METHOD AND APPARATUS FOR REMOVI NG A REVERSI BLY MOUNTED DEVI CE WAFER FROM A
CARRI ER SUBSTRATE BACKGROUND OF THE INVENTION 5 Field of the Invention The
present invention is broadly concerned with novel tenporary wafer debondi ng
met hods and apparatuses that can renove a device wafer froma carrier
substrate after wafer thinning and other backside processing. 10
Description of the Prior Art Integrated circuits, power sem conductors,
light-emtting diodes, photonic circuits, mcroelectronechanical systens
(MEMB), enbedded passive arrays, packaging interposers, and a host of other
silicon- and conpound sem conduct or-based m crodevi ces are produced
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that are packaged to allow practical interfacing w the macroscopic
environment, for exanple, by interconnection with a printed wiring board. It

has becone increasingly pop C evi ce package on or
around the die while it i2”%3%@?0B§Fvﬁgfh@E§§E@E§§§ array. This practice,
whichsis referred to as wafer-I|evel packaging, reduces overall packagi ng 20
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conf i nedardappangusds fensAnoasove adeaite mgfer fremel @uter bubatrate aftan eatar dnsiibesndeen t he
devi ce aqg éhi %orresgogding board or packaging 25 surface to which it is
nmount ed AaVS*Ar1 B HFaced in a horizontal, or x-y, plane. The

m crogel ectronics industry has now recogni zed that significant increases in
device interconnection density and correspondi ng reductions in signal delay
(as a reREFHPON SSHEPTiehP g t he di stance between el ectrical connection
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that is, in the z-directiion. Two common requirenents for device stacking
are: ( 1)mickriclsatirongechiniqaheysigen (MEMS0, dnbedded pesave argpys iatiagindintepesesantirom t he
backsi del‘-losfa&%thgggilicSoHp&%%H%B&LM sgn(?ircmdqQOF—MS%JQQ}&E%%S are produced collectively
15  inarrays 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
environment, 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, reduces overall packaging
20  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
25 surface to which it is mounted have all been placed in a horizontal, or x-y, plane. The
microelectronics industry has now recognized that significant increases in device interconnection
density and corresponding reductions in signal delay (as a result of shortening the distance between
electrical connection points) can be achieved by stacking and interconnecting devices vertically, that

is, in the z-direction. Two common requirements for device stacking are: (1) thinning of the device

30 in the through-wafer direction from the backside; and (2) subsequently forming through-wafer



el ectrical connections, commonly referred to as through-silicon vial or
"TSVs," that termnate on the backside of the device. For that matter,

sem conduct or device thinning has now beconme a standard practice even when
devi ces are not packaged in a stacked configuration because it facilitates
heat dissipation and allows a much smaller formfactor to be achieved with
conpact electronic 5 products such as cellul ar tel ephones. There is grow ng
interest in thinning sem conductor devices to |l ess than 100 mcrons to
reduce their profiles, especially when they or the correspondi ng packages in
which they reside are stacked, and to sinplify the formation of backside
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been conpl ep@dee wafers that have been thinned to less than 100 microns, and especially those thinned
to less than 60 microns, are extremely fragile and must be supported over their full dimensions to
prevent cracking and breakage. Various wafer wands and chucks have been developed for

20  transferring ultrathin device wafers, but the problem still exists of how to support the wafers during
backgrinding and TSV-formation processes that include steps such as chemical-mechanical polishing
(CMP), lithography, etching, deposition, annealing, and cleaning, because these steps impose high
thermal and mechanical stresses on the device wafer as it is being thinned or after thinning. An
increasingly popular approach to ultrathin wafer handling involves mounting the full-thickness

25  device wafer face down to a rigid carrier with a polymeric adhesive. It is then thinned and processed
from the backside. The fully processed, ultrathin wafer is then removed, or debonded, from the
carrier by thermal, thermomechanical, or chemical processes after the backside processing has been

completed.



Common carrier materials include silicon (e.g., a blank device wafer), soda
lime glass, borosilicate glass, sapphire, and various netals and ceram cs.
The carriers may be square or rectangular but are nore commonly round. and
are sized to match the device wafer so that the bonded assenbly can be
handl ed i n conventi onal processing tools and cassettes. Sonetines the
carriers are 5 perforated to speed the debondi ng process when a |liquid
chemi cal agent is used to dissolve or deconpose the polyneric adhesive as
t he means for rel ease. The polyneric adhesives used for tenporary wafer
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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
20  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) Photodecomposition - The bonded wafer stack is irradiated with a light source
through a transparent carrier to photodecompose the adhesive boundary layer that is adjacent to the
25  carrier. The carrier can then be separated from the stack, and the balance of the polymeric adhesive
is removed from the device wafer while it is held on a chuck.
3) Thermomechanical - The bonded wafer stack is heated above the softening

temperature of the polymeric adhesive, and the device wafer is then slid or pulled away from the

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



3 (4) Thernodeconposition - The bonded wafer stack is heated above the
deconposition tenperature of the polyrneric adhesive, causing it to
volatilize and | ose adhesion to the device wafer and carrier. Each of these
debondi ng net hods has drawbacks that seriously imt its use in a production
5 environnment, For exanple, chem cal debondi ng by dissolving the polyneric
adhesive is a slow process because the solvent nust diffuse over |arge

di stances through the viscous polyner nedium to effect rel ease. That is,

t he sol vent nust diffuse fromthe edge of the bonded substrates, or from a
perforation in the carrier, into the |local region of the adhesive. In either
case, the m i mumheanateamienositiggul icdgnded ivasbgens hatepfpeyicdis dasrnneaiet r at i on
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t enper at ures hi gher than 200C or even 300C. The polyneric adhesives used
for TM SRBBhARWY SRt o RETalHEPPHEE BB S8 &) b Ual )t 18ALIEL (X Slefapeing loRecyr near
the wopihnge LeRPEFRLMNEwilPbBRW se, debondi ng woul d occur prematurely. As a
result, the adhesives are nornally designed to soften sufficiently at
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Cl r cul t (of rastered) across the substrate in a serial fashion to debond the entire surface, which leads to long
debonding times.
While thermomechanical (TM) debonding can be performed typically in a few minutes, it
20 hasother limitations that can reduce device yield. Backside processes for temporarily bonded device
wafers 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 aresult, the adhesives are
normally designed to soften sufficiently at 20-50°C above the working temperature for debonding
25  tooccur. The high temperature required for debonding imposes significant stresses on the bonded
pair as a result of thermal expansion. At the same time, the high mechanical force requircd 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 produces damage within the microscopic circuitry

of individual devices, which leads to device failure and yield loss.



of individual devices, which Ieads to device failure and yield |oss. 4

Ther nodeconposition (TD) debonding is also prone to wafer breakage. Gases
are produced when the polyneric adhesive is deconposed, and these gases can
becone trapped between the device wafer and the carrier before the bul k of
t he adhesi ve has been renoved, The accunul ation of trapped gases can cause
the thin device wafer to blister and crack or even rupture. Another 5

probl emwi th TD debonding is that polyner deconposition is often acconpanied
by the formation of intractable, carbonized residues that cannot be renoved
fromthe dew f s of
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point, and away from the wafer- engagi ng surface. The wafer-engagi ng surface
and ! &nn@dieduce ag@maa%ém@r\%ﬂ for qeyicamals splaeaind iNgnaldey st 8Maskg  gr oove. The
present invention is also directed toward the conbi nati on of a clanp having
a planar body with a substantially circular shape, and conprising an
annul ar wafer-receiving groove; and a 25 planar substrate having an
out ernost edge defining t h§ WAIW‘H«VT}% Iﬁ\hﬁﬁ trate, wherein at least a
portion of the periphery iS receive é‘ln % e er-receiving groove. The
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the interior sidewall and the exterior sidewall; a wafer-engaging surface extending from the interior
sidewall outwardly in substantially parallel alignment with the top surface, wherein the wafer-
engaging surface terminates at a point in the body that is spaced from the exterior sidewall; and an
20  inwardly extending annular ridge, which slopes inward from that point, and away from the wafer-
engaging surface. The wafer-engaging surface and annular ridge cooperatively form an annular
wafer-receiving groove.
The present invention is also directed toward the combination of a clamp having a planar
body with a substantially circular shape, and comprising an annular wafer-receiving groove; and a
25 planar substrate having an outermost edge defining the periphery of the substrate, wherein at least
a portion of the periphery is received in the wafer-receiving groove.
The present invention also broadly provides a novel temporary bonding method. The method
comprises providing a stack comprising a first substrate and a second substrate bonded to the first

substrate and separating the first substrate and second substrate using a peeling motion. The first



5 substrate has a back surface and a device surface, wherein the device
surface has a peripheral region and a central region. The second substrate
has a carrier surface, a backside surface, and an outernost edge defining

t he periphery of the second substrate, wherein the carrier surface has a
peri pheral region and a central region. The first and second substrates are
separated by applying a force to a 5 portion of the periphery of the second
substrate causing the second substrate to bend at an angle away fromthe
stack, thereby separating the first substrate and second substrate according
to the rrEthO(rjPi p sent |nvent|on is also broadly concerned with a
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The present invention also provides a disc-shaped clamp for separating bonded substrates.
The clamp has a solid, planar body with a substantially circular shape. The body comprises an
annular exterior sidewall defining the outer diameter of the body; a top surface extending the entire

diameter between the exterior sidewall; a wafer-engaging surface extending between a point in the

20 Dbody that is spaced from the exterior sidewall; and an inwardly extending annular ridge, which
slopes inward from said point, and away from the wafer-engaging surface. Advantageously, the
wafer-engaging surface and annular ridge cooperatively form an annular wafer-receiving groove.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Figure (Fig.) 1 is a schematic cross-sectional view of a wafer stack;
Fig. 2 is a schematic drawing showing an alternative embodiment for bonding substrates
according to the invention;

