METHOD FOR REVERSI BLY MOUNTI NG A DEVI CE WAFER TO A CARRI ER SUBSTRATE
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I ncreasingly popular to construct the device package on or around the
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The present invention is broadly concerned with novel temporary waler bonding methods
that can support a device wafer on a carrier substrate during wafer thinning and other backside
processing.

15
Description of the Prior Art |

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 arc produced

20 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
the macroscopic cnvironment, for example, by interconnection with a printed wiring board. It
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,

25  reduces overall packaging costs and allows a higher interconnection density to be achieved
between the device and its microelectronic environment than with more traditional packages that
usually have outside dimensions several times larger than the 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

30  surface to which it is mounted have all been placed in a horizontal, or x-y, plane. The
microelectronics industry has now rccognized that significant increases in device interconnection
density and corresponding reductions in signal delay (as a result of shortening the distance

between electrical connection points) can be achicved by stacking and interconnecting devices
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surfaces.
20 Debonding ofa device wafer from the carrier following backside processing is typically
performed in one of four ways:
)] Chemical - The bonded wafer stack is immersed in, or sprayed with, a solvent or
chemical agent to dissolve or decompose the polymeric adhesive.
(2)  Photo-Decomposition - The bonded wafer stack is irradiated with a light source
25  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.

3) ‘Thermo-Mechanical - The bonded wafer stack is heated above the soltening
temperature of the polymcric adhesive, and the device wafer is then slid or pulled away from the

30 carrier while being supported with a full-wafer holding chuck.



the carrier. The carrier can then be separated fromthe stack, and
t he bal ance of the polyneric adhesive is peeled fromthe device wafer
while it iwohalogegmes a chuck. (3) Ther no- Mechamricaals2e09/031862
bonded wafer stack is heated above the softening tenperature of the
pol ymeri c adhesi e d:.o I y
fromthe SOC%H')re ri ﬁeﬁﬂgéégg}p ﬂgﬁgﬁppgﬁ‘{ e n(!iéat ﬁlg{%? S%H( I\/E\;/aﬁfiaa?dh%llﬁ%fe ﬁ%@
chuck. dednRORMIAARSRRED! USPORN08AB8Sv¢ 4piireyintalvoBElzmpd $ist pdfiesion
The bonded fer i s heated above the deconposition tenperature
of the Bk %dl"ﬂ% FRIBS" causing it to volatilize and | ose adhesion

to the devi %CW Qhes@NfEbERTIRd lethoBRGls @fa\ﬂbaﬁéethﬁie&ﬂﬂﬁ’dmgm’ﬁeﬁhﬁﬁtﬁ imas
dr awbacks that seriousl g@l imt its use in a 5 production envjronnent.

For Sexamplustiogromiovapnideskanpe chsmigalsisbingdinggy dinelpes hemalireersanssivoe
1S a sl 'OW [ Oceosc ssbr%&?tﬁg ﬁlet J&?veﬁp In%&%fﬁggé}tveldla{'geqﬁﬁ &\éz‘?&ué h9fe viscous
di st ancl§'§r1 R 8Ug ¢ h

€ VI scous ect rel"ease. That
i's, th%(ﬁﬁhé&aﬁﬁdmm&)teﬂéufréluae Tliaom, thia eolecly envst diffire f@oﬁhedigubt@bbam@é
or froma perforation in the carrier, oth | pcal ono

adhesi vabstaiesept e apgeratipnin t Fﬁf%ﬁrni“éﬁﬁ f‘iﬁié’&tﬂfﬁbe eives dp 6@?53{
di ffusi t%ﬁ ‘t?i{% REMGEL BREh QN edire@For SR8 d%ﬁﬁloﬂ%@ ckBidmadat RQstChndae,

even w orations to increase solvent contact with the adhesive
| ayHY . c'ﬁmatrmmnnmremsn withpedartdnsioinciasespbisnbroniryih gy adhesive layer.

t
rrg gﬁ Ie qu 3 R%tfer%pt( @H?soq? jh‘ﬁg{l %\%hlljr?,lue%g%%l eﬁev%d Ee%pera%% e?@t}% %%O%?%lﬁgr%é{{msed

l'i kew s@ aeb%h@l\fygﬁlf&S‘e@ﬁ%w@ﬁﬁgluﬁ&rtm@g@mtlwlﬂ bladmcled substrate cannot be
exposed at one tinme. Instead, the exposing g{?s‘aﬁource

usual |y a | Jeto-freginpgsiia BAKRTESE GO @EO(CFﬁrPC }eyenéqu B%ldeg Substrate
;n u:c :c : ?gﬁlgl’be gypo%co?ﬁ ohAGHS st @e mglh% ApRdndte, @hkh'i@lsﬁcﬁly@%sbmﬁvmg

conp05|f|on of the adhesive bond Iine to
occly . Bdam dmamcuﬁmtoﬁeﬁy s&arméldnét@ns, mm befoeatpd as ol ar¢pat s igpe tordgtiveri n

S SR g, 5250, 05 ST Sp SRR o koo gy 30

per f or ned, {MRbCAtk¥dY ddrcds ﬂl@‘éﬁﬁﬂrﬁlﬂﬁlﬁ@senal fashion to debond the entire surface, which
leads to long debonding times.

While thermo-mechanical (TM) debonding can be performed typically in a few minutes,

20 it has other limitations that can reduce device yield. Backside processes for temporarily bonded

device walers often involve working temperatures higher than 200°C or even 300°C. The

polymeric adhesives used for TM debonding must neither decompose nor soften excessively 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

25 temperature for debonding to occur. The high temperature required for debonding imposcs

significant stresses on the bonded pair as a result of thermal expansion. At the same time, the

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 wafcr 10 break or

produces damage within the microscopic circuitry of individual devices, which leads to device

30  failure and yicld loss.
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reg 59 n. In yet another embodiment, the invention provides an arlicle comprising a first substrate
having front and back surfaces. The front surface of the first substrate has a peripheral region
and a central region. The article further comprises an edge bond bonded to the peripheral region,
with the edge bond being absent from at least some of the central region so as to form a fill zone,

which includes a fill material therein.
30 In a further embodiment, the invention is directed towards an article comprising a

substrate having front and back surfaces. The front surface of the substrate has a peripheral



25l n yet anot her enbodi nent, the invention provides an article
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Fig. 31is a1F:<} Cc draw ng an alternative enbodi nent of
t hejg nviandrition, wiesigiwo af thapictasetcpaimvb@eartievirmdd as the fill |ayer;

Fig. 4 is a schematic drawi.ng.depicting a,further alternative. .
enbodi nent  dfigthe § Eﬁﬁ@‘r‘ﬂf‘?‘bﬂm%!‘fégr gepém'él_gg’ar?&e?‘_g&‘éer °q1§°dtﬁp?lﬁi°; &oF %\ﬁf%’(%lnt
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Fig. 4 is a schematic drawing depicting a further alternative embodiment of the invention
where a second layer is utilized adjacent the [ill layer;
15 Fig. 5 is a schematic drawing showing a possible commercial variation of the
embodiment of Fig. 4; and

Fig. 6 is a schematic drawing showing a further variation of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 Fig. 1 depicts one process by which the peripheral bonding of the present invention can
be carried oul. Referring 1o step (a) of Fig. 1, a precursor structure 10 is depicted in a schematic
and cross-sectional view. Structure 10 includes a first substrate 12. In this embodiment, first
substrate 12 is a device wafer. That is, substrate 12 has a front or device surface 14, a back
surface 16, and an outermost edge' 17. Although substrate 12 can be of any shape, it would
25  typically be circular in shape. Regardless of the shape, the front or device surlace 14 has a
peripheral region 18 and a central region 20.

Preferred first substrates 12 include device wafers whose device surfaces comprise arrays
of devices selected from the group consisting of integrated circuits, MEMS, microsensors, power
semiconductors, light-emitting diodes, photonic circuits, interposers, embedded passive devices,

30  and other microdevices fabricated on or from silicon and other semiconducting materials such

as silicon-germanium, gallium arsenide, and gallium nitride. The surfaces of thesc devices



enbodi nent of Fig. 4; and Fig. 6 is a schematic drawi ng show ng a
further variation of the present invention. DETAI LED DESCRI PTI ON OF
THE PREFERRBRodaBGEY MENTS 20 Fig. 1 depicts one proce®gThiszeniosiess he
peripheral bonding of the present invention can be carried out.
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Spillar $hin coated at speeds of from about 500 rpm to about 5,000 rpm for a time period of from about
15 60 seconds to about 120 seconds. The layer would then be baked near or above the boiling point
of the solvenl(s) present in the fill layer 22 (e.g., from about 80°C to about 250°C) for a time
period of from about 1 minute to about 15 minutes to reduce the residual solvent content in fill
layer 22 1o less than about 1% by weight.
Fill layer 22 is typically formed of a material comprising monomers, oligomers, and/or
20 polymers dispersed or dissolved in a solvent system. If the fill layer will be applied via spin
coating, it is preferred that the solids content of this material be from about 1% by weight to
about 50% by weight, more preferably from about 5% by weight to about 40% by weight, and
even more preferably from about 10% by weight to about 30% by weight. Examples of suitable
monomers, oligomers, and/or polymers include those selected from the group consisting of cyclic
25  olefin polymers and copolymers and amorphous fluoropolymers with high atomic fluorine
content (greater than about 30% by weight) such as fluorinated siloxane polymers, fluorinated
cthylene-propylenc copolymers, polymers with pendant perfluoroatkoxy groups, and copolymers
of tetrafluoroethylene and 2,2-bis-trifluoromethyl-4,5-difluoro-1,3-dioxole being particular
preferred. It will be appreciated that the bonding strength of these materials will depend upon

