lift-off layer 44

is a conformal I3y &H 1SS ARRGHIAROISH ALY SR LHBURHMERNBLY 99ié BYmpBLHionen@ssto form lift-off
layer 44 shewdniamgetegiedsethailayend4rssaluneiinsofuionssalectad Bor:thel @ogp: consisting
of 1% hydrochloric acid agueous_solution, 50% acetic acid aqueous solution, isopropanol,
1-dodecaRATRITFRRENE Ry SRR B SRRt AT DB ORI TMAH).
Morexspeeitigatiy,1ifi-atiilayan ddanit ey ah e asgt waeki D206 dpefdiablycatiltast ahawt 99%, and
preferabl%/ 100% dissolved/removed after about 4-5 hours of contact with the particular remover
solution. *“"MBSFEfad compositions for forming lift-off layer 44 can be selected from commercially
available compositions possessing the above properties. Examples of such compositions include
those selgcted f&?@gb%ﬁﬁ% ‘l#éT ((C:? sisting of poly(vinyl pyridine) and polyamic acids. Two preferred

such compositions 4G the WGF series of wet- 10developable materials (available from

Brewer ScienceThecydcdhdpbitigutariydirefechecheynpositiantier Bseiis HesaribedinrtpSsdnatent
Pub%ig:ati?H(ENp%rt%Q I? /t 8;%?%?&1%%&%”&5%%& ,,r&f%%gggﬁa@g%@ having an upper surface 46
and lower surface 48 1s formed on device surface 14. Lift-off layer 44 can be formed by any
known application method, with one preferred method being spin-coating the composition
used to form layer 44 at speeds of from about 500 rpm to about 5,000 rpm (preferably from
about 500 rpm to about 2,000 rpm) for a time period of from about 5 seconds to about 120
20 seconds (preferably from about 30 seconds to about 90 seconds). After the composition is
applied, it is preferably heated to a temperature of from about 60C to about 250C, and more
preferably from about 80C to about 2200C and for time periods of from about 60 seconds to
about 4 minutes (preferably from about 90 seconds to about 2 minutes). In some
embodiments, it is preferable to subject the Jayer to a multi-stage bake process, depending
25  upon the composition utilized. Depending upon the composition used to form the lift-off
layer 44, baking can also initiate a crosslinking reaction to cure the layer 44,

Lift-off layer 44 preferably has a thickness T; of less than about 3 um, more
preferably from about 0.5 pm to about 3 pm, and even more preferably from about 1 um to
about 1.5 pm. In other embodiments, lift-off layer 44 is a conformal layer, so it would not

30 have the above thickness.
The compositions used to form lift-off layer 44 shouid be selected so that layer 44 is

soluble in sclutions selected from the group consisting of 1% hydrochloric acid aqueous
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Next, a bonding layer 20 is formed on lift-off layer 44 (Fig. 3(b)). Bonding layer 20 preferably has a
thickness T1 as described with respect to Fig. 1, and a thickness T, of at least 15about 5 pm, more
preferably from about 5 pm to about 50 pm, and even more preferably from about 10 pm to about 30
Rm. A second substrate 24 is then bonded to bonding layer 20 (Fig. 3(c)), as described previously, to
form a bonded stack 50. The bonded stack 50 can then be subjected to further processing as

described4Bive SORstHE $AMNIUE OHTISUSHRIRRES. driPsorsie RAKPRS e separated, the
bonded 2Qsiagk:aRésemoned iane Phdhsahove rempyebsleionspieierably teidimeperiods of

from about 1 minute to about 5 hours, and more preferably from about 2 minutes to about 60 minutes),

s0 that tH& SitRORAHT Bl Lsoe RSP R O %1 PIGESARRO AIG TP St rat R SRdYY to be

separategoévdvantageausihoisiembodiments wheteitbofidayandkeisunctiontg.asa "cleaning” layer,
the substrates 12 and 24 can be separated by heating to 25soften bonding layer 20 sufficiently to allow
substrate€4#¥%hd 24 to be separated. Once the substrates 12 and 24 have been separated,

lift-off/cleaning lpyes A4 campa ramovad witing rEmeversolution randifisailbsimultaneously cause
any remaining residue of bonding layer 20 to alsq be removed. 30 3.Trilayer Bondi %}8 cheme 1

The first GV HEHEMGLHE EROSHIRRAATESE 128 BRATRE RIPRBIERS rdprdtRIFHAY e parts. The
embodimentsheysadnitigdddimsindlatta thahshewaip FKigsidiexeepbiiaind plirstikonding layer 20 of
Fig. 3 has heen.cha geg to second bonding layer.32 a%}a ilg?gion I‘Iawr'ﬁ_added_between
"cleaningc’o&ﬁﬁﬂ%i’fcfgye A% BRACCEoHE b SRRy s A .rélb clficIy el thaTHELH 1895 44 has
beemformed op.deyvisesiuface dthtastaesGibediyeaviousiic and seeitigad(ayfargid layer 52 having
an upper surface 54 and a |lower surface 5§ ig forn nu surfac f lift-off layer 44 (Fig.
A o CEBEE RO ER g FERGTORS 3 yor ARG AT e A0t B R T Cepa, o
determined layceenbeasnater. Furthermore, "rigid" refers to layers that do not flow at process
temperatures (typically, from about 150C.to about 400C, and preferahly from about 20GC to about
3000). The som Rt e QR BTG SRS B LT R R Eoh y BB B fBositions
discussedrafeome wiith sespkatio Tirst dondibg! laydr2eEuitsmoreydriginidayess 52 wiaultkhe formed in
a manner similar to that des rib@d,” bov wiiﬁ' resptec%to fgat bondigg layer 20 gnﬁlugln | similar
thick?’nessa(?é’,u 55%%6?%83 With'respedt fo ?—“lg. 7 ot yéirlﬂﬂafls co %(/)Iﬂ%:aﬁ? “hature .r%id layer 52
preferablyboas 1@ thicksnelssuT 30(if dift-aftdayed dbis-notldaniaemabindqbdbehdinfomaloytilzpm to about
35 pm, mjctgﬁ&prelzgrabg/f om about 1t Y to Sa%OéIltw SIP§B afrﬁd gve mgt)rei(%rgferakflél fg)om about 1
pm to abo @Sprﬁs.'m “Re éfﬁir]\sg 0 |8?Iﬂ@:]3’,0§e%oﬁécoonding?afé’r§ €5Srmedon ﬁ}ppeer surface 54
of rigid layeri&2:;dusirigrthe samesapplcdtionibrdtiiads.and types of compositions described previously.

i i el U ACHSSE APLISGENCbondn JuSc it 5 om b e apout o5 o
20 stack 50 is exposed to one of the above remover solutions (preferably for time periods of
from about 1 minute to about 3 hours, and more preferably from about 2 minutes to about 60
minutes), so that the solution will dissolve lift-off layer 44, thus allowing the substrates 12
and 24 to be separated. Advantageously, in embodiments where lift-off laver 44 is
functioning as a "cleaning” layer, the substrates 12 and 24 can be separated by heating to
25  soften bonding layer 20 sufficiently to allow substrates 12 and 24 to be separated. Once the
substrates 12 and 24 have been separated, lift-oft/cleaning layer 44 can be removed with a

remover sojution, and this will simultaneously cause any remaining residue of bonding layer

20 to also be removed.

30 3 Trilayer Bonding Scheme 1
The first trilayer bonding scheme is shown in Fig. 4, with like numbers representing

like parts. The embodiment shown in Fig. 4 is similar to that shown in Fig. 3, except that
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20about 1 pm to about 15 pm. Rigid layer 52 preferably has a softening point that is at least about
20C higher than the softening point of second bonding layer 32, more preferably from about 20'C to
about 300C higher, and even more preferably from about 20C to about 10GC higher. This will typically
result in rigid layer 52 having a softening point that is at least about 100'C, 25preferably from about
15GC to about 4011C, and m?re, preferably from about 20GC to about 300C. Second substrate 24
is bondedt8' BORRRy 5B 3s! 5%%&8??8%‘6‘6 IS ST TSP A B e staBREH (Fig. 4(d)). The
bondeg S§%@Ki5§acwyéhggh&x@5wia@tﬁﬁ&ﬁmi@eropmc%ssimgzmgd@ﬁq&eﬁﬁ&fwmg@m Hzg first and
second substrates 12 and 24 are ready to be separated, 30the bonded stack 58 is expased to one of
tho previaIRS HALEBAE il Ve SORSH AL S Al R A AT HESEI S R ST 44, thus
allowing the-suisiraies k2 PiadL4) 10.be Beaasaiad: Aligr aatiyely, ssefasaiomeandseefiatied by heating
stack 58 so as.to soften bonding layer 32, as descri revipusly. In thjs latter jnstance, lift-off layer
24 15t O GRS o G BT T s i S B P R B 5 Fermoving

sidue
layer 44 with jayemavensohiionhdar tidayarsBoadiagSahbmes Uktermishdatheriwtayeebonding scheme
is shownin Figs. 5 a);Sg,d . With like numbers {Spreﬁenting like Eails. This embodiment.is a variation on
the above SRFBHMerteih tHATTHS LA SoIiRg S 95 RRT Thc CEBE AWESri Ii@fﬁ?@srgﬁ} with a layer
of secondibandifylayetaR HEtveen thefbnbkajers B CobopasitibouseEaTion, processing parameters
and steps, etc., 10are the same as {%%anbed ag %v%rfgﬁ the (%)are pondlnlg‘é%g%% Although not shown,

this embodiment Colid B MotiEd averd lg ?ﬁe bon‘gf?]ug %rl%%“vf\]/ﬁ e of the rigid layers 52

(and prefetahlysitienigiddayed a8wclosesdt tassanandisubstite 24201 FHulhiptedrayepsidb Fubstrate

Edge 15Further,embodiments of the present invention are illustrated in Figs. 6 _ndé with like parts
peing nurtbeleU s TEANAH ST OTEGR d AU T areb A 1010 2

Publicatidaybtae(200ME21B560] anbarparatad b yicefalencathemsircRefBrring itd iRigf B krindhis
embOdim%Q:tén gggg]n;g §a5u§§eﬂeﬁi‘é‘iﬁ%%@%z‘j&‘é@ably has a thickness T3 (if lift-off layer 44 is not
conformal in nature} of from about I pm to about 35 pm, more preferably from about I umto

15 about 25 pum, and even more preferably from about 1 pm to about 15 um.