Fig. 3 isaschematic drawing showing another alternative embodiment for bonding substrates



according to the invention; Fig. 4 is a schematic drawi ng show ng yet

anot her alternative enbodi nent for bonding substrates according to the
invention; Fig. 5(a) is a top elevation view of a ring clanp for separating
bonded substrates in 5 accordance with an enbodi nent of the invention; Fig,
5(b) is a top elevation view of a. disc-shaped clanp for separating bonded
substrates in accordance wth another enbodi nent of the invention; Fig.
6(a) is a fragnentary cross-sectional view of a ring clanp apparatus taken

al ong section line 6(a) in Fig. 5(a) for separating bonded substrates in
accorda@ggthgﬁtﬁﬂnagm@glnent of the 10 invention; Fig. 6(b) is an enlarged
cut-away cross-sectional view of the ring clanp fron1F| . 6(a) engaging a
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invention utilizing the ring clanp and an adhesive filmcovered chuck for
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according to i nvertt1 on IS a sc ross-sectl rawi ng of
an enbodneréfal inoffigt He) fonsepaiimnbantiéd jubitrates an adcbririnds| vathcdnuanbbodmtnaofthe uum
chugé for sep aratlon of the bonded substrates; Fig. 1 1 is a schematic

cross- sEEFTBH° dr awi ng of an embodi ment of the invention utilizing a 25

flexible churalg @(nphsaan @chh@alcmammse@ecﬁ&m kiehodsf e pag aklaimprirad Fighe(aponded
substrates; Fig. 12 a schematic cross-section drawi ng of an enbodi nent of
the i nvé%&ag@aaeﬂaﬁfpﬁe h@lda%sta%ﬁ@éq%wfap ERPafiaiey O\T;g’édﬂ/ﬁ?%“uck for separation

of the bondeg, %emster@atgﬁ]%nm@ra%ﬂeqﬁorﬂaﬁwmopaﬁmﬁmh'cﬁm%pﬁmﬁ%haengr aw ng
of an enbodlnent of the invention utilizing all ~adhesive filmand an

adhesi veediph dng g\@r adFigh Ok fHiorepsrpey herdsd sobstielee i cnehedingu bathr apothst

15  embodiment of the invention;
Fig. 7 is a schematic cross-section drawing of an embodiment of the invention utilizing the
ring clamp and a vacuum chuck for separation of the bonded substrates;
Fig. 8 is a schematic cross-section drawing of an embodiment of the invention utilizing the
ring clamp and an adhesive film-covered chuck for separation of the bonded substrates;
20 Fig. 9 is a schematic cross-section drawing of an embodiment of the invention depicting the
separation process according to the invention,;
Fig. 10 is a schematic cross-section drawing of an embodiment of the invention utilizing a
flexible chuck and a vacuum chuck for separation of the bonded substrates;
Fig. 11 is a schematic cross-section drawing of an embodiment of the invention utilizing a
25  flexible chuck and an adhesive-covered chuck for separation of the bonded substrates;
Fig. 12 is a schematic cross-section drawing of an embodiment of the invention utilizing an
adhesive film and a vacuum chuck for separation of the bonded substrates; and
Fig. 13 is a schematic cross-section drawing of an embodiment of the invention utilizing an

adhesive film and an adhesive film-covered chuck for separation of the bonded substrates.



7 DETAI LED DESCRI PTION OF THE I NVENTION In nore detail, the present
invention provides new demounting methods and apparatuses for separating
tenporarily, permanently, or sem -permanently bonded substrates, such as in
a wafer stack, using a peeling notion. As used herein, all references to
"peeling," "peeled,” or a "peeling 5 notion" refer to the successi ve

det achnent of the bonded surface of the substrate being separated begi nning
at the outernost edge of a portion of the periphery of the substrate and
continuing transversely along the substrate surface to the opposite

edge/ side of the substrate. As used herein, references to "a portion" of

the periphery refer t PETAJBEPIS CRIPTIRA QBFHBHNVENTHAY is | ess than the
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surface 14, a back surface 16, and an outernost edge 17 defining the
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semi-permanently bonded substrates used in the invention.
20 Fig. 1 depicts one embodiment of a stack 10 of two reversably bonded wafers. Suitable
methods of forming such a stack are disclosed in U.S. Patent No. 2009/0218560, filed January 23,
2009, incorporated by reference herein in its entirety to the extent not inconsistent with the present
application. It will be appreciated that the order of assembling or applying the components to form
the wafer stack 10 will vary, as disclosed in U.S. Patent App. Pub. No. 2009/0218560, and can be
25 performed in any order suitable to achieving the stack 10, as depicted in Fig. 1.
The stack structure 10 includes a first substrate 12. In this embodiment, first substrate 12 is
a device wafer. That 1s, substrate 12 has a front or device surface 14, a back surface 16, and an
outermost edge 17 defining the periphery (perimeter) of the substrate. Although substrate 12 can be

of any shape, it would typically be circular in shape, although wafer flats can also be used (circular



of any shape, it would typically be circular in shape, although wafer flats
can al so be used (circular 8 wafers having one or nore straight edges on
the wafer's outer perineter). Regardless of the shape, the front or device
surface 14 has a peripheral region 18 and a central region 20. The

peri pheral region 18 preferably has a width of fromabout 0.05 mmto about
10 mm nore preferably from about 0.5 mmto about 5 mm and even nore
preferably fromabout 1 min to about 2.5 mMm 5 Preferred first substrates 12
i ncl ude devi ce wafers whose device surfaces conprise arrays of devices
selected fromthe group consisting of integrated circuits, MEMS,
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and a back surface 26, and an outer edge 27 defining the periphery of the
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Preferred second substrates 22 conprise a naterial selected fromthe group

consi st Pifico?o, apdansqutdredes, 2 7sigfpini the, petphent of thenwbsilate Y2e Ag.was iegaserivily copper,
ot ocl) PR 3 ShaSaE Ao ARt orL gy WIS A7 B LS BE
can be depasiané/dr lu;wb ot leassdrei flab funbérevord, secalticnperatet?@ vbmmj]rcfgrabllyab siectderi stics
of the ?o%e approxuzn%tely equal in size to first substrate 12, so that outer edge 27 of second substrate 22
20 will lie along substantially the same plane as outer edge 17 of first substrate 12. Regardless of the
shape, carrier surface 24 has a peripheral region 28 and a central region 30. The peripheral region
28 preferably has a width of from about 0.05 mm to about 10 mm, more preferably from about
0.5 mm to about 5 mm, and even more preferably from about 1 mm to about 2.5 mm.
Preferred second substrates 22 comprise a material selected from the group consisting of
25  silicon, sapphire, quartz, metals (e.g., aluminum, copper, steel), and various glasses and ceramics.
Substrate 22 can also include other materials deposited on its surface 24. For example, silicon
nitride can be deposited onto a silicon wafer to change the bonding characteristics of the surface24.

In the intermediate layer between the first substrate 12 and second substrate 22, is a layer 32

of fill material adjacent to the device surface 14 and carrier surface 24, respectively. The thickness



In the intermedi ate | ayer between the first substrate 12 and second
substrate 22, is a layer 32 of fill material adjacent to the device surface
14 and carrier surface 24, respectively. The thickness 9 of |ayer 32
(measured at its thickest point) will depend upon the height of the

t opography on the first substrate 12, and can range between about 5 mto
about 150 um In sone enbodi nents, the preferred thickness ranges from
about 5 mto about 100 m nore preferably fromabout 5 mto about 50 m and
even nore preferably fromabout 10 mto about 30 pm 5 In form ng the stack

10, the fill material can be applied to either substrate 12 or substrate 22
vi a anyOﬁbﬁvéﬁﬁmﬁﬁﬁﬁj%ﬁ&ﬁg*f$h@ﬂ%ﬁﬂh@?@ﬁﬂ@o%@ab@ﬁ@Of@a@P%h@mV@@Wﬁﬁ@Fution
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coating, %ﬂeferred that the solids content of i.s, material be from

about 1(%7%371 w t o 5om dhKie! O% 69 2Rk YO PRpiPR? ﬁ%ﬁo@e%?bcrfml} #itabbut 5% by
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and/ or p@iwﬁfémesem:lhweﬂlthmé%@g elcare abdui 801G teerbeit 3apH° O Gorsi tsm pegiodPf cycl i c
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fluorine con ent rea an a y Weig such a uorlnated
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depend upon their specifi
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
20 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
olefin polymers and copolymers and amorphous fluoropolymers with high atomic fluorine content
(greater than about 30% by weight) such as fluorinated siloxane polymers, fluorinated ethylene-
propylene copolymers, polymers with pendant perfluoroalkoxy groups, and copolymers of
25  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 their specific
chemical structurés and the coating and baking conditions used to apply them.

Examples of suitable solvent systems for cyclic olefin polymers and copolymers include

solvents selected from the group consisting of aliphatic solvents such as hexane, decane, dodecane,
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chem cal structures and the coating and baking conditions used to apply
them Exanples of suitable solvent systens for cyclic olefin polyners and
copolynmers include solvents selected fromthe group consisting of aliphatic
sol vents such as hexane, decane, dodecane, 10 and dodecene;

al kyl -substituted aromati c sol vents such as nesityl ene; and m xtures thereof
Suitable solvent systens for anorphous fluoropolyners include fluorocarbon
solvents sold, for exanple, by 3M Corporation under the FLUORI NERV' | abel

I n anot her enbodi nent, the fill layer 32 could also be formed of a polyneric
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te
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a criti ?@% lass Uhfcat and BRS1 Qg (1|.e.e,%ufdhﬁ:ncaﬁ99é{/te Va9 1Y R e BioRLEARERD Y | ess
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or carboxylic acid groups, and preferably no such groups); (3) can be cast from solution or formed

20  into a thin film for lamination; (4) will flow under typical bonding conditions to fill device wafer

surface topography, forming a void-free bond line between 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. As used herein, low surface free energy

is defined as a polymeric material or surface that exhibits a contact angle with water of at least about

25  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 or surfaces 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
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dynes/cm and nore preferably from about 12 dynes/cmto about 25 dynes/cm
as determ ned by contact angle neasurenents. Low bonding strength refers to
polynmeric materials or surfaces that do not stick or can be peeled froma
substrate with only |light hand pressure such as m ght be used to debond an
adhesive |1 note paper. Thus, anything with an adhesion strength of |ess

t han about 50 psig, preferably less than about 35 psig, and nore preferably

fromabout | prig to about 30 psig would be desirable for use as fill |ayer
32. As used herein, adhesion strength is determ ned by ASTM D4541/ D7234.
Examples of s itabl e ric materials exhibiting the above properties
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typi cal contact tines rom abou seconds to about 60 seconds.