30  their specific chemical structures and the coating and baking conditions used to apply them.
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30 Low bonding strength refers to polymeric materials that do not stick or can be pecled

from a substrate with only light hand pressure such as might be used to debond an adhesive note
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bonding material, thus forming the edge bond 46. The edge bond 46 may also be applied via
capillary filling of void 44 or via chemical vapor deposition. In a further application process, a
liquid (100% solids or solution), edge bonding material can be spin-applied onto the edge of the
carrier or device wafer using an edge-wrapping baffle system before contacting the substrates 12
30  and 32. One such system is disclosed by Dalvi-Malhotra et al., "Use of silane-based primer on

silicon wafers to enhance adhesion of edge-protective coatings during wet etching: Application
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enbodi rm?ﬁ%SiW stepsppie seEnl eecinBR AT PRIYPANFURISICR abred Pr-operties. For

exanpl e, the, I t t

and/ or vacuum e %SI %ﬁ‘}’ o!rllle écglggégs%géd hods %?éw%%i%gﬁggthg&ggntﬁ%l%wg%oc
for up dmboabmamts vﬁlﬂ pmsmstaemm’oemﬂhigﬂy chasmbﬂe }brnpetl tésc IEnE@@mphaﬁng Gyefs will | |

| ayer 22 e bond, 46 ess,t han ab refer S5 than
woollt S cg b B g ny T BuT Aok afoRisg e o e

dried | A¥&rso280°@ios Gp RALEGSD abndte; r&ﬁﬁpﬁradﬂlwﬂ(ﬁ&oﬁﬁs dhpnde@f A RYEr 2359@:

preferably up to about 320C, and nore prefer abl/y t o about 300C
wi t houtedghleanddalef less thanabpilSifs p@&%hlﬂeﬁfghmbm@ av&wnmﬁre% ably ess

enbodi nt I r

ol ar SBfRrd e, BHS! R LRl ARG BE R B, AR DR IRRAS 02,
about 80&efably wbautbohb 300 1Citand mbrt I]xmfbrablgaqat fongpoot 3¢ °€5 atithonigchemical
The bond integrity of edge hond 46 intain even n
B A A R g R B TR i A A
thi Cknqj%scxgtgse@h)%btlal 1od Gan RenaiTEH88adéR) AN t&fpaRukiof JHRERE C for

(e.g., concentrated sulfuric acid) at roomtenperature for about 10
m nut esibount lisrmiauisasitboutedicing @.dissolvB®. wt . % KOH) at about 85C for

about 45 m g‘fjﬁﬁor&{?ﬁ&ngﬁ% 210k 98 -3, lﬁg.ﬁ&{é&exua&gaga%f]% @%iar:m ofan

be eval uate Fass carrier su rate an
obser vigage. tTat Bog@iddasge léltﬁldt%rlﬂwgb atifiekngbsag'ab@arl § uer cas bb sttmatr gedtio an

check for bubbles, voids, t he desired proc 1S .
cordd etaéahc Pidie (o st T TERGoR Lo Smeriat LreBogd] habipor ina
readi | d(@% 36 Bt Q}ﬂ?{ A hBduk 95“’@}?}1' hpt 4% RenReloshiRAREN4@inoSond
first sso 'th the a of a solvent or other chem cal agent.

Thi s cantcgietyacanbinlttghgdcagybq maéﬁdobv hying leglass|opwier subsiratgyand prigpllng
B o ¢ AP TR BT bR eI P R ARl R E o R SpMEs Vhige ERE

use of & eci esita SOl v
di ssol uti on (et dogred eisﬁhgds Sdlmm&ted fﬁest@dg&atbaﬁdmﬂﬁcorﬂcsbbmte&ﬁchat

could typically be used during this renoval proces i nc
305%8| edteaerdily spnaratesl. dn %Fpseeaﬁ%qrsm?th@d e cdehidnd4get A bdlbsei}é’& %‘gig%%ﬂe

N- et hyof aR¥ Erﬁlolr gﬁ’l@lechemlcal agent. This can be accomplished by immersion in the solvent, or
by spraying a jct of the solvent onto edge bond 46 in order to dissolve it. The usc of
thermoplastic materials is especially desirable if solvent dissolution is to be used to disrupt the
edge bond 46. Solvents that could typically be used during this removal process include those

30  selected from the group consisting of ethyl lactate, cyclohexanone, N-methyl pyrrolidone,

aliphatic solvents (e.g., hexane, decane, dodecane, and dodecene), and mixtures thereof.
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al i phatic solvents (e.g., hexane, decane, dodecane, and dodecene),
and m xtures thereof WD 2009/ 094558PCT/ US2009/ 031862 The

subst r at eswd3o@ndss3® can al so be separated by first neq:kg&msg@b/o;ylsﬁz
di srupting or destroying the continuity of the edge bond 46 usi ng
| aser abl ati on, gﬁ:{asma etching, water jetting, _or other h ener gy

t echni ques flhatsu lﬁ@étlﬁv@ﬁﬁze‘ﬁd@rﬁl%”r byEpaisdsy ff‘]ﬁbméﬁl‘&élcﬂ%h ISHPINg ©OF j g
|
aso s %egtgagil;]g; th%cogyﬁlzgne | vaP 15340 4k U£19£ﬁ&r59%1&991%sr99& ‘4@ \&%’Eerféttvm:/gh

t he edge ent nmeans. egar €SS 0
of the cabdxehigkamsgy &cluiic’qdes ﬂﬁdcff@atﬂfaty\ﬁtniwﬂrbmmmse ﬂaredge bandgt6, Iifis alger

t d t.h b dt t
P oS RS, ) B0 £a0, %0, 00, P LG, FRTRLC LY 4P BraEL

bondi ng..pRLBAdSangePAr ati on does not require having to over cone
strong ddhesi ve bonds between the fill | ayer 22 and the substrates 12
or 32. | nst &dardiees ¢ftwhich qfrﬁlneﬁbné@:@gzsﬁwﬂth@eé ellengechanicabigre §5-8-efBShds

at edge bond 46..in er to
occur . PIRSUEAPHE UE %I?g)p h@n §£ ?I#P lic gg %?’ %ﬁ@%&%ﬁb{s 2agu{rd?jr?s ed
cl ean V)Advlantagﬁ&ﬁlprmﬂt@hs@bﬂi@mﬁr&oﬁhﬁmgesmlﬁﬁl@,rsypstrmmmmyeotammeé@wnhgad)
mat eri al VWi |l e the above desc gsthe éngé %\C/)T g
pract i &V%OWHéll?fk“:é’élé?ﬁveiW%l?qt‘b?F“ ﬂtl%é’ r2@d§@ SH SIRIS ¢ Ahtq v astea
emgdi rTFgB;?w%ceEJlﬁJ b Y ERE ih@ theE% h&?ﬁ@ﬁmh Bo botnb 86 ARV rphadi et sLad

descri be frst substrate as a device wafer and second substrate
32 as al0darsepantisubsteut @he mfap@ ofHiscubstietspl 2pnrdéortIRaen thep &g ringe stepat e

12 is the carrie bstrate and second su is the device
waf er. W} Wpﬁféf“}pr‘i"{‘?sgf)g'ﬁ%té aS BECERATY IO P& 2 rg?fﬁﬁ%lgl%é%%lsubst rate 12 will
not be a dewykig BeifoRe Beschtkds ticirtiedry wethbd bﬁpractmafaﬁhcepreﬁutlha@ﬂmn}khso
surface 34 of second substrate 32 will pot be a c er. sur

|nst eadrsvidverab altangg cabodimenticd the pvertiogy F\%Pﬁ%m F>h ¢ abgye qnﬁgpﬁpm@gn

r}éppl clci;cr bk8 11%4? glfb%gi SQ oL L QEvibALAEr antdr%@&nﬁ @@bsﬂ@l\é'?@%s wah@lr Wbkihats. e

structure being formed during the subsequent
bo ndi ngs ske pcceptable thafEdiirdt lyelstmateel 2 i hiee @by eutsirhio ahdresrondl edeiratp 84 1y e
sequential application of he fi a d,ed e
same sUls¥ice 2pET1H th tAnsfagee) ‘§Bt Sélf#a? %%{% s ZDSET% ]gﬁgﬁ%‘ﬁ%? df\qfé erftag:

and edgg, peod xﬁl@bé chr+1ér%t1rf§déb$111<oa§1@fal;@34 andcdndeuitber32efill il te d cayreﬂr
22 and edge bond 46 to second 25 substrate 32. The fi rs; q yec
subst r atieface; butlinsteaderill be 2 gedeswafapen JB OHer VPHs-4ht Bl Bueiap g applic i

| h S i
rel gl anshl R HOdgh, feakyR0dh Y oRESRE Ui GRUACHHREH BRAKE bLifly Wrfied

e in so nbodi ments it Ts
pr ef er rcﬁﬂln&'ﬂ@sub%quédtbbnd]ﬁymp 22 does not form strong adhesi ve bonds
wth either device surf

CROAUSAETEE RS e SO I TAL S AR

does noltclyécr 95 M ElibOHShdABNE Bl ¥endRBStEateM 3. Mt is also suitable to apply one of fill ldyel 22

and edge bond 46 to first substrate 12, and the other of fill layer 22 and edge bond 46 to second

25  substrate 32. The first and second substrates could then be pressed together in a face-to-face
relationship under heat and/or pressure as described above in order to bond the two.