Referring to Fig. 4(c), second bonding layer 32 is formed on upper surface 34 of rigid
layer 52, using the same application methods and types of compositions described previously.
In this embodiment, the thickness T4 of second bonding layer 32 is from about 1 pm to about
35 pm, more preferably from about T pm to about 25 pm, and even more preferably from

20 about 1 um to about 15 um.

Rigid layer 52 preferably has a softening point that is at least about 20C higher than
the softening point of second bonding layer 32, more preferably from about 20C to about
300C higher, and even more preferably from about 20C to about 100C higher. This will
typically resuit in rigid layer 52 having a softening point that is at least about 100C,

25 preferably from about 150C to about 400C, and more preferably from about 200C to about
300C.

Second substrate 24 is bonded to bonding layer 32, as described previously, to form a
bonded stack 38 (Fig. 4(d)). The bonded stack 58 can then be subjected to further processing
as described above. Once the first and second substrates 12 and 24 are ready to he separated,

30  the bonded stack 58 is exposed to one of the previously-described remover solutions, so that
the solution will dissolve lift-off layer 44, thus allowing the substrates 12 and 24 to be

separated. Alternatively, separation can be effected by heating stack 38 so as to soften
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surface 14 of first substrate 12 includes a peripheral region 57, a central region 59, and a 20bilayer
bonding system 60 at the peripheral region 57. System 60 includes thin layer 62, which has an upper
surface 64 and a lower surface 66 as well as a bonding segment 68, which includes exterior surface
70, interior surface 72, lower surface 74, and bonding surface 76. Lower surface 66 of thin layer 62 is

adjacent device surface 14 of first substrate 12 at perjpheral region 57 E}ile lower surface 74 of
ponding SABFETES KAt AT 65 26 T o ot Wb & Ty ar S to tht
describeduabaveinyith redpadttolifts offilbyerdds brthindayerch2 leanbeval phesomplamoter layer. In
instancesarxvh,e e it is an adhesion promoter layer, any commercially available adhesion promoter
compositlon\"’c1 h&UeEd 161 tﬁ{i‘)él'purpose. Some examples of such compositions include organo
silanes (e.g., ProTEK(r) primer, available from Brewer Science, Inc.). 30Thin layer 62 can be formed
by cqnventional,methods, siich as spin-coating, followed by baking at temperatures suitable for the
parti%ularg 'compti_"%}ff:r il gfrugﬁ(’ r%;fg'%fhlg methods followed to form lift-off layer 44 as described above
could be used taforhethitiapydrotinAdditonddlyh@ithaugleditabdi depictithisitayersas only being
present at peri hergtﬁ. eqgion 57,.thin layer 62 could alsp extend entirely acrass device, surface 14, so
that it is ATCA DTERERC I S2ntral TSGICH B0 s thin Ay L B2 DAATEIAD et T khGeL 44 &t peripheral
region 57nefl flope:dboitdprpstonabelitBs pm ripdreprefElablyhfrdayabd st dopdbtodibgus 25 pm, and
even 5m eferaply from about,1 pm to about 15 pm. In instanges where thin, layer 62 extends
eross R S S L P P B R S, v 20 pm,
preferably-frém sibsutsQl2s pradetae it G pmiasmndore ipreferhlthpfighmalbbothpiiito about 3 pm. In
other instan thin layer,62 co § onformal. layer, and thus, would not-have the above
ickness e B Y R B
compositignainthudingthose digdussadabbseswitreegpesthorfitsfdnd second bonding layers 20 and
32. Bonding segment 68 will typically have a width "D" of from about 2 mm to about 15 mm, preferably
from about 2 mm to about 10 mm, and more preferably from about 2 mm to about 5 mm. Furthermore,
bonding Segmenf:68nirdferablyHag drthickdess T3 of from 15about 5 pm to about 100 pm, more

prefegably from ﬁ?:%ﬁ-%ﬁ%&%&%&%ﬁ%ﬁ%ﬁﬁgﬁ%ﬂdﬁ%@ iﬂ&%ﬁ?&é@'%fﬁ‘%’e@% abey 19;%161 about 30

pm. At this point, structure 55 cou to a second substrate’24, as desc with
previous eavibbdingentsibered fill ddyar T8 0an berfdwsreddodentath regioms ivhddviteldface 14, as

shown ingiQ, B¢k [l YRI Sotiopia 825 1% SRR AigRRssEs Rediose
Referring to Fig. 6(a), in this embodimennt, structure 55 is depicted. The device

surface 14 of first substrate 12 includes a peripheral region 57, a central region 59, and a

20 bilayer bonding system 60 at the peripheral region 57. System 60 includes thin layer 62,
which has an upper surface 64 and a lower surface 66 as well as a bonding segment 68, which
includes exterior surface 70, interior surface 72, lower surface 74, and bonding surface 76.
Lower surface 66 of thin layer 62 is adjacent device surface 14 of first substrate 12 at
peripheral region 57, while lower surface 74 of bonding segment 68 is adjacent thin layer 62.

25 Thin Jayer 62 can be a lift-off layer similar to that described above with respect to lift-
off layer 44, or thin layer 62 can be an adhesion promoter layer. In instances where it is an
adhesion promoter layer, any commercially available adhesion promoter composition can be
used for this purpose. Some examples of such compositions include organo silanes (e.g.,
ProTEK® primer, available from Brewer Science, Inc.).

30 Thin layer 62 can be formed by conventional methods, such as spin-coating, followed
by baking at temperatures suitable for the particular composition. For example, the methods

followed to form lift-off layer 44 as described above could be used to form thin layer 62.
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20described above with respect to bonding segment 68. Fill layer 78 is typically formed of a material
comprising monomers, oligomers, and/or polymers dispersed or dissolved in a solvent system. If the
fill layer 78 will be applied via spin-coating, it is preferred that the solids content of this material be from
about 1% by weight to about 50% by weight, more preferably from about 5% by weight to about 40%
by weigh even mare prefer from., 25 about 10% by weight ut 30% by weight. Examples
ot sitablE e B e W TR g o
cyclic olefih potyhnersodmdwdd pdly reesdontisrhorphoudsfliumraptlyemidisavitihthigh atopriesfiuorine content
(greater than aboul 30760y weight) %’;}8!‘6%5 i%f@&gﬁé%%%‘%&&%ﬁ%%?&‘é!%é?&ﬂ%r%?c?n%‘%#“e )
propylene copoﬁ/mé’rs, polymers with“pen ant pertluoroalkoxy groups, and copolymers of
30tetrafldoroethylgiaant 2i24bis niftuoromettsjarab 5-tifto otout, Bdioxoddriy partivdlardareferred. It
wil be angreeiaiad at he.nRndino sirenalh.efhigse malsrals ihornendReR gL sRecific
chemical structures and the coating and baking céndltlons useJto apply them. In this
embodinrenesshbefithiayalc 78 preféacsbly, dows ot forrh sloery Adbekive Bond$, thus fashivating
separat'%zlgﬁgfg%&%sl i 3RGBKING, AMARBAHS R METIMASHR At (DRRYEIQ shrface free

energies; (2) are tack-free and known to not bond strongly to glass, silicon; and metal surfaces (i.e.,
would typicatigihdveryely tewrdosieessation i pirHydeonid or Seenbuyildaeid geblips vemddreferably no
such groupsy. (3):2mReLastifrara.solution or formed into a thin film for lamination; (4) will flow under
typical bonding conditions to fill device wafer surface topography, forming a void-free bond line
betWeen substriesiiaade@ysiiticeerackoriow fomeaistmpunsyibierrmehahealBitesses encountered
during bagksiAe; PEACERING, SYRRIEN CATrBdUL AL RIGR. LEMPRAIIES L NdaHNgRyaguUM

conditions, are 10 desirable” As used herein, low surface free energy is defined as & polymeric

material #atiekbibilaEoatRaramyg RSWith Watet ol eastdbolr 90 inaaeiicaisuHagecténsion of
less thanahgyt 40-Aynes/aahRERIErabinlessdham ahaut 3G dyses/emn. AR aaremgieraply from about