The 1dut dedrogte, q@drdpﬂe@webﬁ‘?mhl@ca‘rquSOIvalyeran@mmm tb@eqfeﬁﬁv@dgeeﬁmh@# ﬂl?é"f bre or
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preferably from about 0.5 mm to about 5 mm, and even more preferably from about | mm to about
2.5 mm. Contact with the edge removal solvent can be maintained for a sufficient time to dissolve
20  the desired amount of fill layer 32 to achieve the desired distance “D,” but typical contact times
would be from about 5 seconds to about 60 seconds.
The outermost portion of the fill layer 32 can be removed either before or after the substrates
12, 22 are bonded in face-to-face relationship with one another. If it is removed before, the stack
10 is formed by contacting the second substrate 22 with the fill layer 32, leaving a void between the
25  peripheral region 18 of the first substrate 12 and the peripheral region 28 of the second substrate 22.
This contact is preferably carried out under heat and pressure, so as to cause the material of which
fill layer 32 is formed to distribute substantially uniformly along the front surface 14 of first substrate

12 as well as along the carrier surface 24 of second substrate 22. The pressure and heat are adjusted

based upon the chemical make-up of fill layer 32, and will be selected such that the distance “D”
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25 peripheral region 18 of the first substrate 12 and the peripheral region
28 of the second substrate 22. This contact is preferably carried out under
heat and pressure, so as to cause the material of which fill layer 32 is
formedto distribute substantially uniformy along the front surface 14
offirst substrate 12 as well as along the carrier surface 24 of second
substrate 22. The pressure and heat are adjusted based upon the chem cal
make-up of fill layer 32, and will be selected such that the distance "D

12 remains substantially the sane after pressing the second substrate 22 to
the fir ?eqnaﬁx'sllg%s'fa%l@ly]{ge Qa?ne al?ﬁtf' grre %utﬁ@ &51%&1%51&&4 %ttﬂeﬁlst ggﬂé’tt'até ) ’1$t he fill

| ayer 32 wll experience little to no ? low into the void where the |ayer
was rembaferd sucampeessingtogitistr afipeis, (¥ filafay @32 prlbswemayce @fetoerflowint theerowi t hi n
about 10@6 f the dis [N r essi Q
tenperaWuﬁe§EHH?“N“r?%“§g %be%ﬁﬁﬁergnaﬁ F§W¥Q%§ggg?” @thXBo b( 375C,
and pr ebfneddtyhct 1O nﬂsr&iﬁ@ﬂres&ﬁ@ﬁgét@mﬁbﬂﬂ&al @&@Qatuv&s tividgyifk a8 willpsrgs $omes

rangi ng fron1about 000 N to about 5,000 and prefe%%5u¥ fron1about 2,000

N t o ab¥tt |4 600 aRPut|3r75t%eanewé?rﬁ%tfmﬁb%owoo? 1P RBOY| Ayl tyawal g

removed,afhQE raﬁgiﬂgﬁ b aB(ﬂ@l BUPSITARLES 08N, A prdfat] f‘ﬁ@m bt 8660 X & Abhtonshi p,
the stack 10 is formed by contacting the second substrate 22 with the fil

| ayer 32OOQMdEﬁhemw11%hmlb¢le§$hﬂfé lager descendyedafity bonslingThesubsitagas idsA2 porti on
of the f in f%\ce te A%E lrelaignsh?p ﬂ\gst %}c% d%? céllﬁa%g&é;ge %ao@'sgbsprglte%gﬂh Fh@%ll

peri pheral region |rs eral regi on 28
of the meﬁamdmﬂuhsMWmd@egﬂmaAH&eﬂMﬁmbmelyhebMemﬁmdmxmﬁwﬁtw3QHnﬁnpIQV|ded as
nlnate that is adhered to first substrate nder, heat ssure,

ol & B Grb el ehing S SR epise Meroeater e [ alriae PAY SiastERca Bl fRer e ar o

no Vvoi sigiph@iMessh 1 tfd debonti 3YR1atd22.and the front surface 14. The | am nate
is pre-cut to the appropriate 15 shape (e.g., circular) mechani cal | y

trimed aft exlteappresae dhlay;féﬂ Faprovigee aapjbwmtq thetas gﬂhslne%zﬁrstdpeﬁnawclé "D owill
be cre LSGU [ er.n@st edge
33 of ?hﬁgﬂrﬁfpﬁgég}%gﬁga {er HékgﬁﬁgPhgggﬁg%ﬁ??%ﬁ%mqge&ﬂ%t@HF leIayer 32 is
r enov edyoids beowedn thg filkddyer Bhdndfﬂmfrrmt anf"leédg@ Tﬁl@ﬂ!@l@ﬂﬁ beteae v thhappfapriste

sub and s

cor Fes bR - U pRSER BeeRaLh Pndtend Por B b SRR Bt D20 22 e
edge bodigtaridd mnMH]m&mém&m5gﬂ%cMQmihev@uter perlneter of the flrst substrate
12 and second s bstrate 2% ace t he terqﬁ)heral glons 18 and

28, of the dEO¥"WEhesFPhEER thf@UfﬁH&OS&%d&? P} t@dﬁlﬂ%@ 16 QU EFIPRIHPY
i nst anc&shodmasRr 18 repithed, b 8biRiinkdndi&iaCiokBidngd Bdn8 BaRRwednhie firadesrhend 34

wi || be ring-shaped. Thus, in this enbodi nent, there is a non-uniform
mat er i al2 and second substrate 22, which will have a thickness corresponding to that described above with
20  respectto fill layer 32. The edge bond 34 will be limited to the outer perimeter of the first substrate
12 and second substrate 22 (i.e., adjacent to the peripheral regions 18 and 28, of the device surface
14 and carrier surface 24, respectively). [n instances where the substrate 12 is circular in shape, the
edge bond 34 will be ring-shaped. Thus, in this embodiment, there is a non-uniform material
distribution across the substrates 12, 22.
25 Again, like the removal of the outermost portion of the fill layer 32, the edge bond 34 can
be applied either before or after the substrates 12, 22 are bonded in face-to-face relationship to one
another. For example, where the fill layer 32 is comprised of low bonding strength material, such

as TEFLON® AF, it is advantageous to apply the edge bond after application and partial removal of
the fill layer 32, but before -contacting of second substrate 22 with the fill layer 32 to bond the
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di stribution across the substrates 12, 22. 25 Again, like the renoval of the

outernost portion of the fill layer 32, the edge bond 34 can be applied
either before or after the substrates 12, 22 are bonded in face-to-face
relationship to one another. For exanple, where the fill layer 32 is

conprised of |ow bonding strength material, such as TEFLON AF, it is
advant ageous to apply the edge bond after application and partial renoval of
the fill layer 32, but before contacting of second substrate 22 with the
fill layer 32 to bond the 13 substrates. This alternative arrangenent is
particul arly advant ageous because the coated substrate 12 could be

f abri cat@ytraies Wps digakyprsapgementyiy BT W Vs ARt ageehs Aecansedla qopied suhar@ds . Thi s

substrage Jdq & {%thxt d[}ﬁﬂl RS sBEs%‘Q{iegggaeﬁag Bf)t}r\‘zid%ﬁ' g ﬁ&?lrier%fer}"‘?h'ik gu.blé’ﬁ{(lg i% ?g"i ce

wafer to the coated substrate ect the resulting stac
furt her cpridtesbkd prgvidddiosy erdnsadihe siovid-bpetdieveawrfeen thuaudtel dnbstStea2and abl e to

the end yser for added veni ence, elimnatin rocessi.ng steps r the end
e SMHERE e T ek 0 BT BroaGynlh e 37 B ERRN Bt TR 081 or 6
bondsng atdigbis b st @leSerlids addied céveniedde) énrﬁiwﬁ% pacteRnd sRFgeripnhd3decan be
applied to the sanme substrate, as described above. Alternatively, the fill

| ayer 3Visamihe Bl dpypn 2ead cdgagondidrirg beh aitied b bysingitissubuinisy &4 2§rtb¢n one
subst r atg 1(35%932, ald€adel Scb Hubst 6@@%21%32% hids thergdag &Q&Qeégbmphge

applied to e peripheral region 1 anot her substrate (e.
second Sttty tIR2A)]] lagarGh casbhyppspd, rnd thaw iheguteThest subsit reatogsd i@ on@2 can

t hen be honded in, face-to- e | | ationship., The e bondi n terial can
b’ it SASREE 4 e RS RRl P b b AR R P S, BN CRO R ER 2 e
substr atesf @abeebaistetk (e, fleGeednod sttt e 21)ehuah hoby phi qoati@n €hs sibs@ditsel 2mechani sm

is the use of a needle, syringe, or tip dispense instrunent to dispense the
mat eri aP2FHYBeR ngbw@%rn SRR BRE ieBopi Jﬁ]&ﬁ&ﬂwé@%wmfgﬂgﬁn phgrpgced

subst r at,@akduamer driRadkd FRekhRREvlen b8 Jie@ite? theQlbstrites SEERDL i URSII-ate 22,
while the structure 10 is '"slowy rotated until peripheral regions are

filled vilationshie. genditatly mesherisnais tha yse sf # tredlerigrindseciddgbspeipadnsgumentie edge
bond 34 b ; li ed: wi ' REREN Qi Vi@, chem cal
vapor - dopagreing el BB UIEEiHeRERRE bt ebibh Do dhe Qe 9Tk coi e
or €61 upergmhkial egge Bosfdhagecned abbtadte Canwible the pirwtappl iiedoeht otateddangtige  of
the carri er, ar i tem 0 before

o P T T e N ey
Dal vi - Mabitictarraayedisode applicd U@ agflarg filling ahevi as &dvipehienimal vaporsieposiran. wed ers t o
crhance onest 0,2 S95C, PLOLEEL X5 CoR nos, L ng, e, LS, Agpl | calon
spin-applied onto the edge of the carrier or device wafer using an edge-wrapping baffle system
20  before contacting the substrates 12 and 22. One such system is disclosed by Dalvi-Malhotra et al.,
"Use ofsilane-based primer on silicon wafers to enhance adhesion of edge-protective coatings during
wet etching: Application of the TALON Wrap™ process," Proceedings of SPIE, vol. 6462, 2007,
pp. 64620B-1 - 64620B-7, incorporated by reference herein. The edge bond 34 is then subjected to
the appropriate curing or hardening process (e.g., UV curing).
25 The materials from which edge bond 34 is formed should be capable of forming a strong
adhesive bond with the substrates 12 and 22. Anything with an adhesion strength of greater than
about 50 psig, preferably from about 80 psig to about 250 psig, and more preferably from about
100 psig to about 150 psig, would be desirable for use as edge bond 34. In addition, the adhesion

strength of the edge bond 34 is at least about 0.5 psig, preferably at least about 20 psig, and more
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pp. 64620B-1 - 64620B-7, incorporated by reference herein. The edge bond 34
is then subjected to the appropriate curing or hardening process (e.g., W
curing). 25 The materials fromwhich edge bond 34 is forned should be
capable of formng a strong adhesive bond with the substrates 12 and 22.
Anything with an adhesion strength of greater than about 50 psig,
preferably fromabout 80 prig to about 250 psig, and nore preferably from
about 100 psig to about 150 psig, would be desirable for use as edge bond
34. In addition, the adhesion strength of the edge bond 34 is at |east
about 0.5 DSl ref I8 referably
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thin defl t!s%a‘wafe?sgrlbegia@@idawr%waﬁl@ﬁawf% &t‘ieﬁed“atqu FSGRNSPELRAG ﬁif@r*%cesses