Finally, whilc in some embodiments it is preferred that the fill layer 22 does not form

strong adhesive bonds with either device surface 14 or carrier surface 34, in other embodiments

it may be desirable to formulate fill layer 22 so that it does not form strong adhesive bonds with

30  only one of device surface 14 or carrier surface 34.
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30only one of device surface 14 or carrier surface 34.

Referring to Fig. 2, another alternative enbodi nent of the present
i nventi on wa6@pbesed, With |ike parts being nunbered agTius2d0bg31862.
As illustrated in this figure the substrates 12 and 32, fill |ayer

22, and edg ond 46 a d of. the sane erla as describe
Sbova i t o Retgmu ot By o TGy u gt T RN BT BF BESEL P 1 e e
al ter ecivnth-rlhétpal@ b01f1§f11§f15é1élﬂast19 F§1t €P AlGilstfed  fhisigure, tHeRQbRARGI1DENOT
sealing material used to forme ge bond 46 is applled to void 44

al ter 2ppfiil baei Th and edgel Hongl é?@re pugstaf tb@w@‘reenddmla@& qoseribstl abeseotidh

substrate )

al so t ﬁ%mﬁcﬁ%wﬁ Pﬁx‘feﬁ’tthél% Iior%e\esrslt ofﬁ\%be& %%eﬁe{ai rs’Eit Heringt éA%ﬁe’gﬁoul d
be- the mgarzr tlﬂi’boﬁ&hﬁbf &dating@ A icsieCwsad tcsﬁliﬂﬁlterdg.é Bor8124&:1@la13pheheo tvbﬂ Heaticc e
waf er. ain, in this instance, fraont 10 sgrfac Y

substr aap icpponpfi fill layir 2B Butheffg somacking ¢lzeeon sehstrfﬂaé%@?t wllﬂ?yeb%z (ghown
carri er, ﬁgléﬁcfﬁ? Al so, surface 34 of second substrate 32 will not be
a carrl er ace, but instead will be a device surface. This

al ternative Aammam]g@tle nase wgthytlar anibodineank §f Fight aﬁlﬁbﬁgbﬁmge Beouldde thetearrier

First Sbuprad HoaRya: bhrhudbe ol R W il

coyhd tsheneha Jprey serdatk 02 3R aBithelSERicehe: (468, Wud ralﬂiblﬂ ddl&ibdﬁ;‘varﬁ& soether
to 15the structure and subject the stack to further processi ng Thus,

an adhedsueufasady oﬁ%@rz@ndewubmtﬁ B Wi navbe q apies syrfice.hyt pged illbepglevice
added (o]0] ven| ne r Lo |

s SHNRLBAY By B T PRI LIRS0 S RBR ey Bl 1
ag ain \&h(ﬁ\hn Ini sk@ (mwm%g izmgu]kiéb fipriaatediwith first ulbetl apaiit being providedsas a carrier

enbodi ment, fill la p ed a .adh

to firdal “srugétbr%ﬂ’@“% 'é"r“ii’?é’é‘f‘” %tgg'éﬁl? Sel ‘6?1 gé ({ﬁﬁl‘ RS
NeGESSafyy stlfugﬁué eﬁ'ﬁ 5819 e R koM hPfurtHBt f;ﬁédeé?dmé q hﬂﬂ ahbéhebiRer&da Ea&n&OwMQdi ds
between the fill layer 22 and the ont surface 14 (see ste

Fig. 3)be avaﬂableacmhnamdausrelsfopadéefé:mnvmuertcnéllabwwmoa%élng ﬁfﬁbﬁafo’(fg e gndl usef
circular) or, ani cal Abin 8 1ik
appropri at el yg Q%%c Xﬁ&ﬁ%g%eﬁeg? 2@4 bl%getn(kj?@gﬁgosig £IBov1e1 1 e
bondi ngmﬁfbezsxe@lbdlmsa@f@mkapms idthisenfoodimeat) G lpona? n@rmsdedpph ﬂeeldnat@
void 44 alter application of thelgmnate used, to formfill 22

and beflbtds adhsredde iliny sybstaissogar RhIFFSSNS 285/ VAHYM 13 nef“%sﬁ%? the

(s I&@Wn éJaH cﬁfa@@a(egél)to ensure ther®8reWRS/oflls $Orwelethe A8 ayel 2 aridhie: mﬂa@dme nd s
i first substrate 12 could be the carrier wafer and

second (sebssdpr @)ef 32g.Soul 1dhe benmh@ gl pxer b tondie ppropgiaie haper{cghiceular) or

i nst ance, fro surf firs I ce

surfac énecbﬂﬂmar[ lﬂ@fne&f‘ﬁ? %?hgréf;? ﬁlgftﬂggéér%ta}zfl%d \!Oéﬁr gggbeg%gég 4

second ;gubstds@d fr09¢ Whé bod’d@ig drechingandidrtat usdnd fom, edgerbondvt ieapplied|th
be a device 30surface. As was the cadse w th the eano |n?nt of
this alvwid #htiterplietpgyehihstlapigate used to form fill layer 227and b

25  second substrate 32 with fill layer 22 (shown in step (C)).

Fig. .2,
efore contaclmg of

As was also the case with the embodiments of Figs. 1 and 2, first substrate 12 could be
the carrier wafer and second substrate 32 could be the device waler. Again, in this instance, front
surface 14 of first substrate 12 will not be a device surface, but rather will be a carrier surface.
Also, surface 34 of second substrate 32 will not be a carrier surface, but instead will be a device

30 surface. As was the case with the embodiment of Fig. 2, this alternative arrangement is

particularly advantageous because the structure 10 shown in step (B) of Fig. 3 could be fabricated
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particul arly advant ageous because the structure 10 shown in step (B)
of Fig. 3 could be fabricated WD) 2009/094558PCT/ 1JS2009/ 031862 with
first subswpab®oiisbei ng provided as a carrier substr ateer/UBRI0S/031862
structure could then be provided to an end user who woul d bond a

device wafer to the structure and subject the stack to fLH
pr oces stifyiTstaubsiratcHabeiap providad ﬁ%ﬁéa@%wﬁﬁﬁ%ﬁtm%sﬁagﬁie&%‘d °R ?P&j"ldﬁd

with | Itg?eal%%t%{ hffé'(? wRld n&'§ Qdid; {V&B%Rﬁ&éﬁlﬂkfﬂ@&rﬂ% 0§ct e Shekus iRy 48

is depic ure iIssimlar to structure shown in step
(d) of proegssidg.(and is si mIarIy formed) except that structure 48

Strength | sl GichieReus et PP EBIGT R banD: Meqpry el SAEElets

agent) 3RRlitede bard aChthichal 3 BABRERE! Sivuckirt @8 ishanikstcdaneturot hebwn in

processing. The use of the anti-stick coati nq | essens the requirenent
¢

for t hestdpl (H) ofi Fag: S (anPistsmifaslyrforamrsh oxepicRalgragleng 44 dHesT 6AMATLEE F EFFGY
interf th t fi : = ad
6}! fﬁ(‘) Ihaée hﬁ) can 5?5 agf adh&$i% %{9?@6 r eng%%% Ali-sidk ating (es%,'?r?c;l@

of bei orm o ow a | ayer, |ayer é
t o scalglagapd) gbhhal todpuilise mépawmoalaﬁa tarksideer bthamrowmfl@cﬂleme ofthe he

first substrate 12 that_ has been f ed t
piar rranew%tl -sHecosting ssepy thereguif ot ﬁ)&ﬁﬁﬁ@%}*ﬁ%’%ﬁ‘é "?';?é‘P“tsﬁ“k fi Ka“h“?mﬁ
”at %“ as'tre%@gmﬂ%{ia%w E&ﬁ@@&qecaﬁagﬁbsmuz &afi. ons may incl ude f or

emcal treatment of 15 a silicon surface wt
hydr ophobl c mqamﬁmln@m@@gmo&éow adlfigsiye segnatdgyer.daventfnpido gcaIC) could

perfluoroal kyltrichloro ane

reduce E’t*cosre@y?ef]ﬁ@’ear?zf%ré &ﬁé’Pt u}igcc ﬁ(é%&gﬁ{ﬁ%@gﬁ%g%&%%g@fﬁe%nﬁca(i)lv a
| ow surfa6ged tﬁ%ﬁtaﬁﬂﬂi&ﬁia&@ﬁlﬁdnﬂ@wk gur@ice lafbron b suréiice thyq:lao yhehedillonaterial
paryl enc AF4) onto the carrier to create aRE)er ma

surfacecanﬂm@tl(aw%abﬂnég§ll@¥m?41ﬁ%atlﬁbﬂﬁ%’€ﬁ]“fk’s MIRER d??‘TemIWé; 1F‘§V§?t(0§.)
can Jbe select ¢ tgﬁ%rwﬂﬂya S0aBLN 3N %Fga%suaﬁ@e@m h€% &mo%)alkﬁosxiane (e-g.

t hi cknesg soI u st abi | ot her than providing a
non- st i ;;ekﬂwmaqummmm) sta éhgtdjalkﬂtpé\psmeammdqca &s Wb (I5f energien
a surface nodification is,.carr

gener al‘l‘}(! raeTgigal Ror B‘ést‘md’f()f?:l Wué%‘%é ﬁrée%%er%? &Iﬁﬂggﬁ Cf[guohﬁﬁi@dpzéﬂcﬂ!s' !