12 dynes/cm to about 25 dynes/cm, as determined by contact angle measurements. Low bonding
strength F@@r@%ﬁg@wn@rr&m@ﬁa@ﬂdatmmm@wf@a@wffe@léwszfﬂéne%fgvbstrat_e with only
gk bandRigSSHR e s BrcHepiL i Apanthanadibsaly s nBlRRRNEn, ThUS.aRything with an
adhesion strength of less than about 50 psig, préferably from less than about 35 psig, and more
preferabl{fisArafseiit 1 fyam drabbitiBopaRyWelieBe desirable for use as fill layer 22. Examples of
suitable polymege materiaissexbibiting the:abeveRIQPeItigsnEudeaame £yslis-Qlafingglymers and
copolymers sold under the APEL(r) 20 by Mitsui, TOPAS(r) by Ticona, and 7FONOR by Zeon brands,
and solvéFtdersE RISl Aicr§ iR B cyTompNse snsers dorgisy ALahieisss and TEFLON(r)
AF polymers,sold; bys uRant: Fhe Qending stengihuel.ihase-materalsyil depand ypen the coating

and baking conditions used to apply them. At this point, a second substrate can be bonded to the

strut@ure SSubRGAMY SR BERRE L BRRAR Hrae S S e HiB diridts famsatvierpedadiack 82 as
shown ingfriger Qe Hfieti e AeskadPEacesSINg S PonBloted Qnssiack 82 Jistiskbsirate 12 and

second substrate 24 can be readily s;ﬁg)anated. In one separation method, the bonding segment 68 is
first dissCRISERRIFETR dfctest BISBRREOF dhkereRdsAik BYERtaThis EahmpdarebRpiBRed by
immersiop ke sehventnal iy spipyingmistaf the solventoniahending seament 6&ia order to
dissolve it. 30 The use of thermoplastic materials is especially desirable if solvent dissolution is to be

used to diEFRsRRE Eh ARy 'SEG e HcER! SHPRtS WRabEstE Y praryBete aalmmy threfemoval
proeess inwdudenthasessslectedibamsting groupsensisingief sthyhlaciaensyeiRhexahnans, -

and/or polymers include those selected from the group consisting of cyclic olefin polymers

and copolymers and amorphous fluoropolymers with high atomic fluorine content (greater
than about 30% by weight) such as fluorinated siloxane polymers, fluorinated ethylene-
propylene copolymers, polymers with pendant perfluoroalkoxy groups, and copolymers of

30 tetrafluorcethylene and 2,2-bis-trifluoromethyl-4,5-difluore-1,3-dioxole being particular
preferred. It will be appreciated that the bonding strength of these materials will depend upon

their specific chemical structures and the coating and baking conditions used to apply them.
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methyl pyrrolidone, aliphatic solvents (e. g., hexane, clecane, dodecane, and dodecene), anand
mixtures thereof. The substrates 12 and 24 can also be separated by first mechanically disrupting
or destroying the continuity of the bonding segment 68 using laser ablation, plasma etching, Swater
jetting, or other high energy techniques that effectively etch or decompose the bonding segment 68. It
is also suitable to first saw ar cut through the bondi ment 68 or cleave the bonding.segment 68
by some equivali it e B R U ecnanica
force (e.ghfirigeiliprésssrpagant dawe dgingydbns theiniige appligdie woymplotelyasepdyatetthe substrates
12 10and, 24, Adyanta ou§l separation.does not-require haying to overcome strang adhesive bonds
between {fﬁgfﬁﬂ Tz:lfﬁgr Sl/%?zgjﬁ tEeﬁgurﬁ’é%gggdaiﬁfgégﬁ%fnilt%qa%,gﬁr?s%oﬁ 5 ¥18en(§e§t§c§} }@Or eg§e the
adhesive sierds atboadingsagment. 6®iddhpetipheralvayitnwspforrseparatiorhydroeglier The

surfaces of th bstrates 1 lor 24 then.be rinsed.cle it riate solvents as
necegsaryg/)a%or%)mjié\%gﬁilgﬁ %igkggllgr)hca%téar%ﬁ? n1{%%/L\i/{|:t “ngsggét{ %g%%%b%{%ﬁgrﬁ%ﬂﬁiﬁf it should be

noted thafothes forryatirinofio fibgrsegmente s before thdedopatibproffilk leyeh7@istofil one possible
order of f ti ' ible to 1 the fill laa irst, f ] at] bonding
system 6%%2%(% dflér%i%gr%egﬁtg gg%%}&d%?%ﬁrgrg g%%ag% %(g%gclr%%glél%%y%ﬁgs%%}%%%h%ggﬁ:}an be varied
by one ofvottimaryaskilllinwherapdigoiReferrider werhpniahstursher extbodirné duofgHadksigation is shown,

withlike numbeting fearsaenting ke pens, This smbpdizoentissimiar 10.Eid, G, eiaeRL ha the first

and second substrates 12 and 24 have been switched. That is, the thin layer 62 is in contact with
carriér suifairet?s disewsdriteibdiraterpaoatirerciragy dedidasdmheect ot firstaehsttate 12, and the

bonding syrace [0ptReRHNg SeOWER! §8.isbondediafiavice suiace kit ofdist #apulstrate 12.

Thus, thin layer 62 can be adjacent lower surface 74 or bonding surface 76 of bonding segment 68, or

both, dep@ﬁﬂ#@%h%@&ﬁ@éd@‘@fmﬁ@bméh@r%pi_iéaﬁbﬁﬁamﬁigﬂémmq@rt@metttmr_ﬁrtaver 62 will
have the thicknessJ 3 AaseriRedmittespest @ he-Fig. &ieRPodiment: Bt ibgse;thigknesses will

hold true across the entire thin layer 62. 306.Multiple Layers'with Zone Region at Substrate Edge
Fig. 8 depicts a ¥arthersinsstirnathtrefomivinvbmtion, Wathiike thilrfbars ripkesanning ikelgshrts.

RefeyingdQ g #(@).@ sesandhonding layec32:is farmed; atanlyidepauphicrah fagiop.e 7 of first

substrate 12. Application methods, desired properties (including softening point), and possible
compositisiie Fapiise B sarchir b ymding 1d)er 3 siiragls ablseriug about S0 psig, preferably

from less than about 35 psig, and more preferably from about 1 psig to about 30 psig would
be desirable for use as fill layer 22. Examples of suitable polymeric materials exhibiting the
above properties include some cyclic olefin polymers and copolymers sold under the APEL®

20 by Mitsui, TOPAS® by Ticona, and ZEONOR® by Zeon brands, and solvent-soluble
fluoropolymers such as CYTOP® polymers sold by Asahi Glass and TEFLON® AF polymers
sold by DuPont. The bonding strength of these materials will depend upen the coating and
baking conditions used to apply them.

At this point, a second substrate can be bonded to the structure 55 using the steps

25  described with previous embodiments to form bonded stack 82 as shown in Fig. 6(c). After
the desired processing is completed on stack 82, first substrate 12 and second substrate 24 can
be readily separated. In one separation method, the bonding segment 68 is first dissolved
with the aid of a solvent or other chemical agent. This can be accomplished by immersion in
the solvent, or by spraying a jet of the solvent onto bonding segment 68 in order to dissolve it.

30  The use of thermoplastic materials is especially desirable if solvent dissolution is to be used
to disrupt the bonding segment 68, Solvents that could typically be used during this removal

process include those selected from the group consisting of ethyl lactate, cyclohexanone, —
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previously. Referring to Fig. 8(b), a fill layer 78 is formed in central region 59 of device surface 14, as
described with respect to Figs. 6 and 7 above. 5Next, and as shown in Fig. 8(c), a first bonding layer
20 is formed on upper surface 33 of second bonding layer 32 and on upper surface 80 of fill layer 78 to
form a structure 84. Again, application methods, desired properties, and possible compositions for use
as first bond u\g la er. 0 ar%[ash%%sscig bgr% ?? ecyl ues),(lxm cond s t%strate 24 ca, be b nqq%d to the
structure ‘34" HE} {ﬁ féps escribed previous em 56dimen db §tack 86 as
10shownmﬂ%mges&(&)fzémtematlvely as described in Example 18, first bondlng Iayer 20 could instead
be formed on caltlrle u&face ond % strate 24 dqijnd th n th two (Tctur s could be pressed

t f
together to forin bondec m{g%k %n simila ‘m fo'the order o pggsr%%n In ﬁl%g}%onded stack 86

can then dhstsabbm:mcxmfumhemptbcéssmggasgiewﬁfechwgdml hb0nce t;li&smrst&ahd}gecond
subsfrateg 12 and 24 are ready lobe se 3 te k 8 i over solution
(e.g. grImon‘% {éa(?gde%lecﬁ%}eq%‘ﬁ?l% ms'g t aﬁﬁ h]%%?ogr{} \%: v§1 gsé vegge%%%%pé g‘ 3%532 thus
allowing tl@gmcnbsiﬁatéssiﬂsamd12@mibélwwmewtmmmlypsépammwbwe @ﬂ‘wed by heating

stack 86 50,38 1. g%%bsﬁgggsg%b%%Qér%& %n?f%%é’?(mm has a lower softening point than first bonding

layer 20, so thatt 4 can be separated, as described previously. Referring
to Fig. 9, a furthBe gmdbodinferitiof ﬂfélmvémmmwgh@wmhwﬁhaﬂl@e)mbm tepedsanting like parts.

This embﬁﬁé@}%}%:at |s ﬁti@%%ﬁ% ng@ é‘& mf%”ﬂa@g%?g@m SllshateR.d¢,and 24 have

been swit e seco and e In contact with carrier surface
26 d@sec@nﬁ?%bé@m@@mmbepmmmw%mm@ havotdilsoyetsstratetbRg adhiethecfirst bonding

layer 20 iz hADHEA [, 0evies shrlace Ldiof lithsubstraie 12, ThUs. e, 'Q%Ifgﬂe%&%?ﬂ@ bonding

layer 32 and fill layer 78 can be adjusted, depending upon the needs of the particularapplication.
For eachefctiie disavbasoredingdschénmssng hegeehedvari dus isontinng, HEioff Jaher sgparidierohave been

shown to supstafiallygnd 6yen compieiely.caver.the partiewlac ?ﬁ‘;@é&r@ﬁ%ﬁ%ﬁr %‘?ﬂ%?é(éé' be

appreciated that one or more of these layers could be modified to span only part particular
substrates(evatisithotsShEwN o Kee ruoieksdehipapdition of the particular substrate surface would

be incontact wily fat paiicy st s s ould s PBJAING BRARR.9LME present invention.

Furthermore, even in instances where layers have been shown to be formed one on top of another on

a first sub’@@dt’é&ﬁ@ﬁ@é} fSllorirag thy BordieROithia lseeoftisopstraenesarkieryrder of

formation. It is also possible to form the fill layer 78 first, followed by formation of bonding
system 60 or bonding segment 68. Order of formation is not ¢ritical to the invention and can
be varied by one of ordinary skill in the art.