such as vEMRe dbBp RGYY ths ndlBRREIst bRerinBoe el de@le QLR &BalidINGVIRA sdfigrdRONdi ng
material s include commercial tenporary wafer bondi ng conposi tions such as

thelﬁafé@B@Nﬂmmﬂ%@@ﬁ$%ﬁ§he%ﬂﬁpﬂﬁ$W§wf BeRtBRewer Sci ence I nc. Rolla, MO,
SOIEe COMMEr Chaf..b ‘E%ﬁ% s%ﬂ!n agg&’l?q%'dﬁlﬂ%erm?sl ﬁ@lgdé"’hénﬂné}fc Bffer Fgﬁ}w&aépd

pol yners t hat esion-strength to sem conduc materi al s,
gl ass, amdlmmtoaipssmﬁspem @l thg/WgafeeB@Nbédma]ldﬁlakar(evalléblc) ﬁhmg}xe\sanlﬁcdsqe Iok/s cur abl e

resin syste such as rea Ve Eepoxi es. and

o Moo kRl MR e SRy R b e S s e A B e B S T s i ves

(3) theexmiptiagit dldheaﬁ@f%eh@h to hydofdictor médieRylk, dnab iademénrNEiJetianoprertai ni ng)

and vinyl ester yners and copol ynmers alonq with poly anldes%fﬁgéylnides,
¢

pol ysul f6néb), hlas}bwé% ReY-suklle el W%Wiﬁls P6h yrirea waﬁ@%l%wﬁfila%hqw nelt or

as sol UtHeRibsE@RS ﬂeﬂg%stterﬁ@gucﬁﬁﬁwg%l&@ gpo%l LiRfsiIRBIY MRS 1) iR YasBO fignder  the
peri pheral regions and 28 nore dense; and (4) cyclic ol efins,

ponoIeﬁvwﬂwubméhﬁmeéKg1hw§bwymgwbﬂﬂwﬁémévﬁwamdwﬂ%y@ﬂG@ﬁﬁh@ﬁs%@&e@ttacklf|er
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or as solution coatings that are baked after application to dry and render the peripheral regions 18

20  and 28 more dense; and (4) cyclic olefins, polyolefin rubbers (e.g., polyisobutylene), and

hydrocarbon-based tackifier resins. As was the case with the materials used to form fill layer 32, it

will be appreciated that the bonding strength of edge bond materials will also depend upon their
specific chemical structures and the coating and baking conditions used to apply them.

In an alternative embodiment, only the edge bond 34 could be used between the first substrate

25 12 and second substrate 22. That is, in lieu of the fill materials described above, the layer

represented by the fill layer 32 in Fig. 1 could be empty (i.e., air). Thus, there would be nothing but

air adjacent the central region 20 of the first substrate 12 and the central region 30 of the second

substrate 22.
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wi || be appreciated that the bonding strength of edge bond materials wll

al so depend upon their specific chem cal structures and the coating and
baki ng conditions used to apply them In an alternative enbodi nent, only th
e edge bond 34 could be used between the first substrate 25 12 and second
substrate 22. That is, in lieu of the fill materials described above, the

| ayer represented by the fill layer 32 in Fig. | could be enpty (i.e

air). Thus, there would be nothing but air adjacent the central region 20
of the first substrate 12 and the central region 30 of the second substrate
22. 15 Referring to Fig. 2, in another nethod of form ng the stack 10,
surface nodi ReEainedn Figash ibanotligs mathpdoifpmeps thpslagolfdsugesnedficstion ¢anter f ace

bet ween fer Rd

subst r S 33y e pRERERR S p R e b 1R der ey

i nt er mecdir ad;cend sayaraxe Mmhxeuofe:f awemmengtsmelﬁtlg"ﬂ maeraaa)l #(tdg intewnddintd lnyee Waht s bei ng

nunbered ective. co ion.is 5 lied to the

ot ehedefRpisto Bl o Rh e Fiobing TR SR S0 Bt e Rtk e baBi 5t 0 22 to
f or msa |1§glﬁfd to O p&ipiBakreS6n 20 falRAtict e ReU PR RN @8R 22& forkigyeri T t he
second substrate 22 is circular in shape, the mask 36 is in the shape of a

ring. ASjaripgtdp sdrcyliiheapiiesbirpos 2. wa& 18&%865@”&%@@3&687 fssHeqlarishapmsk 36.
The mas Khe?‘xﬁaﬁmgg % I}HE sif: %5‘ bﬁse% A Qal}eﬂﬁof%f?llta\ﬂ%%mggél n% %q IQH{S’:({.'@ ol {hgce

nodi fi cation an er su ent processi ng, 's al S0 preferably forned
froma omsbéé;l ThonaskBatshoahbhrsigagitd the i@vane ptoved dmngdsuﬁ@@ Inwddlcmmmmnﬁ he
carrier ce 24 w t hout ce tr r'w se

af f ecti ng g R%S%C@Slé}r?do?h‘d’sét? ali‘épre%i‘épynﬁé‘%déa bk C‘%‘V""““ﬁ“ f"“{)‘i‘d” bﬁ%%f of a

mat eni alrem@RITYT i ddsbigedTROMNBE s‘z,unal h@ﬁﬂfﬂzs WItHdSld/cﬁ@a@lﬁL W&Mfaeh sRehsehror
dissolved in a solvent system | es of suitable mpnoners, oligoners,
and/ or pPAIEPHEs &t F%‘égd%s%ﬂ%@béf&t%% ed M AT RS GrREEPY @8ﬁ§|°§t‘“|%§je‘&f

epoxi es,¢q ?ffxéfﬁ%mrféﬁ&ner?tﬁ%&%we?ﬁd%( %o]yﬁ&%'dmﬁ‘pel@écﬁ&‘ cﬁssBQ'ed/ eS Solddnd sﬁ@apl yner,
anor phous uor opol yrners, and nbi nati ons thereof. Preferred

conposi thxcmslcav@ué@lfe@@lwﬁer& oEonisEs, gﬂ@upolm@ﬁsxc@w ﬂvgseéﬁle@@igféolbémmmg
mat eri al g, a5, df QP%@Q&E&Q s ROTTRf G Bbivh §idi ng
h y ster. lymERRR @hY §h
conp05|fid%s & %ﬁ éﬁ er% i IP naf%f? Vg, as %% <ribed %ove and
photlor es‘h&topokymmsomdt coummna(lmsgherecﬁu—PBefémﬂ&,omybﬁﬁm hiengeleblenfiom, théviBoup The mask
36 preferably h wi dt h of. om bout 0.05 m n to, abou nor e
or of o1 aBFy T8 B0 DS P PR S it SIS EH 30 RSP R pPE¢ERabl y
f rom abqytnpdsitons! Quaabeuty ZerBOND®) ThE WBska QI Kf @dsaidey a8e, danldhpipidress of from
about 0.05 smto about 5 Fun, nore greferably fromabout 0.5 mto about 2.5
}in, anfFoOBD YIS fset-» SU-8 2002, Microchem, Newton, MA). “The mask 36 preferably has a width of
from about 0.05 mm to about 10 mm, more preferably from about 0.5 mm to about 5 mm, and even
20 more preferably from about | mm to about 2.5 mm. The mask preferably has a thickness of from
about 0.05 um to about 5 wm, more preferably from about 0.5 um to about 2.5 um, and even more
preferably from about 0.5 pm to about 1 pm.
As shown in Fig. 2(b), the area on the carrier surface 24 of the second substrate 22 which is
not coated with the mask 36 is then chemically modified to obtain a low bonding surface (i.c., a
25  non-stick surface ora surface to which a fill or bonding material cannot strongly adhere). Preferably,
the central region 30 of the carrier surface 24 is the area subjected to surface modification to provide
alow adhesive strength interface when placed in contact with the bonding material. Suitable surface

modification may include, for example, chemical treatment of the substrate surface 24 with a

hydrophobic solution capable of reacting with the substrate surface 24 to reduce its surface free
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preferably fromabout 0.5 lun to about | m As shown in Fig. 2(h), the area
on the carrier surface 24 of the second substrate 22 which is not coated
with the mask 36 is then chemcally nodified to obtain a | ow bondi ng surface
(i.e., a 25 non-stick surface or a surface to which a fill or bonding
mat eri al cannot strongly adhere). Preferably, the central region 30 of the
carrier surface 24 is the area subjected to surface nodification to provide
a | ow adhesive strength interface when placed in contact with the bondi ng
material. Suitable surface nodification may include, for exanple, chem cal
treatme h SthALE MU BLR Robi 45 ARAART £1.3Bh41bE O£ aPADI €
reac'??itl n‘8§ s ﬁeSérh% salrljg\gtraté gﬁeefrgogyé\qqﬁlﬁgpo re %gle 1|hts sﬁlr acee ree 16
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36 ar e JOMEEREH IS HE BB SHABISUTRG (rre M Brospiense fhodtinfERas. | 1S
(f1 uor 0).atvkeyd sSlbhR NN BrBinatddi tHektf. Ok Ktk 6 MRS b aNHE: ,%(Sfcéﬂ&raﬁﬁlaédiﬁw phos pho
nat e, |socyanateS|Iane acryl ate silane, and conbi nations thereof.
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S0C to abeuts0dS0 abofias0 abRLibodBosecRRh atb@utasbmuﬁteﬁ(mmmweasly(aaavdutplroefcer ably at
about 100 C 10 for about | mnute). The substrate 22 can then be rinsed with

addi 10 orfan2baw|! iRkt Tae HbREe Horan Hiep Be rissapeh addionpsolertgahiakedazapdacr i bed
above, eqagoa@axgsow&@a%&%éwbw&% 1ém@lJefubﬁQ&é&ﬂrﬁc%mhlfaam%%o]an@h 3gralnalse the

surface nodification solution of the mask 36, as shown in Fig. 2(c).
It is prefethablréce mlh@ﬁCcﬁlhesmm 386ffd>6éls maglt 3G, essbowinintthg. 2tve 16 ispfcdereble

modi f | C%ltﬁ tﬁlcdiga%mgﬁée%s Ino I’f:ZiIClet{| the Slllrfl}% mo 1 10515 ll CO]l]é?Sq%n m QJnS C%g%lﬂ?ﬁ%t ISg not

al so render e non- ace no antdge of the
15 surf aieethendsi 3ciahotaizo mimﬁéredi‘(‘lhnlsSckf’fb@.thekh&cb nbeificRdh atle: ddeynedge ofthe be
sel ect ed for algglf conbi nati on_ of

ertles e. t hj ckness, solubility,
t her'mal S4H4HMO ?“°8taH@PaCﬂ’H%ﬁliatﬁli’ed€‘ieH“i ﬁﬁ*&teah%fg "é’glsé %Sfrf‘”f o Rion o
st rengt Rrdpaties fALemnkidis, shRbBith Slefrd] Riab@isy) BERE fHak Sebv ROV LnM-Jtik e s d t o
Fig. 1. Another advantage is that a unlforn1bond|ng conposi tion can be used

for the adhpsive atrgngiheipieefdieatiéh thesubptrats a fesgribegfaberedpiaesrdtofiig |l ntodier al 32
and edg%d\ba(ﬂﬁge Bhat a2L91 df-ghl?bﬁM{né%GlﬁpC;S4]09fCal‘F&%SJdI forihe e%HQShli Er‘%e@xage%a)(ﬂt Hﬁe@eVl ce

wafer) is thén coate a bondi
of a separate fill material 32 and edge bond 34

20 The surface 14 of the first substrate 12 (the device wafer) is then coated with a bonding
composition to create a bonding layer 40 on and across the surface 14, and the first substrate 12 and
treated second substrate 22 are then bonded in a face-to-face relationship, as shown in Fig. 2(d), with
the second substrate 22 now being on top of the stack 10. This contact is preferably carried out
under heat and pressure, so as to cause the material of which bonding layer 40 is formed to distribute