Fi nal | y,, 5 1@%@‘4})&@%@&71& L’()Q)/éa&(if}ﬁﬁhatﬁnﬁioh%ng{s}mrfbeajé"ﬂxeedvaatagwofthme
nmodi ficati

on, layer 50 could al so represent a second (?fo gr‘?‘?{ﬁ
I ayer ap@y?eph 50thaloill: dillyeg @Y‘b’@ yhRpe é‘éﬁ‘tt?qwé’l SBY SpPRigats ¢hIg & (érgdup
of cyelic | & P AhediO¥btrengtl
e S L P e e ‘F?F.g"éd
or to t1|ﬂ%rffaté wlmtlh ayetibsBdtel rwml ecdmrfattc hedifontion ét Garriad quay@th%m@ée lgver

al so be a permanent an uch, a or opol ynmer coating
(e.g., thodkscsepiy bher et° g ?E?L}tiﬁ‘(l}so%ogt&wgnt) When | ayer 50
is a low adhﬁﬁwema%&ﬁn%iﬂowamesd@sf@hgmngyeﬂcsapmﬁoembiryampwmo
(e.g., via spin-ctoating) at a thi ckness of at | east aIbout 0.5 Cnécte%n

30nor e qnéf dsatebiesént arreed polymegigmlaysr- AlAyek 50_|_@)u51 bg a polymer coatmg s
25 from the group consisting of cyclic olefin polymers and copolymers having low adhesion strength
to the substrate 12 or 32 onto which it is applied or to the fill layer 22 in which it is contact, or
Jayer 50 could also be a permanent anti-stick layer such as a fluoropolymer coating (c.g., those
sold under the name Teflon® by DuPont). When layer 50 is a low adhesive strength polymer
layer, it is preferably applicd (e.g., via spin coating) ata thickness of at least about 0.5 um, and

30 more preferably from about I um to about 10 um.
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WO 2009/ 094558PCT1US20091031862 The use of a pol yner coating as
| ayer 50 allows for custom zation benefits to the end user. For
exanpl e, Ivapesosddsepul d form a non-stick or | ow adhesi veTast@mngiigs?
interface with first substrate 12 to facilitate easy separation of
that substr %@ué&%?&)é n?ﬁeﬁ:g&ﬁlgl&@ﬁ?a%@aﬁ@% fBEQBoR 2keRbkfifs iRy ad waki | e
fill layer I'r bonded t0 second substrate 32. The advant age
of thi Fob exomfle, glayeatﬁomuldsfotma;t narhgickjar [low aylesive Bteagih frenfase yvith{ie
(up to seve d mcron n e r

(i Ssol T A SR R BB U B E CaRE e g Xng BBhbecn broken

non- st igg kerffvell Qi3 gMascY 22 Sl firdihgbéhded tesct @tEsubbitdne 3heTHei adsint@abﬁtmsat e
12, or the roles of the |ayers could be reversed. The %H I|c n of

t he S| aybenﬁfsmdlmds it the fill javer 22capdp vy diick Qwde sFrerahiymdrginierp yand Can
substr at Ra% abskiol dMévh
one of %t ﬁké %%é g ﬁ%&fonﬁagg}{ﬁ %{es? 3 ﬁ‘g Mv&gﬁ%ﬁ%gﬁgbﬁﬁﬁgéﬁﬁst rate, and t hen
pl aced dﬁ]ﬁsﬁrc@@eﬁgﬁciﬁnﬂﬂ&itd&wﬁmﬁe firsotubgirate 12 or the ﬂéegaf &k bgers ofuld h@e}@.’y@r

50 util d, it sh it h
P | Aperopistivnee e FiBr D T dRs g Bt Stai T - BRI
and W oWk %@y, %y%n B Qafed 804415, wifkSonsas (rliSerstd0er a2 siest platddl drhmeh

enbodi nents previ ously di scussed, the substrates 12 and 15 32 coul d
be l0evenbwadtes and thert Plﬂfiqumofxglﬁgfttﬂ"a@’é)“ﬁn%‘éﬂ d be the carrier substrate

and second f %g:bs Eilres Efthezla% % ﬂut?/%d N8B0 o FRNREETith, @‘ﬁ?dl% inl 4} r&af&t with

i nst ance, Yace r'st”su strate 12 W'l'T not be a device
sur f aceill Rr Zzach&hcmeté, itoald baseleeed mumhansformlysod V&shhplﬁta@edsm ogfer
second substrate 32 will not be a carrier surface, but instead wll
be a delgfes®- surface. This alternative arrangement woul d again be

advant ageous, Recausend fige wih He b8 diBnShHeMibush diicgssed tigolubslras 12 and
fabricated wth 20 first substrate 12 bei ng provided as a carrier

wafiar . 3Phislddt ravetsed @ o dird subiseale b%WpPId\E?P degarigr ahsterpngd seendf P syel d
oo BE B patt Sl B Sl T e PSRRI T

process% IITEI’] s, an adhesi ve-ready

carri erno\ﬂleélé gevin® saiddel B kahdr ovill bea einderysidicef alsoamidfock Honfvenneéndsirate
elimnati ng processing steps for t

mhodi
of the 32w rmpihmcws“wd%fae% o ipsteagy "gﬁl’%ﬁn(%l"f?%g‘frﬁ@e hﬁ %{]H%Hie’ear%é‘gemp"t‘

structure S 48'%HWRin g f5icg 1d5ﬁfe&>¥1@ﬁaﬂwﬁhat
structurekg%gdllrﬁf Ad% epésgoseéilﬁgg{cggﬁcéﬁﬁz and Iglye% 50u In th

entzdi nmetts,ubﬂtabslzw:irg fevidelas@ cpirief 'efﬁfabl vllmrliaw@caqquldéklershm%i;%)Yléﬁde‘Oé'ﬁc h

as those descr bed Thi.s st d
user WEAE H ?Cﬁg%]dl g dgdcy W&%F ?I er Sstugtld[ {?ggglggg‘%qg%g%ﬁ?ce

vaf er dypldigdnd rﬂﬁﬁ% - pré:hcﬂ.ﬂ|eln}50dﬁﬂ&ﬂtsmteﬁh¢sa}es cu]yedrrteowbldd tre fivdilable
| ayer 22, edgeé bond 46, and | ayer 50 have bee

to the end user for added convenience, eliminating processmg steps for the end user.

A further embodiment of the invention is depicted in Fig. 6. In this embodiment,

95 struclure 52 is similar to structure 48’ shown in Fig. 5, except that structure 52 only comprises

substrate 12 and layer 50. In this embodiment, substrate 12 would preferably be a carrier

substrate such as those described above. This structure could be provided to an cnd user who
would then use it as a carrier substrate to support a device wafer during processing.

Finally, the materials used to form fill layer 22, edge bond 46, and layer 50 have been

30 described above. It will be appreciated that the mechanism for hardening or curing these

materials can be readily selected and adjusted by those of ordinary skill in the art. For example,
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30descri bed above. It will be appreciated that the nechani smfor
hardeni ng or curing these materials can be readily selected and

adj ust ed byotbwsesse§ ordinary skill in the art. For exaoplus20090¥D862
2009/ 094558PCT/ US2009/ 031862 i n sone enbodi nents, it nmay be desirable
to use iasomonemshidiments dmpydk tesnable oy uS@aSlDMUmgS@mpW!h@l fonedsigr dissolving

renoval, and cl eani r.ocesses a . .