20 Referring to Fig. 7, a further embodiment of the invention is shown, with like
numbering representing like parts. This embodiment is similar to Fig. 6, except that the first
and second substrates 12 and 24 have been switched. That is, the thin layer 62 is in contact
with carrier surface 26 of second substrate 24 rather than device surface 14 of first substrate
12, and the bonding surface 76 of bonding segment 68 is bonded to device surface 14 of first

25  substrate 12. Thus, thin layer 62 can be adjacent lower swface 74 or bonding surface 76 of
bonding segment 68, or both, depending upon the needs of the particular application. In this
embodiment, thin layer 62 will have the thickness Ty described with respect to the Fig, 6

embodiment, and these thicknesses will hold true across the entire thin layer 62,

30 6. Multiple Layers with Zone Region ar Substrate FEdge
Fig. 8 depicts a further embodiment of this invention, with like numbers representing

like parts. Referring to Fig. 8(a), a second bonding layer 32 is formed at only the peripheral
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5all layers could instead be formed one on top of another on the second substrate and then bonded
with the first substrate. Or, one or more layers could be formed on the first substrate while other layers
are formed on the second substrate, and then the two substrates are bonded together. Order is not
critical, so long as the resulting structure has the layer systems shown and/or described herein. 10
EXAMPLES The following examples, set forth preferred methods in accordance with the invention.
s to bATHERBINOWEUEL: tat TRELS EARILS b e BrUIBERB 6 61 HIA M5 3d nothing
therein sponily, bedakenhasatimitation gRosdhe @verdlbsaope dithe inventidascdizxamples 1 through

9 illustrate the invention's improved honding performance. Examples 10 through, 16 illustrate the
mprovech S Bt tREBRHAIAG o ioetBnLHG o8 LB ARGF HED IR, ERARIEEE 1 Compositon
of Cyclicsigfie Copolisnet@Oa) Bepding Empasiignio28In this formulation, 250 grams of an

ethepe-norborngne copolymer (APL_8008T, optained from Mitsui Chemicals America, Inc,, Rye Brook,
NY) B 3,125 SEAETH & BRENBIE RO A RGN TOR0, ST AT B AGEE 4 many) were
dissolvedinr3é3dmatanm s:of Rlimonenep(ebtaiisd B0t Blotidar CRenicah @ euuniinéedd-aven. FL) and

373.45 grams of caclooctanehgo?tétagned grom Si ma—A(\!drich {nc. St. Louis, MO). ThF 25mixture was
0

allowed (O APROSA LI S Gt AN RS o PR RS GRESNEGS9E Hisatsdithion had

25.31% $okds: HEXAMPLE:2 Chmpdsitipr abGOC RBoading CompdsitiorbB 120kedhis tiermulation, 210.31
O eI el o SO0 U s agigy Fomer
Topas Advawced Polydders AHarence] K¥) described 1n Example 18, first bonding layer 20 could
instead be formed on carrier surface 21 of second substrate 24, and then the two structures
could be pressed together to form bonded stack 86, similar to the order of steps shown in Fig.
L)
The bonded stack 86 can then be subjected to further processing as described above.
15 Once the first and second substrates 12 and 24 are ready to be separated, the bonded stack 86
15 exposed to a remover solution (e.g., limonene, dodecene, PGME), so that the solution will
dissolve second bonding layer 32, thus allowing the substrates 12 and 24 1o be separated.
Alternatively, separation can be effected by heating stack 86 so as to soften second bonding
layer 32, which has a lower softening point than first bonding layer 20, so that the substrates
20 12 and 24 can be separated, as described previousty.

Referring to Fig. 9, a further embodiment of the invention is shown, with like
numbering representing like parts. This embodiment is similar to that of Fig. 8, except that
the first and second substrates 12 and 24 have been switched. That is, the second bonding
layer 32 and fill layer 78 are in contact with carrier surface 26 of second substrate 24 rather

25  than device surface 14 of first substrate 12, and the first bonding layer 20 is bonded to device
surface 14 of first substrate 12. Thus, the location of second bonding layer 32 and fill layer
78 can be adjusted, depending upon the needs of the particular application.

For each of the above bonding schemes where the various bonding, lift-off, and rigid

layers have been shown to substantially and even completely cover the particular substrate
30  surface, it will be appreciated that one or more of these layers could be modified to span only

part of the particular substrate (even if not shown). In other words, only a portion of the
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were dissolved in 706 grams of R-limonene along with 4.0 grams of a phenolic antioxidant (Irganox
1010) and 14.5 grams of polyisobutylene (obtained from Scientific Polymer Products, Inc., Ontario,
NY) with a molecular weight of 2,800 Da'tons. The mixture was allowed to stir at room temperature
until all of ingredients were in solution. The solution had 529% solids. EXAMPLE 3 Composition of
COC Bonding Composition C In this formulation, 50 grams of COC Bonding Compaosition B from
ExampleP3TetE DRt Wt oA Beorramrehiie tramisielvss A ieots Lttt room
temperatpentenforn:» soht ofesthe salition had 14.5% solids. EXAMPLE 4 Composition of Bonding
Composition D 15In this folululation, 120 grams of WaferBOND(r) 1-11-10.10 material (obtained from

Brewer Science, 1HES e MReT W EG GPAMNE B 4506 B6RR (EIGM R RIAERESLERNLOMO). The
mixture wagRipywes LOfstr abieem (eriper asuieyta Brabadseiulion - E6AMRLE - Ihick-GOC Bonding
Coméposi;i?n A Layer on Device Wafer and 20Thin. COC Bonding Composition C Layer on Carrier
wafer YA GrOCAERIFT 26 THTSF (i EOEPEbABMIY COMBOMHTH AT ERANBRE 1, which was a
cyclic oledihpalymertodiinglayesdesigned 1o flove saifficiently at 2@k doaakieve effeetive bonding
between the, coated substrate and a second substrate, were spin-coated gn a 200-mm sjlicon wafer
and bakGH ST SPA A B DT ERBS HECEHB o IGh o "SGR BPEAS: Bonding
Compositiga:Rer T isdprocasscnas:Exadtygepaated it asasonchadidiioh pfrkQsmmofitbeLOC Bonding
Composigfir(})ﬁg A rom.l%?e}méple [, with this second aliquot being used to form a film on top of the first
film. The Fhal A tHIckneSS Ater both application steps was 96 um. COC Bonding Composition C from
Exaraple 3, which was a cyclic olefin polymer 30coating layer designed to flow sufficiently at 22C/C to
achieve effective bonding between the coat and a second substrate, was spin-coated on
another 200-mm silicon wafer. egfﬂﬁﬁff’ég

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.

15 Examples 1 through 9 illustrate the invention's improved bonding performance.
Examples 10 through 16 illustrate the improved ability of the bonding compositions to be
cleaned after debonding.

EXAMPLE 1
Composition of Cyclic Olefin Copolymer (COC) Bonding Composition A

20 In this formulation, 250 grams of an ethene-norbornene copolymer (APL 8008T,
obtained from Mitsui Chemicals America, Inc., Rye Brook, NY) and 3.125 grams of a
phenolic antioxidant (IRGANOX 1010, obtained from BASF, Germany) were dissolved in
373.45 grams of R-limonene (obtained from Florida Chemical Co., Winter Haven, FL) and
373.45 grams of cyclooctane (obtained from Sigma-Aldrich, Inc., St. Louis, M), The

25  mixture was allowed to stir at room temperature until all of the components dissolved. The

final solution had 25.31% solids.

EXAMPLE 2
Composition of COC Bonding Composition B
30 In this formulation, 210.31 grams of an ethane-norbornene copolymer (Topas 8007,
obtained from Topas Advanced Polymers, Florence, KY) and 62.4 grams of a low-molecular-

welght COC polymer (Topas TM, obtained from Topas Advanced Polymers, Florence, KY)
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The thickness of COC Bonding Composition C was about 3 pm. The spin-coating and baking
parameters were the same for COC Bonding Composition A and COC Bonding Composition C and
were as follows. Spin-coating conditions: 800 rpm spin-coat for 60 seconds, with 10,000 rpm/sec
acceleration. 5 Baking conditions, in order: 80 C for? minutes, 110 C for 2 minutes, 160 C for 2

e two silicon w coated P}TCOC Bonding Composition A

minutes, and for.6 minutes.
and coc"é%%ﬁz ﬁ“é’%%‘rﬁ’b@?uéﬁ%ﬁ £ e éé‘ﬁB%‘EaL‘i’é\fe”W %W&Sa‘) SO A8 Fefitionship
under vaqiigand:0a0 30603 minies mlgxhﬂﬁz@dnvcammmaa} a@iessiereitbamberwvith 5,800 N of
bonding ure. onder, es a I|d|n ess that described in U.S. Patent
PublcatO T 01000 o NaCH BBy TS (SR8 i LeEh SE&e. Inc. Rolla
MO) then:ﬁkepmtatedtma bandethwaiarsai:22QC o1 D XANMPL Ebe Thigk GQC Biwdjngzﬁomposmon A
and Thin % onding Composition C In this procedure, 10 mL of the COC Bonding Composition
A frof EX mpﬁ% “Which was a cyclic olefin polymer coating layer designed to flow sufficiently at 270C
to achieve 20effect|ve bonding between the coated substrate and a second substrate, were
spin-coated on a 200-mm silicon wafer and bﬁ% EIS‘H the spin and bake parameters described
osition

below) to m a film of COC Bonding Comp Is process was exactly repeated with a second
aliquot of 10 mL of the COC Bondings@ComposSitiorBArkiom Exanopiedd, With this second aliquot being

used to fortn a fjn, o1 400 o the e K The BRI e 2R e Rao T RRlRS QR reps was 3
10 mixed with 50 grams of R-limonene. The mixture was allowed to stir at room temperature 1o

form a solution. The solution had 14.5% solids.

