WO 2012/ 057893PCT/ US2011/ 046751 MJLTI PLE BONDI NG LAYERS FOR THI N- WAFER
HANDL| NG FEDERALLY SPONSORED RESEARCH DEVELOPMENT PROGRAM Thi s
i nvent i orwoasizmds®3wi t h gover nment support under contra®CTrsaten4dAS G50- 0

| - 5 G 0047 awardep BpONTING. 1R YEROVO RRaeR- wadrMiseiheNeef ense Conmand.
The United States governnent has certain rights in the invention.

BACKGROUND OF THE | NVENTI ON Rel at ed Applications 10This application clains

e o LRI TSP PR BRI IR AT L 201N

2010, incor ﬁﬂfs%v%guol?)%dls g{;lg(f gﬁ'lg %ox@ﬁﬁl%h% P/é: ot ﬂer%l PGl anL §Qgy-4pThe

present invention is ncer ne th nove tenporary wafer bondi ng

et Fod<- 0047 dvaided bntetl 9l LrmbyeSiate ddndisil ByfatseOsmmihe ThMentd Beateyet hods can
support a device wafer on a carrier substrate during wafer thinning and

ot her Igavksmers hpy eeeigsichiy in heswertipni on of the Prior Art 20integrated
circuits, power sem conductors, light-emtting di odes, photonic circuits,

m er oel ect r omechani cal systens (MEMS), enbedded passive arrays, packaging

interposers, and a hostpgtkeftarNgidr GaniN@ndrioampound seni conduct or - based
m crodevi ces are produced collectively in arrays on wafer substrates

r angi ndRefat@m dplit@ionnches in di aneter. The devices are then separated into

indi vi dual devices or dies that are ed to.all ractical interfacing
U8 25t Nl Begapi SIBRVIS SR oy fe&at%\f%omﬁfpﬁw%%aﬂw&. on with

a p““w Iph BN PR LA dp\@%}@?ﬁmmﬁiﬁﬁmgw @Bv&@% 1@ gonstruct the

devi ce package on or around the die while i's sti part of the wafer

array. fildii Sudokes; Lo @eincpbafed bg rofebet hedint 0 as wafer-Ievel packagi ng,
reduces overall packaging costs and allows a higher interconnection density
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I3 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
20 Integrated circuits, power semiconductors, light-emitting diodes, photonic circuits,
microelectromechanical 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 1-12 inches in diameter. The devices are
then separated into individual devices or dies that are packaged to allow practical interfacing with
25 the macroscopic environment, for example, by interconnection with a printed wiring board. 1t
has become increasingly popular to construct the device package on or around 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
30 usually have outside dimensions several times larger than the actual device.
‘ Until recently, interconnection schemes have generally been confined to two dimensions,
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

SUBSTITUTE SHEET (RULE 26)



Until recently, interconnection schenes have generally been confined to two
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The pol yneric adhesives used for tenporary wafer bonding are typically
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baked to remove all of the coating solvent from the polymeric adhesive layer. The coated wafer
and carrier are then placed in contact in a heated mechanical press for bonding. Sufficient
temperature and pressure are applied to cause the adhesive to flow and fill into the device wafer
20  structural features and achieve intimate contact with all areas of the device wafer and carrier
surfaces.
Debonding of a device wafer from the carrier following backside processing is typically
performed in one of four ways:
(1) Chemical - The bonded wafer stack is immersed in, or sprayed with, a solvent or
25  chemical agent to dissolve or decompose the polymeric adhesive.
2) 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 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.
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25 polymeric adhesives used for TM deboriding must neither decompose nor solien Xcessively at
or near the working temperature, otherwise, debonding would occur prematurely. As a result,
the adhesives are normally designed to soften sufficiently at 20-50°C above the working
temperature for debonding to occur. The high temperature required for debonding imposes
significant stresses on the bonded pair as a result of thermal expansion. At the same time, the
30  high mechanical force required to move the device wafer away from the carrier by a sliding,

lifting, or twisting motion creates additional stress that can cause the device wafer to break or



SUMMARY COF THE | NVENTI ON 15The present invention overcones the prior art
probl ens by providing a tenporary bondi ng nmethod conprising providing a
stack comuoi28izng7sva first substrate having a back surfa®€TASA1A/ 0891 ce

surface; a first bonding | ayer adjacent the device surface and having a
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substrate having a carrier surface, with the 30second bondi ng | ayer being
adj actﬁatle%bemﬁwbyeommmmfcé&amng proceduresl n a further enbodi nent of the
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the chances for device wafer breakage and mternal device damage.

SUMMARY OF THE INVENTION
15 The present invention overcomes the prior art problems by providing a temporary
bonding method comprising providing a stack comprising:
a first substrate having a back surface and a device surface;
a first bonding layer adjacent the device surface and having a softening temperature;
a second bonding layer adjacent the first bonding layer and having a softening
20  temperature, wherein the softening temperature of the first bonding layer is at least about 20°C
greater 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
25  and a device surface. The article further comprises a first bonding layer adjacent the 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 20°C greater than the softening temperature of the second
bonding layer. The article also includes a second substrate having a carrier surface, with the

30  second bonding layer being adjacent the carrier surface.



a second substrate having a carrier surface, the bonding | ayer being

adj acent he carrier surface. The stack further conprises one or both of the
f ol | ow ngwoaol2dsrs9ef f | ayer bet ween the device surface &ad/ush@1foue7st rigid
| ayer; or a second rigid | ayer between the bonding | ayer and the carrier

surface. The i rst ecgnd substrates are arat ed. . The
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back @uifecRl, abfcRisdRyiias, aHd fiRGeack Eompakdst cl e further conprises a first
rigid layer adjacent the device surface, a bondi ng | ayer adjacent the first
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| ayer is ad ent, .t he arri urfac and the article further conprises
one or both™ 8$”gﬁgwfgﬁ Pf%mﬁﬁéfvgesp “off | ayer between the device surface

and the f|5g@nﬁﬁgnd&mbgyg&ﬂ1@5ﬁ@t§g@qadrnmgid | ayer between the bonding
| ayer and the carrier surface. I'n yet anot her enbodi ment of the

i nventi on, a&mbmhpdﬁamVhbwndﬁmgﬂwnsmﬁdei bﬁ@bﬂ@b@ﬂWNGE%KWﬁémﬁh@ﬁddﬂ
conpris provi din st ack rising:...20 i rst substrate having a back
sur f atE, 8ﬁd%5 ﬁ@$ﬁ%&ﬁ§U¥W5%§eS? gﬁgi%%g%ﬁﬂ ggﬁghaV|ng a peripheral region
and a centy g orfﬂay&rbeu@ee%&ﬁ@a@hée%%é@m thertReeR 1eg ber surface; an edge
bond adj acent the peripheral region and the carrier surface; and at |east

one | ayer ssicend sdidflapmbtivecy theudpndimgdaysr pmdythefcarr@Bsurfacet - of f | ayer bet ween

t he edge.bond, and device surface; ,a lift-off |ayer between the edge
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bond and t . AEKkfR MG e ARIOESHARNIR PTRI AbskaY Bivibek BRALHIE: edge
bond and the carrier surface; a bonding |ayer between said edge bond and
sai d geli deeicsuniface | hamdicle further comprises a first rigid layer adjacent the device surface,
a bonding layer adjacent the first rigid layer, and a second substrate having a carrier surface. The
bonding layer is adjacent the carrier surface, and the article further comprises one or both of the
15  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.
In yet another embodiment of the invention, a temporary bonding method is provided
where the method comprises providing a stack comprising:
20 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;
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 carrier 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 surface; and

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

The first and second substrates are then separated.



30a bondi ng | ayer between said edge bond and said carrier surface. The
first and second substrates are then separated. WO

2012/ 057896RCR/IS32011/ 046751 In a final enbodi nenPCofuskéra/ouerdent i on,
an article is provided. The article conprises a first substrate having a

back surfagce fi}@ﬂ@%&? ﬁFlri(laeéf %er] tgé Eﬁﬁ%ﬁﬁo 6}29 fnt’étﬂ: e igﬁvgevﬁ&éig uﬁ%ﬁe%?ﬁcl@%gglgggeﬁg pher al

. n
regi on an & e artic ur r'ses a

subst fiat KbhaME RE/ifk LBk s@Face Uhd 2GS cairfaclg endOB deviey aeRbE hisheepphérpher al
region and the carrier surface, and at |east one | ayer 5selected fromthe

gr o?ﬁegi@nﬁhé picaytrdfregian. iThe agicle fusifer copenrigeen sedead sdppiralsdHyIngicarHe devi ce
surface, a lift-off l.ayer  betwsen the ed b l th | ;
n acngeron piesirdp LN BT N ST R I RSB B B 208! o

adhesiQuiArRIR iR crb@y&insRehyeen the edge bond and the carrier surface; 10a
bondi ng | ayer between said edge bond and said device surface; and a bondi ng

| ayer bet welft-ofliagkrddiyeceb direden dosdinf badeyies sulaceace. BRI EF DESCRI PTI ON OF

THE DRAW N Figur i $_a, erass-sectional view of a schematic
drawi ng §H§§%ﬁﬁf%yﬁkﬁ?gﬁpé%3%@8#8%%?%%%?C%fwfﬂgh¥%Vention, as further
exenpl i fi egh idheEIRPRINASeIaRr between tifel ddge Bohdardl the @sScsaeti@nal view of a
schematic drawng 1llustrating how thi cknesses are determ ned; Fig. 3

i s a crossasaibesionatonviteneysi batveeh giesrdize berdatidige saprciiriigeanot her

enbodi ment of the invention,..as further, exepplifjed i anpl es 10-16;

Z&Ei g. 4 i%g‘ﬁldér?%_ ‘?rg’gg’i’eie&?gﬂd 63%%5&%%]3“5 G isVisE is%ﬁgrea\%“ﬁg showi ng an

al t er nat i Ve, &ipdiapEHetvddentshid ddBy BEHd 41, saRiscabitr shfsiceexenpl i fied in Exanpl e
17; Fig. 51s a cross-sectional view of a schematic draw ng

illustrating a variation of the enbodiment of the invention that is shown
'n kg 4 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a schematic drawing showing a preferred
15  embodiment of the invention, as further exemplified in Examples 5-9;
Fig. 2 is a cross-sectional view of a schematic drawing iilustrating how thicknesses are
determined;
Fig. 3 is a cross-sectional view of a schematic drawing depicting another embodiment of
the invention, as further exemplified in Examples 10-16;
20 Fig. 4 is a cross-sectional view of a schematic drawing showing an alternative
embodiment of the invention, as further exemplified in Example 17;
Fig. 5 is a cross-sectional view of a schematic drawing illustrating a variation of the
embodiment of the invention that is shown in Fig. 4,
Fig. 6 is a cross-sectional view of a schematic drawing showing an alternative
25  embodiment of the invention;
Fig. 7 is a cross-sectional view of a schematic drawing depicting a variation of the
embodiment that is shown in Fig. 6,
Fig. 8 is a cross-sectional view of a schematic drawing showing an alternative

embodiment of the invention; and



Fig. 6 is a cross-sectional view of a schematic drawi ng show ng an

al ternative 25enbodi nent of the invention; Fig. 7is a
Cr oss- secwpaenelosvgsew of a schematic drawi ng depicting aPcaisaniome7sf the
enbodi nent that is shown in Fig. 6; Fig. 8 is a cross-sectional view
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depi Cémmlﬁemhataﬁls%wafmtmg @mdshme\v&nahb@voeing ﬁhﬁmol t'Be é;r&e% that th this
variation being simlar to The process that is exenplif in Exanple 18.

5DET AlxcED]iDESCRERRNONTI©F THE PREFERRED EMBODI MENTS In nore detail, the
present invention provides nethods of formng mcroel ectronic struct ures
using multilayer bonding schenes. Wile the drawings illustrate, and the

speci ficati Obﬁ@ﬁﬁtmﬁﬁscﬁﬁm@mpnﬁgepkgﬁbmmmm[ﬁmmm invention, it

is to be understood that such disclosure is by way of exanple only.
Enbodi mentls wbret thetaiprtbs endsenmingaitticonpravielesl esthddsed’ fotrfingemsiroelvttonic
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techni ques and/or ‘tol erances, are to be expected. There is no intent to

| i mi tdisdlesupe lsnhLy phbesf efarmjfie opbes@mbodmwetstqfdhe prEStrhen‘{mJ,tlt)n atd descdbsk| osed
enbodi nent s, r example, in tgl dr aw ngs, %g €. AN nd rela(l):t %els%es of
é&/er@fﬁﬂd’“l’ﬂe‘ﬁ B ﬁ‘é?mi%ﬁfér“@& S‘GEF‘%‘E%F floie & PWVI YR 167, 12C

enbo Iﬁr@cﬂﬁlﬁ Q5 of % és@%ﬁ{/edn@ﬁews'sﬁﬁl SROMI s BRI DG sEQRS b thedl@ralibig ted to
t he partlcu ar s es of regions illustrated herein but are to include
devi adsi Dnsulit,nfos Iaaqzmple; bamanefactiiting te@hmquamndéqr thleomcesanuf webaexpegted For
exanple, a region illustrated.as a.rectan ed .or, cu ved

f eat uFlgge lsrﬁ%nte%tht@ IpigithsnRringiples o e dieseht ltnh%m?qn tﬁ%r O?léu R
nat ur e angnERE! fq %%3@% iR PRk lgmm%qna Relheh WAl @Fl@y&%d@é@@ﬁs&ﬁays hape
20 of "a reglon of vice or o

t'opography and are not intended to limt
tie s%gmfpﬁgjg)efratkeﬁléormiaeﬁgnfn ddditemt erohoditheBislodyterprBentinngntBotsbowldinoRef erring to
Fig. 1(a) recursor structuyre 10 is depicted in a schematic %r]d Cross-

25 se‘??t ‘F%lﬁ%le saignitest to1bg paraculer YaRes Hae2ans fingtated BIFAS a0 RGIRdS  at e 12
has fvrlaq % s 8 sﬁi;ga\ék Gffat g§ 12%815%}(48!?}%6 bRgk IﬁMJIQ&l%H;gG’ r&ngxa%blé)% %%@ﬁt edge

IXAI substrate n any shape, i1t would typicall
circ Uﬂl]@létraté’d shapetanfle efgriaed ro‘undsd oisuiveddrfasteses 1 2hiig &mgodeu]ts*eammr s such
as those whose devi ce surface ri se arraé{s\éo teﬂf\“ ces (not _shown)

sel ecthedgricopictrRenlis iipP AR P i Hghases HReegr {rEhe s shape
LT OSEl 150%{0%[ ofPIPYEN ceS o?rgfgggg)glaﬁggg? L3d atel D0 liter? 06 fntn'ltr’[ge gdo‘ﬁg &% thepd?%ﬁf" c

cirtcuits erposers passi ve devi ces, m crodevi ces
f abri gat®thnon or fromsilicon and ot her senlconductlng naterlals such as
silicon-
1. Bilayer Bonding Scheme 1
Referring to Fig. 1(a), a precursor structure 10 is depicted in a schematic and cross-

25  sectional view. Structure 10 includes a first substrate 12. Substrate 12 has a front or 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 include device wafers
such as those whose device surfaces comprise arrays of devices (not shown) selected from the
group consisting of integrated circuits, MEMS, microsensors, power semiconductors, light-

30  emitting diodes, photonic circuits, interposers, embedded passive devices, and other

microdevices fabricated on or from silicon and other semiconducting materials such as silicon-



germanium gallium arsenide, and galliumnitride. The surfaces of these
devi ces commonly conprise structures (again, not shown) forned from one or
nore of twe 2hdsesssng naterials: silicon, polysilicon, ®CriuSoM1BU©@Ri de,
silicon (oxy)nitride, nmetals (e.g., copper, alum num gold, tungsten,

t ant L ow. & di g ek g di I '

nitrﬁ%@s @th aﬁgﬁ%%%ﬁﬁ%ﬁa%%gaggéyggﬁghr é%gﬁ%%&igﬁﬁa §%§¥%§P§@gﬁgﬁjleast
one sdonygisersausetes Chgath, moorhdvive formedpfremnsie st innge of thestolldeinghunpesalsmet al
posts; netal pillars; and structures forned froma nmaterial selected from
the gribefs poME{ieen. sicen d’é)ixMec%ih?orb@ixiﬁé‘itflggdﬁ?talé (§-2cE0PPAT GMnYBUMs £¢lic on
(oxy)ni Lr | I K diel e : ' ok et .
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subst gikdigesl A Healel @ Burdack 1A hn biea dhichglelaajcast 020 soncttieeselet@d dewi the gsourf ace 14,
as shown in Fig. 1(a). Bonding |ayer Zglhas n uEger sur gce 21 renpte from
firsteosgipdng ak esolder bamas:gpeiplgiosist fpetal pidlars; prd stpHEEHi§TIed Bpmapmateriph neq
direc ' t i fac L s WM o i . iate

ayer & SR oY rbAPeAERE GPUILAE Bofyfin, Siico MURR, BOYy (RYRIFRE
conpogital, pew kaliclbgriap pbliyadr bigleatics kneahniafijek, andtmaoal siteidesd, with one
preferred nethod being spin-coating the conpgosition at speeds_of from about
500 rpm t oA&a@@QSIB%@@ppB@ﬁ tpshe {ist arbsiraigily 19 famadlstondms eyt endsout

2,000, rpm. | ' [ t conds
Rty N N b s e Sl
CoNpogist dubBrdts 1 ARAE betkrably, thefipt efndiralihyer De atfednddali@ct eajjeseat the devate f r om

about 80C to about 250C, and nore preferably fromabout 170C to about 220C
and forfaee He(igemibayt @y nteordiaie iy 0cwsen Hdirstdondinatayer 4 adalstrate

(prefera from.a C , u l : gndl upon

t he c§§p§§¥fpgﬁggggg%%%%ggﬁﬁ%%ﬁgﬁ?ﬁﬁgﬁgﬁgﬁﬁgﬁgkﬁgégﬁz%d?g@gﬁ?Eg caﬂgalso

i ni tiat@odbEiNGSHihicokiMOhe eaapositivbr M sgacdeot em by 50@hm forbsore0@nipodi ment s,
it is preferable to subject the |ayer to a nylti-staggfbake Erocesg,
depenaraferablydiere Reows SAP oM (0 Shput 2009 pm) fopp dime fegiod SEOMAROEhe 8€°00¢he above
appl i cation,and bake procass .can _be.r d on,a fuptd i of the
conpd@i??ﬁ‘f‘%gc?ﬁ%f(ﬁﬁ§§?T¥s‘”%Sﬁﬂfﬁ§P§%§§f’ﬁbmfglggdgﬁﬁmggnggqit %rst
SUbSté(ﬁiﬁd;%sﬂ%niiﬁla kddi plie psdf@ply hedd fo & egnpdatpreasiUr@o absitrdC Cuoeabdat i s al so
depicted in a schematic and cross-sectional viewin Fig. econd

1 .
precui%ﬁﬁl@ﬂ@uu¥®p@ﬁ2ﬁﬂy@@MU@E%“é7%3%6h@x§%8§??%@é1QHFHWhP%%%éogﬁﬁghinent,
Cecond SRR L0 B UL AL S0RE At e T

front rface an outernost edge 30.
A ¢ hopghenafeandn ks inpatifior dsedanidae (ad figtiyondhansyer 0, babink dart slps mitlaty be
circular in shape and sized simlarly to first substrate 12. 30Preferred
seconaderssthinkingtreastion tq ¢yat thedasst 29.danome spvpdimentsell syrroferahla tqsubiee the |

al um pum_ copper, st.eel and .var i.ous S - LES .