25  substantially uniformly along the front surface 14 of first substrate 12 as well as along the carrier
surface 24 of second substrate 22. Mare preferably, the substrates 12, 22 are bonded under vacuum
and in a heated, pressurized chamber (preferably at from about 100 to about 300°C, for about 1 to
about 10 minutes, and more preferably from about 100 to about 200°C, for about 2 to about 5

minutes). In this embodiment, the mask 36 is not removed prior to bonding the two substrates 12,
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conposition to create a bonding | ayer 40 on and across the surface 14, and
the first substrate 12 and treated second substrate 22 are then bonded in a
face-to-face rel ationship, as shown in Fig. 2(d), with the second substrate
22 now being on top of the stack 10. This contact is preferably carried out
under heat and pressure, so as to cause the material of which bonding |ayer
40 is fornmed to distribute 25 substantially uniformy along the front
surface 14 of first substrate 12 as well as along the carrier surface 24 of
second substrate 22. Marc preferably, the substrates 12, 22 are bonded under
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12, and can range betwéen about 5 mto ab bout' "1 'n sone enbodi nents, the

pr ef er r exborhilgknesd e\feamgsspltfemtyabmmbost n ptnmtoattbeut’)oltml) um nore prefer abl y

;Lngt aggult ur5n fﬁ?hq%ten%?% w?q?th ncﬁw ﬁrﬂbon %‘%ﬁt] ﬁt;e h%a] orf?o%ﬂ?,%{jon gom fjobe
capabl e alhedierndgvith tht sdngatesl @ adh®s ieve 7b®h<de we:ttétt tht&lﬂns‘hdeah@ﬁfyﬂt% and 22,
except where t t he surf osition 38, Suitable
RO I 5 R A A RS A N TN gl T e

t han aboghn 3ui¥0i fpgl{,, }i?&@]ﬁ@l@@@h%b&ﬁQﬂbﬁ@@%otﬁ@ﬂﬂﬁ égaﬂd(?ncﬁ@ﬂ’éferagﬁf@loﬂﬁibgut and

nmore preferably fromabout 100 psig to about 1 gq Furthernore, the
mat eri al 1Q5>fpsvmt0@h0%éﬁ%pwg Fuaiheimorg ﬂtesmr't@rah@tuwlﬁﬁstondtw ver His farmedramstand

cher cal sk Ribd-hil SEANEEMERNS, b hackaludrpranssalag, Thebapghpad ayer 40

15 shoulg remai n st tures o roma out 150C to ut 350C,
and pr efmoalldllymefin oble abtoumaetzmﬁﬁ@ot“ roabdot 13000 feant 396 f Grond pretfdnatéy frater i al

shoul d b l, tere in the
backsi de ‘r“t Zdb §e t\%ﬁ?&% F‘ﬁj‘eleB}&?{fTetglss?Z m“rdd%”e“%éeuﬁ 5r ’5(:? ]en?"hg bondi ng
| ayer 40ex$>baud conddiond eeotpease if theebacksldegBodettan toalbidh ttils%dﬂ@é@hicklvassg)e or
otherwise |ose jts mschanl cal integrity at the above described backside

pr ocessi W@Jeftéijrpgpeal?%f‘i’é"é ayer 40 should not decompose (1.e., less than about 1% weight loss) or
otherwise lose its mechanical integrity at the above described backside processing temperatures.

20 These materials also should not release volatile compounds that might cause blistering of thin device
wafers, especially when subjected to high vacuum processes such as CVD dielectric deposition.

Preferred bonding materials include commercial temporary wafer bonding compositions such

as the WaferBOND® materials (available from Brewer Science Inc., Rolla, MO), some commercial

photoresist compositions, along with other resins and polymers that exhibit high adhesion strength

25  tosemiconductor materials, glass, and metals. Especially preferred are: (1) high solids, UV-curable

resin systems such as reactive epoxies and acrylics; (2) related thermosetting resin systems that cure

or crosslink upon heating, such as two-part epoxy and silicone adhesives, cyclic olefin polymers and

copolymers with thermal catalyst initiators, and CY CLOTENE® (Dow Chemical); (3) thermoplastic

acrylic, styrenic, viny!l halide (non-fluoro-containing), and vinyl ester polymers and copolymers
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20 These materials al so should not rel ease volatile conmpounds that m ght
cause blistering of thin device wafers, especially when subjected to high
vacuum processes such as CVD dielectric deposition. Preferred bonding

mat eri al s include conmmercial tenporary wafer bondi ng conpositions such as
the WaferBOND materials (available fromBrewer Science Inc., Rolla, M),
sone commercial photoresist conpositions, along with other resins and

pol ymers that exhibit high adhesion strength 25 to sem conductor materials,
gl ass, and netals. Especiallypreferredare: (1) high solids, UV-curable resin
SySFe”Ezﬁﬁg@ﬁﬁ?d&ﬁﬁ@&iMﬁwﬁR@éb&ﬁwﬁ&@g@@@&h&&%%n&%%db&&@%ﬁ%w%Qﬁ%@?§&%t'ng
resin systens that cure ™ or crosslink upon heating, such as two-part epoxy
and si | iteomelt adhesilviens, coaljedsiteat ofeeaked pitdryapplicstiemip drgogyd! (fhescse wlefins,t her mal
cat al yst_ | nj ti rs nd, CY ENE( r Do m.cal )s ). ther astic
e R S S SR L R
pol ynmer snagidlsatp odgyireths useld a atosdigking; hfenpumk yatantthéls a cpallyt imthagstem as well

pol ys' ul fones, .pol yet hersul fones, and po ret hanes_applied from the nelt
or as s&ﬁaftflbtﬁ”@tsa ‘ir?F@]é“kEl_Wa%sdﬁ?’C&bTﬁgRéﬂr&éHagrheréb‘_pI[}P?:@f‘ig{‘}ﬁgtnéteaPlﬁ?feé]ﬁ?i (4)
cyclic qk&hiBstormBLhLE BN HBBGbSIheT. . POl yi sobutyl ene), and _
hydr ocar bon- based tackifier resins. Thernosetting naterials also require

the use of alcthesilingitasy 18gbnbonding 1per €heonirts heanaedificg| oprital ragion38 a8§ st em as
well 5 S (e 0 | Rki ng. escri i Ll herein.
The for aoRAgneRr A PR R REP IS0 BE R ARnErEe T R o R BeSBhhe |0
enbodi nemtrfact bettvhe thelsmbing hyerstOaak tht Oentizhegibo Atlo fitbe daayee surfOe Zontvaddes t he

nodi fied central. regipon 30 an t he non-npdi f | ed ripher regi on. 28 on the
oL e oRind SR B kPR G sing R BB e er PR P r St s gl e

bondi ng shaen4 4Ghanth hdsoRBLIER} 40, @8HHAINSD cQfretdieregRAS BT ang U dOIRsiIRG | S
weaker 10 than the bonding interface between the bonding |ayer 40 and the

per i phertfneiaggion 28arpornpk TdaFwmseion beverHbehighadhryestiensih gy dndrthg | ayer
40, hi ghy, ealqaea%héé_iﬁlﬁéh%fgﬂgrte ioﬁsegi”%ﬂtﬁ]\%éﬁélin?cpﬂ Jl%%éqgl%sﬁo\ﬁging%y%ﬁm&ﬂ th&g! ons

ac )
"b" are formed. ansrtion between the high adhesive strength regions

"B" and cattibesul fow 2ddiveaiey hesuitigngrhon @gibereshetyd selistatgs t2he2 wilthegihaepeehet ween
| ocdt onrBrt R et Tt sl R e e AR D D SRk M
during sepaicdidemmndink ipod tht ddseedgpgraciabish dffiathighuudhesyeprocgssiiogs “Ahe w dt h
of the sk 36 can  be varied dependi pon the desired sjze and | ocation
of the ijw'sadﬂaég?%@sw@n@ﬁ Hﬂ%gﬁ%ﬁggg@%. frol  dgiRr st CHUBRETUCT &F P§'hen t he

mask 36 phiferfa@leM@rsf 1he Mafd 13t B118 %158 be £PNROBIatuh @O 18Yer i Bfe caPial sufhirahl e
| ayers, the mask 36 could al so be applied as a uniform|ayer over the
carri er a&dfp¢ngagerpgd and developed in any number of ways (such as to form a grid, lines, shapes, etc.).
20  Subsequent surface modification would result in a patterned nonstick surface treatment.
Accordingly, the location and manner of separation of the substrates 12 and 22 can be customized
to the user’s desired specifications.
Referring to Fig. 3, another alternative embodiment of the present invention is depicted, with
like parts being numbered as in Fig. 2. As illustrated in this figure, the substrates 12, 22, mask 36,
25  and bonding layer 40, are formed of the same materials as described above with respect to Fig. 2,
except that in step (¢) of Fig. 3, the mask 36 is removed from the carrier surface 24 thereby exposing
the peripheral region 28 of the carrier surface 24, which remains untreated with the surface

modifying composition 38. The mask 36 can be removed by solvent dissolution, acid or base wet