EXAMPLE 4
Composition of Bonding Composition D
15 In this formulation, 120 grams of WaferBOND® HT-10.10 material (obtained from
Brewer Science, Inc.) were mixed with 80 grams of 1-dodecene (Sigma-Aldrich, St. Louis,
MO). The mixtare was allowed to stir at room temperature to form a solution.
EXAMPLE 5
Thick COC Bonding Composition A Layer on Device Wafer and
20 Thin COC Bonding Composition C Layer on Carrier Wafer
In this procedure, 10 mL of the COC Bonding Compeosition A from Example 1, which
was a cyclic olefin polymer coating layer designed to flow sufficiently at 270°C to achieve
effective bonding between the coated substrate and a second substrate, were spin-coated on a
200-mm silicon wafer and baked (using the spin and bake parameters described below) fo
25 form a fiim of COC Bonding Composition A. This process was exactly repeated with a
second aliguot of 10 mL of the COC Bonding Composition A from Example 1, with this
second aliquot being used to form a film on top of the first film, The final film thickness
after both application steps was 96 pm.
COC Bonding Composition C from Example 3, which was a cyclic olefin polymer
30  coating layer designed to flow sufficiently at 220C to achieve effective bonding between the
coated substrate and a second substrate, was spin-coated on another 200-mum silicon wafer.

The thickness of COC Bonding Composition C was about 3 pm. The spin-coating and
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COC Bonding Composition C from Example 3, a cyclic olefin polymer coating layer designed to flow
sufficiently at 220C to achieve effective bonding between the coated substrate and a second
substrate, was spin-coated on top of the COC Bonding. Composition A film. The thickness of the COC
Bonding Composition C film was 8 pm. The spin-coating 30 and baking parameters were the same for

COC Bonding Composition A and COC Bonding Compasition C.and were as fallows: Spin-coating
concitionb 858 FATSHHE e O GBSt e 8 B e PR Cohd B bS5 Baking
conditions;dmgseesnld Qedfor4 minites;sI60C for 2 minutes, and 220C for 6 minutes. The center

of another 200-mm silicon wafer was coated with flu%wated silane
flan

(heptadeécafluoro-l,1,2,2-tet %rfliﬁ”‘?’oaélgéﬁ%%ﬂ%}r%s &M f@%@-?ﬁﬁ?éﬁ%ﬁ%foﬁi&i}the 5 outer

edge of the wafer was igftoithonisthadlutnimated silane. The detailed process for coating the
fluorifated silane is descrlbe('jﬁlz%Exam el of U.S. Patg&EPut?lelcaﬁgpeé\l?I g@p%;,?ZlB%O,

. & g conditions, in order: LOr 1 ITUTIULES
incorporated by reference herein. & e wdfer pair described above Wwas bonded in a%ﬁaée-to-face

relationship at 220C fot & hifitesiimadieatdd ¥acuiombanatwader pressure with 5,800 N of bonding

pressure. The 10Qwafer pair was bonded tqget ly, and it underwent the. grinding process that
thinned the devi%gev&gf)e?agj %rb%%n‘?rﬁ'ﬁ%agg%%%%rw%’rg Op%éyllrhwrg}%lggﬁlgg Ifn%ﬁffﬁm%%gr]{%”) 1(?1}1 hours, and
then the Waterssitere debdnded bl hpeckoff prodess:using-aopeet-offadelrdmdendzZzoneBONDTM

Separatio |.abtained from Brewer.Science, Inc., Rolla, MO). Durj el-off debonding
orocss, T A a A ha B St B R e e e R G Canated
wafer) wasdeldetightiptimpdembtabetamplidihe evisesivafler walkathiencsbparatedsfrsrethe carrier wafer

formutation, JBOULTANE of SaATTae (O AR LI 20R sA L ISR DAk W dissalved n
520 grambwof Birfietiwdaicétansiger(®idmha WAldtichyw 8trk alilgORO). The mixture was allowed to stir at
room temperature until the polysulfone dissolved to form a solution. The solution had 35% solids.
15 EXAMPLE 6
Thick COC Bonding Composition A and
Thin COC Bonding Composition C
In this procedure, 10 mL of the COC Bonding Composition A from Example I, which
was a cyclic olefin polymer coating layer designed to flow sufficiently at 276°C to achieve
20  effective bonding between the coated substrate and a second substrate, were spin-coated on a
200-mm silicon wafer and baked (using the spin and bake parameters described below) to
form a film of COC Bonding Composition A. This process was exactly repeated with a
second aliquot of 10 mL of the COC Bonding Composition A from Example 1, with this
second aliquot being used to form a film on top of the first film. The final film thickness
25  after both application steps was 93 pum.
COC Bending Composition C from Example 3, a cyclic olefin polymer coating layer
designed to flow sufficiently at 220°C o achieve effective bonding between the coated
substrate and a second substrate, was spin-coated on top of the COC Bonding Composition A
film. The thickness of the COC Bonding Composition C film was 8 pm. The spin-coating
30  and baking parameters were the same for COC Bonding Composition A and COC Bonding
Composition C and were as follows:
. Spin-coating conditions: 800 rpm spin-coat for 60 seconds, with

16,000 rpnv/second acceleration.
35
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The above polysulfone solution was spin-coated on a 200-mm silicon wafer at a spin 25speed of 600
rpm for 60 seconds. The coated wafer was baked for 2 minutes at 80C and then for 2 minutes at 150C
and then for 5 minutes at 180C. The thickness of resulting polysulfone film was 51.64 pm. Bonding
Composition D from Example 4 was then spin-coated on top of the polysulfone film at a spin speed of

1400 rpm for 60 seconds. The wafer was baked at 80C, far, 2 minutes, then at, 150C for 2 minutes, and
then at 180C for 5 sominutea THESSE THRRNELE UF i ik T OB B 120,10 fim o

about 2 pm. The watengaundassaaked oi2dehours at room temperature in R-limonene, and the

wafers were thep separated usi el dehQonder (ZoneBONDTM Separation Tool). EXAMPLE 8
Thick PolysuIfoer'%’?/vﬁ%1I hit %@gﬁ%ﬁogfﬁrgn@&ﬁoﬁlogﬂ%ln‘%sl ﬁot‘ﬁ%j f‘gfﬂrr%ﬁl% %Iﬁa,tir‘]é ?élrl:%ims of polysulfone
(Ultrason{=2020R) aftececdiss 0| 2edtinh582d grami idbdistietiy] adetamide (Siggiar AldrictneSt. Louis,
MO)., The mixture was stirred at room te rature until tge. olysulfone dissolved to.form a solution.
The gboveempebﬁ/éiﬁ oa%esgu |Eﬁ'%§%@ﬁfﬁ%&%§éﬁdﬁ on'a 25 -Srlrfarﬂ%il?tl:%ngwglfﬁee? f%’cs%i%mspeed of 600 rpm
for 60 secomnits; ihiedlcoatacivafenavaddakibelat aenfple2 wfinLte$atherPabll&OGHfOl2 minutes, and

thenat 1 J inutes to re e the casting solvent 10completely. The thickness of the
polysulfo%gé;? rgévziiagsg@@%m .05%% orﬁ%lineé} Cégl%niﬁ%lé,ition C from Example 3 was then spin-coated on

top of the polysUlfenesfitnpair despitbspebavofiBGderhi for Bocsechnds: i Tthe shafer WS Gdked at 80C
for 2 m'”gﬁﬁhﬁ?&”ﬂ% ilé?ﬁecdf{?ég%uﬂ?{%%{&e&a nd then a4 180G %rb?o'}-‘b%%ﬁﬁﬁb%?a%fh%a' ﬁ?]{%k”ess of COC
Bonding Composition C was about 2 pm. € wafer pair above was soaked for 24 hours at room
temperatwddnRitimnoriend@ndgtiber sepagatethd singEpeest dengnderd ZoreBANDHmSsparation
Tool). EXAMELE,S, Thick GOC Bording Componlion A20d, 0441 Rl 309 Go . Bnding
Composition B'for Efide BDebon ing

and then the wafers were debonded by a peel-off process using a peel-off debonder

(ZoneBGNDTM Separation Tool, obtained from Brewer Science, Inc., Rolia, MO). During

the peel-off debonding process, the device wafer was held by vacoum on a flat surface, and

15 the carrier wafer (silanated wafer) was held tightly by a metal clamp. The device wafer was

then separated from the carrier wafer by peeling the clamp.