20121 BEF0nenT o 15 o e MBS AR AILE ol oms (e

seconghseHRS! hataBoddapdich@smaml 1sde packebonsh grehe@r 032 f@ithdr hEqeardfites

surface 26, as shown 'in Fig: %(a). Second bondi ng | ayer 32 has_an upper
e

sur f acen38itienet thatfthefits aigbq abeltban th fiast subistaer 2 dumplipde $9sadj acent
second substrate 24. Preferab the, secon i ! d

d?resf ectly a%j SERRRPTHE O AF 51U F 5% AP fge%(lg a g&g%%\?\na%ﬁéé@% S'ge%}bl?ar%?%&yngdi ate
| ayer § HetMBEReL 4Rl prE&RRM sRP@IGHRT IhAY®RS a3dcoanduisaarnd. suiksd dnabwli@ddlt, The
conposi tion ‘can be "applied by any known application nethod, with one

pr ef esecent] ettt Peing copien-veder i Rlpttihesceorth adistrpteridabassp deds obfafiebm about

500 rpm.to,about 5, 000 rpm (preferably framabout , 000
o ReeR2fi il dient 25 W S fugaie! desalondioily autu ABRs 2eaha

(pr ef gf ARl Mhahd, AWBRRUL PRI BE BREl8artiA sBRRUINdAG cda5aNES) to Afst albstrine 1210
conposition is applied, it is preferably heated to a tenperature of from

abbut PROGadseandistb2mec24 andudeoilisoprseptisbiyary oatekiio g AT ogB¥ut 220C
and for ting Eerio s of from about 60 seconds to about 8 mi nutes

(pr ef SPHbIT ¥ PEHS G B SHP8ks to about 6 minutes). Depending upon the
conposition used to formthe second bonding | ayer 32, baking can al so
initiate a crosslinking reaction to cure the layer 32. In sone enbodi nents,
it is preferable to 15subject the lagyer to a nulti-stage bake process,

dependi ng upon the conposition utilized. The thickness of first and
second bonding layers 20 and 32 (as well as other |ayers as descri bed
herein) can best be illustrated by reference to Fig. 2, where |ike

nunberi ng has been used to represent |ike parts. Device surface 14 has been
drawn in Fig. 2 to schematically depict the variation in topography on
device surface 14 due to the presence of the above-described 20 devices as
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25 uppernost surface 36a, while |lowest feature 38 has a | owernost surface
or point 38a. Wen referring to the thickness of a |layer that has been

appl i ed twoaot2psesysaphi cal (i.e., non-planar) surface, Pad/USRIGBESEEsS nay
be references. Tl refers to the distance froma | ower plane 40 defined by

| t f t 38 d  ext f
el 11 e Sripiacgmrplfon iimaned FomE st aibsts AP BB d SESRLEH RS above
the upp&rARStinSfiacRrB382c, %9@&% Blp@@llk%), S@é@ld%%n&'ﬂ@‘l‘d?yd@fésg&n@) et hi's

t hi ckness T2 begi ns at upper plane 42 and extends to the upper surface 21.
When suefaer 33 mgloltajﬁdnheetmhd sintsts 26Iand all @rsultfm%hé@cctiéewoa@whs@dteﬂé a

| 2012 CT/ 82 4675 bst anti al J f
Phat  PRTCe G FeoRspmtan i Bys pimied g SHagnae sfrpl sBFEr 25K bet veon
| aner . aiit %ﬁ'ﬁlr@én@ﬂ%té#@f@§ b&WedAhe s&%n@%oﬁcﬁﬁ@fayg‘r%2 dndRaddnd subdiraSOmB.

i nst ances, ickness T4 is used, and it refers'to the distance from | ower
pl aneTHOcangpasitiparcap benepldd by Any knéwe Rp[é@g@@n methed, with aneprafperetmahkaesses

taken over five.nmeasurenents. 5In the f this.inv |on first
bondi PiNg SRBIOING et SISO SReg %feﬁb b?fpgﬂ(gtrplirlstoa?bOPEgs W to
T4, piRfEheR! Yor E%Ut%@@gﬁm% Q:b%t?@()@ﬁﬁh’)tfoil-a@% cidd ofBOHA Mo@f?%@éh&s from
about 1.2T4°to about 1.314. This wl ypi cal | y result in a thickness T1 of

at | easdboabdd sQ@Mm(pmﬁw@lprfmﬂTeab@lty30f segpmdshiouaboab 9Qrﬁﬁcwdabomﬁ620h)? 1 1M
and even npre . ref er.abl. 0o about.150,J

f
FHlF st ocmBiTag iF aperecod peraratydao a ohrerfiest #maro ety East M8 abott 5
um My, (i ﬁ{o‘?@% fécrﬁﬂ FRROWhou? 17T tRalRP ub0 TO amtiMor Aidek SRS TR FDm

preferably rom about 1 umto about 30 um Second bonding |ayer 32 has a
t hi ckatesis 6T 3e@ihdb assbouh 8 miabes{préfsrably frpmefbont il wmndﬁmoaﬁbgutt 6 mipwet)o about

35 u rmre referably fromabqut .1 1AM to even nore
pr ef 1%?@%&@%&9%108% ‘55885‘53(&{“ 8 speh It’—Li éwggﬁﬁ%%g Fref?
prefe nﬁﬁ%@r’ a t nﬂltkﬁl%f oo {dA%o RAtdthe (4yeP g2 a'i'ﬁj siifd EhbbdBlenisSit & pleRashic @QbOUt 15

20C hi tenl ng poi nt” of second bonding | ayer 32, nore

pref eg@wLythferlmm aboniml28Ee¢ bakalpoertes dGE@ndinghgop tlm@nmﬂ@momméiqzﬁ eferably
from about 20C to about 100C higher.. This will ‘fgfl cal I%/l re ul.t in first
bondi ng | ayks thhaknesn Al Hgstand rEa g8 mrers Aafng 3% s Wb OlRg JaYei 8vc,
prefe ; e Bkehenading Hds@arabout
200C e%plll OUTEGQQV%%L%S}%%&?F%}%}E tyf)e?%ggm Flifétéﬁjralﬁg poi nts ofﬁgsecond bondi ng
| ayerus%a twépkesblﬂlilce$>arts?®e\hmwﬂaomt4 BRGE:n graeien &ig. ¥ 16 schamatielly BoCt t o

about 220C, and nore referably fron12 u 0C to aboyt SOC

ot or A SR GITVRERaPIT S Jaried SEBORA TBRdS A DEYOR Sole bR el or og

shoul %ex}?ce%sg?&@l?gseof?%lsé@%%&g Rnbbf IR, @ig RERL, \Iﬁ‘qep%gcﬁ@'s tehic. 1tha afd pr8denpnd
substrates an 4

secon respectively, as wéll as w th one anot her.
Anyt hbmgr i dehicaBurdighied g @nnﬁtgrthagaﬂmwfteegl;meafcemdt)hainvtzésur&aoduﬂ aﬁ)hlghﬁtsg

f bly f b 80 f
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Advan ageous ositions or use in form ng first and second
bondi mekﬁy@hslsmo@@ms&cmmfb@ € bé ¢ire dubstoum d:bbmﬁrghlealib&tum/é@ habhe

bondi ng conpositions that woul d be capabl 300f bei f or ned | ayers
p%%sesmeﬁ@%tﬁérf&m phap dwgsk featurg o Bat a q{mé’étn%‘égg‘f PlopfEnt3 8- \8/88% c and

\émy ls![ ofGter ng $€u RRNIELr erﬂy%]r 9P AR bedh 2P hoved aQBpggr%ﬂﬁcfé ed: | fbrRplaRiryent

surface, two thicknesses may be references. T, refers to the distance from a lower plane 40
defined by lowermost surface or point 38a and extending to upper surface 21, as exemplified in
Fig. 2. T, refers to the layer's thickness as measured above the uppermost surface 36a.

30  Specifically, and as shown in Fig. 2, this thickness T, begins at upper plane 42 and extends to the

upper surface 21. When referring to the thickness of a layer that has been applied to a planar (or

10



WO 2012/ 057893PCT/ US2011/ 046751 pol ymer or oligoner is typically selected
fromthe group consisting of polyners and oligoners of cyclic olefins,
epoxi es, WOrg12/05%893si | i cones, styrenics, vinyl halides, PCrapRo1essess,

pol yam des, polyi m des, polysul fones, polyethersul fones, cyclic olefins,

pol yol efi n. rubbers, and pol yur et hanes, eth ne- propyl ene .r ubber.s

pol y ﬁféméaélﬁ’éi? ,a%pﬁllr{}?‘?ﬁt t@g?@?@g 15 1387635%%4 g’f i Pnaﬁ&‘ é B Ilﬁafen@Fta%ﬁt yral .
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Typi cal solids contents of the conposifions will range fromabout 1%to
aboutT G0 Usdoly ankit gifers tathd dastafoe it lower plana B0 ta udss planaBdutrllgbidkbsssetei ght ,
based _t}ipon the total weight of %he corrEeosi ion taken as 100% by wei ght.
Some 1§ { B EALEIRGHLSEGSSHENAVE ESVFFHER U S. Patent Publication Nos,

2%.07/ 018537,Qne iRl 32 (s in%@&%n?ﬁ%@gomﬁn%ﬁ%ra@%%f@r%@ 3354 t1faERss T,
10i ncor porated by reference herein. tructures 10 and 22 are then
pr esstast it egedshequal o &, frafeeati pirbmeboutd]. Hi itoastit p.5STsand hare prgfseabls fipface 21

f first bondi | ds. tact. wWith. 3 d
bond| 901 Byjbr iogpopie) ST 15y il Gierdy fsblsdh b iR o ah e BduHTEng "hea
ar e appld ek 81y ffons Midut %5 ?@tto WRDH0 @h, ddReSRorRSréfera8fyf fRsih alaRdo ng of the

two structures 10 and 2 gether to form bonded 15 stack 34. The bondi ng
par an@tabpst Miol lm v Angthatepen dirsidongiog layke2¢ preposhly hans tieknesswhi efret iessidi ng

| ayers 20 _and 32 are fqrned, but_typical t eratures during this step wll
A gesop bR Eh BFe DEBE T BRI S g ATy RISy 5 PO BBGT S0% ¢ o
about | ' A ARGEND fidsonmaRast 11,0808 Mdnoabatiout

5, oooab%?pg% mpﬁrogafgeoiég%?gh} %ﬁggﬁgﬁlﬁlfogo N toS about 4, 600 N,S for a tine
peri o3k @, prefuntap dum BOuskgmrndsbow 3aboutmde praferebly freamabavibd enp@ybetier abl y
fromabout 2 mnutes tg abo 1 At this stage, the first

t 4 mnutes,
subst #ap@, arpl W&H%egﬁ@ﬁvyﬁ@ﬁh?@d‘t g#&‘&ﬁ?j‘)@c]ts to further processes that
m ght ot hep %%’6?9&% ' SHRSIHom e thgs Adehomded to
second subﬁsl\té\értg(?%&]%ﬁy hus, tﬁfe)lygrt%%%cturier{g?gnt@%!lny b}e” subj ected to
becksi@he Righeaisi thy ssfietingpoibacksegondidimigng lay®,32emot prgierabdy Eomaghgut
dielectric deposition, patterning (e.g., photolithograph & 25 etching),
passi ¥t embouRB af higder. apdieves mrﬁaﬁeiegmly BH@@@B‘Ft,ZU\Angtt% gﬁt L(\édpg} PEMdn of
substtr.at es;;12..and 24, Al A gqg{gt L tchinb bt @t &f at a6t &deam Stri es
encou%@érwéﬁ%ydjﬁr|“gégstull1tggg%§ghf§(g3%gd2?r%Ur%cesszil éndgﬂtestnggg [Not oanl y Ican first
bondi ng kayesterdblydrah seanndo tdnditogt # €, aB2 msue piclealilh éom Pgroot 888ds, t hey
can al so survive processing tenperatures ﬁ to ag)ouii 450C %rqurgbl y from
about tox0eT 109 b divethamerre. tpigalraFenipg BeasAseeonf SAPERR IV L i 8° S8but
350C. . 30Mc¢ cessing. > ot str 4 2re@&big roadbdae
sgcgarg’?%%p%@zgélit’ﬁ%@?]yg&ngg@& g(?%)tﬁ) %?ﬁggsttﬁgﬁ Osrh(%\r/m). e net hod
i nvol yg (dios®elivisngCone or both of the first and second bonding | ayers 20,
32 in a solvent (e.qg., |inonene, dodecene,. propylene glycol nonomethyl
et her (PGVEN mamm@l@?frpaﬂ@ W&fgﬁrsfs%lSsS?‘%ﬂé?@Z@n@l?E %’gyszﬁ) %’Q%zﬂ%}é?f‘ﬁsd gl?e%lﬁ ated by
first, mechani ly. di.s I I r: QY I ok 1ongday, bot h of
Fi ot PR DD s A e R b R
et chi RGpecdtREB! ad LN W Fith@he ahdtker. Mughhiep evithyant elbbsiomsesigh ofhatatef theet i vel y

etch or deconpose first and second bondi rig Iayea&ﬁ 20, 32. |t is als

S26 t abbat 66 psizrarefeshly Bemeabeut8msiggh aber 2P9 pak. AU RBET NS AfheP iy er s
20, 3 r .cl egve |. by RANS ndk ess of
whi ch%%(?pil%éo %ﬁg@%%n%%géf‘lﬁ%elﬁﬁﬁ@egﬁa oi\s/véﬁqrr%z aﬁ?\}gglld for clédﬂ(?\ggg.l{é finger

pr essyd st SR endBsigindhy@an0 kiedl.be applied to conpletely separate the
substrates 12 and 24. 10The npst preferred se aratqlion n;?ghod involﬁt%as

heating t hédvaraesusydhgc@apessions laratiPERINgIrs and seeend bygyiing lpyg
prefera fromaboyt 1 to. : ; el bout
I L Co s S T R SR TR

se§ondr bangdirhienddaney laBds poiskssaf themboad propértigs.t Mepiseibsh abmposidommde 24 t o
be separated (e.g., by a slide debondi ng nethod, su&:h as, t hat des%i bed in
U. S. Pmaeivandubll foapiss pmmqgggj;mélfgqlved or dispersed in a solvent system. The
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15 incorporated by reference herein). After separation, any remaining first
or second bonding |layer 20 and 32 can be renpoved with a sol vent capabl e of
di ssol vi nyot2be2/q52898i cul ar | ayer 20 or 32. I n sone enbodPEEAISS)11/0MES1
conposition for formng first bonding layer 20 will be selected so that it
i's supdlphéeorldtigu@esionigpicilyatlectod fioin tha gtdu chhsistingsuipstynateantidlipenanent | y.
In these instances, first bonding |ayer, 20 will serve some function (e.g.,
gap fofiavylig ﬁleﬁ%%@fﬂ%ﬁc%@ePlhﬁ?ll?ée%‘é‘ieﬂ]ﬁsé‘ﬂ@/éé‘?h‘%@aﬁng&\??ﬁ% a9 a?ﬁ“geéi ng from
pri or 4 .proc , A be regiept.e hj i a

enbod? Ogghl&%f‘ og‘?lgéégfogesﬁu%l r {hgsmafhd{l/easht ?g@g %ﬁﬁh@%bgg\%ﬁ%ﬁ% ehrr%g?}asf uéfﬁgfs and
over apdlydrbrng| cthladd-piobylend rubbes gotyaatidy @tecapolyénicie nstes| pavhediaks, tral t he
inventive methods. That Is, the inventive nethod all ows the use of higher
prioc erdyvigylbehper dvpicdsolrn sysempitnlf dpsadgpen %RM@eb@rﬂiigﬁ@eé%f‘ﬁe%@Bondi ng
pOssi Pl g ok QB ARG IR ESns &j1Flah3Y FomEBPH] 199 1 AETBuh by ThEgecond
bllaye¥ Bon ing scheme is shown 1n FIg.”3, wth like nunbers yepresentlng
li ke gl freferdbly s AR Geh e Rbout d0%cbearighybased bpdit thofthtal seeht 44 theavi ng an
upper surface 46 and 30 | ower surface 48 is forned on device surface 14.

Li f t -esipastipartaken ag {0 % by pieiehe Pome HHybIk ﬁ@mo%tﬁﬂﬂsiaﬁ%[]eﬁ%?ﬁ)eﬁé‘% Hou P&t h one

prefesred net } it A- I e i+t i O f=m
D012/ BSTEaRCT Os200  be o 2P TS B D o ¢ 0
Ao Ut inderPORtddY eRi&lcehaRly from about 500 rpmto about 2,000 rpm for a

time period of fromabout 5 seconds to about 120 seconds. (preferably from
about 30 s®leenaes GansRaare then esssa pgrthemnadacerifaaced mBen o pP that UpBhl i ed, it

is preferahly ted to rat AT C, and
ror 6 BrEPERA R Bl B SRR Hh D b OB P R R
from gbgui2 @8g SeEPNdBhilopRimY, sdffitienupessitpard aeabiy afplethfaboseff@Bnseconds
to about 2 mnutes). |In sone enbodinents, it is preferable o subject the
| ayer amourd ofitiineiso 9% HydTashkandino dhastworpenaisny awddn t%@‘% &&%‘%ﬂéﬁf

utd lized. ndi ng_upon th I fl / id b= Qfificll ayer
A9 IRy e areerE S SUIRRLFARE Weh g S r tim Uil Y s
10Li f bk lnaote D0 4dd B? efegballdy bhaspiealttanpéraess dlitingfhis ess wihamealiout 3 um

nmore preferably from about 0.5 um to about 31,1111, and &}r/én '%e'
pr ef eataik y350 7ot alvotd 71 Curnd grefpebly fons about 100G ko 8w P 5 tp ot hrbinice!

lift-off |ayer .44.is C I | , t ve
thi cimesurSrRete isueSERL0Y Sag <pEHRi0dF 4o byt Rim JEE 2P 250
sel ecigl SDOONRL tdray Bfedtriod okSrors @boill 3 bdtosdd i dtans Sselneasednd nom t he

group consisting of 1% hydrochloric acid aqueous sol ution, 50% acetic acid
azfueopsisalyfioonabousd priogen®l about H@detdne, R-|i npnene, cyel opent anone,

PGVE, and tetranmethyl ni_um hyd i (\i\égj—?} sl d ) bopmel i ft-of f
ayer a4 wi gpoaee B0 0rBo e Bl bondY BESTER Yt an
pr ef ?gﬁ'@é&@@&%@w&a&ms&/ Ha90exMaskeaafirarsubhan 1 4vBhdiousiag béndedns scbndi th t he
particul ar renmover sol ution. _ _ .
substrate 24. Thus, the structure can safely be subjected to backside processing such as back-
grinding, CMP, etching, metal and dielectric deposition, patterning (e.g., photolithography, via
25 etching), passivation, annealing, and combinations thereof, without separation of substrates 12
and 24 occurring, and without infiltration of any chemistries encountered during these subsequent
processing steps. Not only can first bonding layer 20 and second bonding layer 32 survive these
processes, they can also survive processing temperatures up to about 450°C, preferably from
about 200°C to about 400°C, and more preferably from about 200°C to about 350°C.

30 Once processing is complete, the substrates 12 and 24 can be separated by any number

of separation methods (not shown). One method involves dissolving one or both of the first and

12



20Preferred conpositions for formng lift-off |ayer 44 can be selected from
commercial ly avail abl e conposi ti ons possessing the above properties.
Exanpl es Wb 28120137898 nposi ti ons i ncl ude those sel ected fr @eTiUsSR01gHOGLTP1
consi sting of poly(vinyl pyridine) and pol yam c acids. Two preferred such
conpositions are PrOLIFET(r).and the WG series of t - devel qpabl terials
(avai ?“'&B‘P‘g bPP@‘ﬁg BrEiRr20sci%e it @, SqﬁYﬁf‘.t )(&-2a Kraprgngy g qcﬁn‘br@%ﬁ?‘éed giy(?ggosi tion
for b FdrRRANAD) NA Wermati R, 8bstRHR 11D GAY heBaNdso BORPLL!