development processes, or plasma etching. The first substrate 12 and treatcd second substrate 22 are
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and then patterned and devel oped in any nunber of ways (such as to forma
grid, lines, shapes, etc.). 20 Subsequent surface nodification would result
in a patterned nonstick surface treatnment, Accordingly, the |ocation and
manner of separation of the substrates 12 and 22 can be custom zed to the
user's desired specifications. Referring to Fig. 3, another alternative
enbodi nent of the present invention is depicted, with |I|ike parts being
nunbered as in Fig. 2. As illustrated in this figure, the substrates 12, 22,
mask 36, 25 and bondi ng Iayer 40, are formed of the sanme materials as
descrlbed h res Fi exce in . ste o Fi 3,
he. ok o bt ot bl e ST Rba A B Sk b B HY . he

peri phermis croe@qul?l%&lmy &aﬁ@:d%@tﬁfnﬁ@xﬁe&%ﬁ@ﬁ &Suidso M@amsertﬁmbt@ﬁammvm%ﬁt ed with
the surface nodifying conposition 38 e mask 36 can be renpved by sol vent

di ssol utbeading ks ddy fOba%Cbto\ﬁétrlbuaév\éﬂt@ﬁﬁ@hwbr@dé@géﬁle feont sy faeeriet <étﬁé8h| ng. The
First Sy P@srtlat%tlg d;'%el‘? glh&iﬁ?l?etchﬁle§ﬁ) Q&dZK‘:So"[‘ BIIIC%{L?SUZL% tha:l‘%etbgﬁ rkqed ina

face-to-face relation e secon nom1be|n in

Fi g. 53( d).contddti e conifiad tenirsl rggief Eraab kl}e no@ o gield parip maldeglolhe?atn tmmunml essur e,
So as to e a of nding |layer 40 is forned to

G stri bOP e uRs T AT S<aIPSr i ARG B S CL. P A5 PG A st

subst r atdesctiBeshote| foll @;seda&wmgfaéehﬂodméarub@ hnd HifoRfleofdde PhskSBEL ondiusphstrate 22,
so that the bonding | a %er 5 40 contacts the nodified central region 30 and
t he nonPABANG WS@ & BFaUPRYIoBrF P8 "ok BAdS Eaaveer Be@mef Hisenpl 3658

previ ouslyo dass mgﬂségf & TR oAy inludefAl it Rk, SRR RQ terned
as descfl% g’ %6ve emﬁﬁ b J}tace ﬁgﬂp?ggatg renﬁ%%tg%% he
mask 036 comesible witly thenneael labaMCbnmfeldl ﬁnoﬂvsmdlw apu ab&evfme,ahmasu h’mae be he mask
2gyl rsm,: g%?:éeed\glﬁl? E Ca{ﬂ a%?; ¥nod1§lc r{ﬁ}m comgos dtlo do am:fox%g S é_t chn elfgvegﬁl r?fJ]a £ g}agewo{ h
t he mat edirat Sirfasedd th @evfeamm alﬂneathqmdxpmgalhey@fzxéw theEbd(fﬁWBﬁSm att b2 mask 36 can
be reactive mnt t he sKrface nodi fj cation cgnBOS|t| n 38, %s,lon as it can

still be remkaoeﬁ Y SHanCRET eraborpmeat ofdppingastask 10 n acegragice ik B aited

peri phergboddgg @Mpedtidifis bfificd RCONEL RO §BhEse@ehd shb@rated 248 RirtaSoailAk her
enbodi ment of formng a stack 10 in accordance with the invention. A

bondi®ng l&snffodine badingayanfdichuls ferance REany siyifahle eragzalsfas pigeiosdrdsadibsdinsh rat e 22
to for m, raﬁptg(#l vn@, alﬂn%uéh%@’ﬁmé@tu g-ll-lli’hgel F}ﬁ% %E&gt &W ﬁ rnﬁ‘Q‘reﬁa&hpﬁ I_Jk%sggldthgf any

sui tabl e teria , as preV|ous escri regard t hough
thernnsémnmmgmmaM@nwahgwadewpah¢hm@ﬁaf%yumpgﬁwwnmdm:ﬁh@mbhmmmﬁegdcam t he

gagglt Pgtrlglg{gglwg% \%ﬂglét nS ,,91? oeaqgutqgg um., ?esogl%le%lggdlr%]élltg hhe pre rtﬁ@kl}éssolgngep e first

from about 5 wm to about 100 wm, more preferably from about 5 pm to about 50 pm, and even more
20  preferably from about 10 um to about 30 um. A layer of fill material is applied to the bonding layer
40 to form a fill layer 32 as shown in Fig. 2(b). The fill layer 32 has a thickness of from about 0.05
pm to about 5 pm, preferably from about 0.5 um to about 2.5 um, and more preferably from about
0.5 um to about I um. In this embodiment, the fill layer 32 does not form strong adhesive bonds,
and is preferably formed of a low bonding strength material, as described above with regard to Fig. 1.
25  Thus, suitable materials for forming the fill layer 32 in this embodiment include compositions having
the properties described above, including cyclic olefin polymers and copolymers sold under the
APEL® by Mitsui, TOPAS® by Ticona, and ZEONOR® by Zeon brands, and solvent-soluble
fluoropolymers such as CYTOP® polymers sold by Asahi Glass and TEFLON® AF polymers sold
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range between about 5 mto about 150 m In sone enbodinents, the preferred
t hi ckness ranges fromabout 5 mto about 100 m nore preferably from about
5 mto about 50 m and even nore 20 preferably from about 10 mto about 30
m A layer of fill material is applied to the bonding layer 40 to forma
fill layer 32 as shown in Fig. 2(b). The fill layer 32 has a thickness of
fromabout 0.05 |tmto about 5 m preferably fromabout 0.5 mto about 2.5
m and nore preferably fromabout 0.5 mto about I m In this enbodinent,
the fill layer 32 does not formstrong adhesive bonds, and is preferably

f or med stir I i gard to
Lor o9 gl it ORGP IRA R o B RS R R ARSI ik o
enbodinmnmtMnmhm@gmd®MnQ§hmHmlﬁnhaymmgpyﬂh&xpropertles descri bed above,
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t hat wi $dlveats Iirdef: droser%lmtvdﬂromfhegpr dasistigrbf q]u;_manc etovaus td‘g)utexaimnEgdnn,g 5 the

port Lort E B & G CERD RAEARen RS OB GuR Abr PR e Hat er  a
of whi cip Hab &d oukcd¥Bst e 38 Swifi M 168Hced EXRMRELD " HomIbNane 90448 BY the bitEinisske t hose
selected fromthe group consisting of aliphatic solvents (e.g., hexane,

deche, cdggdtiefdleacond pupstadeiet e Re Js ymdally frew abbib i 08 mimie abat 1 Gmen. prefetaibes
t her eof fro &Agﬁo%{ 0. ?g%o aﬁqﬂ%\,}' fhln aﬁd Ill re l)l% e?Jb]y fg&? 55%& mqb' Iﬁ)ﬁlp?§ﬁlme%ﬁtag’t3 whi ch

i's space di'stanc ron1 e pl ane I ned e outernost 10 edge 27
of the wicheaclgsrHstvalable®2an BeDiaintangdyfpi a@afﬂcy:nftnmm dtsmlwe tBe @Sirevmntoontabout 10

mm  pr effefrlﬁ e¥%%[ mﬁv%t%e desne(%i)lstfmc& Daqau?hq ic%lngg})tac% tlmreé wou]dr“t))r ?foeura%bl ¢ from

about 1°'AM 't rmoval vent can be

nalntalﬂeﬁm&@h)amsutmhamemi tinme to dissolve the deS|red anDunt of fill
| ayer 32 to achieve the desired, di stance "D, " |caI contact tinmes

would be fr dieamRae FiesHdbBGAe G YoUBEL ! b?@‘@é‘&%ﬁ"d@ aqeelpginship g theo Fi g.

4(d), the seeaRd SohstbRig ls%zemﬁb ?@zﬁﬂ&ﬂoth ﬁncfeaﬁe%r IRk R6Ee Bhabicangiep W th
the first substrate 12. Thi's contact is preferably cal Ti ed out under heat

and pr esaeaeof wiichlongding tﬂa%rélé istfprened e @ew apuisiftha ] leyer Bowdiinig theapase 1e0 i s
formed quher c% é%\q’lo@{tl%ﬁj&gsstsg'gs tE 'cé tac f?l%%ﬁn@%ue%qpﬁe% 9@5“1% s3IPAE ?rol)tesfu];face

14 of the first substrate 12. More preferably, the substrates 12, 22 are bonded under vacuum and in
20 aheated, pressurized chamber (preferably at from about 100 to about 300°C, for about 1 to about
10 minutes, and more preferably from about 100 to about 200°C, for about 2 to about 5 minutes).
In this embodiment, the bonding layer 40 can be formed from a composition that cures or crosslinks
upon heating, such as an epoxy-based photoresist composition. Thus, in one aspect, after contacting
the first substrate 12 and second substrate 22 under heat and pressure, the stack 10 is then exposed
25  toradiation (i.e., light) to initiate crosslinking {curing) of the layer 40, followed by a post-exposure
bake (PEB) at a temperature of from about 75 °C to about 300°C, more preferably from about 100°C
to about 250°C, and more preferably from about 100°C to about 175°C, for a time period of from
about 15 seconds to about 120 seconds. Thus, the materials used to form the bonding layer 40 in this

embodiment, will comprise a crosslinking agent, and optionally a catalyst in the system.
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by the edge renoval process so as to contact uniformly the peripheral region
18 of the front surface 14 of the first substrate 12. Mre preferably, the
substrates 12, 22 are bonded under vacuum and in 20 a heated, pressurized
chanber (preferably at from about 100 to about 300C, for about 1 to about