EXAMPLE 7
Thick Polysulfone with Thin Bonding Composition D
20 In this formulation, 280 grams of polysulfone (Ultrason E2020P; BASF, Flortham
Park, NJ) were dissolved in 520 grams of dimethylacetamide (Sigma-Aldrich, St. Louis,
MO). The mixture was allowed to stir at room temnperature until the polysulfone dissolved to
form a solution. The solution had 35% solids.
The above polysulfone solution was spin-coated on a 200-mm silicon wafer at a spin
25  speed of 600 rpm for 60 seconds. The coated wafer was baked for 2 minutes at 80°C and
then for 2 minutes at 150°C and then for § minutes at 180°C. The thickness of resulting
polysulfone film was 51.64 um. Bonding Composition D from Example 4 was then spin-
coated on top of the polysulfone film at a spin speed of 1400 rpm for 60 seconds. The wafer
was baked at 80°C for 2 minutes, then at 150°C for 2 minutes, and then at 180°C for 5
30 minutes. The total thickness of the diluted WaferBOND® HT-10.10 film was about 2 LLITL.
The wafer pair was soaked for 24 hours at room temperature in R-limonene, and the
wafers were then separated using a peel debonder (ZoneBOND ™ Separation Tool).
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In this Example, 10 mL aliquots of the COC Bonding Composition A from Example 1, a cyclic olefin
polymer coating layer designed to flow sufficiently at 270C to achieve effective bonding between the
coated substrate and a second substrate, was spin-coated twice on a 200-mm silicon wafer. The first
spin-coating was carried out at 600 rpm for 60 seconds, 25 and the second spin-coating was carried
out at 800 rpm for 60 seconds. After each coating, the wafer was baked at 80C for 2 minutes, then at
150C for 2 minutes, and then at 220C for 5 minutes. The thickness of the resulting COC Bonding
Composition A film was 99.14 p m. COC Bomdngv@arpposition B from Example 2, a cyclic olefin

polymer coating layer 3(51%%3' ed to flow suffi ieng:\/ t 220C to achieve effective bonding between the
coated substrate and a SIf?g @ﬁf}g{%w\;{/ﬁég o -@g:a%eoé‘ ﬂgtﬁ%)’ggfﬁ’ét% er that was coated with
COC Bonding Qampositianifids QSBending pempasiion/Brivas goatethat aspinspeédhof 1500 rpm
for 60 secgnds. The wafer was bake 80C for.2 minutes, th t 150C for 2 minutes, and then at
2200 for SRR B T RRELE B8 TG O BOH S BoBiSH BT dbout 29 prn
The wafefdeseiibad.abovetas:hohdetinaiiactvtarfaderrelationship with another 5200-mm silicon
wafer under heaéﬁd acuunbat 0C for 3 minutes in a pressure chamber with 5,800 N of bonding

aé A gffz

pressure. A JSB8RUiNG BPE eSS GRING s ’I‘i}d%()é% Shder (obtained from Bewar Stience, Inc.)
separatedpifee bpatieebwaterqfaiccdiiz. dEhonding praeesawasaharigth Outat andebonchng rate of 2
mm/seco d at,a temperatur of 22{ o(rl EXAMPLE 10 Poly(vinyl pyridine) and COC Bonding
Composit?g%gg fe’énme}%f)\t}f%lsltﬁ}ﬁgf%glh %)%1 n9 his %Fﬁﬁféﬁ’orﬁfrf‘éréhr%gagf\{ %%ﬁ/o\%%ri}l pyridine) (obtained
from@Gigroaxpldrith, SheIbilchuiss MewelresdilselVia masyCicpentaGOieBihé&miKtunpwasallowed to
stir at 00 om Example 3 was then spin-coated on top of the polysulfone film at a spin speed of

1,400 rpm for 60 seconds. The wafer was baked at 80°C for 2 minutes, then at 150°C for 2

minutes, and then at 180°C for 5 minutes. The total thickness of COC Bonding Composition

C was about 2 um.

15 The water pair above was soaked for 24 hours at room temperature in R-limonene and

then separated using a peel debonder (ZoneBOND™ Separation Tool).

EXAMPLE ¢
Thick COC Bonding Composition A and a >20-um Fiim
20 of COC Bonding Composition B for Slide Debonding
In this Example, 10 mL aliquots of the COC Bending Composition A from Example
1, a cyclic olefin polymer coating layer designed to flow sufficiently at 270°C to achieve
effective bonding between the coated substrate and a second substrate, was spin-coated twice
on a 200-mimn silicon wafer. The first spin-coating was carried out at 600 rpm for 60 seconds,
25 and the second spin-coating was carried out at 800 rpm f{or 60 seconds. After each coating,
the wafer was baked at 80°C for 2 minutes, then at 150°C for 2 minutes, and then at 220°C
for 5 minutes. The thickness of the resulting COC Bonding Composition A film was 99.14
prm.
COC Bonding Composition B from Exampie 2, a cyclic olefin polymer coating layer
30  designed to flow sufficiently at 220°C to achieve effective bonding between the coated
substrate and a second substrate, was spin-coated on the same wafer that was coated with
COC Bonding Composition A. COC Bonding Composition B was coated at a spin speed of
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temperature until the polymer dissolved. The total weight concentration of poly(vinyl pyridine) in
cyclopentanone was 2%. The solution was filtered through a 0.1-pin filter. The above poly(vinyl
pyridine) composition was spin-coated on a 100-mm silicon wafer at a spin speed of 2,000 rpm for 60
seconds. The coated wafer was baked at 80C for 2 20minutes and then at 220C for 2 minutes. The
thickness of the resulting poly(vinyl pyridine) film was 0.0579 pm (57.9 nm). COC Bonding
Composiﬁ%@p@’\Wa@‘iﬁgﬁ?ﬁﬁﬁ%oﬁ?d‘@ﬁefo‘iﬁaé?’ﬂ@dpﬂl98/??1)’;%%%8%Imcﬁtaé SHinsis8ed of 1,100 rpm
for 60 seqpngdiss, kha wefer was0aked 26806 fame miauies, dher A1e0E far@ paruigs, and then at
220C for 6 minutes. The total thickness of the resulting polymer film was about 22 pm. 25The coated

wafer waSHBSETE bR ANBHde (e 1) aqueous solution at room temperature for about 4 to 5
hours until the GRCBanding:Gempesidieon Bhilmclifiad affdrentdihawalensTpe/walenwas clean by
visual obgervation, but some regic;lue was still evidgnﬁyvréen it was viewed under a microscope.
30EXAMPIEYE ﬁ%‘fﬁﬁ/fﬁ@lﬁcﬁ)‘/ﬂ MREF 4Rt OB BBHIRg-COmMJBLHIEH B EIEEEE WiPREktic Acid
Solution with Fewafeniasprgpareevdth the same compositions and in the same manner as the one

in Example 10. The coated wafer was dipped in.50% acetic acid agueous, solution at room
temperature for AB0UR 45 HEUREERRI HhE 0 s B G TBHBEEI O Y Mot St Sne water.
The wafdrcleanathwitihtheadatio seidhanlutine wwasmddeanhyadsuak obseryation, bidtsariagesidue was

still evident W%%n it \yas \:{llgwe %Jnder a mticrosg?gﬁcS EXAMPLE 12 Poly(viny pyridine) and COG
Bonding BB BOLOCTEH S WHTRA T idre e, Cyclopentanone, and Isopropanol Another
wafer coated with the same formulation and in the same manner as in Example 10 was allowed to spin

at room temperature at a speed of 900 rpm WLL‘?\/BLE 10
Poly{viny! pyridine) and COC Bonding Composition B
Cleaned With HC] Solution
In this formuiation, 2 grams of poly{vinyl pyridine) (obtained from Sigma-Aldrich, St.
15 Louis, MO} were dissolved in cyclopentanone. The mixture was ailowed to stir at room
temperature until the polymer dissolved. The total weight concentration of poly{vinyl
pyridine} in cyclopentanone was 2%. The solution was filtered through a 0.1-um filter.
The above poly{vinyl pyridine) composition was spin-ccated on a 100-mm silicon
wafer at a spin speed of 2,000 rpm for 60 seconds. The coated wafer was baked at 80°C for 2
20 minutes and then at 220°C for 2 minutes. The thickness of the resulting poly(vinyl pyridine)
film was 0.0579 um (57.9 nm). COC Bonding Composition B was then spin-coated on top of
the poly(viny! pyridine) film at a spin speed of 1,100 rpm for 60 seconds. The wafer was
baked at 80°C for 2 minutes, then at 160°C for 2 minutes, and then at 220°C for 6 minutes.
The total thickness of the resulting polymer film was about 22 um.
25 The coated wafer was dipped in 1% hydrochloride (HCl} aqueous solution at room
temperature for about 4 to § hours until the COC Bonding Composition B film lifted off from
the wafer. The wafer was clean by visual observation, but some residue was still evident

when it was viewed under a microscope.

30 EXAMPLE 11
Poly{vinyl pyridine} and COC Bonding Composition B
Cleaned with Acetic Acid Solution
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limonene was dispensed for 400 seconds as the first cleaning solvent to remove the COC Bonding
Composition B film. Then further cleaning was performed at room temperature by 15dispensing
cyclopentanone at a spin speed of 900 rpm for 400 seconds to remove the poly(vinyl pyridine) polymer
film. The wafer was spin rinsed with isopropanol for 120 seconds at a spin speed of 900 rpm. Final
drying was performed by spinning{;&th_e wafer at a slgeed of 1208 rpm for 60 seconds. The wafer

cleaned by this' bIGEEsY WAL HEFECEHES by VRUSTEBSERAMHGH 20 BXRMPIE S PSRV pyridine)
and COG: Benglislg CormpesiinadBvalleansdiwitbdRnlfoananredcadd sqpropanobénoibaronafer coated
with the same formulation and in the same ma S in.25Example .10 allawed to spin at room
tomperaltFPaE EBbaP b S B E Ticro  HLe BT 405 SELEH I A8 the firs
cleaningvgghrent to remove the COC Bonding Composition B film. Then further cleaning was

performed at rogm temperature by. dispensing isopropanol for,400 seconds at a spin speed of 900 rpm
to rémove the %@)ﬁ/&f/?@ﬁ %%?fgig éijgxofg ey %(.:ﬁﬁiﬁj'n%aljlpdon was clean b% Visud ogservagozl

rying was performed by spinning the wafer at a
speed otdrz0@s3@rpmafon Bleseizands.ct iewaafes eteanedrynthisprogess was defect-free by visual
observation. EXAMPLE 14 ProLIFT(r) 100-16 coating and WaferBOND(r) HT-10.10 material
ProLWT(r) 100-16 coating (obtained from Brewer Science, Inc., Rolla, MO) was spin-coated on a
200-mm silicon wafer at 3,000 rpm for 90 s&conpi’l Th&Xcoated wafer was baked at 120C for 90
seconds and then at ZOS(MPr\%g ﬁecoiggnse %Ig{%@%g I@égr Qlat was abgut 1 5um thick.
WaferBOND(r)10.10 matérial was §3|3i7n-co ted on'top Of ther rof?ﬁﬁ?ﬁgri 0-16 film at 1,500 rpm for 30
seaends. The wafer waSlbaked-at1R20E for2entiiyutesamdotive gt [R60CHo2 minutes to produce a

layer that was %%o%g 16 nPj thic@ ur}%tq%r 200-mm sifi on W%f%{ was, bonded to the coated wafer in a
a 0