UsiBnéd etﬁﬂﬁc{f/ rrtgf elrvgér?(b:e erdativedy, st 3121 al¥so BOQYh

i ncor porat e her el n. xt, a bonding layer 20 | st f ormed

on | imtelmhicallpysruptidg pFieptroging Xhe pddphciyrndg ohayebotR0f firse st sobyd barslizg

t hi ckness Tlgas.dﬁscri Qed \leah resg.ect to Fi 9. 1, anﬂgg t hi ckncgss T, of at

| east 12588 4P B Wwine [fsF ablpiass BlagBR §iChngnV4RHGHNE. Qhpthes Nighstieres FhMdUend even
e . 24 is

A e R e K

f or m Arsberdedus thaalghShe fichandrendebatiagkakts 2842 phelnadrghs lapgre 20 byo
further processing as described above. 2012/ Q57893PCT/ US2011/ 046751
Once ¥ qque@?eﬂéma%seéﬁgardi%gg whRBST s ol pgangipulilizgdya oy 'BSC]@@&& at ed,
the b e t L Se€ t k). I '

Q)?&b%fs' Acder Pesbire! ?ég%g%g%(fgﬁ)lgz &n Ment BEFIRY G0 EABYERY %5}5551[1'&%%

(prefera for-tine per m about 1 nute to about hours, and
nor e gubshraeall ynd24om about 2 m nutes to about 60 m nutes), so that the

solution will dissolve |ift-off |ayer. 44, thuys allown e substrates 12
alfd 24 to bee gnoskPaeigireds sepustng & rfyfplweﬁti@%%i%ﬁggé%hé‘@& 13% {2 of f

| ayer ] [¥ola)i v LG ; o 24 can
o selstibet Byt BEHIOR MBS0 C. BIFEIbIRGront BUEE 150 0 DRl IR €0 R o

subst prafeesblyl Boarudbodd] #06Che as@panat@dlt wilibe apprecistad Star ait tbese iénpardfudes, have
been separated, |lift-off/cleaning, | a%er 44 can. be ren%\é_ed W tg(g(a renover

sol ut sespnd bondlingiprer 2 yillspHen pHawigdhg subsiiates khnd whigiogistrirated (iebor

bondi ng: : i : ' I

ot FA S A ROBLSARS RTRMER1 LR bl pr R oLt
rEpr emeddporiged bykefepawct BereihheA adxopiramgont, ashewainimg fisgor sdcdng behdink &ayet o t hat
shown in Fizg. 3, except that first bonding | ayer 20 of Fig. § hqﬁ Sgen
changiandod Seadsdeperid Wil ¢ sgluent gapakitpiahissalydietheRaficylaslarer 28 ars2alffied

bet ween " NG LEt=0of fe : ; , i

Spec Fa i GRpRs, BE porhpog i ff RFEind ARG AP oG TR0 B8 (it ace
14 (apigessklt hade pisybrlisdfy, orahd fisesubkirgte 12 pananeatly. ilgihts¢ myencd2filsavi ng an
upper surface 54 and a | ower, surface 56 | s forned on uPper surface 46 of

i ft - bArdingdpegr 204villsprye sqpg fyncting (g egrmddn fUbsea eyt draley B eSSt ayer
that has,a hi . i f | east 1 GPa, as determ ned by a

r eon%nt%drv.angggpﬂ%p%%%%ﬁ%%?H&C?eksérs to 20 layers that do not flow at

process t eqpen B¢ appesciditd/huahishbilafer embadigieht fkoided amuatiendf A0ACaganthe
preferably from about 200C to about 300C). The conpgsitions used to
f or m bongling fempeiatiBes ssurvaraldhemma! sabibitt @ﬁ)ﬁb% stpFelEs APLS qangREcdieciodied above
wWth respect tq firs ondi;ng.: .| r u r por F gt woul d
be fo%ﬁl‘?enmg%ﬁg%ne{rphgs%ilrgﬁ P{a%r 1ntv§1¥tf\ﬁa5’x%31eo§c{d} edma%bgs{/ee%\ngl% e}r Z’g(g%g{fggt o first
bondi penpeat@es 20h2E sfrinbiEdriddidlg makthg aoridhigC knésddendiag plesidtd bedowiet h
respect to Fig. 1, if lift-off layer 44 is conformal in nature). Rigid

| ZyerteBemteterably has a thickness T3 (if lift-off layer 44 is not
conformal in nature) of fromabout 1 1.1Mto about 35 pm nore preferably
fromabout 1 pmto about 251AM and even nore preferably fromabout 1 pmto

about 215 pBYlayer Bonding Scheme II
The second bilayer bonding scheme is shown in Fig. 3, with like numbers representing
like parts. In this embodiment, a "cleaning" or lift-off layer 44 having an upper surface 46 and
30  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
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Referring to Fig. 4(e), second bonding layer 32 is formed on upper surface
54 of rigid 30layer 52, using the sane application nethods and types of
conposi t iwexHsessbed previously. In this enbodi ment, wPh@/uskéicloness T3 of
second bonding layer 32 is fromabout 1 pmto about 3511m nore preferably
from 1 pmto
about! 18 i HRERS 8T e o e R (b g s B ot 1 6
at | eastt abowipm0Cr hitgleperiddart fidne alsof Seniangs poatiut 020 seoodd poefdblyg | ayer

32, nore preferably from about 20C to about 300C 5. hi gher, and evg nor e
pr ef eﬁr%lagoutrwrﬁﬁeb@éto gt PO sea9ndy)- fé@ethﬁfgﬁéwsﬁlt’ﬂﬂssamhr:ti it prefsPy resul t

in rigi , Y} ten i t 00C,

pr ef e}r%a%fiﬁ% n? %%@ﬁet 61{1]%8% dtB g&a ogt{ gﬁlgg%% gaén%i rrgo% e%igfdghll 139(?1lrjdtig?rtéhabout
260C 800 Cakostiou8QACC and for ﬁﬁQO[ﬁHihoSlubﬁtfoatt @ab@# 60ssdoondbeth ztttmub@nnhlmgesl ayer
32, as described previously, form.a bonded stack 58 ( éﬂé% The

bonde@raerably fBgn abait PR spropds %t?é’jo%% BUYLES) £ T $omesy e%?‘t?é‘@%%tﬁ ri is paete
desc rtlobse ict al,([?l\é gaye?t'cg n’uﬁg S CilgE: $hk B%gés@cg nc?lﬂggltproﬁttﬁeg c&gﬁg(%ﬁ% n2ilBeg Teady

to be’se he bon sta XpPOS to one

pr evi pesehiimdapeh ithecboigrniarussd taforone hstcnff hgtr 44 dakiok whn also whilihtedi ssol ve
lift-of f layer 44, thus allomﬁng'the substrates 12 and 24 to be separ at ed.
AIteﬂﬁQﬁhvemgfﬁ@éﬁ%ﬂdﬂﬂ%ﬂmdﬁﬁrﬂ effected by heating stack 58 so as to

%f ten bortg egfftfg g%fer&% Aescht RedsAr %hegyﬁtaxabm 3&%%51%%@&?%@? ance,

ft of f ¥ Ufic ioniAg as a cleanin ayer ndi ng

| ayertrérﬁ%bé‘tﬂ&) Cam tb@bélﬁmquﬁchnb)évéleﬂibw mgfehﬁ%efrmﬁlhbmtt lhura te eh)mntérS g0l ution.
4. Trilayer Bonding Schene IT Anot her trilayer Eondb %‘ ne i s
showninj athge; @sbodepe)ts Jifepft layar 4 is reconlprmal kyere pp dswen] Pieehp t“é?. Thi s
enbod |s a variation on the above enbodi nents in that the

mul ti g%@? bondi ng systemincludes two rigid layers 52, with a Iayer of

second bongijdigrhg¥aiond As@iefonean Iifheff taer haykasd b2 selCampes ittt tryeséd &t i on,
processi ng paraneters and steps, etc., are the sane as described above for
t e csmdmtécsmnhnnngs Jelopted fron) th ety conststiar ey hydoshleriearid siseussoiiignpe

modi f | reversing the fondi M 38aiid ©RgREn Q%dLL&hgt gyers 52
(and ﬁféf ¥% Pymtﬁewgtbfﬂ“1%?éF&%§&§¥gs%§ 0 éecon SUbstrate 24).° 25 5.

Ml t i phRIL aN@lefabihSlRShéAt@ hEdgRide (TMAH)FlMévh epnc&tﬂaﬁszl,l ltfeaff$a ef 44 wal present
invention are illustrated in Figs. 6 and 7, with |ke0£%‘ ? n nber ed
in a bd kdeashabmit 95%o prefivakls ablepBdibaumoye, andpeenbly 100 YQ§ at ent

Publlé%ttlg%bpﬂ}olfrﬁ éqgﬁ%g %gh$58%§9&%%%%v8§§hﬁf%Tence her ei n. 30Referring

to Fi ructure I's depicted. The device
syy face 14pQlerfddrcempssiishd @t eorkdnd MElobtleser 84 pen bphdecadd fregicomnErcially cent r al

region 59, and a bilayer bonding
available compositions possessing the above properties. Examples of such compositions include
those selected from the group consisting of poly(vinyl pyridine) and polyamic acids. Two
preferred such compositions are ProL.IFT® and the WGF series of wet-developable materials
(available from Brewer Science, Inc.). A particularly preferred composition for use is described
75  in U.S. Patent Publication No. 2009/0035590, incorporated by reference herein.

Next, a bonding layer 20 is formed on lift-off layer 44 (Fig. 3(b)). Bonding layer 20
preferably has a thickness T, as described with respect to Fig. 1, and a thickness T, of at least
about 5 pum, more preferably from about 5 pm to about 50 pm, and even more preferably from
about 10 pm to about 30 pm. A second substrate 24 is then bonded to bonding layer 20 (Fig.

30 3(c)), as described previously, to form a bonded stack 50. The bonded stack 50 can then be

subjected to further processing as described above.
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WO 2012/ 057893PCT/ US2011/ 046751 system 60 at the peripheral region 57.
System 60 includes thin [ ayer 62, which has an upper surface 64 and a | ower
surface ogOasinvslg93as a bondi ng segnent 68, which incl u#€3/us2eienies1 sur f ace
70, interior surface 72, |lower surface 74, and bondi ng surface 76. Lower

Substrat o Qedhe BiBHEa iHPBnI S A o bbb oetns b P98 ] Sekngi ng

Segmeqif i @%ﬁdsgd b RCEMe J0aL O rdrRNRF %cﬁgtions_(}[)rﬁfergﬂ?j} fbrltﬁ’aY@;Selr_@fas 68RoR&baul 1 ft -of f

| ayer simlar to that described above w respect to lift-off |ayer 44, or

t hi n 1 myrerte ®2abtoans beurs,mnddhes iporferpbly fome bduaR eninuten td AvubfCesnwkRr® it is
an adhesi on pr.onoter. | ayer,. a co rcially. avail abl e adhesi pr.onot er
c ot g oA Bell sesa e dit- S a<h i pas aliehind B sibpi-at 47 Bch B
cQmPoghihRAS AL, | 93 S diRBRS where Yift-o PROEHG infitd 10ayandrabl e
f(rgom F%IJ\%%? %g?%}ﬁ%ég,gusﬁ}ﬁc.).%dl Ell%Thi n Iacilera962 cannbe n?gaﬁgd by ¢
conv daydrahasubsestho tsand2dchn bsseppiated by atating, to alehdaedinp jaybadd sugliaently
tenperatures suitable for the particul copposi tion. For | t he
et hoa<alon) FewEESE d 238K 1o De SPRArEY e e TBS S iffﬁef’ Hed Wt B B be used
to fo Nk | 1) Yem&ddh@HBR Thidve B FeRhgtRist ks | ayer
as on{eg&%{e%;dhlglhg%fggg%ngatﬁg]gﬂe% gﬁlglrbgl erPegi on 57, e15iv%hi n Ilayer 621scoul d al so
ext endmenireoasly cace asgraeimiog resithit af bordding bgett Wab also begembewl. present in
central region 59. The thin layer 62 preferably has a thickness T3 at

i pheral region 57 of fromabout 1 pmto about 35 pm nore preferably
from about zﬁ%%lh p_m and even nore preferably fromabout 1 pm
to ab%ut 1 ZS%WW I ’staﬁ%gé where thin |ayer 62 extends across the entire
devi ce surflaclrsttfijayiet bosididg shlzarge ia shdcioriag.st, Withdike hnmberabaueseoting lpwm t o
about 20 pm 20 preferably from about 0.25 gm.to abaut .10 nor e
pr ef epaats| yITrersnbodient shopim indigib i Sailgdo that %’toﬁglrm?ﬁgtérfjé{gggt tﬁ%%ﬁsﬁ ayer 62
coul d, ba; 1%@&5@@?1 '.g"ﬁéﬁeen%ﬂ%&ﬁ: s MaRH Bhiade 1Ry 82 g arRRNEodah lagknesses.
Bondi ng ségrent 68" ¢an be forme romany comrercially avail abl e bondi ng
CIoNPOis bl de@irbetiveral "didhmigg't drafeofigedsed satmveoniing layes pa dipetidichily. etterand
second bondi ng | ayers 20 25 (ﬁg‘g 32. Bondi ng, segment, 68 w || ft,ﬁ}piﬁc,a,ljl y have
a wi dihp Lfteptt fgper RpBuiered e 4915t Rc B @SSP RIENSBPY P8 SbidBt “ 2 nm
to abput 1 oy e 50O ANBUE: QirfHRt 58 iaRRMEd DnPper
Furthﬁf‘hb?g,gr@g%%ir%gﬁagﬁe Q{lﬁpggagk%?g?é%}i% has a thi ckrlless T3 of from about
5 pm {ipfabeeibf IR0 fMager Ad(Eig pH(Bf)eAabed Haram "algalirefbrso 4 laykt hatlivsathi0 p. m
and even nore preferabl é?from about 10 pmto ab(;égt 30 pm , 30At t.his point,
st r uctherremsgulspel @ lesst hokaets deterined Ry FPEUBEILT of WSAMOLEs "d FFHRE wi t h

Vi gus di ' ef. fQr eqndoeal agggi on 59
o1 e S TERY WO Rl b n R R b 3B e ok bn & i
6(b) . pretdribly B¥eTabsat MMTtohbye 30beCrane t hi cknesses as those descri bed
above with respect to bondi ng segment 62. FLAI ha%/er 78 i s t\g/dpi cally forned
of a mat er Th¢ caepgsiioss HepcrpAFEREd 1ayer 44 momld befheFBre NBFYMHePEIPGFEB8Y sed or
di ssol.ved in.a sol.ye t fi: il bl o vRE 52 RRIulEBL Vi a
spi n-%lcqi%l‘fs? g,‘balvf: V‘|ﬂt\sﬁ I%%peef% %e/t?)rfgg% ]%dr?g%&g}tlﬁ}éérszlgl ild slﬁg{g?l(%g’nrg\glgfla}?h?s material be 5
from aheul id% Binweisghilart © @loddscHRdD ihovesiightespemite fpstefendaty ryér Y about

0% byt gh intlo: HBkses<a0% Sy gHAn CERSHOT G |of TG, BB HRREHEre
of  cyBrTgl ar e e R T B S i 1
][1: ggr ?éﬁg{&g gf frbmaibbiel Ganb abdut Ggneatesre pheerablydiim 0% bynwei dot) 25woh as
and even more preferably from about 1 um to about 15 pum.
Referring to Fig. 4(c), second bonding layer 32 is formed on upper surface 54 of rigid
30 layer 52, using the same application methods and types of compositions described previously.

In this embodiment, the thickness T, of second bonding layer 32 is from about 1 pm to about
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10 siloxane polyners, fluorinated ethyl ene-propyl ene copol yners, polyners
w th pendant perfl uoroal koxy groups, and copol yners of tetrafl uoroethyl ene
and 2, 2- bwe-20r2/d5F89r onet hy1- 4, 5-di f | uor o- 1, 3- di oxol e beiPag/uysaettiogarsar
preferred. It will be appreciated that the bonding strength of these
materjals wll u eir. s ic chem cal stru e t he

coat i g“%n‘&oi?ﬂ?feg’%gy ?iﬁla{;%‘ﬁg 5’0&0 Jagp‘ﬁf’ "i%ﬁéfﬁ? MPE] B eFﬁ iy fz oag’OWent he
fill EL%% abSutAsefer abl y does not form strong adhesive bonds, thus

facilitating separation later. Cenerally speaking, anor phous pol ymeric
mat er i al s Rigat lay¢rBp pieferablydws s soffeateg poind ¢hag ivet tplagisiboyit2))° @hegheathantieee and

woul crorgpa ey Charsand Bitne ol ines bael Sy S HRbAYIC BrarRar Bl e aci d
grsou p@ gh&qngldeglfl BIROLYLADIS %91 QTOQHW)G to(a%})uﬁﬁf(‘) Q%lgﬁb‘?t TstQﬁllst%lb'ﬁ Iyon or

for intoathinfilm20 for lam nation; | ow under” typi cal

bondi negﬂt:mmdglﬂllms 50 dnaf/nngla wfieniog peat rat &uatflafcse alocmbdgﬂ a(p,l‘mefef&iﬂyﬁmgl a

voi d-free bq subst r at and, (5 flow, or

ot ATRBLTE AP har Caro it deetd b sl i SHBEKs de

processi ngg. BYEHNRER %655 'Bb@(g:dQthoﬁ‘&mQ g0y ﬁle rﬁ@%&@h‘ﬁé&%re‘ﬂou@@dﬁf foMn@h vacuum

conditions, are desira used herern, l'ow surface free'energy is

def i ngchdad stackpiﬂ (it K ). rﬁihedcrqndbd tthekt 58ecehitlizintbs sabjeded @dhrthfrrgllr@cmlnﬁaéwat er 25

of at | east dZlil?)out QOtﬁ |t|c surfaﬁ Cfg on of ss t han about 40
diPh e sIeErRIDSSra@PET- aBNSF e ttdﬂ ot Eﬂbqg@teﬂi & Z?r‘?‘re ?‘Fdiyrlr‘b ‘és‘?ﬂa&tﬁq y from

ab OUtb&%cg¥ﬁa§é§% é%o@p&to&%ﬁﬂyﬁﬁé&/% ty%sé%ﬁie@ LEhHRY sBXtie) kachat AR €

measur enent s. ow bondi ng strength refers to polyneric materials

t hat doutivatwislt dlmolmrhf(:aff u@m |9é,eﬂhesj atﬂm@mgahfsmbsttranai B gid W oriieysepangtstl. hand

pressure such as mght b o .dehond adhesi v te,.30 apey, Thus

anyt hfi\H@m\%il‘fqlﬁ’ é?P%W@sCF‘B e§ qul{yﬁle fing ?—f%%nstgl‘?&r?s g&e g@“%gg yen g{ze?serabl y

from} , RAyef 84 RoYin| ARG Alcibsd

about ?) psi‘g Q\\/@B d %l%ﬁgg%:[6?§ %qepgeﬁgiﬁas g]m | ayer 22. SExarrplugg’s of

sif t alab&, gol yomeingdayeataiduaksn bodeitoived hgrmhmr@j@yﬁe 4pvotbereineseri sebitivde sone

cyclic olefin polyners and copol yners sold under the APEL(r) by Mtsui,

TOPAS(r) by Ticona, and ZEONOR(r) by Zeon brands, and sol vent-sol ubl e

fl uorgpoly r) polyners sold by Asahi G ass and TEFLON(r)

AF po yrrergﬁfs %E@E@ g%%';g%rhe bonding 5 strength of these materials wll

depend upoAndther Qﬂajzdrnlg)mlmg batkeinegiscahoehint i BisuSed-Hd), appt yike hembers At

this point, a second substrate can be bonded to the I'sﬁ%’ cture 5@% ing the
st epsregeesetingdkediapip BRGNS Sth KBRS 8 oIAvES 8@‘“@&6?& i"s shown
L0 PO boffih Ll LEndRaL @O QLSS0 i, EQURICLEMAALBE At PR FI T St

dond strat nbe 10°readily separatéd. In one

separ gitiveéh the thelyers 2. (b@mﬁosm@ormmmm pb&-ebsSng paranetcis ssdbtogsdieta, tre thhe ai d
of a solvent or other chem cal agent. This can Be acconpl i SE@g %ﬁe mrer si on
in t hengolsdeseribegrabpye %ﬁ%@/?%ﬁ"sﬁm}@ﬁg Bwen pealtamieh @Rt shorvh UH AAPR é‘brrent 68
in order.to di AL &k é'l oS sespeei ally
desi r%ﬂ%]ll%tblf éé%l g(ie\é ‘lgesrsslo?%ﬁgﬁmﬁéé’ %%g%g?l%gggtooglﬁ%r % e boﬁ di ng
segmepilefdibly Selruedtset Statloantiodetymdisabittaye bB. used during thl s renoval
process i nc?,ude 15t hose selected fromthe group consisting of ethyl

|2t ate, cycl ohexanone, -methyl pyrrolidone, aliphatic solvents (e.g.,
hexan de ecene), and m xtures thereof The
substgat esﬁﬁflpéng ’%%gg‘ﬁlbgﬁg% B%%gsepar ated by first mechanically disrupting

or dest royighdrRebeamidnibftiie plesdnd énvootich ag ibegardtin 68 su6 bmd7 .| asketike
abl ation, plasma etchi n}_c(; water_jetting, or other high en %g] 1; chni ques
that pdrfsdstrigrempesadinad e@é@@ﬁp@@éh%ﬁémbeﬁmemj IeEgFRsALs M IPRISIE ") so0

Sui taﬁ‘éﬁécélg% %@%&1%6&%%%%?% thechoning segnent 68 or cI eave t he

bondi SONe eq nmeans.
30 Referring to Fig. 6(a), in this embodiment, structure 55 is depicted. The device surface

14 of first substrate 12 includes a peripheral region 57, a central region 59, and a bilayer bonding
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Regardl ess of which of the above neans is utilized, a | ow nechanical force
(e.g., finger pressure, gentle wedging) can then be applied to conpletely
separ at e Wheonuiszgsat es 12 and 24. Advant ageously, sepaPaTiuspoidoessnot
require having to overcome strong adhesi ve bonds between 25 the fill |ayer