10 m nutes, and nore preferably fromabout 100 to about 200C, for about 2 to
about 5 mnutes). In this enbodi nent, the bonding |layer 40 can be forned
froma conposition that cures or crosslinks upon heating, such as an
epoxy-based photoresi st conposition. Thus, in one aspect, after contacting
the first substrate 12 and second substrate 22 under heat and pressure, the
stack 10 is e asepEdedePsndine Hpgtbenyreq thegentraj fegiep RO phthe Agviqedtrdace
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stage, tdepfiighe RS h@bRlectd deﬁbstdaﬁ ﬁ@ﬁml@ g%ﬁot@@t@gﬁ&l ywa@fwlh@i and
subj ected to further processes that m ght otherw se have { damaged t he
first suBsYYaHpl appeajng, h@ﬁtcowalﬁgmlﬁdh@@d tveih@thee@e%@hdﬁ sSulssatent & ap 22Thus
the first. . sHpstlat C J o]

backsi de ;C)Lr orggzs%)?n‘gltlioﬁéﬁlgfgga %(fr!ﬂ {éﬁnsé?es %\)ﬁ’lﬁ] et chi ng B ﬁ{%&e‘ﬁﬂgﬁ

di elléct rorecesheposipt nmmenpaltrtgacmmmgnc(mI@tweephwschtbst Mdéphy, VI a et ch| ng)

passi vation, ,annealin onbi n j,.ons Rar at

substrates 12%#t qgﬁ%'sgfoélbe &r‘ n%] o d At HEDF ?%hci(éfq \té\{lucPL”‘ 5?1)? ém stries
encount eneddighthis gl hbLsE astubseqsfenthly dbirfHOpessiidg rsi &pﬁqplenfh@ myelmtmal

regi ons 20 and 30 between substrates 12 %nd 22, Advant ageously, the dried or
cured | £FBibY 1oyt ouignssing diging Beadips Ao Yasu i dpRosiing RroggsHs o] ot 1s, baking at about

150-300°C for up to about 60 minutes results in a film thickness change of fill layer 32 and edge
20 bond 34 of less than about 5%, preferably less than about 2%, and even more preferably less than
about 1.0%. The dried layers can also be heated to temperatures of up to about 350°C, preferably
up to about 320°C, and more preferably up to about 300°C, without chemical reactions occurring
in the layer. ln some embodiments, the layers in the bonded stack can also be exposed to polar
solvents (e.g., N-methyl-2-pyrrolidone) at a temperature of about 80°C for about 15 minutes without

25  reacting or dissolving.
The bond integrity of edge bond 34 or the bonding layer 40 can be maintained even upon
exposure to an acid or base. That is, a dried edge bond 34 having a thickness of about 15 pm can
be submerged in an acidic media (e.g., concentrated sulfuric acid) at room temperature for about 10

minutes or in a basic media (e.g., 30 wt. % KOH) at about 85°C for about 45 minutes while
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enbodi ments will possess a nunber of highly desirable properties. For

exanple, the layers will exhibit |ow outgassing during heating and/or
vacuum deposition processes. That is, baking at about 150-300C for up to
about 60 mnutes results in a filmthickness change of fill |ayer 32 and

edge 20 bond 34 of |ess than about 5% preferably |ess than about 2% and
even nore preferably less than about 1.0% The dried |ayers can al so be

heated to tenperatures of tip to about 350C, preferably up to about 320C,
and nore preferably up to about 300C, w thout chem cal reactions occurring
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to \C{ig Ssllllgnhé) t %oqg_?shlgcq‘gp ﬁ%ﬁ%oﬁ S gi‘llp POHF’E@, &€ gch)?nlaé?;tf Scylcfs%%%n&%f Z\{ nét%éles i rabl e
i f solvgwﬁndM$&mbmmn@ﬂwms(¢91h@mm&&¢mbgbduzmummdbmﬁmmgdgﬁnbumdnﬁﬁuﬂr bondi ng

ST T N R T TR e
cycl ohexanoag andnd@pRydrably substantially (about 85%) removed wi th the solvent.
The substrates 12 and 22 can also be separated by first mechanically disrupting or destroying
20  the continuity of the edge bond 34 or peripheral region of the bonding layer 40 using laser ablation,
plasma etching, water jetting, or other high energy techniques that effectively etch or decompose the
edge bond 34 or peripheral region of the bonding layer 40. It is also suitable to first sever the edge
bond 34 or peripheral region of the bonding layer 40 with a fracture or break, or to saw or cut
through or cleave the edge bond 34 or peripheral region of the bonding layer 40 by some cquivalent
25  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 22.
Advantageously, the first substrate 12 and second substrate 22 can be separated using a peeling

motion, so that one of the substrates 12 or 22 is peeled away from the stack. To initiate peeling a
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pyrrolidone, aliphatic solvents (e.g., hexane, decane, dodecane, and
dodecene), and m xtures thereof. The edge bond 34 orperipheral region of
bonding layer 40 is preferably at |east partially (about 509 renoved, and
nore preferably substantially (about 85% renoved with the solvent. The
substrates 12 and 22 can al so be separated by first mechanically disrupting
or destroying 20 the continuity of the edge bond 34 or peripheral region of
t he bondi ng | ayer 40 using | aser ablation, plasma etching, waterjetting, or
ot her high energy techniques that effectively etch or deconpose the edge
bond 34 or peripheral region of the bonding | ayer : is also suitable to
first sEVeHSpacdagacrtippises do5s gpn ﬁe@l?fswémss ﬁhag%/énn%f Pr@ﬁéabl:yd?ﬁafﬁgl Kayer 40
with a I I ge bond
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than'' Kipstrfk %B%s%pidﬁaliyel %,tt Q@lﬂer%cg betlw@enQIﬁéaungtl%fe%ﬁﬁmeﬁnd @88oddignndtd.  and
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force i Seupppinedde pristerablieliamekeat 7 Peyioas toghpytre Newimacad 61aHeOs pIsEEIht e has
been SeRﬁfb@ﬁt%chem%c;zmgul%b?Q&ton-srgs Ifn@z%hrleﬁﬁ e%oﬁﬁﬂghﬂg bé‘ﬁ‘)hex%/ Behsigsiaiel0 can be
si mul t aneously noved away , |l owered downwar whilé the force is
bei n§ appeicdatct v apilisd substrate to be separated preferably in an upwards
direction. The t of f n e uhstrate
will vary, b]}ll}td p@eqor{[era m %rod 291 a%%u]? c]g;}n& }gbou d xaﬁ.’lgegl ﬁegfra S)ﬁ)t r "(t%%"o@ut 100

Newt ons semnneE the efoetrads| 1, I?r dilarfeabtgum Fig. ﬂXE)\MheﬂSg tlan@bohik aiﬁné‘dévxdi)o@s;yltland even
more pre to abou

bl. bou ed at th
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clamp body 42 is unitarily-formed, with a split at one location to form two free ends 44a, 44b,

20  preferably in the form of shoulders. The term “unitarily formed” as used herein is interchangeable
with the term “integrally formed” and means that such unitarily formed parts are “integral” and are

not attached to each other in a separate step or detachable from each other, but are formed from a
single piece of material. Suitable materials for the ring body 42 are selected from the group
consisting of metals, ceramics, polymers, composites, and combinations thereof. The ends 44a, 44b

25  are either moved away from one another (i.e., spread apart) in the open configuration or drawn
toward one another in the closed configuration to compressively engage the wafer to be separated

from the stack 10. That is, the free ends 44a, 44b are adapted to be clamped in proximal relationship

so that the ring fits around the circumference (periphery) of the wafer. Preferably, in the closed

configuration, the ends 44a, 44b are urged toward one another, but remain unjoined (i.e., a gap
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15 where force is applied. In a preferred nethod, an annular clanp 41 is
provided in the formof a split ring clanp for separating the substrates
12, 22. Referring to Filg. 5(a), the ring clanp 41 has a planar body 42 with
a substantially circul ar shape defining the periphery and a central opening
43. Preferably, the ring clanp body 42 is unitarily-fornmed, with a split at
one location to formtwo free ends 44a, 44b, 20 preferably in the form of
shoul ders. The term"unitarily forned" as used herein is interchangeable
with the tens "integrally formed" and neans that such unitarily formed parts
are "i nt,e@fed the ANL rddlahs af@ﬁhe fhd @%@er&:%n%%ﬂ Qher bo'dﬂ Ampepahalifis 34Lp or

det achabl e from each other, but are formed froma si'ngle piece of material.
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(peri phery) of th fer. Preferably, I'n the closed conf |gurat|on t he ends
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shape. blbvaS’Ehe rhilie-pit @k Bg chio@etphies ﬁ@m at&pt’BﬂdbdmﬁS ;afms tmaoé prefebBifaen 44a, 44b

causes the ral ening 43 to_be reduced or enl ed to effect

cl aﬁ& ng it £ oo B0 BRESt YOS PG T PRl RO frbgceeéb 'rla%taﬁ?frrb?;m t he
stack 1@pouangicREr Alidatab@usi9, BESOLRBIRL LiARbdRfieny aNd rmg%raﬁrpmedromroeﬁ&d i | e
mai nt ai ni ng even pressure fhroughout the circunference (periph ery) of the

waf er whegase 8htfigetithpyeritheryidf Hy sulisiiata totffrett vebrasertterinstack. HRathdroige ried anp 41
coul d bglaﬁl %EA); A7 'srﬁﬁag]c%% &s@%nh"&{z}fg fﬁ’.%q‘BVlR!:%IqeeOlLIﬁélg gésags' éx nlngﬁ ‘HPd The

pi eces are’ rought together to formthe rrng aroun clrcunterence of
t he waf erreedegadiclog. it as descri bed above. The nultr-prece system can

co ise fro bou out nor e refer about 2 to
S0t 10 pi cuEnREladfe n AREhs EralhgheR s R0 RRS B Rt S B g
nost  pr efeef@bliime@boubos e prng@@cs/ 42Aahgadnt.a@eausietor dickgan db a@stnigd tht Beter

enbodi nent, the ring cla 41 does not need to engage all 360 of the
perrpheFV”@Wrtﬂeo %5§P$§gg“$% EWW%%?NV@F?‘s@p@P%ﬁ@oﬁhﬁxﬁﬁH%Rm1ﬁhﬁﬁér t he

ring CL&@(}THmb]Qgﬁémﬂ]%' fhon a‘-f)'d{ltt'/%blluﬁ td BoutsS6 i, bk WBlkrerlhid} Rollavh Rh ARG or nore
flat edges, as explained in
{0 about 275 mm. The outer diameter “D” ranges from about 25 mm to about 550 mm, preferably

20  from about 100 mm to about 400 mm, and more preferably from about 250 mm to about 350 mm.
However, it will be appreciated that the ring body 42 can be of virtually any size depending upon the
size of the wafer to be separated. The interior sidewall 45 and exterior sidewall 46 are substantially
parallel to one another. The ring body 42 has a width *“W,” as measured from the interior sidewall
45 to the exterior sidewall 46, of from about 0.1 to about 50 mm, preferably from about 0.5 to about

25 25 mm, and more preferably from about 1 to about 12 mm. The interior sidewall 45 also has a
thickness “t,”” which ranges from about 0.1 to about 15 mm, more preferably from about 0.5 to about
10 mm, and even more preferably from about 1 to about 5 mm. The exterior sidewall 46 has a
thickness “T,” which preferably ranges from about 0.15 to about 16 mm, more preferably from about