QUET Wa 2 £ SGme TOrilation an e IManNer as, 1
face-to-face relationship‘a 250 minutes under a pressure 0 i) psI for L minute. The bonded

wafer pdiixwaglcdbledstol 666 fordirl@minutecandgradualyspecbon¥denype reltiireR The bonded wafer
pair Was 38 1%&%%139 legérqgtg for 400 seconds as the first cleaning solvent to remove the COC
Bonding Composition B film. Then further cleaning was performed at room temperature by
15 dispensing cyclopentanone at a spin speed of 900 rpm for 400 seconds to remove the
poly(vinyl pyridine) polymer film. The wafer was spin rinsed with isopropanol for 120
seconds at a spin speed of 900 rpm. Final drying was performed by spinning the wafer at a
speed of 1200 rpm for 60 seconds. The wafer cleaned by this process was defect-free by
visual observation.
20
EXAMPLE 13
Poly(vinyl pyridine) and COC Bonding Composition B
Cleaned with R-limonene and Isopropanol
Another wafer coated with the same formulation and in the same manner as in
25  Example 10 was allowed to spin at room temperature at a speed of 900 rpm while R-
limonene was dispensed for 400 seconds as the first cleaning solvent to remove the COC
Bonding Composition B film. Then further cleaning was performed at room temperature by
dispensing isopropanol for 400 seconds at a spin speed of 900 rpm to remove the poly(vinyl
pyridine} polymer film. Final drying was performed by spinning the wafer at a speed of 1,200

30 rpm for 60 seconds. The wafer cleaned by this process was defect-free by visual observation.

EXAMPLE 14
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slide debonder at a rate of 2.00 intn/second and at a temperature of 200C. The coating on the
debonded wafer was cleaned first by dispensing 1-dodecene at a spin speed of 250 rpm for 60
seconds to remove the WaferBOND(r) HT-10.10 polymeric film and then by dispensing ProLIFT(r)
Remover (obtained from Brewer Science, Inc., Rolla, MO) 15at a spin speed of 300 rpm for 10

seconds to clean the ProLIFF film. The wafer was dried by\lséggnninlg at a speed of 1,400 rpm for 15
seconds. The wafer wash&uhlly efdctsraaarney tiRgitg R X Kbt £9152%8 oL 11-1 100 coating and

COC Bonding Gampesitian®Bi16 codteldbbrdifE Fn16-coatingas sRINEOaeton @.2QRmHmm silicon
wafer at 3,000 rpm for 90 seconds. The coated wafer was baked at 100C for 120 seconds and then

245C for BUSEBNLCEBE BERIERELMPISHSRB IO Eamiie Bareepinaaatad BRES of the

ProLIET (k; 180-2GJHonat 3004 RAY 1aES Se0sndsel hiesspard wasdampe ki@, andihenaier 25was
spun at 1,200 rpm for 60 seconds. The coated wafer was baked at 60C for 60 seconds, then at 80C

for 6§ se¢dhdECkndViHEFPR Y208 Tol t Y EaEHAbE ™ P RRATRARS (WA ST IRSREHHrEt B@%@i'ﬁg

R-limonengtq.remayesthede QG Rending Kzompesition &aoly mer film anehihaess hydispeasing
PD523-AD developer (BR Microelectronics, Sunnyvale, CA) to remove the ProLI1-1(r) . 100-16 film.

The spechft® 30EEarHEOTdE BIRE fra B folBwWEsERahiHy e B S c ABhifhg Edrpotiton B:
1.Puddle Riftnanenenf:annnfer-otsecandsn 2. fapindofic2 008 spmifor S Beconds JxiMasyally dispense

R-limonene: 500 rpm for 60 seconds 4. Spin %E: 2,0({)10meffor S second % MananII}/ (_:Iilspense
isopropaﬁ}@% ﬁﬁé@?%ﬁd’%%%r@b%’@%ﬁ&s e bonded wafer pair was cooled to 160°C for

10 minute and gradually to room temperature. The bonded wafer pair was separated by using a
slide debonder at a rate of 2.00 mm/second and at a temperature of 200°C.

The coating on the debonded wafer was cleaned first by dispensing 1-dodecene at a
spin speed of 250 rpm for 60 seconds to remove the WaferBOND® HT-10.10 polymeric film
and then by dispensing ProLIFT ® Remover (obtained from Brewer Science, Inc., Rolla, MO)

15 ata spin speed of 300 rpm for 10 seconds to clean the ProLIFT® film. The wafer was dried
by spinning at a speed of 1,400 rpm for 15 seconds. The wafer was visually defect-free after

cleaning,

EXAMPLE 15
20 ProLIFT® 100 coating and COC Bonding Composition B

ProLIFT® 100-16 coating was spin-coated on a 200-mm silicon wafer at 3,000 pm
for 90 seconds. The coated wafer was baked at 100°C for 120 seconds and then 245°C for 60
seconds. COC Bonding Composition B from Example 2 was spin-coated on top of the
ProLIFT® 100-16 film at 300 rpm for 5 seconds. The speed was ramped up, and the wafer

25  was spun at 1,200 rpm for 60 seconds. The coated wafer was baked at 60°C for 60 seconds,
then at 80°C for 60 seconds, and then at 220°C for 120 seconds.

The wafer was cleaned first by using R-limonene to remove the COC Bonding
Composition B polymer film and then by dispensing PD523-AD developer (JSR
Micreelectronics, Sunnyvale, CA) to remove the ProLIFT® 100-16 film. The specific

3¢ cleaning procedure was as foliows:
Cleaning the COC Bonding Composition B:

1. Puddle R-limonene: 0 rpm for 60 seconds
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56.Spin dry: 2,000 rpm for 15 seconds Cleaning the ProLIF |1 100-16 coating: 1. Puddle PD523-AD
developer: O rpm for 20 seconds 2. Spin off: 2,000 rpm for 5 seconds 103.Manually dispense
deionized water: 500 rpm for 20 seconds 4. Manually dispense isopropanol to rinse: 500 rpm for 5
seconds 5. Spin dry: 2,000 rpm for 15 seconds The wafer was confirmed to be clean by defect
inspection using a Candela CS20 tool 15(obtained from KLA Tencor, Milpitas, CA). EXAMPLE 16
WGF 300-310 Materialand CO@ BéndiRgasmpeistishBINVGI: 300-310 material (a developer soluble
gap fill composition obtained fam, AABIRNESRIGREEIRS BN MPwas.spi-coated onto a 200-mm
silicon wafer at 3,000 rpm for 90 seconds. The coated wafer was baked at 100C for 120 seconds and
then at 245C for 60 setonds fPPreHuceCHtifritHat wesessut 720 A thick. COC Bonding Composition
B from Example 2 wassspin-coaiathiondfig-iar Rbhe WG F30Q314:hlpAt30fhrmies 5 seconds, and
then the speed was ramped up and the wafer was spun at 1,200 rpm for 60 seconds. The 25coated
wafePwas then baked &t 60CF60YscbBRUEIThEN At 85€ 6 60 seconds, and then at 220C for 120
seconds.

Cleaning the ProLIFT® 100-16 coating:
I Puddle PD523-AD developer: 0 rpm for 20 seconds
2. Spin off: 2,000 rpm for 5 seconds

[ %)

10 Manuaily dispense deionized water: 500 rpm for 20 seconds

Manuaily dispense isopropanol to rinse: 300 rpm for 5 seconds

DA

Spin dry: 2,000 rpm for 15 seconds

The wafer was confirmed to be clean by defect mspection using a Candela CS20 tool

15 {obtained from KLA Tencor, Milpitas, CA}.

EXAMPLE 16
WGF 300-310 Material and COC Bonding Composition B
WGF 300-310 material (a developer soluble gap {ili composition obtained from
20 Brewer Science, Inc., Roila, MO) was spin-coated onto a 200-mm silicon wafer at 3,000 rpm

for 90 seconds. The coated wafer was baked at 1G0°C for 120 seconds and then at 245°C for

60 seconds to produce a film that was about 720 A thick. COC Bonding Composition B from

Example 2 was spin-coated on the top of the WGF 300-310 filim at 300 rpm for 5 seconds,
and then the speed was ramped up and the wafer was spun at 1,200 rpm for 60 seconds. The
25  coated wafer was then baked at 60°C for 60 seconds, then at 80°C for 60 seconds, and then at

220°C for 120 seconds.