78 angstehes® wbbt patipiferdiZe@on 34, Symsineddinciutled irohlyr G2eodsdiiay ahaippel ease

t he adhesi ve bonds at bondi ng segnent, 68 in the peripheral region 57 for
separaitioen o4 endadeiver sprace (p ﬁ&d\@g asfa papding sement @ WIDCTHWIWEES 9%eEdn t hen
be rin A\ ' - v y

ot cLECe gy iyt BRI R A BCh e Y Borkind GRERS B LS APIRESDY cout
be nohadlayhied? tshajdcemtnriicoBudicebiansti gt Sbsegeentat f&ighefadrepidhs7 fwhitat i on of
fill layer 78 is only one possible order of formation. It is also possible
t & f dewiet ssface 7# of hgrsdingeemepses ispdiacednpdyet 6¢-mat i on of bondi ng syst em 60
or bondi ngy,..S . - i LS. it e Jsavention
and can bgnygﬁgggg%?ggﬁggﬁggﬁ#ﬁ%ﬁ%@gggbP??d#%ﬂgﬁgﬂgﬁé%hﬁ%gp&gﬁéﬁgf#?ng to
Fi 9. l&yera4f sithinesyeeabagi beantaddsidoigomoreiyéoiin instaabwwherait tshanlaidkesiorunber i ng
representing like parts. This enmbodinent is simlar to Fig. 6, except that
the fitesotesfyes eenermBersiy eratadl b gRProOFA GRm BRSSO M fOiTﬁlé?t is,

the thin | ayer 62 is.in-cont k. . j . ubstrate
24 r oBY~Ct HaegagBls’ B SRR By bt ELAL Bleadlf HIAEE(SP. BbTRRAR NS

s f aggildfiec HonbBRMAGcieeeBRL). 68 is bonded to device surface 14 of first
substrate 12. Thus, thin layer 62 can be adjacent |ower surface 74 or

bondi ng suFtiadeyere? em Hedoranaddysenyrntiond giethndssyeihas paperdnadolions Bhe needs

f ot ticul Li.catien. ' i.ment ;. thi 0 il
pave TR i ERBlotRENERL R al Rotubs SR, ot BidlnpE Ot hElhole W
t heseplbiveline o8 1M-bir 18Rk d4thuRs@iieasdotheodatteraed ho formayten 162r 62,

6. Multiple Layers with Zone Region at Substrate Edge Fig. 8 depicts a
fur t haddignhai adughfig 6@ dppio6iiis Sver agianky PoinaPisermbatRsTiPBYRISEINI g | i ke

15 parts, R ing, to Fig. ding. | . 32 ] ved at
b § “rsRiasEr S hapdrish Syfepf calhdy aq il RSuPAG LISy YT jo o ol LIFD B
desi r gghuBr @PRASLEThE iHnClayeli a2 reBfabBNan g tHCinety T, aapdiphomsidalon Tarfpiosi t i ons

for use as second bonding | ayer 32 are as described previously. Referring
to Fighous{ iy toeabbiit 35 paaymore7gefesabinframapbont bamte abowiedi i a5d €Fen BV ce
surface_ 14, as descrjbe ith.res [ : 7 , and
as shbiRFTS YEP5V1§Eé%5“§9%%?%%558ﬁ3§%8E g%@gﬁa%@wgﬂggﬁ%% gﬁﬁsﬁ%ggﬁmiurface

33 of . R ARG LNFIRA 4, FYRITl BRecanthidkhetsPPest Bomnface: @0 (of t6 iabbutl 2yem, 78 to
forma structure 84. Again, application nmethods, desired properties, and

puiEsi plefravmposi dtiooh 2§ gm tegboris! f i sandieerdiprricirbly drorp abeit d 1 ot i bed

Gt eps s apnga e p et AT el A P RSO E U SRon

in Fi go8ekneser. (Alternatively, as described in Exanple 18, first bonding
| ayer 20 could instead be formed on carrier surface 71 of second substrate
24, and t hBondihg tegomest v8ctaw ds fooued fun piy's seametsgdiyhayaikabler 8ppdib®dnded

stack 86, sim|ar to the order . of steps shown . el ; bonded
st ackC@BPEHP H’éh‘dﬁ’ég té?ﬁ‘}j disepsgd %’)OVF dr' 8?pe|8trv¥§ gll égs? & g&h %Cgéd %ioeng e lav ;ra ove.
e 10e3d i Behadpde SRGANE SHPSbIcAlERavkZ Midih 2B afdrdneatyutt2ombe s apat at ed,

the bonded stack 86 is

15 mm, preferably from about 2 mm to about 10 mm, and more preferably from about 2 mm to

about S mm. Furthermore, bonding segment 68 preferably has a thickness T, of from about 5 pm

to about 100 pm, more preferably from about 5 pm to about 50 um, and even more preferably

from about 10 um to about 30 um.

30 At this point, structure 55 could be bonded to a second substrate 24, as described with

previous embodiments, or a fill layer 78 can be formed at central region 59 of device surface 14,
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30exposed to a renover solution (e.g., |linonene, dodecene, PGVE), so that
the solution wll dissolve second bonding |ayer 32, thus allow ng the
substr at e802R1243@924 to be separated. Alternatively, sepafsilomican be
effected by heating stack 86 so as to soften second bondi ng | ayer 32, which
has n tgthan bondi, e
subs'?arsaﬁ é@ﬁi@i}%ngd%%g%@% EIb;le7 83e ac; fa%‘{aezhe as des&%f1 %%X%Jsgggs\?lc%gcﬁﬂ%a F{&Vfrkerrl ng
t o Fi@ith Sspect iubdrkitie eahodi fl‘@rﬂﬂl@eiyet M@ is tpiesity ormedofshmareriabdcnhprisidee
nunbering 5 representl ng |ike parts. ThIS enbodj msnt i S Si mla to, that of
Fi g. BONGRYEpIZOMSES: FHEOE PR lypety sisreisee qa disssed Wresolwent srem, T dilhean

SWi tcf am}ﬂﬁtbea phetdhﬁa glgggﬂglg%g Saellr@a/ast tg@saﬂg cgﬂggﬁt sﬁm%ﬁd%ee in

cont ac econd substrate rat er than device
sur f agembBo@fl % by WE] gﬁttb&bbﬁtS@%‘LEy weighl, trfoee ﬁmfaszib]joﬁaﬁll abgut 5y 8y w2Qzht ® bonded
to device surface 14 of first substrate 12 the. l ocation 8f second

bondi #hgut 49Perby3veighigand ¢yen|magre dreigrapynress aQ@I‘fthOt/éEY wetsdhe fetkith gV tddh t he
ds_of i hy
C o hente e, ERaR RO G U Ac BRI ERH BBmers and FBbL BRR I G SERYRARARL 10

showntht @rcighedhéitiigadflcyclanel ey polymersping tcopylymorsend herimos floodopolysiehst r at e
surface, it will be appreciated that one or. nore of these |a ﬁers could be

m)d| fivisl high aipanc élﬁpyn?)a?meleif (erqpter ghan a‘aqw a0% bbé’(%ﬁ% sy PerRASEd shown) .
th d t
lO GI0x [ ar\{\é) rp(ﬁ I’W%gt ¥iud lﬁac%%(#] e%l%lietgrgﬁfl g&&ﬁre olﬂH%@m{}vﬁ 3 %ﬁ H’iCbe -

the S}Q&ffﬂi(ﬁfoaﬂlﬂ@xjaref,&%mltpsl, nvent i Qlﬁpolymers Furft h&’tmﬂeor@@t@rylemel natdances
where | ayers have been shown to be fornmed one on top of another oncfl first
[

S:J:)sti Atbes-trifbwraeythylol. P ol oy SoE peninbeing REWIC&II% ereierds [ pal beanproceatsd i er ) |
| d d
st PATRE SRR e bR NP bR B ARG el SR FECT

| ayer g daaelbehthe ah@bamds emhditiehsiusesto @pb&hérﬁte whi | e ot her Iayers are forned
on the second substrate, and then the two substrates are honded tgget her .

Oider is nbthisembpdiatent. & filbayeras Preferablz darsIonprasoRg W@Slﬁ%@“ﬁdﬁ P%lyer

own_and! or, described he The, 11fto
exanp{g’él%aglélfg SESFEHP RIS P L rsp ﬁgkga am% ceords ﬁ?@“\?\ﬁ“ﬁ iR ag nvgntl on.
ISt opResupReer-&d @Rebied) VR ek lbaéndlhmtenamineswa@ pr gixdsgd e day andy Of
illustration and nothing therein should be taken as a Iimtation upon the

over aiktapofieesdi.c u weuldiverllydave Sralnp @scantrappi iy droxy] rstibareic el
TYerkL SR, Sl IREONGI ONLIG,R5T RUPRISE, ORI ES AR AGR I

afd er rdehandiisg.- (4) will flow under typical bonding conditions to fill device wafer surface

topography, forming a void-free bond line between substrates; and (5) will not crack, flow, or

redistribute under mechanical stresses encountered during backside processing, even when

carried out at high temperatures or under high vacuum conditions, are desirable. As used herein,

low surface free energy is defined as a polymeric material that exhibits a contact angle with water

25  ofatleast about 90° and a critical surface tension of less than about 40 dynes/cm, preferably less

than about 30 dynes/cm, and more preferably from about 12 dynes/cm to about 25 dynes/cm, as

determined by contact angle measurements.

Low bonding strength refers to polymeric materials that do not stick or can be peeled

from a substrate with only light hand pressure such as might be used to debond an adhesive note

30  paper. Thus, anything with an adhesion strength of less than about 50 psig, preferably from less

than about 35 psig, and more preferably from about 1 psig to about 30 psig would be desirable
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EXAMPLE 1 Conposition of Cyclic Aefin Copolynmer (COC) Bondi ng Conposition
A In this formulation, 250 grans of an et hene-norbonmene copol yner
(APL 8008¥0 201@irssed from M tsui Chem cals America, |ncPCTRpBe0IBOGOR] NY)
and 3.125 grans of a phenolic 5 anti oxi dant (1 RGANOX 1010, obtai ned from

BASF, . Genuany) were dissolved in grans of R-l.imnepe (obtained fr

I(:I gn@éu@ﬁ’é Hidayer &, 19 i s ?ﬁmﬂ%ﬁﬁe@’flée’ﬁg’lﬁflé B‘Pve((ﬂrep%%%% ane
obt I 3 al | owed
(o0t anprd LyfcL SRy Eﬁtyhfeﬁ’sr : uarﬁdﬁgmlvﬁtefoseBﬁhﬂgﬁ%ﬁ”@%ﬁgﬁtE oL e

fi nal byshikexa, mrdZHdN@Ri‘fbjz%esmH)md@ anlﬁoE%Mﬁl@ﬂﬁﬁmp@gmbnssmbhaﬁ COUOEondi ng
Conposition B this formlation 10. 31

et har BT cowd| it e ofEEONG o Pobrasrh e Phomioas abardine
ol g IER RN vl RRd o B Py Bl CRURRHL Bk BTA8N o)

wer e tilemsol ved in 706 granms of R-linonene along with 4.0 grans of a

phenolic antioxidant (Irganox 1010) an 0 ol yi.sobutyl ene
(obt ai ned 4t 8 gembrit pecpad %Wﬁf@rcqﬁr%ge d tP??Ee Strmugf%xﬂmh%g IR a

ol ecc'i’g 1beW1%r6910P%er§P(9dlB@Ms?@ﬁ)rmmﬁdéﬂ ﬁé&r@ ﬁov@tll Cﬁl’ig%(& 0 A?fjiérrtheat room

terrpera ure unt I ngredients were I n so ution. olution had 29%
S(ﬁ| i dfesné’d)%n@i@dmgﬁs 3016@]&’&@81ntst@:ﬂ1 saf iSOaBoadi I2ginCeogadistibamtd4 can be | n
this fornulation, 50 grans of COC Bondin Corrp05|t|on B from nmple 2 were
i edre%hiweﬁéfaﬁfiaﬁ%mﬁ SCF’@PF%W@W@ ﬂFﬁE"’Pﬁg 154 R 4 ’lr%\%%"lff %fiEg’ﬂtPrth"at room

te npeél&%ﬁf"ﬁ S1b &t é g&rphglegc% %}%@h? r’TmsT%‘ﬁ be g&&%}ﬁﬂﬁl Hlilnls}m% thg§olvgr?fANPL E 4

osition o ormul ation, 120

gr amSoery adyeidBONDO T the |SH1‘V&-1Q chtb bmtdﬁ{g ﬁgn(eﬁ)ﬂﬁ&amnﬁdhrfw dixs@08ite e uSebence.
Inc.) were mxed with 80 grams of 1-dodecene (Sigma-Aldrich, St. Louis,

MO) . thprananlastig meategiads 15 CrRshisdly Cessilert sy é}?ﬁ?@ﬂ%ﬁéﬁ) bF 859dgo diywrtane

sol uty O’Eim,(, y segment 68. Solvents that could typically be used during this removal process include

15  those sclected from the group consisting of ethyl lactate, cyclohexanone, —methyl pyrrolidone,
aliphatic solvents (e.g., hexane, decane, dodecane, and dodecene), and 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, water
jetting, or other high energy techniques that effectively etch or decompose the bonding segment

20  68. Itis also suitable to first saw or cut through the bonding segment 68 or cleave the bonding
segment 68 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.
Advantageously, separation does not require having to overcome strong adhesive bonds between

25 the fill layer 78 and the substrates 12 or 24. Instead, it is only necessary to release the adhesive
bonds at bonding segment 68 in the peripheral region 57 for separation to occur. The surfaces
of the substrates 12 and/or 24 can then be rinsed clean with appropriate solvents as necessary to
remove any residual material.

With respect to the above embodiment, it should be noted that the formation of bonding

30  segment 68 before the formation of fill layer 78 is only one possible order of formation. Itis also

possible to form the fill layer 78 first, followed by formation of bonding system 60 or bonding
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WO 2012/ 057893PCT/ US2011/ 046751 EXAMPLE 5 Thi ck COC Bondi ng Conposition A
Layer on Device Wafer and Thin COC Bondi ng Conposition C Layer on Carrier
Wafer | n whizeizmsessedure, 10 nL of the COC Bonding Conpo®CiuseoiAo#e7om
]Iczrarrpl ef].:L which 5 was a cyclic olefin polyner coati ng | ayer designed to
ow sufficient|ly at 270C tq achi eve effective bo bet the coat ed
SUbstRETENHG Brds s T Eina aptecritigal @ ‘LlﬁﬂtheBB%‘% S5 BB SOt 94 P oon
waf er . wﬁfﬂnﬁg%ﬁng the spin and bake parameters descri bed bel ow) to
form a COC Bondi ng Conposition A This process was exactly repeated
w th a seckefdrralgitobigt 7, affuﬂl@errembocﬁimdneof@mnBanwnhgsfﬁwmwﬁhﬂik@nurAbérirrgm
Exanple 1, with this uot b|n edtoform fllmonto of
t he fqeprsefser]iﬁngrhke-ﬂa}gsf |en¥q103 g aist a# eﬁ‘éﬁpﬁt%mq e spvvas

oG prrslubstra[tes 1 6% Bepay e@%@ﬁédt I%tg EH@MI@&W%S cMh&@vM@@arﬁexcyCl ic

ol'efin polyner coatln ayer designed to flow sufficiently at 220
achi exefaed Peof lsaoenbenbhtnag: betatiee nhanhde voeaefdces Ub sf fisst eulatrdtealkend)mlda

substrat e, S spin-coated on anot.h SI|I on er. The 1

t hi ckl?%’é@goﬂurw a@géﬁﬁﬁ‘é@l ﬁ ‘@zaé%g%]ﬁ ﬁlafghmﬁ‘l‘g“@?ﬁ ﬁzcoati ng
and bﬁﬁsn@nrpﬂg@r@tﬁﬁé ﬁﬁé@entt lb%@%&%&.% o %girfége g@ﬁp&ﬁidﬁﬂg{’s’% ﬁeﬁ‘tnd CoC
Bondi ng Conposition a were as follows. Spin-coating condition 800 rpm
spi n-&Nat bbby d@ﬁnélegtmpds thewicedts d{0the Prticplat smlcatmanellerthMembodﬁﬁm,ldmg
conditions, in order; 80C for

110C f 2
B S Tagoribed W Sopect dpediie: . SRDUAPENs AROZEST wi t b
Btg. 6&9 ayuggcﬁ?satggelgggtﬁgn%; ﬂ g Conposi tion C as described above
wer e onshi p

In a ace t ace relati under vacuum at 220C for 3
m nut es |n a heated vacuumin a pressure chanmber with 5,800 N of bonding
pressure. 75 A debonder that uses a slidi process simlar to that
descrébed Mullipleapsy with ZpmRegat Mo OiEae 3986/ 0206479, i ncor porated by

e L R Pl L R T S

15 parts, Referring to Fig. 8(a), a second bonding layer 32 is formed at only the peripheral region 57
of first substrate 12. Application methods, desired properties (including sofiening point), and
possible compositions for use as second bonding layer 32 are as described 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.

20 Next, 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 structurc 84. Again,
application methods, desired properties, and possible compositions for use as first bonding layer
20 are as described previously. Second substrate 24 can be bonded to the structure 84 using the
steps described with previous embodiments to form bonded stack 86 as shown in Fig. 8(d).

25  (Alternatively, as described in 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. 1.)

The bonded stack 86 can then be subjected to further processing as described above.
Once the first and second substrates 12 and 24 are ready to be separated, the bonded stack 86 is
30 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 to be separated.
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Thin COC Bondi ng Conposition C WD 2012/ 057893PCT/ US2011/ 046751 In
this procedure, 10 nL of the COC Bondi ng Conposition A from Exanple 1,
whi ch waswe 201241578930l ef i n pol yner coating | ayer desi gne@Craskéiome7s1
sufficiently at 270C to achi eve effective bondi ng between the coated

subst 1 at d ted

wat or AT SR SerR R e T Mot Rl Sy il BR B SRBt EreePBorl Bl Theleyty °r o
form%H ahidd HHs @flo»@moﬁeﬁ% @gm@ﬁﬁmﬁﬂoﬁaﬁn@my@hm sB QR BESsubaSat @X BECdldy
repeated with a second al quot of the COC Bondi ng Conposition A

from E«aarmﬂtlwellaratwl,tdﬁ dﬁmr@e@emmﬂal i quot being used to forma filmon top

of the fir thlc ess fter bot h |cat on steps
oas 05 um RetradhBiEng B ehiodinet fiBeRs e iR fbbahe’ °°
pcsl Y MRpreS@iink Mke lpaser TAQ errﬂﬂﬁinﬁ]é?@@s mllaﬂ RWheUTHiE] Rkt Blat AROGkst ghdachi eve
effective bondi ng between the coated substrate and a second substrate, was

spi n-soatdsdibsimteol? ofd MmvebeBoritihad Chatpodha segendobqndmg 1aﬂqﬁé2tali‘id dihess of

par anBt80 S AP £ b et BB ARty LT T B S BT ng

Compogy fiisP RutfstraR MRLE (RS fmlﬂoﬁu\ﬁlg 14RPRI0Ns ¢RAINS @éizﬁkd:l $urps 1808 ﬁr@tm
spi n-coat for 60 seconds, wi th 10,000 rpnm second accel eration. Baking

condl stulbm<; 12.n Tong e lotaid® dfercondtiondingdayet 88@nd il layariZ§ieer be agdivated20C f or
tes.. The center, of. anot her 200-mm silicon wafer was coated wi th

f]1 uor eﬂ?ﬁlﬂ%@&?@ & n5¢sls of thepaidlarAPPUGHgY 1, 1, 2, 2- t et r ahydr odecyl

trichl orosidang) of Waidbgv@bRdip §c%91h9§‘wﬁél@flﬁe Rfﬁl‘i‘m@%ﬁﬂlngdgﬁ—o@ff ahdeigwrf er was
| eft without the fluorinated silane. The detail ed process for coatl ng the

f | uorlanat ddvs bbanshove: wesbstiabigallyi andExanpomplietdy covs. thPandisulapghbitest i on No.
2009/ 10218560, .i ncor ted by refer ce, here| The alr descri bed
abov eSWidse- Rl g aprie ath ?ngfgb‘)ée ?13 1BHEOR dz?te "ﬁ%dﬁw SO Pt es i n
a heaj@&f. i AL MO A&/en I 55 SHEEn)WTh BriRr &Qﬁhsl\bm aBRRAING (B pS8bEle: The
waf er pair was bonded together strongly, and it underwent the grinding
pIrsoc esbstidiaturtfivic wiedd bhén dentaa evidathet partcar layar, aisethisomeldd stilifberinlzd r  was
soaked in F | i nonene far 24 hours, and then the
scope of the present invention.
Furthermore, even in instances where layers have been shown to be formed one on top
of another on a first substrate (device) followed by bonding with a second substrate (carrier), all
layers could instead be formed one on top of another on the second substrate and then bonded
20  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.