A o M A T L
aver ageofphafshsaiypially h:'fawﬂf; aaﬁlelFlﬂaiﬁkrangtlﬂecﬁlae@ﬁlg]th an &ast ernesi 5.000r
rosin-typé conpositions (typically having a weight average | ecul ar

wei ght Badtons)etssint trapsinbos compadoniayrieHy aVlWﬁﬁWu?fé%e g lequlpr weight

f or egoi ul d, be Edm%gb AL Suitabl

t he g?%s‘“%n ab(f ersi%gptlﬁ%l%%’e?lngle]}”ftgreggﬁﬁl?z& ¢ an ’ﬂgs a lgoe osition
t hat cur es gk oﬁ:}[e@&&ihoﬂﬂmtsup(]ﬂelh@adﬁmm mataiatl iz lxeb@tzt gditedT Ian@ ﬂMU#d
require the use of a cross i

L h sy SOBISHoRBRICUES OLCIEP UL oY HAURE RN CE ST n g 2P R GRS ber

embodi rﬁ%ao%hﬂ@ﬁ% ggéh][[ ahh SoSXSHEM R yRen PcesysRAR Rell Tk Stepaullistiuce
require the use o ree-radical phot oi nitiator or photogenerated

cat al ystosshnltihe system as well as a step (e.g., exposure to UV |ight)
t0|nducecrin. This, system | pees
in Yhat it ﬁﬁetgré"ﬂéebﬁlfl})%%mgm %Fﬁlfg)é%qg%ﬁfggcs coﬁ%tﬁ gtgrlagfr% ﬂﬂ (r)lﬁe]giiqgary.
It wil |th@@sc%@@'ﬁ%@-‘r‘ﬁﬁcﬂﬂpﬂdﬂ(ﬁhﬂahﬁﬁo@ﬂ@u@ememm}ﬁed1th@syﬁalatmraswﬂes astep

nunber of integrated 15 m crodevices, glﬁnl udi ng) t hose sg ected from
the grdag.copesizy iorlgV drhgite jindkiqe pdngy SRFSEIRRRETETeS FB AR, agcé%r?%ound

Semgconl%é{%c%{ ARLABY AR 05 1008 s&fds%%ﬁ%ﬁ% Fas&dsuy.devi ces

(e ors, capacitors, I1nductors M5 devi ces,” m crosensors,
photoni ¢ ci Mcuilt b@leppmmﬁe;d thlaglht: aberyet ttanrbg uged el brigiécn DWﬂPFég’érﬁ‘@ﬁ%r‘“e

d d pl b 1l .ch
onelor Hisraekes pev BRgKer i aUP R haD Blufingot fhFRAEERAEhib R

EXAMPL Erﬁvrces, compound semiconductor-based dcwces, arrays of embedded passive devices (e.g.
resistors, capacitors, inductors), MEMS devices, microsensors, photonic circuit devices, light
emitting diodes, heat management devices, and planar packaging substrates (¢.g., interposers) to

which one or more of the foregoing devices has been or will be attached.

20

EXAMPLLES
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

25 nothing therein should be taken as a limitation upon the overall scope of the invention.
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The following exanples set forth preferred nethods in accordance with
the invention. It is to be understood, however, that these exanples
are provi ded 2mg/omsys of illustration and 25not hi ng t her ecwustmoubaisde
taken as a limtation upon the overall scope of the invention. WO
2009/ 094558PCT1US20091031862 Exanpkamndle Edge Surface Adhesively Bonded
and Center Surface Chenicallé Modi fied An_epoxy-based photoresi st
(SU-8 2002, M crochem N&fgopuriagpysdigsivedi BYKKdae! ont o 5t he surface of

a 100-nmm si | i con waf er (v%gﬁglégﬁﬁgc%égk fYhgsqaiggdoge to coat a section

of the wafer surface that was a mnde A fluorinated sil ane
((hept adec aﬁ%u@bwbzﬂscdp}%ttﬂ‘eﬂﬂ(SWS)ZﬂﬁhMclybbljem Ne&vthcbm?\/lf@lwaadrépenﬂﬁhomo

diluted to a 1% solutio u5|n EC- 40 vent erf

pri far ithesugsiee O%aollo(g -THRgEicoR P'f’é'l é‘ﬁzéfeﬁ:]l)&g{lﬁe Hgttcfé E5% %ﬁu eEFC 1':r"%)m bjﬁ\ﬁawﬁ'
sol uti QpMARS 18R Rvas0abRe 93t Onhheyigdlr f age flpbrivkeddersildne T(r@l&:pwé@ﬁudrowas
baked on a hotplate 10 at 100C for 1 minute. It was rinsed with

FC 40 sl %@nttrahpdradesp!) rricldencsitanghwap diveted 2 2 100 eolpben yHng JHr4Y sivant 1
rsnplmrjlt g (58?@&\0%'%8%??{55 \E‘/ﬁ%BH%%r r%m %Edd\{\@i tﬁé@ﬁ‘feﬁFlHﬁ&g{ 9&%59&@01&1@1@)

e ud?reate fromt uor I nat ed si | ane

sol uti Ome solution wl‘i'l@nrswafea%toaﬁe anfatherwaFaQ- il svalfdr d oras halfedron @umfpdate 2)
was coated with a bondi ng conposjtion (Waf rBCND(r HT10 %P, o
availl apt 80 Cdar Bravwes: Tevisshe \pﬁ}él"c 4@51)1|v%pt IWIQ/?O& eg ?ﬂdﬁbake dt 100°C for

an additional 1 minute. The epoxy-based photorcsist was removed using acetone in aspin coater,
lcaving the edge untreated from the fluorinated silane solution.

The surface of another 100-mm silicon wafer (wafer 2) was coated with a bonding

composition (WaferBOND® HT10.10, available from Brewer Science Inc., Rolla, MO) via spin

15  coaling. This wafer was baked at 110°C for 2 minutes followed by 160°C for 2 minutes. The

coated walers were bonded in a face-to-face relationship under vacuum at 220°C for 3 minutes

in a heated vacuum and pressure chamber. They were debonded by inserting a razor blade at the

edge between the two wafers. After the separation, only a 3-5 mm wide ring of the bonding

composition coating transferred to the edge of wafer 1, while the rest of coating remained on

90  wafer 2. Either wafer in this example could be considered the device wafer or the carrier wafer.

Example 2
Edge Surface Adhesively Bonded,
Center Surface Chemically Modified, and

25 Debonding Using Solvent Jet at Edge with Wedge
An epoxy-based photoresist was dispensed onto the surface of a 200-mm silicon wafer
(wafer 1) at the outer edge to coat a section of the wafer surface that was about 3-5 mm wide.
A fluorinated silane ((heptadecafluoro-1,1,2,2-tetrahydradecyl) trichlorosilane) was dilutedto a
1% solution using FC-40 solvent. The solution was spin coated onto the surface of wafer 1. The
30  wafer 1 was baked on a hotplate at 100°C for 1 minute. It was rinsed with FC-40 solventin a

spin coater and baked at 100°C for an additional I minute. The epoxy-based photoresist was
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15 coati ng. . This wafer was baked at 110C for 2 mnutes foll owed by
160C for 2 mnutes. The coated wafers were bonded in a face-to-face

rel ati onshyp 20R@efssyacuum at 220C for 3 mnutes in a h
PArAH2008/631847
and pressure chanber. They were debonded by inserting a razor bl ade

at t_he edgVe t{gt\g\,ga t . Aft e ' =5
S e L T p e
edge ofsol@ber 1, while the rest of coating remai ned on 20 wafer

. . 2
Either wafer_in this exanple coul d be_ consi d th ' '
the carrier Thaf @IfacExﬁf(mﬂ“@thEr I@g)g'émgu?]lhé‘&‘bs‘k ﬁ‘ég(i“@ Szgg‘?‘n\%gg??&%%%gr
Sur f ac %f%@@é@fﬁb L1 R0 bbiGich coipdsiae PR OR e cAginkSTRE waRt Weiliakd®dt 1a6°C
Edge with W\edge An epoxy-based photoresist was di spensed onto the
sur Bacdon? nan@2eandrl 61°0 ol mitiss. (hafcepted wafers wae koudet ingyfeciiacdpat

a section.of the wafer surface th \ t 3= 5 \

1 uor | AAREASLPrR ST g EL R A8 22 R el T R Ao and

t ri cht gi@girk aRGhbMASIIH lbfeROwire dabdiifed bl ulispomsings daigede; 40 ssbkweint the

The solution was spin coat ed ontoc{he surface of wafer. 1. The 30..

vaf er IWok GAREITON 1 st b G BPond yef &5 poTve B AoLes

wth FC 4 iJs i

PSRty St Pl Dokt Sty sl Bkt ae st

10 After the solvent dissolved the material to approximately 0.5-1mm from the edge, a sharpened

round disk was inserted at the edge between the wafers while they were still spinning, This
caused the bonding composition to fail at the cdge, and the wafers were separated. After the
separation, only a 3-5mm wide ring of the IIT10.10 coating transferred to the edge of wafer 1,
while the rest of coating remained on wafer 2. Either wafer in this example could be considered

15  the device wafer or the carrier wafer.