The wafer was cleaned first by using R-limonene to remove the COC Bonding Composition B polymer
film and then by dispensing PD523-AD developer to remove the WGF 300-310 film. The specific
cleaning procedure was as follows: 5Cleaning the COC Bonding Composition B 1. Puddle
R-lhnonene: 0 rpm for 60 seconds 2. Spin off: 1,500 rpm for 5 seconds 3. Manually dispense
R-limonene: 500 rpm for 60 seconds 4. Spin off: 1,500 rpm for 5 seconds 105.Manually dispense
isopropanol for fiRsiHg BT pasidd s8doneee FEERsRe2 OTORYMUSICIB sBeBRtE Cleaning the
WGF 300-3100,Goatng: d.Ryadle RRRE %HAR Ja1RIaRsTs Oriaas A 5668808 d34.9P RO 1,500 rpm
for 5 seconds 3. Manually dispense deionized water: 500 rpm for 20 seconds 4. Manually dispense
isopropart$FBRHRSIHG {500 FihsrecBis stonte Frassiiidnae Doolpitfor 15 seconds 20The wafer was
confirmed to be clean by defect inspection using a Candela CS20 tool. EXAMPLE 17 WGF 300-310
material, COC Bonding Composition A, and COC Bonding Composition B 25WOE 300-310 material
was 8pin-coated SraEb SR St Eafet 2131060 Fom for

I. Puddle R-limonene: O rpm for 60 seconds

3

Spin off: 1,500 rpm for 5 seconds

3. Manuaily dispense R-limonene: 500 rpm for 60 seconds
4. Spin off: 1,500 rpm for 5 seconds
10 5. Manually dispense isopropanol for rinsing: 500 rpm for 0 seconds
6. Spin dry: 2,000 rpm for 15 seconds
Cleaning the WGF 300-310 coating:
1. Puddle PD3523-AD developer: 0 rpm for 20 seconds
15 2. Spin off: 1,500 rpm for 5 seconds
3. Manually dispense detonized water: 500 rpm for 20 seconds
4, Manually dispense isopropanol for rinsing: 500 rpm for 5 seconds
5 Spin dry: 2,000 rpm for 15 seconds
20 The wafer was confirmed to be clean by defect inspection using a Candela CS20 tool.
EXAMPLE 17
WGF 300-3 10 material, COC Bonding Composition A,
and COC Bonding Composition B
25 WOGE 300-310 material was spin-coated on a 100-mm silicon wafer at 3,000 rpm for

S0 seconds. The wafer was baked at 106°C for 120 seconds and then at 245°C for 60
seconds. The thickness of the WGF 300-310 film was 0.0632 um (63.2 nm). COC Bonding
Composition A from Example | was spin-coated on top of the WGF 300-310 film at a speed
of 600 rpm for 60 seconds. The wafer was then baked at 80°C for 2 minutes, then at 150°C
30 for 2 minutes, and then 220°C for 5 minutes. The thickness of the COC Bonding
Composition A layer was 41 pm. COC Bonding Composition B from Example 2 was spin-
coated on top of the COC Bonding Composition A film at a speed of 1,400 rpm for 60
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90 seconds. The wafer was baked at 100C for 120 seconds and then at 245C for 60

seconds. The

thickness of the WOE 300-310 film was 0.0632 pm (63.2 nm). COC Bonding Composition A from
Example 1 was spin-coated on top of the WOE 300-310 film at a speed of 600 rpm for 60 seconds.
The wafer was then baked at 80C for 2 minutes, then at 150C 30for 2 minutes, and then 220C for 5
minutes. The thickness of the COC Bondin% Composition A Ia%:er was 41 pm. COC Bonding

CompositRseB frotheExeite isad apid -2 8ated S toisih

speed of 400 1PRFLE8 seeendsibhav@ias was dencbakes & 896 2oMIDUES:

1BBHdivg THmpEsitied A film at a

,ihgn at 150C for

2 minutes, and then at 220C for 5 minutes. The thickness of the GOC onding Composition B layer
was 8.2 @rﬁ.?%e wafer described above was first cleaned by immersing it. in R-limonene for 24 5

hours to removethe4RGBensingeompasition-f.and B pelvneh xersk Themansesond step to clean
the WM; 300-310 film with PD523-AD developer was carried out as follows: 1. Puddle PD523-AD

developdio i IBI°50 S8 CIRUSI S G Ro0B g REr B R CB RS 103 MBFLANT 8I%h &RRe
deionizegoywatar RO prier 20 $ae0Rsls fpvanuallydisppase isepiarpnal 40sHnses 500 rpm for 5
seconds 5. Spin dry: 2,000 rpm. for 15 seconds The wafer was clean, by visual observation. 15
EXAMPLE 18 Using Multiple Layers to Assist in ZOneBONDTM Edge Cutting An approximately

1-pm thick layen of WatgrBNDE31ALT (k016 was cpatest ontR@$is5-mm wide ring around the edge
of the surface of a 200-mm silicon carrier wafer. This wafer 20was baked at 110C for 2 minutes,

followed by a second BAREE 16696 fHin s nas

10 3. Manually dispense detonized water: 500 rpm for 20 seconds
4, Manually dispense isopropanol to rinse: 500 rpm for 3 seconds

5. Spin dry: 2,000 rpm for 15 seconds

The wafer was clean, by visual observation.
15
EXAMPLE 18
Using Multiple Layers to Assist in ZoneBOND™ Edge Cutting

An approximately 1-um thick layer of WaferBOND® HT-10.10 was coated onto a 3-

5-mm wide ring around the edge of the surface of a 200-mm silicon carrier wafer. This wafer

20 was baked at 11JC for 2 minutes, followed by a second bake at 160°C for 2 minutes. A

fluorinated sifane ((heptadecaftuoro-1,1,2 2-tetrahydradecyl) trichlorosilane, a perfluoro

compound with primarily C,,, sold under the name Fluorinert by 3M) was diluted to a 1%

solution using FC-40 solvent (obtained from 3M). The solution was spin-coated onto

the

center section of the carrier. The carrier was baked on a hotplate at 100C for 1 minute, rinsed

256  with FC-40 solvent in a spin coater and baked on a hotplate at 100°C for an additional

I minute.

The surface of another 200-mum silicon device wafer was coated with a COC bonding

composition via spin-coating. This wafer was baked at 80°C for 2 minutes followed by 120C

for 2 minutes and finally 220C for 2 minutes. The device and carrier wafers were bonded in a

30 face-to-face relationship under vacuum at 220°C for 3 minutes in a heated vacuum and

pressure chamber.



fluorinated silane ((heptadecafluoro-1,1,2,2-tetrahydradecyl) trichlorosilane, a perfluoro compound with
primarily C12, sold under the name Fluorinert by 3M) was diluted to a 1% solution using FC-40 solvent
(obtained from 3M). The solution was spin-coated onto the center section of the carrier. The carrier
was baked on a hotplate at 100C for 1 minute, rinsed 25with FC-40 solvent in a spin coater and baked
on a hotplate at 100C for an additional 1 minute. The surface of another 200-mm silicon device
wafer was coatet§uitHareO e Bonalisg tomPrssitoie (/4 SfEsiRY, orRiBtvarerH4eE Baked at 80C for

2 minutes;foligivesl oy 1206 dar 2.0ainutes.ang finally 2200 fior 2 minuiesehe device aRd carrier

wafers were bonded in a 30face-to-face relationship under vacuum at 220C for 3 minutes in a heated

vacuum aid§srasdlifeiehaifiskibe bulkphihs sseriiGHAd eBHRE AT O ABEERE for approximately one
hour to saften arshysttially; dissolyg.thathindayenaf WalesBNRR:HTHLE:H2 at the edge of the

carrier. The 1- dodecene did not affect the bulk of the experimental bonding adhesive, only the
WafetBONDIGH BIFILS PePankoBatfer was separated from the assembly using a 5ZoneBONDIN,
Separation Tool. CLAIMS: 1.A temporary bonding method comprising:  applying a lift-off layer to a
device surface of a first substrate; 5forming a bonding layer on the lift-off layer ; bonding a second
substrate to the bonding layer to form a bonded stack. 2,The method of claim 1, wherein the lift-off
layer is applied by spin-coating. 103.The method of claims 1, wherein the lift-off layer has a thickness
Ti of less than about 3 pm. 4.The method of claims 1, wherein the lift-off layer 44 is a conformal layer.
155.The method of claims 1, wherein compositions used to form lift-off layer 44 are



selected so that the said lift-off layer is soluble in solutions selected from the group consisting of 1%
hydrochloric acid aqueous solution, 50% acetic acid aqueous solution, isopropanol, 1- dodecene,
R-limonene, cyclopentanone, PGME, and tetramethylammonium hydroxide. 206.The method of claims
1, wherein the device surface includes at least one structure selected from the group consisting of:
solder b@@g%@etal posts; metal pillars; and structures formed from a material selected from the
group consisting of silicon, polysilicon, silicon dioxide, silicon (oxy)nitride, metal, low k dielectrics,
polymer dielectrics, metal nitrides, and metal suicides. 25 7.The method of claims 1, wherein the
second substrate includes one of the following materials: silicon, sapphire, quartz, metals (e.qg.,
aluminund; coppicorsyydradiagsushyidsssdaniteramics. 308.The method of claim 3, wherein the
thicknesglgaigglg,b‘p%g@ iﬁ%rt%%%ﬁé R dhgrmethod,of.£laim 8, wherein the ticicness T1 is about

1,0 pm to about’1.5 pm.
5 forming a bonding layer on the lift-off layer ;

bonding a second substrate to the bonding layer to form a bonded stack.

2. The method of claim 1, wherein the lift-off layer is applied by spin-coating.

10 3. The method of claims 1, wherein the lift-off layer has a thickness T1 of less than
about 3 pm.
4, The method of claims 1, wherein the lift-off layer 44 is a conformal laver.

15 5 The method of claims 1, wherein compositions used to form lift-off layer 44 are

selected so that the said lift-off layer is soluble in solutions selected from the group consisting
of 1% hydrochloric acid aqueous solution, 50% acetic acid aqueous solution, isopropanol, 1-

dodecene, R-limonene, cyclopentanone, PGME, and tetramethylammonium hydroxide.

20 6. The method of claims 1, wherein the device surface includes at least one structure
selected from the group consisting of: solder bumps; metal posts; metal pillars; and structures
formed from a material selected from the group consisting of silicon, polysilicon, silicon
dioxide, silicon (oxy)nitride, metal, low k dielectrics, polymer dielectrics, metal nitrides, and
metal silicides.

25
7. The method of claims 1, wherein the second substrate includes one of the following
materials: silicon, sapphire, quartz, metals (e.g., aluminum, copper, steel), and varicus giasses

and ceranics.

30 8 The method of claim 3, wherein the thickness T1 is about 0,5 pm to about 3 pum.

g. The method of claim 8, wherein the tickness T1 is about 1,0 um to about 1.5 pm.
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