25 EXAMPLES
The following examples set forth preferred methods in accordance with the invention.
It is to be understood, however, that these examples are provided by way of illustration and
nothing therein should be taken as a limitation upon the overall scope of the invention.
Examples 1 through 9 illustrate the invention's improved bonding performance.
30  Examples 10 through 16 illustrate the improved ability of the bonding compositions to be cleaned

after debonding.
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waf ers were debonded by a peel-off process using a peel-off debonder
(ZoneBON DT' Separation Tool, obtained from Brewer Science, Inc., Rolla,
MO . Duriw@ 20te5p98| - of f debondi ng process, 30 the devi ®eTHER@EN/0¥ers1 hel d by
vacuumon a flat surface, and the carrier wafer (silanated wafer) WD
2012/ 057893PCT/ US2011/ 046751 mﬁg&&# ghtly by a nmetal clanp. The device
waf er was then separated fromt e vvafer by peeling the cl anp.

EXAVPLE 7 5Thy sE@h)b?@%lW@leWntdbpr}hﬁbr mn@@gggyggds%na In this

formul ati on, 0 grans Of polysulfone (Utraso BASF, Flortham
Par k, NJ) Iwelnlefmlmsmbv,é?dolgmn&mamthm mbmmphmlm@t(M%HO@manw drich,

ui s The m xtur.e o] tir,at roomte ure until
the pfo Wswtﬁ‘ﬂ}nghﬁf”%lél @ﬁnf%vﬁ‘&rﬁ%yﬁ IES)IOEEt f}) 31528|%F€‘{n8n %’5%% sol i ds.
1%Thedn%%91\a§nﬂf{m@mo>t PMNR), SOkl HEMBESB G ImafRhRde @les@ve%ﬂﬁ 3m§ ighdngon waf er
at a spin speed of 600 rpmfor 60 seconds. Theé coated wafer was baked for 2

m nut@R-AMmodoE @hdmtddémnﬁ btor@larihentiesd Cat, WHOCT Havdn.tiHermnfl 373 85 granat @s  at

180C. The thickness resul ti pol ysul f one. fi was. 51. 64 J ondi ng
Conpdst Oiob‘ﬁ“?)fqi%l‘ %fﬁﬁlgn%%ghtﬁ’é? %léjp[f%llscgé(llﬂe%lﬁﬁn?% e@fasflh‘éwffg %y sul fone
Filmad afradRi Qn@@?&%ﬁe ahtilA00k tﬁ@@@)rﬁgdneﬁg &86RBAS Thd NRaIWefueibn Wag 2b3ked at 80C
15for 2 mnutes, then at 150C for m nutes, and then at 180C for 5

m nutse$ids.The total thickness of the diluted Waf erBOND(r) HT-10.10 fil m was
about 2 The wafer pair was soaked for 24 hours at roomtenperature
i R-1inonene, and the wafers were then separated using a peel debonder
(ZoneBOND Separation Tool). 20XAMAPERS Thi ck Pol ysul fone with Thin COC

Bondi ng Conposition C In this fornulation, 280 grams of polysulfone
(U trason E2020P) werGmpsgzindd (6 BeadingComgpositioditret hyl acet am de

(Sigma-Aldrich, St. Louis ture S stirr dat oom erature
until the I}S‘&E‘Vﬁﬂf‘@ﬁ%mﬂl%gc}:\{\%‘am? 8?@&%1}3&6 §‘8tha9f1?e(5’ﬁ copsiymer (Topat il

obtained from Topas Advanced Polymers, Florence, KY) and 624 grams of a
15 low-molecular-weight COC polymer (Topas TM, obtained from Topas Advanced Polymers,

Florence, KY) were dissolved in 706 grams of R-limonene along with 4.0 grams o

1/1

p henolic
OTAITS RNy, TR G, IR, D
g aImns 01 pO1yisSODuyIet I

antioxidant (Irganox 1010) and
Products, Inc., Ontario, NY) with a molecular weight of 2,800 Daltons. The mixture was allowed
to stir at room temperature until all of ingredients were in solution. The solution had 29% solids.
20
EXAMPLE 3
Composition of COC Bonding Composition C
In this formulation, 50 grams of COC Bonding Composition B from Example 2 were
mixed with 50 grams of R-limonene. The mixture was allowed to stir at room temperature to

25  form a solution. The solution had 14.5% solids.

EXAMPLE 4
Composition of Bonding Composition D
In this formulation, 120 grams of WaferBOND® HT-10.10 material (obtained from
30  Brewer Science, Inc.) were mixed with 80 grams of 1-dodecene (Sigma-Aldrich, St. Louis, MO).

The mixture was allowed to stir at room temperature to form a solution.
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25The above pol ysul fone sol ution was spin-coated on a 200-mm silicon wafer
at a spin speed of 600 rpmfor 60 seconds, The coated wafer was baked at
80C for 2wvoine53893t hen at 150C for 2 minutes, and thenPaI/UBBAT04ES1 5

m nutes to renove the casting solvent conpletely. The thickness of the

pol ysul fone filmwas 52.9 pm %%ﬂzg@ Conposition C from Exanple 3 was
then spin-coated on top of the ne filmat a spin speed of 1,400

rpmfor 30 60 ggeeneSe BhAINAE Ghpodinekeg ah QG Whfe2attl NUt es, then at
150C for 2 mnutes, and then at 180C for m nutes. The total thickness of
COC Bondi ng Conp@bint CO6 Bondes GdyoprsitRon! (Alrayer Wo C2orir/\WBfe8 93PCT/ US2011/ 046751
The wafer pajr aboye S soaked r,24.hours at.ro tepperatuyre.in

R- | i monenddNg PEsE mgé\ﬁ)amgtozg’%g{)ﬁ&%%%%@quﬁe&rpliofbﬁgg@ﬁE#ngé%lar ation
Tqol ) i polyRter EC%HBARM NRsICREPRS G QBfiGRY 2 2784 {o heRifld m of
C%C Bondi ﬁg %Eor%%cl)lgwl:yoan fcl)]r% irdeSl bondi ng 1 nthis Exam;I ee, 10 nmL
al i qugtestiaf bdrlén g0RGyBomniti ngat@h spssateiaod aAefandrsuBsteatep | veerd spia-cogieion 2ol ef i n

pol yner coating |ayer designed to flow sufficiently at.27 to. agchi eve

Dt SotBrEHOT A ardOaR LS ne biei Sudks brutaiir d S eiednaob Sk o: as
Spi n- g BGEd; PG hRinkd / ddiviigta SRb4iQabd Ny was
carriae@%ﬁ?%%%@%ﬁgg%n%gghg%kégg%r%%({é%%%%ﬁ?}ggﬁc}gad slpian-coatiﬁg was

car r i @d Oanit, ofithe FINC Bomlihg ICobpositioo rdGomAxamplebotithcbitseenyd alineotbsingr was

baked at 80C for 2 m nufes,. then 50G.for.2 mnutes,, and. t hen at 220C
For 51588 B8 2 TP ek St i b FaaL it i tode Horaith P HBSL Fion A
film\%ssqu 14 | ,fm COC Bondi ng Conposition B from Exanple 2, a cyclic

ol efin"polymer coating layer 15 designed to flow sufficiently at 220C to
achi eve ef(f@eCt Buslilpadimgsiben & éont Franplatiedvisdbsis at@chndlednspdpner

bstrate, i n- t ed t fer. that. t ith, . COC
Bondi 401G ORI B 18 TOBCIBBHANRG: SO0 EsKe B Ra CORBE Pt 5 LB n speed
gI ig‘%%te?(%@%&e 24 a%@&%gggbstt%&?ﬁﬁ@g&ﬁ-c%@d HekRthedo @B EifitoRwhfeRUTIRS, then

m nut'es, en at 220C for 5 mnutes. The thickness of the
res ul thidkge ST @OAdBAIGGoApmMPbLiiion (Bwhs hibous@spum. 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.
20 . Baking conditions, in order: 80°C for 2 minutes, 110°C for 2 minutes, 160°C

for 2 minutes, and 220°C for 6 minutes.

The two silicon wafers coated with COC Bonding Composition A and COC Bonding
Composition C as described above were bonded in a face-to-face relationship under vacuum at
220°C for 3 minutes in a heated vacuum in a pressure chamber with 5,800 N of bonding pressure.

25 A debonder that uses a sliding process similar to that described in U.S. Patent Publication No.
2010/0206479, incorporated by reference (obtained from Brewer Science, Inc., Rolla, MO) then

separated the bonded wafers at 220°C.

EXAMPLE 6
30 Thick COC Bonding Composition A and
Thin COC Bonding Composition C
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20about 291 1. m The wafer descri bed above was bonded in a
face-to-face relationship with another 200-mm silicon wafer under heated
vacuum atw@20R/65e8933 nminutes in a pressure chanber w t hPETABRM0ad75bondi ng
pressure. A slide debondi ng process using a slide debonder
(obt ai ned from Brewer Science, Inc.) 25separated the bonded wafer pair. The
debondi ng Iptive eascdirs, Wankiodthedu®C <w@nmégﬁmmwﬁ§mw&@@nbEx@nﬁﬁﬂsé@' d and at

a tenperat ' : i di
nd RS B0 e RSt oMo Tabtdssiimst i iyl 2'%@‘%%“&%“ ine)
2012/ DRLBISBSALL 3406 t8died substrateAnd RisScdn@rsiibdiatd, Were Sigladrsd oh a

pol y(vinyl pyridine) (obtained from Sigma-Aldrich, St Louis, MO

d| ssA0Petmi sdlmwﬁg@mdém@de(ummdﬁerﬁpm dakpparanpienelgsaibed pelowa o

th di | ved. The_t
ool y VAT Gl ity CpRBey R bpent anete et ot ® L5 il asCHEEmH E'e?&f’f
t hr ouygh 03n 0 oLt MG BbBing ThRfPosiaeN & Perth Pl 1, Mithi tHisRejondalipesitelnpn was
spin-coated on a 100-mm Silicon wafer at a spin speed of 2,000 rpmfor 60

fsec onded toTleen eddmenh topbethe et fibak dde Snalgdo thiskness ﬁ{tmh%% apligatigierieRst 220C
or 2 miputes. The thickness of the resulting poly(vinyl pyridine) filmwas
0. 057%umK'87. 9 nm). COC Bondi ng Conposition B was then spin-coated on top

of the polyéwisdiRyebdpsghod € reratExa lM ascB@B@l Rfin bok@fkricpatifOray &0
seconds. The waf efﬂ%as gaked at 1080C nlnufes #?henrat 1§béyfor 2

rionutdesignahie ftavesufBitie@ROC2RGIC t6 af:ﬂ‘llﬂ‘(ﬁt@?dlwnﬂmg@ptwqﬁp therestsd gpbstigte
oSl S POLNTRG Ll e 200417 W coc porlG, EFRRSTAFR St el ones,
t 0 > tﬂ&k{iss &g?g&rc%@%gﬁegﬁbg}gg@@? b8 b, f Thenypihfcbashgofdd ‘tﬁdkﬁfgl t he
st | I | pagareten twendiéan sdrbe for Wl épmg %Qm?te;g;r\ll ;?qf al(glggg&?gt@nci%@%;&%gg CwaS
Polyg%hQ%heaSﬁﬂblne) and COC Bondi ng Conposition B
15 . Spin-coating conditions: 800 rpm spin-coat for 60 seconds, with
10,000 rpm/second acceleration.
. Baking conditions, in order: 110°C for 4 minutes, 160°C for 2 minutes, and
220°C for 6 minutes.
The center of another 200-mm silicon wafer was coated with fluorinated silane
20  (heptadeccafluoro-1,1,2,2-tetrahydrodecyl trichlorosilane), while a 3-mm region along the outer
edge of the wafer was left without the fluorinated silane. The detailed process for coating the
fluorinated silane is described in Example 1 of U.S. Patent Publication No. 2009/10218560,
incorporated by reference herein.
The wafer pair described above was bonded in a face-to-face relationship at 220°C for
25 3 minutes in a heated vacuum and under pressure with 5,800 N of bonding pressure. The wafer
pair was bonded together strongly, and it underwent the grinding process that thinned the device
wafer to 50 um. The bonded wafer pair was soaked in R-limonene for 24 hours, and then the
wafers were debonded by a peel-off process using a peel-off debonder (ZoneBON D™ Separation

Tool, obtained from Brewer Science, Inc., Rolla, MO). During the peel-off debonding process,

30 the device wafer was held by vacuum on a flat surface, and the carrier wafer (silanated wafer)
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Cl eaned with Acetic Acid Solution 20A wafer was prepared with the sanme
conpositions and in the sane manner as the one in Exanple 10. The coated
waf er waswoipppad7898 50% aceti c aci d aqueous sol uti on at PCoaseeigweshat ur e
for about 4 to 5 hours until the COC Bondi ng Conposition Bfilmlifted off
the wafer. . .. The wafer .cl.eaned with the acetic acid solutdion was
cl eanwﬁihe\jﬁi E%lgiy @b%’@?@%@%‘ﬁ; frgﬁgevé%%dfg%\ﬁgssﬁtﬁaﬁéep\iﬂﬁ © s%?rfl?hcecvairr ee]“nV'E/afl\eixl)nen it
was yg}ely&qngung_eéqalﬁp.m croscope. EXAMPLE 12 Pol y(vi nyl pyridine) and COC
Bondi ng Conposition B C eaned with R-1inonene, Cycl opentanone, and

| sopropanol 30Anot her wafer coated with the sane fonnulation and in the

sanme manner as in Exanple 10 vvaﬁ_:e)tho spin at roomtenperature at a
speed of 900 rpmwhile R-|inone “di spensed for 400 seconds as the

figst cleaning sol vtk HofystBomVLith M8inFXadBONdbmBosiOsi tion B film Then
further cleaning was performed at roomtenperature by di spensing

cycl opent amdhis fermudatopi 28 Ospews o Giol galfonghfrasondP02adbnels HethaarBark. t he

pol y(xi.nyl ridine ol yner .fil Th fer. was N Linsed,

Fsoprspavr or e85 RHES orpm Ty il BireSuBRn st ERREMGTHG 6 wes
per f ofyBGebYasSAIMEING dild et Wadie erdperduiPesd @F pbRAAERNIEMvAOosReands. The
waf er cleaned by this process was defect-free by visual observation.

EXAVPIoEt®. Adieyspliting hagh§pYodiohdy. and COC Bondi ng Conposition B 10C eaned

ith R-1inmnene and, | sapro ol . Anot her ted with th
:‘Af&r mul at i oh"GPRPVE ﬁolyﬁﬁl?‘g?nbg’?‘ﬂboﬂn‘g?s %én'FWqﬁ%%p@B'%n%ggoglwag%{ea atsg?nsis)?geat
room epgg@smdmﬁﬁn%fme s&aed Dle QARAMURMWHMS RKEY fdr MoRR0Rs weso°d) aiaensed for

400 seconds as the first cleaning solvent to renove the COC Bondi ng
Conpoir RinoinutBs fii 1507 C Thetheh fortthreinutdseahi0RG. Was tpdimbey ofgesuliingrrodysutienper at ur e

by di spensi 5 isgpropanol far. 400.seconds af a spin speed. of 900.rpmto
re Uovér?‘ﬂ Has ggﬁémn’%ﬂ%@% ﬁaFW@ﬁl{‘B%ﬁyfﬁ%Pwe ‘L.Wﬁ%ﬁ“ea PG afdd D42 P br med by
spi Nni,pg o HB& MR A sBinSBERLIAU0E rAR Por'dried Bids 6Phs ReRAUSSs bAdea aneder
cl eanédggy t h(;ﬂ% pr ocesg wgs def ect -r}%{r;’ee by vi sual observati on.
15  for 2 minutes, then at 150°C for 2 minutes, and then at 180°C for 5 minutes. The total thickness
of the diluted WaferBOND® HT-10.10 film was about 2 pum.
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).

20 EXAMPLE 8
Thick Polysulfone with Thin COC Bonding Composition C
In this formulation, 280 grams of polysulfone (Ultrason E2020P) were dissolved in
520 grams of dimethylacetamide (Sigma-Aldrich, St. Louis, MO). The mixture was stirred at
room temperature until the polysulfone dissolved to form a solution.

25 The above polysulfone solution was spin-coated on a 200-mm silicon wafer at a spin
speed of 600 rpm for 60 seconds. The coated wafer was baked at 80°C for 2 minutes, then at
150°C for 2 minutes, and then at 180°C for 5 minutes to remove the casting solvent completely.
The thickness of the polysulfone film was 52.9 um. COC Bonding Composition C from
Example 3 was then spin-coated on top of the polysulfone film at a spin speed of 1,400 rpm for

30 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.
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EXAMPLE 14 20ProLlI FT(r) 100-16 coating and Wafer BOND(r) |TT-10.10 materi al
ProLlI FT(r) 100-16 coating (obtained from Brewer Science, Inc., Rolla, M)
was spi n-woavedsmysa 200-mm silicon wafer at 3,000 rpm POT/UBR013H¢E@ALSs. The
coated wafer was baked at 120C for 90 seconds and then at 205C for 90

seconds to_produce a | ayer that was about 1 umthick. Wafer. BOND(r
11T- 10. 10 herwprapainghove piap seakad &1 2dmopsipt gpom WW’%}EWCPWR{WEBW%%‘% i | m at

25 1,/ OTégr@efpg{sin%%rﬁ%gﬁc?%@ﬁder-{ﬁgn Cl‘gbw"?éaapﬁ%&ﬂdfo%b. 120C for 2 m nutes and

t hen a es to produ a [ayer that ‘'was about 16 1 1111

thi ck. Anot her 200-mmsilicon wafer was bonded to the coated wafer in a
face-to-face relationship at 220C for 3 m nutes under a pressure of 15 psi
for 1 mnute. The bonded wafer %AJ\%E%OM ed to 160C for 1 m nute and
gr.adual ly to roomut. f ILm:was separat ed by using
a’slide debonder rFla 1@%@%%@“%@%@%8%5%@3? Oﬁ%{& Fg}%la t enper ature of
200C. The 60@OCRpmding Gempedinmd® donifdeDabasdiag eaned first by

di spensi n% 1- dodecene at a spin sFeed of 250 rpm for, 60 sec dséé) renove
Lhe. Viaf er Boks Exmries ) 6. 3ishgivef 6 GOF Roasie GRBIPosyionrs FERdiag it bLI FT(r)
Remover {.obt ai f : j : | ; Lhspeed of
300 vl e Bh B sl S B SR o e T e R S 2 by
Spi Nricagingattves fredatod subsdato anduaet @id shbstewe onsspin-ThecdwfieronsddOuhmual | y

defect-free after cleaning. EXAMPLE 15 Proll FT(tt) 00 coating and %OC
Béndi stlécosoraiersiTiheshstBpmrerfimerpiay cartied a4 ok 831 Ty dR&E seqon bl»é}B‘éxﬁl? eEida 200- mm

silicon wafer at 3. r 0 t gd wal-efaswasgbaked at
100C PUFCRSGe $82 §0G g&)gﬁépﬂiﬁ%gg?%g?&déoQ‘?@E%%ggf)&%& BondirngaSConposi tion
B fromgBrx@mpt & ndin¥RS, B@i b toaCedr aminapespind then Br 220°ET(or )5 hb04ck6 Thel m at
300 rpmfor 5 seconds. The speed was ranped, up, and the wafer was spun at

1, 200hickness of theoesdiérgndQC Bundingdaeraposiiediet [avasalkeld P 60C for 60 seconds,
then at 80G.f.ar 60 - 2 15The. waf
€n a @)Loéo %1@8%1@?%%&@?%%%&&@ 1622 QG LRt 0&%191 %ﬁ%ﬁ%ﬁ%ﬂt doEhe waf er

was cl eane iTS i'nonene to renove t I ng Conposi tion

B spol geihned id flovaadfitibem, 4y 20H(SpatistngfR0G2SohDipeeel@pele (caSR substrate
M croel ectronics, Sunnyvale, CA) to renove the ProLIF (r% 100-16 film The

speci#nide: sebamkriuhgrase. o dDMECAitEd aghs BIMcoNRTer BrlexH G9g!Ct et B IRy
?388 (IPrtBi)ﬁ())sPtb(?% %Zgjec%(g #»ggél%g %'Olm'p%ﬁgﬂ & wik Rk sHif sPELVTAS08 rpreRbieOf f -
seconds. 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 B film was
20 about 29 pm.
The wafer described above was bonded in a face-to-face relationship with another
200-mm silicon wafer under heated vacuum at 220°C for 3 minutes in a pressure chamber with
5,800 N of bonding pressure.
A slide debonding process using a slide debonder (obtained from Brewer Science, Inc.)