Example 3
Edge Surface Adhesively Bonded and
Center Surface Coated with Release Material
20 A negative epoxy-based photoresist (sold under the name SU-8 2010, obtained from
MicroChem) was spin coated onto the surface of a 100-mm glass wafer. The wafer was baked
at 110°C for 2 minutes. A Teflon® AF solution (Teflon® AF2400 in FC-40, obtained from
DuPont) was spin coated over the SU-8 2010. Then, FC-40 solvent was dispensed onto the
surface of the wafer at the outer edge to remove about a 3-5 mm wide section of the Teflon® AF
25  coating from the wafer surface. The waler was baked at 110°C for 2 minutes. The wafer was
honded in a face-to-face relationship with a blank, 100-mm silicon wafer under vacuumni at 120°C
for 3 minutes in a heated vacuum & pressure chamber. The bonded wafers were exposed to
broadband UV light from the outer side of the glass wafer. The exposcd wafers were baked at
120°C for 2 minutes to crosslink the SU-8 2010 coating. They werc debonded by inserling a

10 razor blade at the edge between the two wafers. After separation, the silicon waler had only a
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WO 2009/ 094558PCM) S2009/ 031862 renpved using acetone in a spin
go?t;e_r, | eavi ng tﬂr;e edge untreated fromthe fluorinated sil ane

ol ution. wo 2009/09438s surface of another 200-mm silicon wafrars2dovaies: 2
was coated with Wafer BOND HT10. 10 bondi ng conposition via sp(i(n )
coat i NQingldfintatetidl erihyvasedBE atn,athilb 1R &ad or mBterainmnger ianlk &6BC Eidirer 2

m nutes. The coated wafers were bonded in a face-to-f [ [
g ot T SOV
vacuum and pressure chanber. The wafers were debonded by di spensing
dodecene, the solvent in the Waf erBONDe HT10.10, directly at the edge
of the bonded wafers to dissolve tBrxemplerddi ng conposition while

spinning the wafers to e e jtfhce e evcftB;[an% bopded wafers to the
S el ThBoREe

sol vent. 10After the sol erial to approximately

0.5-1nu-n fromthe edugyerBushas Fevedd watindhdiiskPrwamidrnserted at the
edge between the wafers while they were still spin iq This caused
t he bondij ng f‘]t:@hp@@lwl”}’dﬂ*ie eqpofyaner waf PreRred gy 81st ggng HE‘ gﬂ‘?‘é’ﬁng IRiFpate @
separated. After.th [Welp < OF ' i Ge- sidy
P T e e e e e
coat i NgmétaaRyIaethnd9. pdfelicuthy! frrdtide. Nexf,d#30.gg ofi-butenchwps aldedigladeastor

consi dered 15t he devi, f i
Sor Rhcemadsaisd ol b5 BoRden tary Sisrererigeritn (8 fon BTt olrgtha
Mat er 10&%9e§hz96&%h§/@arﬁ&%wf&a§ceﬂo@b@tt OBESts yielsobiticormrederyldth eoprdmeer

SU-8 2 talned from M croChem was spin coated onto the s
' _ \ urface
of a 10@lutimikessapatent solibsofRBHE: was baked at 110C for 2 minutes. A

Tefl on' AF | ution cfeflon(r 4 i i
. . - 7 f 9 | r t
was spin coz]tqrﬁamB\’Q/lé?lelt FrautEy %352@ T%?O(%%Qedglfd:@&%glgacg(ﬁf \6;\' eI%qr\}\gsﬂgo meé
ont o t heysur 1 aa@eol -vub@oMahedisghsddnmnto tteeurfecgd tho wetsmal the s3BnEdeE 8- 5
mm wi de section of the Teflon AfF » . i
15  remove about a 3-5 mm wide section of the silicone acrylate copolymer coating from the wafer
surface. The wafer was baked on a hotplate at 110°C for 2 minutes. The surface of another
100-mm silicon wafer (wafer 2) was coated with Brewer Science's WaferBOND® HT10.10 wafer
bonding composition via spin coating. This wafer was then baked at 110°C for 2 minutes and
160°C for 2 minutes. The coated wafers were bonded in a face-to-face relationship with one
20  another under vacuum at 220°C for 3 minutes in a heated vacuum and pressure chamber. They
were debonded by inserting a razor blade at the edge between the two wafers. After the
separation, only a 3-5 mm wide ring of the HT 10.10 coating remained on the edge of water 2,

while the rest of coating was cleanly transferred to wafer 1. Either wafer in this example could

be considered the device wafer or the carrier wafer.

25
Example 5
Edge Surface Adhesively Bonded and
Center Surface Filled with Matcrial
Having Low Adhesion to Either Substratc
30 The Tellon® AF solution used in Example 3 was spin coated onto the surface of a

100-mm silicon wafer (wafer 1). Next, FC-40 solvent was dispensed onto the surface of the
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25 coating fromthe wafer surface. The wafer was baked at 110C for 2
m nutes. The wafer was bonded in a face-to-face relationship with a
bl ank, 100yvom®iobiseon waf er under vacuum at 120C for 3Ppoirust@s/oiige2a
heat ed vacuum & pressure chanber. The bonded wafers were exposed to

br oadbang WY elgh e&%@@}eﬁﬁb‘%e bR 35 MR afic §RBobaBSTHRNE AF chhtng from
exposed wafers were baked at 120C for 2 mnutes to_crossljink the SU- 8

2010 cah¢ walyr siFfesy. Rhe wakte bienbeked By 1 1056pr ? mnues3Obhgcdee ol the &ralf Yofe

edge bet n. t . Aaf | : S L omad
onty & o0 200 SO AEBERA agbbbitteAERBN b ARt QR MR OR LB T
3-5 M ey diehdebethwadee Thewat ivas bandadsfefece-to-fadeaclogomsbip. with & blevk,
wafer in this exanple could be considerggﬁigg devi ce. feg or. the 4
car S erl OReamesilicER Sifr EvaeBageer SAFPELY 2 9 SHPUEHIR ANFUSH §ACER RS
Surf ace rggsurg%ﬁélglger.vw‘lgéﬂ\zv@gﬁ Sk bR RABY Rerting a razdh b¥dde bGROCIAGEMAE fic
copolyﬁ%r was prepared by first mxing the %ollownng to prepare a_ _
MONONErtwsolaftrs. 0N fie6R4argti@f, wakt Bded yhlyeying of He bonding material on the outer 3-3

tris(tris-nethylsiloxy)silane; 6 g of alyeil ) r X

0. 6 oPmAMRURYISDET BT ERE TA AEop Y pafE R ke 5ed s
r eact or. 104808 1hertes wher dd@EcirAeongehour . The nononer sol ution was
dr op- added over 4 hours, and polynerization was carried out for 20
hours at 116C to yield a silicone acryl ate copol yner sol ution having
a percent solids of 40.4% The copol yner solution was spin
coated onto the surface of a 100-mmsilicon wafer (wafer 1). Then

1- butanol was di spensed onto the surface of the wafer at the outer
edge to 15 renove about a 3-5 mm w de section of the silicone

acryl ate copolynmer coating fromthe wafer surface. The wafer was
baked on a hotplate at 110C for 2 mnutes. The surface of another
100-mm silicon wafer (wafer 2) was coated with Brewer Science's

Waf er BOND(r) HT 10. 10 waf er bondi ng composition via spin coating.
This wafer was then baked at 110C for 2 mnutes and 160C for 2

m nutes. The coated wafers were bonded in a face-to-face relationship
wi th one 20 anot her under vacuum at 220C for 3 mnutes in a heated
vacuum and pressure chanber. They were debonded by inserting a razor
bl ade at the edge between the two wafers. After the separation, only
a 3-5 nmwde ring of the 1-1110.10 coating remai ned on the edge of
wafer 2, while the rest of coating was cleanly transferred to wafer
1. Either wafer in this exanple could be considered the device wafer
or the carrier wafer.
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25 Exanple 5 Edge Surface Adhesively Bonded and Center Surface Filled
wi th Material Having Low Adhesion to Either Substrate 30The Tefl on(r)
AF sol ution used in Exanple 3 was spin coated onto the surface of a
100-mm silicon wafer (wafer 1). Next, FC 40 solvent was dispensed
onto the surface of the WD 2009/ 094558PCT/ US2009/ 031862 wafer at the
outer edge to renove about a 3-5 mm w de section of the Teflon(r) AF
coating fromthe wafer surface. The wafer was baked at 110C for 2

m nutes. The edge of the wafer was coated w th Waf er BOND(r) HT10. 10
bondi ng conposition via spin coating, with the material only being

di spensed at the edge. The wafer was bonded in a face-to-face
relationship with a blank, 5 100-mm siljcon wafer (wafer 2) under
vacuum at 220C for 2 nminutes in a heat edPdcuum and pressure chamber
The wafers were debonded by inserting a razor blade at the edge
between the two wafers. After separation, wafer 2 had only a ring of

t he bondi ng fat erd SMAIFCY HafehbRrdme MethqdtPMBRSNG t here was no materi al
transfer in pleida@ntstick céehpritaly: Waf er in this exanple could be

consi dered the device wafer or the carrier wafer, ains, i

a first substrate having a back surface and a device surface, said device surface
having a peripheral region and a central region;

a second substrate having a carrier surface; and

an edge bond bonded to said peripheral region and to said carrier surface, said
edge bond being absent from said central region so as to form a fill zone;
and

a fill material in said fill zone, said fill material having an adhesion strength of

less than 50 psig;

separating said first and second substrates.