25  separated the bonded wafer pair. The debonding process was carried out at a debonding rate of

2 mm/second and at a temperature of 220°C.,
EXAMPLE 10

Poly(vinyl pyridine) and COC Bonding Composition B
30 Cleaned With HCI Solution
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3. Manual ly di spense R-linonene: 500 rpmfor 60 seconds 4. Spin off: 2,000
rpmfor 5 seconds 5. Manually di spense isopropanol to rinse: 500 rpmfor 30
seconds 280.28p/057898y: 2,000 rpm for 15 seconds C eani ngPCHAISPYIOUET( r)

100-16 coating: 1. Puddl e PD 523- AD devel oper: O rpmfor 20 seconds 2. Spin

ff: 2,000 f
19or 20 sec,IB:ﬁlg“én er%&‘é%lﬁ%‘f %Pagli?ss%g}%b’gh ﬁ@ﬁéﬁ&hi&@%gﬁ |gnz§g 1 %ﬁe;sér 500 rpm
Secomm’ WQ%;% Q@sggl%gc? g/ g&%&ﬂ@75ﬂw5{nn§@e Nyl Mlov%d%ostfrpzm 6k 15

seco er was firmed to be clean by defect inspection
usi ngempﬁanmlehraﬂcf&aﬁ)lymldu(solybal Tlackofal wwrightt ontemmoion ofpdlpivirgsd py@hne) 5

EXAMPLE 16 WG 300-3 t d d '
300- FRCYHAPEIIINE Pgs (g‘\lell er ut@g%ﬁ&%gﬁ b |lir11g9§onglgﬁ etfl)ﬁnogt ai ned }‘Aﬁim
Brsewer SC'ﬁg%g)ovépﬁﬁ}/(Vlr@g%yr?dmé\/@)mﬁ@ﬁtl@rp\')vﬁ% @%E@d@ccﬂﬂltaol()@ AR EBnSiAfécon

waf er at 3
at a spin speed of 2,000 rpm for 60 seconds. The coated wafer was baked at 80°C for 2 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(vinyl pyridine) film at a spin speed of 1,100 rpm for 60 seconds. The wafer was baked at

10 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.

The coated wafer was dipped in 1% hydrochloride (HCl) aqueous solution at room

temperature for about 4 to 5 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

15 it was viewed under a microscope.

EXAMPLE 11
Poly(vinyl pyridine) and COC Bonding Composition B
Cleaned with Acetic Acid Solution

20 A wafer was prepared with the same compositions and in the same manner as the one n

Example 10. The coated wafer was dipped in 50% acetic acid aqueous solution at room

temperature for about 4 to 5 hours until the COC Bonding Composition B film lifted off the
wafer.

The wafer cleaned with the acetic acid solution was clean by visual observation, but some

25  residue was still evident when it was viewed under a microscope.

EXAMPLE 12
Poly(vinyl pyridine) and COC Bonding Composition B
Cleaned with R-limonene, Cyclopentanone, and Isopropanol
30 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 while R-limonene was
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10 seconds. The coated wafer was baked at 100C for 120 seconds and then at

245C for 60 seconds to produce a filmthat was about 720 A thick. COC

Bondi ng Guoposiasrgyd B from Exanpl e 2 was spi n-coat ed onPChaSe@p/0ed75t he WGF
300-310 filmat 300 rpmfor 5 seconds, and then the speed was ranped up and

the vaf e was: KUBcaHds ds RO Brst BEAfiRY sPnbRGORETe thd 0O (CRGHB WRhEssits t hen
baked at 60C for 60 seconds, then at 80C for 60 seconds, and then at 220C

for 181i20. Seadndker cleaning Wik penfrafrsd alvaemd¢repmaldreftiyrdispepsingiesicipeRahpitonene t o
renove the i ng ositign B polyner film and then by.di spensin
o ABP BSUBRSRAN0 T PEtava e e SR ey Fling) By r B0 PEomi no

pr ocegute i188nde@ W iMSo prRGb ERR | Mkt iRl s L Ef SCVTRRS FiaPBryhgl -

Puddl e R—‘II\/ig\éarrSg)rllenré:e'0lrpmpfr(?)lfsr%l 60 secor?ds ZS Sg;iﬁﬁg%ff: 1,[5]:8% rpmflé)y?lgS

s feS]E;on@as Brfonandiby syyndhs genederRt & bpeod eht200500 fopdh feopnds0 Thewosleanedspi n

off: 1,500 rpmfor 5 seconds .255. Manual |y di spense isopropanol for rinsing:
500 r Sd?m%sﬁvéﬁ%fgmé?ee iVﬁS%?QbseﬁYagﬁ% rpm for 15 seconds O eaning the °
WG 300- 310 coating: 1.Puddl e PD523-AD devel oper: O rpmfor 20 seconds

302. Spin off: 1,500 rpmfor 5 seconds 3. Manual |y di spense dei oni zed water:
500 rpmfor 20 seconds WO 2012E03M4BBPCY/ US2011/ 046751 4. Manual |y

di spense i sopr Opaq%ly(]:ll%gl Ig)lzrlnd?rlleg%nd %(8)% ﬁg&iﬁgbo%p(s)s o ES
10 Cleaned with R-limonene 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 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
15  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 rpm for
6

0 seconds. The wafer cleaned by this process was defect-free by visual observation.

EXAMPLE 14

20 . ProLIFT® 100-16 coating and WaferBOND® HT-10.10 material
ProLIFT® 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 seconds. The coated wafer was baked at
120°C for 90 seconds and then at 205°C for 90 seconds to producc a layer that was about I um
thick. WaferBOND® HT-10.10 material was spin-coated on top of the ProLIFT® 100-16 film at
25 1,500 rpm for 30 seconds. The wafer was baked at 120°C for 2 minutes and then at 160°C for
2 minutes to produce a layer that was about 16 um thick. Another 200-mm silicon wafer was
bonded to the coated wafer in a face-to-face relationship at 220°C for 3 minutes under a pressure
of 15 psi for 1 minute. The bonded wafer pair was cooled to 160°C for 1 minute and gradually
to room temperature. The bonded wafer pair was separated by using a slide debonder at a rate

30  of 2.00 mm/second and at a temperature of 200°C.

28



5. Spin dry: 2,000 rpmfor 15 seconds The wafer was confirned to be cl ean
by defect inspection using a Candela CS20 tool. 5 EXAMPLE 17 WG 300- 310
mat er i al ,w@QU2BsMI3Ng Conposition A and COC Bondi ng Comrpd4aiSté1am4@sING-

300- 310 material was spin-coated on a 100-mm silicon wafer at 3,000 rpm for

10 90 secofssoal; oﬁ"@afa@ébd@@%d b«@i@e%@&le&%%&%g diAOn$RCPABG cadatlaRp at 245C
for 60 seconds. hi ckness of the WG 300-310 fil mwas 0.0632 pm (63.2

nr‘r) s(ggﬁ?:?“gﬁ?irplng f@@ﬁpcxsmﬂa; memo‘fertbﬁ%@fqﬁ@bﬁ)%wal@ lémqlwm@mfémmdtmp of the
i1 m ds,, Th h

bere i mgee o ay? KRESH Rhunih ST R s T BNl 985 oy

m NUt&Sed thﬁ)otrﬁfn%i"?@§ec@ﬁd§t6%le%eﬁq8ﬂlm@ ORITPORIWdfanvA dRdldkpmnpes 41 pm

COC Bondi ng Conposition B from Exanple 2 was spin-coated on top of the CCC

Bondi atg sGomipdsli,4000pmAof 1§ mcands Bperafenivaslyigedy defectoee #crskoomds. The

waf er was then baked at 80C. for 2 mnutes, then at 150C for 2 m nutes, and
then at 220C for 5 mnutes. The thickness of t he COC Bondi ng Conposition B
| ayer was 8.2 pm The wairgyipdessri bed above was first cleaned by
imersing it in RIlinmonene for 24 hours 20 to renove the COC Bondi ng
Conposition A andPBimBT%h@}umaygwgiC@ﬁéﬁnam§96@ma0$M@tho cl ean the WGF

300- 310 fi PD523- AD devel.oper ried..out as f Puddl e
PD523- AD efgtwj e00- 15 Go3tng Jps YN Bashae 3%86‘ Jilgpp wager &8% Oﬁiﬁﬁml?i?f
Sl%COflﬂ)Ssc%éﬁ»dsNHﬂ&@&daxed%%P%@ bRIRIGON DB Bt £70 qe%Qstrm fhes 22 asauds 4.
Manual | y di spense isopropanol to rinse: 500 rpmfor 5 seconds 5. Spin dry:
2, 00Gsecqmisf o€ 05 Beadiop dsorjesitivarl Br froiasExdnedde,2 byps vpioumiatedbsre tapaef e, 30
ProLIFT® 100-16 film at 300 rpm for 5 seconds. The speed was ramped up, and the wafer 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.
15 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

procedure was as follows:
Cleaning the COC Bonding Composition B:

20 1. Puddle R-limonene: 0 rpm for 60 seconds

2. Spin off: 2,000 rpm for 5 seconds

3. Manually dispense R-limonene: 500 rpm for 60 seconds

4. Spin off: 2,000 rpm for 5 seconds

5. Manually dispense isopropanol to rinse: 500 rpm for 30 seconds
25 6. Spin dry: 2,000 rpm for 15 seconds

Cleaning the ProLIFT® 100-16 coating:

1. Puddle PD523-AD developer: 0 rpm for 20 seconds

2. Spin off: 2,000 rpm for 5 seconds
30 3. Manually dispense deionized water: 500 rpm for 20 seconds

4. Manually dispense isopropanol to rinse: 500 rpm for 5 seconds
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EXAMPLE 18 31 Using Multiple Layers to Assist in ZoneBONDTM Edge Cutting
An approximately Ham thick | ayer of Wafer BOND HT-10. 10 was coated onto a
3-5-mm wiwe 20i2g78Bound t he edge of the surface of a 200CwSSHiogEN1 carri er
wafer. This wafer was baked at 110C for 2 mnutes, followed by a second
bake at 160C for 2 mnutes. A5 flu rinatgd si | ane

((hept adecaf | uor o- 1,pndny: 2400 O 4 8§FPRS r i chl or osi | ane, a perfluoro
conmpound with primarily Cl12, sold under the nanme Fluorinert by 3M was
diluted to a 1% sol ution using FC-40 sol vent (obtained from3M. The

sol uti on vigg wgknweoasidtmedtte bt hiza epntlefecsiastacton ofing h€ andeln iGHN20 tddle
carrier was baked on a hotplate at 100C for I mnute, rinsed wth FC 40

sol vdabtaingd drogpKhAckricer: D@Efﬁta&a%%ﬁ on a hotplate at 100C for an additi onal
15rri nute. 10 The surface of another 200-nmm silicon device wafer was coated
wi'th a COC bondi ng conposition via spin-coating. This wafer was baked at
80C for 2 mnutes foll owed by 1RREMPIE26m nutes and finally 220C for 2

m nutes. The device _and carrier wafers Werﬁ%&bonded i.n gaf ace-to-face

rel ati onshi p undé¥ G¥a®luitOaatong@ng §;0Q Bepdine SOMARSiEOR&st ed vacuum and

pressure Ghagber, : ' = QXi mat el y
one hour t0 Sof t0e3n1%§%%gr6%?$ ?%P%egﬁ%%?%%&? |sﬁg{;§§)§¥§%§ @%ﬁ?\%@é\u r)
HT- 1G5 lhcat Int hRob6l g (O fwdshpirceratddesnto RRO0inniadlémaneafdi af 1RO pif ot90t he bul k

of the experinental bonding adhesive, only the VyraferBOND(r), HI-10.10. The
ddr risepongss Heprpniedataler vy bpeda ¢l thi%%@ecan%o%@m?&régeﬁ% on Tool .
WD 2012/ 057893PCT/ , ¢ : $ e ng

met ho‘g’ﬁc%nod‘5 t(r)ipg?%:e gﬁ%‘%&%&?ﬁgggé%‘ﬁg E%Eﬂr{&pkrl (s:Pr(l:gB&%(g Fﬁgﬁggggﬁs{t rate having

a backsiilé 260 apid-cda@e vh e 1Bpof BV Ga J00+10 fHimnd30g rirayers sdpabentd sai d

devi ce surface and having a softening tenperature; a second ndi ng, | ayer
adj acben theapepdiwassempeshien angl thayaler aagsmumat hg08 B £erdy) Sﬁ@oﬂ%& PROCC

wafer was then baked at 60°C for 60 seconds, then at 80°C for 60 seconds, and then at 220°C for

15 120 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:

20 Cleaning the COC Bonding Composition B
1. Puddle R-limonene: 0 rpm for 60 seconds
2. Spin off: 1,500 rpm for 5 seconds

Manually dispense R-limonene: 500 rpm for 60 seconds

w2

4. Spin off: 1,500 rpm for 5 seconds
25 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 PD523-AD developer: 0 rpm for 20 seconds
30 2. Spin off: 1,500 rpm for 5 seconds

3. Manually dispense deionized water: 500 rpm for 20 seconds

30



tenperature, wherein the softening tenperature of said first bonding |ayer
10is at | east about 20C greater than the softening tenperature of said
second bowoi2np/dsasper; and a second substrate having a c&Cmitseo1doud’ace, said
second bondi ng | ayer being adjacent said carrier surface; and separating

said first,k and co ubstrates. 15.2.. The hod.of. claim 1, wherein said
first bonding | E'farﬁgf Spgnﬁeﬁ??“ﬂzﬂ%aélg?ﬁf’f ng¢ et gﬁegg’i’ ARS8 pm 3. The

nmet hod of glaing@nd%pnganaaﬁg1§@ggﬁqsbonding | ayer has a thickness T3 of
20l ess than about 35 um 4. The method of claim1l, wherein said first

bondi ng | ayer has a softening point of at |east about 100C. 255. The net hod

o 2 iy REE B 316, SSFL DAL B, DGR RS LNARLE 65

claim1, wherein said first bonding layer is formed froma conposition
conprising a polymer or oligoner dissolved or dispersed in a solvent
system said polyner or oligoneEXgeYIRGEdEl ected fromthe group consisting

styren; ce. “vinyl  AEPFORL it f QP o BRE R Dol i mdess
pol ysul fones, pol yet her sulfianes BosdkiConditftionss pol yol efin rubbers, and
pol yur et hanes, ethyl ene-propyl ene rubbers, polyam de esters, golyinide
esters, poWGHca0&B ) matwiabwhy vpinydoatedtosrap] Q0-mm silicon wafer at 3,000 rpm for
10 90 seconds. The wafer was baked at 100°C for 120 seconds and then at 245°C for 60 seconds.

The thickness of the WGF 300-310 film was 0.0632 pum (63.2 nm). COC Bonding

Composition A from Example 1 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 for

2 minutes, and then 220°C for 5 minutes. The thickness of the COC Bonding Composition A
15 layer was 41 um. 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 seconds. The wafer was then

baked at §0°C for 2 minutes, then at 150°C for 2 minutes, and then at 220°C for 5 minutes. The

thickness of the COC Bonding Composition B layer was 8.2 pm.

The wafer described above was first cleaned by immersing it in R-limonene for 24 hours

20  toremove the COC Bonding Composition A and B polymer layers. Then a second step to clean

the WGF 300-310 film with PD523-AD developer was carried out as follows:

1. Puddle PD523-AD developer: 0 rpm for 20 seconds
Spin off: 2,000 rpm for 5 seconds

2
25 3. 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 clean, by visual observation,

30
EXAMPLE 18

31



7. The nethod of claim1l1, wherein said second bonding layer is fornmed from
a 10conposition conprising a polynmer or oligonmer dissolved or dispersed in
a sol ventweyst2asysssai d pol yner or ol i gomer bei ng sel ect @dTfuseomiobesyr oup
consi sting of polyners and oligoners of cyclic olefins, epoxies, acrylics,

silicones, styrenic Vi n hal | n M am des, polyi m des,
pol ysul fones, p F‘?%Mé?glﬁ ?5‘??%%0 I”?Z %ﬁl%ﬁih? EB%EF@B%&EI n rubbers, and

pol yur et hages, pl%&nﬂe{t&ger Bﬁpﬁydkem?err &@%ﬁv@d@%@/m ﬂmwa%rc%ateaowb i de
esters, pol yageta l's 15pol yvi nyl buterol . The nethod of claim

1, whief-enm vedé tngavineths edfadehcompre swwmnmmlaqpnccbrrctewa&es Thslvedtred from
the group c nS|s i.nte ed cjrcuits VB: sensors; p mer

seni c‘éﬁ?dlﬂfé‘? rs11 J(S%?r %m"cl‘t‘tfsggfa]([ﬁ?%ﬁjggy aﬁﬁ‘if’f“gn}?l\ég & tlgbj%tr gore%nﬁ]t‘%‘ft
e'gbedfﬂﬁ)%ngf%as 'si‘fﬁled ?{‘gﬁ' ﬂ%ﬁecaﬁg%dl ,ﬁb@r@gﬁﬁld&%%cﬁ?bt'h'cﬁz]%k%Qa@ Rr pérHQHPoS' i con,

| i con-germani um Ium ar seni de MTumnitrid The
rret hagdngfouad atith grimwlilgr@j.nsoddvddes ebondms lflbmrrrattdovcﬁviﬁ) was elutedntet & i %al

o1 ag ol iee e 0soT s (obtaned ey 3o Tt noraparorpied S O bl co
surf as%&&%ﬂ%?& %M&Qr afhd GRA% V%%aﬁédf L H«Btﬁla%eeét%b@é fInr PRikRE, LYt

consisting of: solder bunps; netal posts; netal pillars; and structures
f or mgeC #40 coivantiatiepinadoatee hiet bakdd bon amotiiae gt mmCdoxrm zsithtmgabl‘ mgnute.con,

POy OO, St o0, S s Bl N L TR b e v
2012/ c%?r?p%%%s ih! g%%? é&étﬁgGﬁﬁgs wafer was bhked g%%"@?ér%ﬁuﬁiescfbﬁév%dlb fagetcher

conprisin stack to processing sel ected fromthe group
consi st p ﬂgmﬁlf:s alﬁﬁk:fhragy 2001 @ 6 2ahimnies alherdohernindahrrpoags wate tendéd img, et al
and dielectric deposition, patternin (g Easm vaf i o}"e anneal in and

Qréafar afe

conbi faeg-ootise fehsioagp updsTypcum aldd GUELeE Y JATER “SUbst r at es.
chamber.
15 The assembly was soaked in 1-dodecene for approximately one hour to soften and

partially dissolve the thin layer of WaferBOND® HT-10.10 at the edge of the carrier. The

. o . ®
1-dodecene did not affect the bulk of the experimental bonding adhesive, only the WaterBOND

HT-10.10. The carrier was separated from the assembly using a ZoneBOND™ Separation Tool.
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S 12. The method of claim1l, wherein said separating conprises
heating said stack to a tenperature sufficiently high so as to soften said
second bowoi2np/dsagper sufficiently to allow said first amdTASecan®467abst r at es
to be separated. 1013. The nethod of claim 12, further conprising renoving
said first bonding layer fromsaid first substrate after said separating. 1
4 . Th¥ekedifbd of claim 12, wherein at |east some of said first bonding

| ayer remains on said first substrate after said separating and is present
during subsequent processing steps. 15 15. An article conprising: a
first substrat eA kawpargrydobdiak nsthiddavenpaisthga devi ce surface; a first bondi ng
| ayer adj acent said device surface and having a softening tenperature; 20a
second borIPHEINRRBIKLARESIHE said first bonding | ayer and having a

s@ftening t e”PF—‘e[ﬁkisP&F)stré(i’Q%ﬁg%aﬁoQ& sefhteMigqdeapgr@tare of said first

bondi ng layer i's at |east about 20C greater than the softening tenperature
of sai d second dHdindi mendiray Biyer adidcent said device surface andsboomgl assidsnimet e
having a carrier surface, said second bonding | ayer being 25adjacent said
carrier surface. tempergBireThe article of claim 15, wherein said first

article of ol aimtig ORERIRR M b (PR3 hg sl phe FRIEHIE ¢ 15
of | ess than about 3Bmpetamre, wherein the softening temperature of said first bonding layer
10 is at least about 20°C greater than the softening temperature of said
second bonding layer; and
a second substrate having a carrier surface, said second bonding layer being
adjacent said carrier surface; and

separating said first and second substrates.

15

2. The method of claim 1, wherein said first bonding iayer has a thickness T, of at

least about 24 um.

3. The method of claim 1, wherein said second bonding layer has a thickness T; of

20 less than about 35 pm.

4. The method of claim 1, wherein said first bonding layer has a softening point of

at least about 100°C.

25 5. The method of claim 1, wherein said second bonding layer has a softening point

of less than about 220°C.
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WO 2012/ 057893PCT/ US2011/ 046751 18. The article of claim15, wherein
said first bonding layer has a softening point of at |least about 100C.
19. The awoi2012005e693cl ai m 15, wherein said second bondi ngClraseriiioassa
sof teni ng poi nt 50f |ess than about 220C 20. The article of claim
15, whereif sai thd irrmhodbmfhdliaimg 1, anfeerein $aiﬁoﬁn$‘ehorﬁdiognla/ecm~rﬁumeﬂiimn a
conprising. a polymer or oligoner dissolved,or dispersed.in a solven
syst e?ﬁm@ﬁ}twnﬁamgféwg&rm&@ Shieet PG Gt PG £ VG S TReRY st i ng
of PObNPRESoAE thofler BOMEse1e0fd HOm M¥Grbgpy LoRIsking of 8B
sili c%ngig %ty%gnl Ccs, 1IEglsnf hal |r%l Cérvllﬁ:pny eslt%ros% %’mﬁﬁdg%@%%ﬁf m des,
po: ysqk?g rmwins,pq::cﬁmshmludst sifiesnescyigichivs.oviefli ndidep oliyydlesfersn pobbinedss, and

0
jft 2 B mc Bt ARG o TSGR VPGt SOk PISe: THAYSIFES o bOBR oPH m 15,

er ebdly ﬁ@!hq Laandn2BRALRGe hBKES, Hoby bR HORIR ising a
pol yn}é r %gon‘g . P{&gg ve&@or cpozyﬁlersed |rn gméold\%gﬁtpﬁ?fsl%%%a%gg@ °
pol ynpc_rlymnyldjutcgolner being sel ected fromthe group consisting of polyners
and oligonmers of cyclic olefins, epoxies, acrylics, silicones, styrenics,
vinyl halides, vinyl esters, polyanides, polyimdes, polysulfones,
pol yet her syl f ongg, @h'@f i | B n@herQiﬂl Hl hb w&z@@g fay PR GoRAROlrHr 1 hanes,
et hyl ene- propyl ene rubbers, polyam de esters, polyim e esters,
pial yaﬁﬁﬁlaismona:ndlpp@ingwpoylmdvm eh@jmer dissolved Wdlbﬁhﬁ@dam b lscdlven@ff%t@hasam 15,
wherein said device surface ég. rises an array of. dev |ce lect ed éromthe

gr oupPUBRET &t 9liymsy ngéakeaf@ HELFTOUP CRISREIDS (f PPELSHS 1%:%%?
sem c t h n r t rs;
enbed%gbl%g&n?\/eé vi c&?;u; g(r)nﬁjécs r gtglzs\T/lllotgzegith a%@idggt\gﬁloe%ﬁteﬁr %Ira%ﬁﬁiel%i i con,
sili cpwly@ﬁde@npummgmlekl lpasi}&t}s:mmilfdaes angtligaldléfimn npalyolden rubbcrs 2131 The
article of claimilb, V\/nereln S con substr te co I’IS

PSR R g Sl an

30sel RAYWahPREHFTHENGPORY D SFITTeORD B SARFePOs cral,
gi $S Spol%ﬂyﬁﬁft&m. CS.
8. The method of claim 1, wherein said device surface comprises an array of devices

selected from the group consisting of integrated circuits; MEMS; microsensors; power
semiconductors; light-emitting diodes; photonic circuits; interposers; embedded passive devices;
20  and microdevices fabricated on or from silicon, silicon-germanium, gallium arsenide, and

gallium nitride.

9. The method of claim 1, wherein said second substrate comprises a material
selected from the group consisting of silicon, sapphire, quartz, metal, glass, and ceramics.
25
10. The method of claim 1, said device surface comprising 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

30  silicides.
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WO 2012/ 057893PCT/ US2011/ 046751 24. The article of claim15, said
device surface conprising at |east one structure selected fromthe group
consi sti ngoab12/ese89der bunps; netal posts; netal pill arsPCaAS26tOUETSUr €S
formed froma material selected fromthe group consisting of silicon,
g_ol IySI l'icon,. si }“hm@mhgﬂ @lﬂ tdén 1sidrihepconmigmaiibidedag sardtsakk td prockssing
ielectrics, polyner dielectrics, nmetal nitrjdes, and tal. 5sui ci des.
25. melsstsdrayhbEREP R B0E6A bednBTIhn el Pagical & lﬁhwgc@ﬁwgsi ng: a
irst Vi : r.f Al d ol W iyest rigid
| ayer S T B o BB B oA B e st
ri gi doridyekspasiiicg 3aiddrarsad sedasiti sabserateavi ng a carrier surface, said bonding
| ayer bei ng adjacent said carrier surface, wherein said stack further
conprises one or both of the followng: 15a lift-off |ayer between said

devi ce surface st rial.d ol .awer: He Il et ween
sai d bondikg Ié@%ﬁngﬁg 8%? Cgn@%%%ng%??Q%g?hgﬁﬁﬁﬁgﬁgﬂg%Pﬁ%ggg, g%?fst and
lseC 0 r@teﬁlgb%tdrg_ﬁﬁﬁcile‘&@y higlrl1 50 as t@€ftehbeid seiohdtorafinglbpérsuZibiens gicchlloiwsatd ri gi d
ayer _an ondi ng | ayer having respective softening tenperatures, wherein
the sibt e sseondesebelraesedeseradrd first rigid Iaye? isngt | east about 20C
greater than the softening tenperature of said bonding |ayer. 2527. The
met hod of claim25, wherein said first rigid |layer has a thickness T3 of
froom 13. The method of claim 12, further comprising removing said first bonding layer

from said first substrate after said separating.

14.  The method of claim 12, wherein at least some of said first bonding layer remains
on said first substrate after said separating and is present during subsequent processing steps.

15

[
N

An article comprising:

a first substrate having a back surface and a device surface;

a first bonding layer adjacent said device surface and having a softening
temperature;

20 a second bonding layer adjacent said first bonding layer and having a softening
temperature, wherein the softening temperature of said first bonding layer
is at least about 20°C greater than the softening temperature of said
second bonding layer; and

a second substrate having a carrier surface, said second bonding layer being

25 adjacent said carrier surface.

16.  The article of claim 15, wherein said first bonding layer has a thickness T, of at

least about 24 pm.

30 17.  The article of claim 15, wherein said second bonding layer has a thickness T, of

less than about 35 pm.
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about 1 pmto about 35 pm 28. The nethod of claim 25, wherein said bonding
| ayer has a thickness 13 of fromabout 1 pmto about 35 pm 30 WO
2012/ 057896RCR/IS32011/ 046751 29. The net hod of clrarms2&,1/0¥478t ei n
fﬁ! dkstackT(iorr]Pr: ses said lift-off layer, and said |lift-off |ayer has a

I ckness o] ess than about 3 1.tn . 30. The nethod of claim 25,
wherei n salidd st%wlwwag%l%ﬂlﬁr%’é%n%ﬁrﬁt pefcing kyerhas éﬁ@#‘@g%ﬁ prigedond °
rigid Le% en, Q@ISOOaCthi ckness T3 of fromabout 1 umto about 35 um
31. THhEReRE4 6F "¢l ai m 25, wherein said stack conprises said second rigid
| ayer, and said second rigid layer and said bonding |ayer have respective
softening tenperatures, and the softening tenperature of sajd second rigid

I a_ygr t%i sda1t9- | ealle adee! dom b adeesin sd rEcond banskinglaysidad otd s e of
sai d bondin lb% 100 32. The nethod of claim25, wherein said first
rigi d !%%S/ér aas%{a jsoFt ening point of at |east about 100C. 1533. The nethod
of claim 25, wherein said bonding |ayer has a softening point of |ess than
about 220C.

20. The article of claim 15, wherein said first bonding layer is formed from a
composition comprising a polymer or oligomer dissolved or dispersed in a solvent system, said
polymer or oligomer being selected from the group consisting of polymers and oligomers of

10 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, polyimide esters, polyacetals, and

polyvinyl buterol.

15 21.  The article of claim 15, wherein said second bonding layer is formed from a
composition comprising a polymer or oligomer dissolved or dispersed in a solvent system, said
polymer or oligomer being selected from the group consisting of polymers and oligomers of
cyclic olefins, epoxies, acrylics, silicones, styrenics, vinyl halides, vinyl esters, polyamides,
polyimides, polysulfones, polyethersulfones, cyclic olefins, polyolefin rubbers, and

20 polyurethanes, ethylene-propylene rubbers, polyamide esters, polyimide esters, polyacetals, and

polyvinyl buterol.

22, Thearticle of claim 15, wherein said device surface comprises an array of devices

selected from the group consisting of integrated circuits; MEMS; microsensors; power

25  semiconductors; light-emitting diodes; photonic circuits; interposers; embedded passive devices;
and microdevices fabricated on or from silicon, silicon-germanium, gallium arsenide, and

gallium nitride.

23. The article of claim 15, wherein said second substrate comprises a material

30  selected from the group consisting of silicon, sapphire, quartz, metal, glass, and ceramics.
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34. The met hod of claim25, wherein said bonding layer is forned froma
conposition conprising a polyner or oligoner dissolved or dispersed in a
sol vent sweneryossssd pol yner or 20 ol i goner being sel eeCe&dskoiaind’ae gr oup
consi sting of polymers and oligoners of cyclic olefins, epoxies, acrylics,

silicones,, styrenics,. vinyl. halides, vinyl.esters, .polyamdes,_ polyimn des,
ol youl ot B ETHEA Haen s Sga<e St R Saf o B 557 sbBERY "ang
pol y WeRlcRANRSM t}%t%m;%&sigﬁﬁgfwz edRick HRRBE: etAYPo¥@Nneal SIShA! Snd NAlcHIES de
esters, polyacetals, and polyvinyl buterol. 2535. The nethod of claim 25,

wher eformedirambinragdriat sefgeted feppe theiggoupernestingod siligors petysidieern, shicedipxidsi ng a
pol ynmer or, oligoner dissolved. or dispersed i .sol vent .syste said
poIyﬁ%&“ﬁ%@ﬁVFg%Hgﬂnﬂ@ﬁﬁ&wgéag%Fgﬂ$fB@%FFE&“%?@U?’HﬁﬁgfgqﬁﬁbaghIﬁ%wyners
and olijgaesers of cyclic olefins, epoxies, acrylics, silicones, styrenics,
vinyl halides, vinyl esters, polyam des, polyimdes, polysulfones,

pol yet hersul fones, cyclic olefins, polyolefin rubbers, and 30pol yur et hanes,
et hyl ene- propyl ene rubbers,. pol j de esters, polyimde esters,

pol yacet al %50 a ‘W%{Wﬁ%ﬂﬂd‘é‘gt‘%@r@ COMRHSY|1 2/ 057893PCT/ US2011/ 046751

36. The BRI 2 GhA Mgwisingherein said stack conprises said lift-off

| ayer, and said lift-off layer is formed froma conposition conprising a

pol ymer di ssol vefirsosubdirstpdrsgied aibaclaswstcy emt a dgdteswiaseli d pol ymer bei ng
sel ected fromth r.oun consistin f .poly(vinyl pyridine) and pol yam c
adids. 5 dg??“@ﬁgaﬁﬁﬁﬁﬁﬁﬂﬁfﬂéﬁSWﬁ??é&wQMerein said stack conprises
sai d second ri gi g]d@yLhyerdficSRisidTBHQNGd ly8i; dnd ayer is formed froma
conposition conprising a polyner or oligonmér dissolved or dispersed in a

sol vent syst em a saoull ypbbtyatehavorg agdaitipo mefadesiaitkposding dayetbdingadiadsat gidoup

consi sting of polymers and oligqners of cycli¢ olefins, epoxjes, .acrylics,
silicones, styreni csSaTHey SUiRRy WhskiR fud ,Stagll( ﬁifﬁleég‘?rgﬁ)rés,eg BB?Q%h‘?tgé’é%“e

pol yi m des, pol ysul f gngsindP0! yet hersul fones, cyclic olefins, polyolefin
rubbers, and pol yurethanes, ethylene-propyl ene rubbers, polyam de esters,
pdl yi m de esters, pol yaced &iftsoff daydr paivgen maitl doviceswiface and said 88t rigise net hod
of claim25, wherein said device surface conprises an array of 15devices
sel ected fromthe group consis?Yﬂgo%f integrated circuits; MEMS;

M Crosensors, power a second rigid layer between said bonding layer and said carrier
surface; and

separating said first and second substrates.

26. The method of claim 25, said first rigid layer and bonding layer having respective
softening temperatures, wherein the softening temperature of said first rigid layer is at least about

20°C greater than the softening temperature of said bonding layer.

25 27. The method of claim 25, wherein said first rigid layer has a thickness T; of from

about 1 pum to about 35 pm.

28.  The method of claim 25, wherein said bonding layer has a thickness T; of from

about 1 pm to about 35 pm.
30
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sem conductors; light-emtting diodes; photonic circuits; interposers;
enbedded passive devices; and m crodevices fabricated on or fromsilicon,
si | i con- g&ormar/asng93gal | i um arseni de, and gal lium nitri deCcTAB2A1MESet hod
of claim 25, wherein said second substrate conprises a material selected

fromthe group mRNAEGES S i Wvh&eih saRlaRRRc&:Bpristy 8dill Aft-JTEkAdr, argi safis, and
ceram cs. 40. The method of claim 25, said device surface conpri si ng

at Iela$t>ffdm§@r®a$maneSSs"élédQSé@iaﬁlrabﬁmth@ngroup consi sting of: sol der bunps;
nmetal posts; netal pillars; and structures 25 formed froma nmateri al
sel ected fromthe group consisting of silicon, poI ysilicon, silicon

di oxi de, sid i cophdiRMIdbHlcldifes, WRiréih saill StaciKedhh se%ld @Sondﬂfﬁld/ ér, and
dielectrics, nmetal nitrides, and metal silici 41. The met hod of

clsai deBsecmdmgléda\@ohfma @mqlige%ijoéﬁpnr@Oghl dnstpaibkuttﬁ hocessi ng 30sel ect ed
fromthe group consisting of back-grinding, chem cal-nmechanical polishing,
etching, netal and dielectric deposition, patterning, passivation,

anneal i ng, 3jand ﬁmmtﬁ@dél@%ntzb%mémsﬂﬂs@ék édmlﬁ%@s?daawc&gadsagmla@/emm and
second substr at es. . The nmethod of claim?25, wherein said

separsatd segowbripdilses amhaud)bomblngnlamr haShe@P@‘:Wge seftening watperagires. adpher at ur e
sufficiently high so astos sai.d on| ent to all ow
sai d SﬂﬁFglpgg %@Bﬁrﬁf S@GB%‘:[OP lm§ %erf)sag ﬁt %Oa }ieogrreagyﬁéasr% dﬁas%ijé%{ldl &Stack to
a f engyy ?Eraﬁ% HHa‘?d‘bérQin%SlaSz& di ssol ve said I [ ft off layer, if present. 43.
An artic¢l'e conprising: 10a first substrate having a back surface and a
device surface; a first rlgld Iayer adjacent sai d device surface; a bonding
layer adj a3(:2§nt ls}?el r(rjlet IO(ri g% clam béj whe}{em said Plrst rigid layer has a softening point of at

least about 100°C.

15 33,  The method of claim 25, wherein said bonding layer has a softening point of less

than about 220°C.

34.  Themethod of claim 25, wherein said bonding layer is formed from a composition

comprising a polymer or oligomer dissolved or dispersed in a solvent system, said polymer or

20  oligomer being selected from the group consisting of 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, polyimide esters, polyacetals, and polyvinyl buterol.

25 35.  The method of claim 25, wherein said first rigid layer is formed from a
composition comprising a polymer or oligomer dissolved or dispersed in a solvent system, said
polymer or oligomer being selected from the group consisting of polymers and oligomers of
cyclic olefins, epoxies, acrylics, silicones, styrenics, vinyl halides, vinyl esters, polyamides,
polyimides, polysulfones, polyethersulfones, cyclic olefins, polyolefin rubbers, and

30  polyurethanes, ethylene-propylene rubbers, polyamide esters, polyimide esters, polyacetals, and

polyvinyl buterol.

38



a second substrate having a carrier surface, said bonding |ayer being

adj acent said carrier surface, wherein said article further conprises one
or both ovotbe/b349%l | owi ng: a lift-off |ayer between saPdTAdsedigm4ear f ace

and said first rigid layer; or a second rigid |ayer between said bondi ng

| ayer and idcarrier surface. 20 . .. 44, The article of claimA43, said
irer gt ay DR R SRG ufermeans ot L ALG Pl Pl

t enpeRLE 18For iVRGHRETrdnb € cEMi 5@&&@%@@@@%@ UlveePlissailel bi dispersdddn@ | ayer
is at Ieastﬁgﬁout ZOdﬁgregte? t han thelso tgnﬁﬁg tgnperatufg&gfdgagd g

bondi selychtsystem. sbdymiher beingiseleeted frowlthg groupcongisbreeimolyayigyknyridine) angi d | ayer
has a thi ckness T3 of fromabout 1 pmto about 35 pm 46.The article of

cl ai RAFMGAEF & n sai d bonding | ayer has a thickness T3 of fromabout 1 p.m
tg about 35 pm 30 WD 2012/057893PCT/ US2011/ 046751 47. The article
of claim43, wherein said article conprises said lift-off |ayer, and said
lift-of f |¥yer Hagnethodifclaimgs, Whereih shid stgcl ¢tvamprispoigid gegndrigid layer,and 48, The

article of clai 43p%%per in said article conprises said. second rigid
ayersatoselidddin R i s aPerit o be b 8 QiedrRERaBle “1 pm
to abQuiisRPscBMh a solvent s§Stem T BAd 3ol edreoradligoht Hethd, sewagkefrdnsiaik draupt i cl e
conprises said second rigid |ayer, and

consisting of polymers and oligomers of cyclic olefins, epoxies, acrylics, silicones, styrenics,
10 vinyl halides, vinyl esters, polyamides, polyimides, polysulfones, polyethersulfones, cyclic

olefins, polyolefin rubbers, and polyurethanes, ethylene-propylene rubbers, polyamide esters,

polyimide esters, polyacetals, and polyvinyl buterol.

38.  The method of claim 25, wherein said device surface comprises an array of
15 devices selected from the group consisting of integrated circuits; MEMS; microsensors; power
semiconductors; light-emitting diodes; photonic circuits; interposers; embedded passive devices;

and microdevices fabricated on or from silicon, silicon-germanium, gallium arsenide, and

gallium nitride.

20 39, The method of c¢laim 25, wherein said second substrate comprises a material

selected from the group consisting of silicon, sapphire, quartz, metal, glass, and ceramics.

40.  The method of claim 25, said device surface comprising at least one structure

selected from the group consisting of: solder bumps; metal posts; metal pillars; and structures

25  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.