2. 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;
and microdevices fabricated on or from silicon, silicon-germanium, gallium arsenide, and

gallium nitride.

3. 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.

4. 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

silicides.
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1. A tenporary wafer bonding nethod conprising: providing a stack
conprising: a first substrate having a back surface and a device
surface, said device surface having a peripheral region and a central
region; a second substrate having a carrier surface; and an edge bond
bonded to said peripheral region and to said carrier surface, said
edge bond being absent fromsaid central region so as to forma fil

zone; and a fill material in said fill zone, said fill nateri al
havi ng an adhesion strength of |ess than 50 psig; separating said
first and second substrates. 2. The nethod of claim|, wherein

sai d device surface conprises an array of devices selected fromthe
group consisting of integrated circuits; MEMS, m crosensors; power
sem conductors; light-emtting diodes; photonic circuits;

i nterposers;s errbe'ﬂdeldetpads of vhinddyivdesin and fiti onedavpreestsfalirst catiad ion
glr t T, Ir grenccsmtact with Sgl% c?h-ceg') nﬁ‘éf?ﬁ%;% Oangﬁ sg%ogg r%urfac%w%génz%g det |58‘%8‘é'g% 8Jrl’ace said
subst r atfigl me0erfal bdgsa anifoah @fateadal S@h eaid Eckt furfate foheidge@upsiefnsi sting of
silicon, sapphire, quartz, netal, glass, and ceramics. 4. The
met hod of claiml, said device surface conprising at |east one
structure seé. ect erhef a@mdd feclgmOlL PyHeans bl ifiMgnatrial sty a IRtsRGfactBhdla
posts; netal IIarﬁ %ﬁ 11gtructur,es for g froma nat rial HL cte
fromt héecﬁ’r‘%f}ﬁ A% Star fr SMPrgeHd 5??8{’@ ViR Goptack i GB?IO%FIa

Si i con séc@xy hitkdctd, 4R oth@tFlsaidl MY dndHeIdGLFR&ES beiR®liy aartacd it s 1 Gsid
metal nitrides, and metal siljcides. 5. The nmethod of claim
|, wher streisyfacerang paid devige syrf 4¥resents a first surface in contact
with said carrier surface, and a second surface in contact with said
device surface, said fill material being a uniformmmterial fromsaid
first surfacé to Bgimcthekehelaigyps gheein said secorg laygids geledtslifron the grayp
1, wher %br{alsﬁ@ &4 vobvl adﬁaﬁ‘%rstralgﬂpraﬁéemay,ﬁeria lhyek, MG EAERe HMHiRaGBCANSd
surface, said stack further compfising a second |ayer in contact with
one of sarier surfpestor aheridsdavisaquréasef aces, the other of said first and
second surfaces being in contact with one of said carrier surface and
sai d device surface.

8. The method of claim 7, wherein said second layer is in contact with said carrier
surface.

9. The method of claim 1, wherein said edge bond has a width of from 2 mm to
15 mm.

10.  The method of claim 1, wherein said edge bond is formed from a material

comprising monomers, oligomers, or polymers selected from the group consisting of epoxies,
acrylics, silicones, styrenes, vinyl halides, vinyl esters, polyamides, polyimides, polysulfones,

polyethersulfones, cyclic olefins, polyolefin rubbers, and polyurethanes.

11.  The method of claim 1, wherein said fill material comprises one or more
monomers, oligomers, or polymers selected from the group consisting of cyclic olefins and

amorphous fluoropolymers.
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7. The nethod of claim6, wherein said second |ayer is selected from
t he group consisting of a | ow adhesive strength |ayer, a polyneric

| ayer, and a surface nodification of said carrier surface or of said
devi ce surface. 8. The method of claim?7, wherein said second
| ayer is in contact with said carrier surface. 9. The net hod
of claiml, wherein said edge bond has a width of from2 nmto 15 mm
10. The nmethod of claim1l, wherein said edge bond is fornmed froma
mat eri al conprising nononers, oligoners, or polynmers selected from
the group consisting of epoxies, acrylics, silicones, styrenes, vinyl
hal i des, vinyl esters, polyam des, polyimdes, polysulfones,

pol yet hersul fones, cyclic olefins, polyolefin rubbers, and

pol yur et hanes. 11. The method of claim1l, wherein said fil
materi al conpr.i seEheon@h@ oNTlhitn MDRGHBT Smpdibing QUEESing Glid ekl N® pocessing

sel ect ed fro the. group consj sti of .cyclic al f|n

FT uor op6rigAie om the sroup coRiiing of Rithuigindlie chegiparmee S R

subj ect imgnl Sad @.&&Wdapesmrgrpeﬁﬁmﬂg ??aeéxmioﬁdarfneamg; hel gintiiutions thereof,

consi sting of back-g rlndln% chem cal - mechani cal polishing, etching,
Jdt

metal aRHOHP &tR8EALing saidiBpbY SF%HdS%%?F$¥nlng, passi vation, annealing,
and conbi nations thereof, prior to separating said first and second
substrat es. 13. The method of claim11, further conprising

exposi ng sai B-edgeeritipd el chind) father qogngisisg SXRASING &7id cdergRonE dMa SV EIBr

to sai dseRaNaLAFdge bond priortésaid ard@ihod of claim 1, further
conprising nechanically disrupting said edge bond prior to said

separating. 15. The method of claim1l, wherein said separating
conpri ses app Yi RgeandhyY BPEIQ@n tlofl.@'[thelj @&%ﬂsg@em&fhmﬁ@dl]? Jlérﬁ]ﬁfngadagl edge
second substrates so as to pul hem apart A tenporary

waf er bbﬂﬂhﬂ@rgvﬁmbﬁmr§"@onprlS|ng a flrst substrate havi ng front

and back surfaces, said front surface having a peripheral region and
a central region; an edge bond presenting first and second surfaces,
said first slirfackhebwihvg ofohidet wisrdmsad gearktigeaoalprisesgprining adpve foiret to

second SHLLEGR elifBl SIDLEM M3l & RRLLANGLALLET] N, sal d edge

bond bein region so as to forma fill zone,
sai d edge bond being fornmed froma materi al conpr|S|ng nononer s,

ol i goners, pol rs se #] [ consi sting of epoxies,
acrylics, S|{|coﬁ%gep°?§%e%ggmmdmﬁsTu ar | ék rlsn\glnyl esters,

pol yam des, #6lsyisubistas hapog Yioud dmnesk spddcye tshidrfemt fofres ,ha\oyg:hiperipheral
ol ef i ns, polyolefggogg Qﬁkﬁhﬂ%%gmpolyurethanes and
an edge bond presenting first and second surfaces, said first surface being bonded to said
peripheral region and said second surface being remote from said peripheral
region, said edge bond being absent from said central region so as to form a fill
zone, said edge bond being formed from a material comprising monomers,
oligomers, or polymers selected from the group consisting of epoxies, acrylics,
silicones, styrenes, vinyl halides, vinyl esters, polyamides, polyimides,
polysulfones, polyethersulfones, cyclic olefins, polyolefin rubbers, and
polyurethanes; and

a fill material in said fill zone, said fill material having an adhesion strength of less than

50 psig and being absent from said first and second surfaces.
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afill material in said fill zone, said fill material having an
adhesion strength of |less than 50 psig and bei ng absent fromsaid
first and second surfaces. 17. The tenporary wafer bonding
structure of claim 16, wherein said first substrate conprises a

devi ce wafer having a device surface conprising an array of devices
selected fromthe group consisting of integrated circuits; MEMS5;

m crosensors; power sem conductors; light-emtting diodes; photonic
circuits; interposers; enbedded passive devices; and m crodevices
fabricated on or fromsilicon, silicon-germanium gallium arseni de,
and galliumnitride. 18. The tenporary wafer bonding structure
of claim 16, wherein said first substrate conprises a materi a
selected fromthe group consisting of silicon, sapphire, quartz,

nmetal , gl assi7.andrieaemporas wafer bondinglGructhiee  dfoniginr ia; whaveihanid fondibsgate
structure of claim16,_ further conprrsrn a.second substr.ate havj a
car 11 er COTIPTEL® 3ot HELER o BERWERF GU P RET T o 8¢ Uske qelEar P

surfacethe group codflstinEhef iRERAEAICHcB] QIEMSNGHitgschtdrsiChaWe® sBhicohdictors;
19, mherern saj d second substrate conprises a rial selecgted fro
the gr olighicegHEImg t [dipdesdt PE‘?tP‘P‘&oﬁ""“ét%prjhﬁe'ipéserﬁquﬁ‘ig?%f ehePagpive gedees: Ay
cer am Cspicrodevices fabhicatdd18n bEFBAI AidonWaifi€n-danshingl @ﬂlhﬂphﬂdér@d@fan& baiitm
17, said device surface conprising at |east one structure selected
fronrth@“@¢bup consi sting of: solder bunps; netal posts; netal
pillars; and structures fornmed froma material selected fromthe
group consisting of silicon, polysilicon, silicon dioxide, silicon
(oxy) ni tri del$-metTe, tempaany verifes| hopding suctyse jof gleim df.elsstin 5o firsstbptrate
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structure of claim16, wherein sard filT materi al presents a firs