41. The method of claim 25, further comprising subjecting said stack to processing

30  selected from the group consisting of back-grinding, chemical-mechanical polishing, etching,
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said second rigid | ayer and said bonding | ayer have respective softening
tenperatures, and the softening tenperature of said second rigid |ayer is
at | east wWbaot2/@@3I3great er than the softeni ng 10t enper aPaTAISed118867d1 bondi ng
| ayer. 50. The article of claim43, wherein said first rigid |ayer
has a softeni.ng point of at | east about .l100C 1551 The article of' .claim
43, wReRei CaraPBRbr T Ry s PAN B TR A B 0 AT iR otbou
220C. pR71d Badtlifnb Ghig Rt HlakdBnd3ubstarisei n sai d bonding layer is formed from
a conposition conprising a polymer or oligoner dissolved or dispersed in a

sol vent system said polyner or 20 oligonmer being selected fromthe group

Sr 1 cones 8 y PR BESY BREHe T BLSin S S faro R b B R SO B ofo V1 o s,
pal ysul f ongsiinP 9diy stabe ts#ldngResure GYldichti9IhefH fsas tBRbNE &fid Bokdibpeis; and

pol yur et hanes, ~et hyl ene- propyl ene rubbers, pol yan de esters, polyimde
esters, pol yacetdligenthnd ajowysaidrfjist dndtseeand subSBEsThbe agnaras¢d ovf cl ai m 43,

ol yror or et Pk b G S EdReal PR CHDRTP U SG R PRET, ™

pol ymer or oligoner being selected fromthe group consisting of polyners
and ol igoners of cyclic olefins, epoxies, acrylics, silicones, styrenics,
vinyl hal i4fes, #Xhpyiclegmarsingsol yam des, pol yi mi des, pol ysul f ones,

pal yet her sul fones, ,cyclic,olefins olyol efin rubbers, and pol yurethanes,
etthy! ene- 30pro$§$éﬁ SF@S&nggag@F§§ﬁh%%a i?g?gfe%%aﬁ%nide esters,

pol yaeet al s, angﬁg@h%wng%gagﬁgﬁﬁggdCmy%gag§§é957893PCT/U82011/046751

54. The article of claim43,” wherein said article conprises said |ift-off

| ayer, and sai da birfdinglaferladjpeentissidffostimigid fayemaad conposi tion conprising a
Sel St ed 1 om tECBIbHEOREH < TSR BRSO CB At PRy b o
acids. 5 carrier surface, wherein said article further comprises one or both of the
15 following:
a lift-off layer between said device surface and said first rigid
layer; or
a second rigid layer between said bonding layer and said carrier

surface,

20

44, The article of claim 43, said first rigid layer and bonding layer having respective
softening temperatures, wherein the softening temperature of said firstrigid layer is at least about

20°C greater than the softening temperature of said bonding layer.

25 45.  The article of claim 43, wherein said first rigid layer has a thickness T, of from

about 1 um to about 35 um.

46. The article of claim 43, wherein said bonding layer has a thickness T, of from

about 1 um to about 35 pm.
30
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55. The article of claim43, wherein said article conprises said second
rigid |ayer, and said second rigid layer is formed froma conposition
conpri si yoaopaisysver or ol i gonmer di ssol ved or di sper sedPCH/US2610/0¥6At
system said polynmer or oligonmer being select ed fromt he group consi sting

of pol ymer and‘oll .of cyclic ol oXi es, lics, siljcones,
styreni cs, ZF1 gaﬁﬁ{qﬁ%}g’s“ é’%ﬁﬂﬂnségfaé? ec‘b‘B ?ﬁf"ﬂ%‘ %lla r ’H%é“,d
pol y liﬁ E’ﬁmﬁ’%é hQ@Aﬂ klﬁ@gssplgf@ggg%an%guﬂy Ql efins, poI yol e f| n rubbers, and

pol yure ene propyl ene r ubbers pol yam de esters, polyimde
esters, polyacetals, and pol yV| nyI but er oI 56 The arti cle of claim
43, V\/nerel n sai dev| ce urf nprises._an arra devj ce 155e| ected

fromthe droup id¢ P 1@f4 PWP%@W&?@&“@‘?%?W?E conrﬁjlrtgtl REFTS: power
S%m ﬁ%%&ﬁﬁmld'1%ghhdmt&hw Td'o?%ﬁr bR OB 6 aBb6A4i Irs; | Nt er posers;

ed passﬁle evi ces; and mi'crodevi ces fabricated on or fromsilicon,
SI I i con-germani um galli um arsenl de, and gal I iumnitride. 2057.The arti cI e

of claim43, wherein saj subst rat rises, a sel ect ed
fromthe gFbup B¥sidep 16‘f4 sW frepvaiday Gh‘?Otl mﬁiﬁﬁﬂsfc% C?l%yﬁrl’%&ds and

cera [ r at
emarEse B R L o) B o B e R s
met al softesing renmmtratlirepifbhid ssond nididsltyaun ¢ atl@st dbdut F05Crgzehténtioan the peltemigal
selected fromthe group consisting of silicon, polysilicon, silicon

dioxi lg@pergiyrg ebri¢ g‘%sfi)“?ﬁ la¥étde, metal, low k dielectrics, pol ymer
dielectrics, netal nitrides, and rretal silicides. WO

2012/ 057893PCT/ US2011/ 046751 59. A tenporary bondi ng net hod

conpri si ngs0. pr ovickirtige af skaan K3 cohpeinsanlgirstridid iger Basgstofaniag pavitogata back
surface and a device surface, said device surface having a peripheral

regi osashabow 188t al regi on; a second substrate having a carrier surface;

15 51.  The article of claim 43, wherein said bonding layer has a softening point of less
than about 220°C.
52. The article of claim 43, wherein said bonding layer is formed from a composition

comprising a polymer or oligomer dissolved or dispersed in a solvent system, said polymer or
20  oligomer being selected from the group consisting of 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, polyimide esters, polyacetals, and polyvinyl buterol.

25 53, Thearticle of claim 43, wherein said first rigid layer is formed from a composition
comprising a polymer or oligomer dissolved or dispersed in a solvent system, said polymer or
oligomer being selected from the group consisting of 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-

30  propylene rubbers, polyamide esters, polyimide esters, polyacetals, and polyvinyl buterol.
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an edge bond adjacent said peripheral region and said carrier surface; and
at |l east one |ayer selected fromthe group consisting of: a lift-off |ayer
bet ween swpaoRdgedBond and sai d device surface; a |ift- @®Ci/UuSagian4dyst ween
sai d edge bond and said carrier surface; 10an adhesi on pronoter |ayer
bet ween said edfe droeidobelainsdd, dhaevi wel sticlk agmprigen sadi&sifblaypr ootk | ayer
betmﬂﬁggga%d edgg bgond and said .carrier .surface; .. . . a bondi ng
] ayer !t St‘ﬁ 3 Feped dEgen B AR PAHHOS SPPR £ &OBTIEF diseolveher BBt | ayer
et e, 5y e gy theSlcthed AHH i Ay Rykiatheyaiad first
and secon ysuﬁ%t?% ei;s){ﬂelairé g§@e§8$ T%gﬁ%%?ﬁ%%ﬁ%§u2 aigﬁggepgé?ﬁggzg%ﬂbond
bei ngpdpswntcils.om at | east sone of said central region so as to forma fil
zone. 20 61. The nethod of claim60, said stack further conprising a fil
| ayer in said fill zone. 62. The nethod of claim61, wherein said

stack conpgq Segf@éagﬂiﬁ@ﬁclﬁﬂﬁl}', RUELinSBldast GLcdnRbed DR GEMRIGORSESEANG Of :
25a bondi ng | ayer between said edge bond and said device surface; and a

bondi sagyl deayreiridiétaneenfosat difredgeonpodtiancngaistheeaotyingsr oseligoawedissolved
g? ' T(?redigggrsr]e%dinog soCllvgriltrrs]ygtgfn, Vs\ggrpeoilymesra(i)rdolgg%\rlrle(r: %elsn%r sfe?e%?edcfr)grgrtihg egsml%)n array

consisting of polymers and oligomers of cyclic olefins, epoxies, acrylics, silicones, styrenics,

10 vinyl halides, vinyl esters, polyamides, polyimides, polysulfones, polyethersulfones, cyclic

olefins, polyolefin rubbers, and polyurethanes, cthylene-propylene rubbers, polyamide esters,

polyimide esters, polyacetals, and polyvinyl buterol.

56.  Thearticle of claim 43, wherein said device surface comprises an array of devices

15  selected from the group consisting of integrated circuits; MEMS; microsensors; power
semiconductors; light-emitting diodes; photonic circuits; interposers; embedded passive devices;

and microdevices fabricated on or from silicon, silicon-germanium, gallium arsenide, and

gallium nitride.

20 57.  The article of claim 43, wherein said second substrate comprises a material

selected from the group consisting of silicon, sapphire, quartz, metal, glass, and ceramics.

58. The article of claim 43, said device surface comprising at least one structure

selected from the group consisting of: solder bumps; metal posts; metal pillars; and structures

25 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.
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devi ces selected fromthe group consisting of integrated circuits; MEMS
m cro sensors; power 30sem conductors; light-emtting diodes; photonic
ci rcuit s;wpnoeygsemer s; enbedded passive devices; WO PCT/US2011/046751
2012/ 057893PCT/ US2011/ 046751 and m crodevi ces fabricated on or from

silicon, i con- ermanlu al |ium arseni de, and galliumnitride.

64. The maédnod oft P%?%@@d“%ﬁ‘éertéqcﬂgoﬁrﬁl%cond substrate conprises a

mat eri al | Reletsddiamt roup consisting of silicon, sapphire, quartz,
metal, gl g@? and ceram cpgr%m% 65. The nethod of claim59, said device

surface conpri sa figt albstretastmvmga batk siwtage encéeldewt@wrfacgmatd@vg:t:@u}face
consisting of: sold rg%? geaf %ost | | lars; and structures
formed froma materi RCtPBEra fegtnnt agcre{%% "8df%i sting of silicon,
Pal ysi Li con, i { {6 Itk ayit@alchirePRubRyy) ni tri de, metal, |ow k
dielectrics, polynmer dielectrics, netal nitrides, and netal suicides.

66. The net hod Medgbézmdwacevmgmépmmraﬂr@ﬂgeaﬂdmwdalam;eraumﬂl@t And D' of from
about 2 mmto about e net hod. of claimb59, wherein

sai d edge bond eqsb?‘??eld"q@]]FBtF‘ilrgamftP‘éﬁ{°§p€8ﬂ%§}§1gt Yon conprising a pol ynmer

or oUomer dissol ved Qﬁft%'fﬁ@%r%%@véeﬂ s&id2AbYBRd aimssh%raev&elsarfml ymer or
ol i goner being selected fromthe group consisting of polymers and oligoners

of cyclic ol efins, eq)bkmésl,ayad]ewraensaxdadu: bamemd sstdyqamr(ssl;faqscs nyl hali des,
vinyl esters, polyam de i mde ol ysul f et her sul f ones,
chelic ol efins, pol y3l %‘i}eﬁmf’dﬁ Pér ]ﬁ’ﬁH%BWF HIS@‘,E‘!] %%Ongt%;(}l H£8 Prépyl ene

rubbers, polyam de estersg, %gé .yimde esters, polyacetals, and poI yvi nyl

but erol . 68. The rret d of claimb59, further corrpri si ng subjecting
said stack to procesai aghesion promoter layer between said edge bond and said carrier

surface;
a bonding layer between said edge bond and said device surface; and
15 a bonding layer between said edge bond and said carrier surface; and

separating said first and second substrates.

60. The method of claim 59, said edge bond being absent from at least some of said

central region so as to form a fill zone.

20
61. The method of claim 60, said stack further comprising a fill layer in said fill zone.
62.  The method of claim 61, wherein said stack comprises at least one layer selected
from the group consisting of:
25 a bonding layer between said edge bond and said device surface; and

a bonding layer between said edge bond and said carrier surface.
63.  The method of claim 59, wherein said device surface comprises an array of

devices selected from the group consisting of integrated circuits; MEMS; microsensors; power

30 semiconductors; light-emitting diodes; photonic circuits; interposers; embedded passive devices;
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25sel ected fromthe group consisting of back-grinding, chem cal -nechani cal
polishing, etching, netal and dielectric deposition, patterning,

passi vat iw0,20ev3e8Bi ng, and conbi nations thereof, prior PCo/GSe@aidd’shg said
first and second substrates. WO 2012/057893PCT/ US2011/ 046751 69. An
art :c cargl wérvpddvidendabricatedr et ox ditest sidicen.hulisaigecamprisie. giglfuar arsgpideasfevi ce
surface, said.device surface having a peripheral region and a central
regioﬁﬁhﬁnggggﬁd substrate having a carrier surface; 5an edge bond adj acent
sai d peripheral region and said carrier surface; and at | east one |ayer
selected fromthe group consisting of: a lift-off |ayer between said edge
bond and sét.d debd methodrafzdam 30, Wiercipppid] sggend pbsiEe somaTisesadgelehshd and

id [ f , . adhesi. '
3o Gt dEs « B ERREUR T SRR e RERUGE A B EGe hona

and said carrier surface; a bonding Iayer between said edge bond and said
device surface; and a bonding | ayer between said edge bond and said carrier
surface. 765. Thehamethotof sfaim|58; paiddevisabuitasd gempypiae Beiaas AISEMET om at

| east se?e%%% f?gln%l?el gro&pS goenr%}s{igé of:CH1 A blslr%pisa;smétgl I];o%{sgnm%tafl Hlﬂars% M Estructures
formed from a material selected from the group consisting of silicon, polysilicon, silicon dioxide,
10 silicon (oxy)nitride, metal, low k dielectrics, polymer dielectrics, metal nitrides, and metal

silicides.

66.  The method of claim 59, wherein said edge bond has a width "D" of from about

2 mm to about 15 mm.

67. The method of claim 59, wherein said edge bond is formed is formed from a
composition comprising a polymer or oligomer dissolved or dispersed in a solvent system, said
polymer or oligomer being selected from the group consisting of polymers and oligomers of
cyclic olefins, epoxies, acrylics, silicones, styrenics, vinyl halides, vinyl esters, polyamides,

20  polyimides, polysulfones, polyethersulfones, cyclic olefins, polyolefin rubbers, and
polyurethanes, ethylene-propylene rubbers, polyamide esters, polyimide esters, polyacetals, and

polyvinyl buterol.

68.  The method of claim 59, further comprising subjecting said stack to processing
25  selected from the group consisting of back-grinding, chemical-mechanical polishing, etching,
metal and dielectric deposition, patterning, passivation, annealing, and combinations thereof,

prior to separating said first and second substrates.
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71. The article of claim70, said article further conprising a fil

material in said fill zone. 2072.The article of claim71, wherein said
stack comoi2eE#5a893] east one | ayer selected fromthe gr@ap/useesioss’sng of @ a
Pondlng | ayer between said edge bond and said device surface; and a bondi ng
ayer bet n said _edge bond and said carrier surface. 2573. The article of
clain169,W§ﬁer‘g.aggggc?ﬂF§F@Substrate conpri ses a device wafer having a

devi ce surfAgEsARIMEIhGTNY adAclakurfite @hd 8 awicesuriet, aeidettvideamhdtchagtigup
consisting of integrated circuits; MEMS, m crosensors; power

Sﬁgiconductors;ap$§ﬁ?mkﬁﬁﬁmﬁmgadk@@@é?@pﬁotonic circuits; interposers;
enbedded passiv evices:. and m crodeyvi ces fabricated on or fromsilicon,
silicon-gé?ﬁﬁﬂ?ﬁﬂiS%%FS?Uﬁggfggﬁf €,%%nd gal liumnitride. 30 WD

2312/ 057893RGLE WSRO Ad;AQABIRd peripheral reffon ai&aRl datédr@u@hcechuidd m 69, wherein

said second substrate conprises a material selected fromthe group
consi st i nptddassone leyen selseipp iomethe gueaiprcensistsall, gl ass, and ceramics.
75. The article aim69, said device surface conprising at |east one
structure SSeIé%géﬂ&¢?gﬁ#Fﬁgmﬁfggﬁg%%h%Fg |ﬁ8%6%yw§3]§%?’bunps; net al
posts; netal pidliflosila da_eﬁifereufé&iurea?e batdmd shidamrer RBtRkt al sel ected from
the group consisting of silicon, polysilicon, silicon dioxide, silicon
(oxy) ni tride, natadhesibopronadérdhyse beiwesn spekdgrerondiaatl seit devise swrsacs
nitrides, and net silicides.;, 1076. The articl.e af ¢l ai,m69. wherein said
edge bond has aWGEHOR Honb(gerfl%%z’ﬁtﬁvc?ﬁ? sajd e %Ongbagétsalfg a%%r surface,

a bonding layer between said edge bond and said device surface; and

a bonding layer between said edge bond and said carrier surface.

70.  The article of claim 69, said edge bond being absent from at least some of said

15  central region so as to form a fill zone.

£:1

71.  The article of claim 70, said article further comprising a fill material in said fill

zone.,

20 72. The article of claim 71, wherein said stack comprises at least one layer selected
{rom the group consisting of:
a bonding layer between said edge bond and said device surface; and

a bonding layer between said edge bond and said carrier surface.

25 73.  The article of claim 69, wherein said first substrate comprises a device wafer
having a device surface comprising an array of devices selected from the group consisting of
integrated circuits; MEMS; microsensors; power semiconductors; light-emitting diodes; photonic
circuits; interposers; embedded passive devices; and microdevices fabricated on or from silicon,
silicon-germanium, gallium arsenide, and gallium nitride.

30
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77. The article of claim69, wherein said edge bond is formed froma
conposition conprising a polyner or oligoner dissolved or dispersed in a
sol vent swyeternyossssd pol yner or 15 ol igonmer being sel eeCesteioimd7’se group
consi sting of polyners and oligonmers of cyclic olefins, cyclic olefins,
epoxi es, agfylipg aditlel @ON&H 69! WheRinCsaid ¥édoyl shBdufatteSompiisey la @ategnls,

pol yam des, polyi m des, polysulfones, Eplyethersulfones, cyclic ol efins,
pol yoiebtied framBerasouraeisising of sski¢ram sapphise. iypenengilopipsse ped ¢uppicss,

pol yam de esters, polyimde esters, polyacetals, and polyvinyl buterol. 20
78. A tenporary bonding nethod conprising: providing a stack conprising: a
first substy aterhomiiog & Packes uhidodsiRnurfacdexthsmsisyaf Re ond seue@rd ng

| ayer adj acent said device surface; 25a first |ayer adjacent said cleaning
| &y erselestrddidn thetgrowyemsisingel: ssoldse bemps: mesialtnestsgmeiappritlarss it SHEIWBES bondi ng

| ayers and.rigid | ayers; d second bst r.at.e hayi L f
o d Pries ipagaresty et e e ST Ca SRl MG BB SRR Bl Bl (7FT 0
and sgeoRdoxyhstiiat Sial,a06 BAGMHRG! bogmeaidtCeaN gl Inyides, windhméal enover

solution so as to substantially renpve said cleaning layer and any first
| ayersili@désdue remai ning after said separating. WO

2012/ 057893PCT/ US2011/ 046751 79. The nethod of claim 78, further
conprising a second bonding | ayer between said
10 76.  The article of claim 69, wherein said edge bond has a width "D" of from about

2 mm to about 15 mm.

77.  The article of claim 69, wherein said edge bond is formed from a composition
comprising a polymer or oligomer dissolved or dispersed in a solvent system, said polymer or
15 oligomer being selected from the group consisting of polymers and oligomers of cyclic olefins,
cyclic olefins, epoxies, acrylics, silicones, styrenics, vinyl halides, vinyl esters, polyamides,
olyimides, polysulfones, polyethersulfones, cyclic olefins, polyolefin rubbers, and
polyurethanes, ethylene-propylene rubbers, polyamide esters, polyimide esters, polyacetals, and
polyvinyl buterol.
20
78. A temporary bonding method comprising:
providing a stack comprising:
a first substrate having a back surface and a device surface;
a cleaning layer adjacent said device surface;
25 a first layer adjacent said cleaning layer, said first layer being selected from the
group consisting of bonding layers and rigid layers; and
a second substrate having a carrier surface, said first layer being adjacent said
carrier surface;
separating said first and second substrates; and
30 contacting said cleaning layer with a remover solution so as to substantially remove said

cleaning layer and any first layer residue remaining after said separating.
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first layer and said carrier surface. 80. The nethod of claim79,
wherein said contacting substantially renoves said 5second bondi ng | ayer.
81. The mEOhot/057893] ai m 78, wherein said separating conpcirdsgohmat’shg sai d
stack to a tenperature sufficiently high so as to soften said first |ayer

suffici entjy toﬂélnll&%@@f'c@dnfn'msﬁmﬁ@idco SRR (SHRNHLBAAS: 9eR1SERARRL ed. 10

82. The met'hod of claim 70, wherein sali d separating conpfrises heating said
stacmmuaﬁertaedpmdaannreeswfa‘cm ciently high so as to soften said second

bondi ng | ayer sufficiently to allow said first and second substrates to be
separ at ed.

80.  The method of claim 79, wherein said contacting substantially removes said

5 second bonding layer.

81.  The method of claim 78, wherein said separating comprises heating said stack to
a temperature sufficiently high so as to soften said first layer sufficiently to allow said first and
second substrates to be separated.
10
82. The method of claim 70, wherein said separating comprises heating said stack to
a temperature sufficiently high so as to soften said second bonding layer sufficiently to allow said

first and second substrates to be separated.
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