sur f ace aghepramisecond surface, said tenporary wafer bonding structure
further conprising a second |ayer in contact with one of said first
and second surfaces. 23. The tenporary wafer bonding
structure of 1% aiThe 1@npordie mefen bendirigstractfingr tdfelaing dfrdhithee somprismgarsgeond
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carrier surface or of said front surface. 24. The tenporary
waf er bondi N, St eunI; %reg"f wate bcrrnd?n?’ 'struc gr%%l lam.r?_?] “ﬁlgl%glns%dl sBdnl ulitr!atg
contact with™sai carrqerysur & 55 t eémporary waf er
bondi ng cahprised amatedl seleetedrfrfhﬁ,tha/\grem;:emnsxstalgd)fedgeu, bapptlird) @sarte, wietit, Izlasd,
from2 inmto .15 nm 26. The tenporary wafer bonding structure
of clai 16 *Wierein said fill material conprises one or nore
nononmers, oligoners, or polyners selected fromthe group consisting

of cyclic ol flf.i nSrh%n%m%gBBP rv]ar(r)a"rlesr Lclm (r)nrgo t?tllc)(uqlearosf' claim 17, 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

diclectrics, metal nitrides, and metal silicides.

22.  The temporary wafer bonding structure of claim 16, wherein said fill material
presents a first surface and a second surface, said temporary wafer bonding structure further

comprising a second layer in contact with one of said first and second surfaces.

25



27. A nethod of formng a tenporary wafer bonding structure, said
met hod conprising: providing a first substrate having front and back
surfaces, said front surface having a peripheral region and a central
region; formng an edge bond on said peripheral region, said edge
bond bei ng absent from said central region and being formed froma
mat erial conprising nononers, oligoners, or polymers selected from
the group consisting of epoxies, acrylics, silicones, styrenes, vinyl
hal i des, vinyl esters, polyam des, polyimdes, polysulfones,

pol yet hersul fones, cyclic ol efins, polyolefin rubbers, and

pol yur et hanes; and depositing a fill material in said central region,
said fill material having an adhesion strength of |less than 50 psig
28. The nmethod of claim 27, wherein said depositing a fill materi al

is carried o3 prTlertemposey cvafed rtvndige amuadgeofbaansh 19, wherein2&ticlEhfarther
met hod of cl.aim 27 erein said fiLrst, substrate .conprises a .device
waf er hmﬁfgseaaas‘iﬁléi%ﬁ%@ée effﬁi}hﬂgitheggfaﬁp S RIPEP! I A EEEl g
f rom t héaygr, aUpolg@&sd Byegndb suffh@giadiféehtioh fof Whid ScarM i fad®l @ SRRSO ;
power sem_conductors; light-emtting diodes; photonic circuits;

i nt er pos¥f&e- enbedded passive devices; and nicrodevices fabricated on
or fromsilicon, silicon-germanium gallium arsenide, and gallium
nitride. 30. The nethaod of claim 27, wherein said first .
substrate cofbri sk temprit/yaEer berdisg staigturg oflame g Pbepinsal et fyenis
si | conjn SapRIWHIEsaidlkdidrZurtd¥et @l , gl ass, and ceram cs. 31. The
met hod of claim 27, further conprising bonding a second substrate
having a carrier surface to said edge bond. 32. The nethod of

claim3l, wheyei npRadbhRS WAtk BHREL RuBu YIRS €6, whePdt &id Qe 861EME ¢d
fromthe roup consisting of silicon, sapphire, quartz, netal, gl ass,
ro:

and cer &tk §f from 2 mm t@B miphe net hod of claim 27, said device surface
conprising at |east one structure selected fromthe group consisting
of : sol der bunps; nmetal posts; nmetal pillars; and structures forned
froma material selected fromthe group consisting of silicon,
polysilicon, silicon dioxide, silicon (oxy)nitride, netal, |owk

di el ectrics, golyner dielectrics, nmetal nitrides, and netal
silicides. 20 Thggemffverymeafbrobbrdingciragtmey, claimetteiwhersin eaid ifilll material
mat eri al ) f f a (e IR
Cenpor ar b o b it b TS (B A5ib Ao RERMe AU 186 The S8l tonristing of
in cyclic olefins and amorphous fluoropolymers.

217.

A method of forming a temporary wafer bonding structure, said method comprising:

providing a first substrate having front and back surfaces, said front surface having a
peripheral region and a central region;

forming an edge bond on said peripheral region, said edge bond being absent from said
central region and being formed from a material comprising monomers, oligomers,
or polymers selected from the group consisting of epoxies, acrylics, silicones,
styrenes, vinyl halides, vinyl esters, polyamides, polyimides, polysulfones,
polyethersulfones, cyclic olefins, polyolefin rubbers, and polyurethanes; and

depositing a fill material in said central region, said fill material having an adhesion
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contact with one of said first and second surfaces. 35. The
met hod of claim 31, wherein said tenporary wafer bonding structure
further conprises a second |layer that is selected fromthe group
consisting of a | ow adhesive strength |ayer, a polyneric |layer, and a
surface nodification of said carrier surface or of said front

surface. 36. The nethod of claim 35, wherein said second |ayer
is in contact with said carrier surface. 37. The nethod of
claim 27, wherein said edge bond has a width of from2 mmto 15 mm
38-The met hod of claim 27, wherein said fill material conprises one

or nore nononers, oligoners, or polyners selected fromthe group
consi sting of cyc g%%n%ad.annrphous fluoropolymers. 39. A

ic ol ef
tenporary waf er 5%%%?%%ﬁgiructu @gconprising: a substrate having

front and back surfaces, said front surface having a peripheral
region and asgentral regiaqn: .a | ayer of material on said.front.
surface at s al§d c ’r?t"?eélf"%rogfj{aﬂ’ﬁ ?ﬂé’a’ieﬁ’l ?ﬂfiec&p?)sé'i“}gga fyggiétﬁflalflsr %?rrﬁ'eéié}ugpr tor
peri phekadaid Rghiap amedbelbohd)g sel ected from the group consisting of a
| ow adhesi ve strength |ayer and a surface nodification of said front
surface, said peripheral region being free of an edge bond. 40. The

tenporary wa2@r brHach&iBodSbf sISHUPE vaferdil adidnfids? subviee @ompEss & geuies twatdre
conprises a material selected fromthe group consisting of silicon,
sapphi r g?,w% érdF‘Z'Fe Efase COIBPIANg, alhﬁ@ydgﬁigwpgss_elected 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.  The method of claim 27, wherein said first substrate comprises a material selected

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

3. The method of claim 27, further comprising bonding a second substrate having a

carrier surface to said edge bond.

32. The method of claim 31, wherein said second substrate comprises a material

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

33.  The method of claim 27, 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, peolysilicon, silicon dioxide,
silicon (oxy)nitride, metal, low k dielectrics, polymer dielectrics, metal nitrides, and metal

silicides.

34.  The method of claim 27, wherein said fill material presents a first surface and a

second surface, said temporary wafer bonding structure further comprising a second layer in
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41. The tenporary wafer bonding structure of claim40, wherein said

substrate conprises silicon. 42. The tenporary wafer bonding
structure of claim39, wherein said peripheral region has a w dth of
from2 mMmto 15 mMm 43. The tenporary wafer bonding structure

of claim39, said |layer haying a thickness of froml1l nmto 5 nm

contact with one of said first and second surfaces.

35.  The method of claim 31, wherein said temporary wafer bonding structure further
comprises a second layer that is selected from the group consisting of a low adhesive strength

layer, a polymeric layer, and a surface modification of said carrier surface or of said front

surface.

36. The method of claim 35, wherein said second layer is in contact with said carrier
surface.

37. The method of claim 27, wherein said edge bond has a width of from 2 mm to
15 mm,

38.  The method of claim 27, wherein said fill material comprises one or more

monomers, oligomers, or polymers selected from the group consisting of cyclic olefins and

amorphous fluoropolymers.

39. A temporary wafer bonding structure comprising;

a substrate having front and back surfaces, said front surface having a peripheral region
and a central region; and

a layer of material on said front surface at said central region, said layer being absent
from said peripheral region and being selected from the group consisting of a low
adhesive strength layer and a surface modification of said front surface, said

peripheral region being free of an edge bond.

40.  The temporary wafer bonding structure of claim 39, wherein said substrate
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comprises a material selected from the group consisting of silicon, sapphire, quartz, metal, glass,

and ceramics.

41. The temporary wafer bonding structure of claim 40, wherein said substrate

comprises silicon.

42. The temporary wafer bonding structure of claim 39, wherein said peripheral

region has a width of from 2 mm to 15 mm.

43. The temporary wafer bonding structure of claim 39, said layer having a thickness

of from 1 nm to 5 nm.
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