0.55 to about 11 mm, and even more preferably from about 1.5 to about 6 mm. The ratio of t:T will
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nore detail below 15 Referring to Fig. 6(a), the ring clanp body 42 has an
annul ar interior sidewal 145 defining the inner dianeter "d" of the ring
body 42, and an annul ar exterior sidewall 46 defining the outer dianeter
"D'" of the ring body 42. The inner dianeter "d" ranges fromabout 10 mn to
about 400 mn, preferably fromabout 75 nun to about 350 mm and nore
preferably from 100 nun about to about 275 mn. The outer dianeter "D
ranges from about 25 mmto about 550 mm preferably 20 from about 100 mmto
about 400 nm and nore preferably from about 250 nun to about 350 mMm
However, é} be appreciated that the ring body 42 can be of virtually
any si zeP'd b@ﬁdﬁﬁ&mhﬁ@Hf&%€°m§W£bl FmﬁﬁﬁﬁMﬂX#mFéxﬁblEb%éP%féé angEey nt eri or
si dewal | dn A0e6%hesk on, sidewal | 46 are substantially parallel to one
another. The ring body 42 has a wwdth "W" as neasured fromthe interior
sidewal | 45 Tl ringdoéwxterliodias 8 iagpewdide 4&@xtem‘mg papwecabipunte@or bidewalahputd 50 mm
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about 10 mm and even nore preferably fromabout | to about mm The

[T )

exterior %?%%ﬂﬁﬂﬁuﬂédﬁégma“mvﬁ?@Rﬁ€§§“@¢ewﬁhﬂ%ﬁub?@¥@¥ﬁﬁf9pwahgéémﬁﬁbn1about

0.15 to ﬁg%tﬁo:]aﬁnmtcrm?%@e\w Bfcaf ARl - Mpn?éaay&d frdn Mptom 5}}3‘9&'%6 é;teﬂm and
even nore preferably fromabout 1.5 to about mm The ratio of t: T will 25

pr ef er ab$igevtsd 46r dire abdhity range from abowviud.011to: ainoutrﬂén@n pm@’tleblatﬁoyn @pwrﬁ hb)out 1: 10
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a top suftace e interior sidewa eri or
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Surtace WEe-HRaSaF OFCE NGB AT UPPHCe Pt BORE” hot <2kt SHIART 61 “eHS vay. to

the ext egjoffing hdRWesd, tefGinattiblin b AeOEDAEBS TRE ridhe BRI a sldped bbdlded SrfagPmced from
the exterior sidewall 46 at a width "w, " as neasured romthat point "p" to

t he ext epfigldingshednessalthe g edaseSanpngt e worangeybeiedhs wpBENLALIDA Stidcab¥ut 45
I N i N R A R b A
annular mwzigiézy B2 dowhvacdly sltoges anmvaridzea doghemanivady drf srommpaivatertgeivofs t he
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The ri dg@@@n@ﬁﬁfaa t6 tiepesildhatface fs fiou fbawa 056 about 90°, preferably from about 20°
to about 75°, and more preferably from about 30° to about 60°. The annular ridge 52 also has an
underside surface 60, which preferably extends parallel to the planes defined by the wafer-engaging
20 surface 50 and the top surface 48. The ring body 42 also has a bottom surface 62, which slopes
downward and away from the plane defined by the top surface 48, extending between the exterior
sidewall 46 and the underside surface 60 of the annular ridge 52.
The free edge 54 ofthe annular ridge 52 preferably does not extend inward past the plane “P”
defined by the interior sidewall 45. Thus, the annular ridge 52 and groove 58 are outwardly offset
25  from the interior sidewall 45, so that when a wafer is received in the groove 58, the backside surface
26 of the wafer is engaged by the wafer-engaging surface 50 of the ring body 42, and the outer edge
27 and peripheral region 28 of the wafer are engaged by the shoulder 56 and free edge 54 of the ridge
52. This is shown in Fig. 6(b) using the second substrate 22 as an example. The ring clamp 42 is

then moved into the close configuration, thereby retaining the wafer 22 in the groove 58. More
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extendi ng between the free edge 54 and the point p" where the wafer-engagi ng
surface 50 termnates in the ring body 42. Thus, the outwardly extending
waf er - engagi ng surface 50 and 15 inwardly and downwardly extendi ng annul ar

ri dge 52 cooperatively forman annul ar wafer-receiving groove 58 at an
acute angle (0). Preferably, the groove angle (0), as neasured fromthe

waf er- engagi ng surface to the shoul der surface, is fromabout 10 to about
90 , preferably fromabout 20 to about 75, and nore preferably from about
30 to about 60. The annul ar ridge 52 al so has an underside surface 60,

whi ch pref | y .ext ends par.al es defi b

wnt o1 - AGEGRG: S AT R e e B s st T e Bbeh o2 al so
has a befetvamarséehageotided ME&‘éIiede a@ﬂ%ﬁldelmm&dg@ﬂ canay tler @it it ane
defined by the top surface 48, extending between the exterior sidewall 46

and t heolearsr evéatgdjwtawa%oe(&ﬁﬂ Fied tﬁ?\ﬁ%lpﬁ?larTFﬁ@ez%ﬁeSI%m@dWee edge 54 of
th | =
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is soli %c&&ﬂqﬁa@dt&h?% tPethMe $dsirste b SE 13 BARET. hAGRRL-HcBYInY, g@o%e%fsow in
Figs. 5(b) and 6(c), the top surface 48 extends the entire diameter "D'

bet Weendeshigbed xabeyd oTthf*eIfewaiSI44¢644b eintie bhéy dakrer drewig sgiands @ngrdnather 50 ext ends
the ent %{i’%’oﬁ"’si’g‘?%ﬁ%ﬁpg’ﬁi‘ﬁ\%ﬁ@ éf% sddond JLEQ'LH!?C%2 (6l s%wh)nglaleqlnl'g'&% it 741 Stack 10

is plac provi di ng adequat e 6)wn force to
secure pl’raéraﬂaimsbvmasbm)nmsenaﬂxr@ilghmmgaesub.sﬁ"@mmtof fteepnd Jtbetrah; kx@dt coul d
use vacuum force, trostatic forzg 2 awag e] ti c]nf orce, nech%nl ce];l force,

physi ¢ alt § §)fiwglnﬁtWheber“8ﬁ§?O ﬁ%blstlate that case, one portion of the

periphery (i.e., the flat side) of the wafer is not engaged by the clamp. As noted above, the ring

20 clamp does not need to engage all 360° of the periphery (circumference) of the substrate to

effectively separate the stack 10. Rather, it is suitable for the ring clamp to engage only about 1° of

the periphery of the substrate 22 for effective separation. More specifically, the ring clamp

preferably engages at least about 25° of the substrate periphery, more preferably from about 45° to

about 90°, and even more preferably from about 90° to about 180° of the substrate periphery. When

25  awafer flat is used, the flat edge is faced away from the initial peel location, such that the flat edge
is the last portion of the wafer to be detached during the debonding step.

Importantly, the ring clamp body 42, when clamped, engages only the second substrate 22,

and makes no contact with the first substrate 12, Thus, when the first substrate 12 is a device wafer,

the inventive method and apparatus permits effective separation of the stack 10 without inflicting

27



sui tabl e means that woul d provide proper hol d-down force while providing
support for the first substrate 10 w thout causi ng damage. The ring cl anp
body 42 is placed about the periphery of the second substrate 22, so that
the substrate 22 is received in the wafer-receiving groove 58, as 15

descri bed above. The free ends 44a, 44b of the body 42 are drawn towards one
another to conpressively engage the periphery of the second substrate 22
(not shown). The ring clanp 41 preferably provides even pressure throughout
the circunference of the second substrate 22, except in enbodi nents where

t he second substrate 22 is a wafer flat. In that case, one portion of the
per i phemyy fiechenicaltféree frlsatss sn ﬂie)ievdn‘e wafee, mahezing e net ofebnagbiggd doyragihgethel anp. As

not ed ahove, the ri.n t need to en 360 of, the
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device wafer, mnimzing the ri sk of breaking or damaging the device. As
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or peripheral region of t g layer 40 is present, the ring clanp body
42 ray CHPSEPARHIOS RBHTUAEY e’feﬁﬂ‘e%fd&e Bﬁ%aatgj} Bis ??SF?F?)F?F "r“%aﬁsHJ ‘ggﬂ“dhord’ﬁs t he
bondisng pkaBihnd0- P}e'fbrﬁﬁ'd@h%@d’pgﬁ{ré ééﬁ:c@ﬁh@ﬁ*'tlﬁ@g}&up SREWR: bibdr Gnyl Balodde, ayer of
an adhesive filmor tape | i ed adj acent the chuck 64 to secure the

first sopYyethaees, mly@leﬁm lgad ecmhjwtlens them@f skha @fthesige ifign dayerrP6 mefarely hady acent
the adh‘gﬁ&%% sfdrﬂ ﬁfo (ﬁﬁﬁ ateidt § A, @Maﬂ ysfronoa[ oﬁhfosqgfaﬁ‘tﬁwﬁﬁ lhqn or tape
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Referring to Fig. 9, regardless of the embodiment, a force (preferably upward) is applied to
20 only a portion (e.g., less than ', preferably less than 1/3, more preferably less than 1/4, and even
more preferably less than 1/10) of the periphery of the ring clamp body 42 during separation, thereby
lifting the corresponding portion of the periphery of the second substrate 22, defined by edge 27,
in a direction away from the device wafer 12 beginning at the peripheral region 28 of the substrate
22. The amount of force applied to the edge of the substrate will vary, but preferably range between
25  about 0.25 Newtons to about 100 Newtons, more preferably from about 2 Newtons to about 75
Newtons, and even more preferably to about 5 Newtons to about 50 Newtons, as measured at the
edge of the substrate. Thus, the second substrate 22 is separated from the stack 10 via a peeling
motion, as previously described. [t will be appreciated that the location of initial separation depicted

in Fig. 9 is by way of example only, and that the actual location of separation will depend on the
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tearing. Preferably, the adhesive filmlayer 66 is fornmed using dicing tape,
which is typically used in the art to tenporarily support device substrates
for handling purposes during |l owtenperature operations. Here, the adhesive
filmlayer 66 provides additional support for the first substrate 12 after
separation, particularly where the device substrate 12 has delicate features
built on it or has 15 been thinned. Preferred dicing tapes are selected from
the group consisting of polyvinyl chloride, polyethylene, polyolefin, and
conbi nati ons thereof The adhesive filmlayer 66 preferably has a thickness
Of from ﬁ%QQrﬁﬁs andQJ'rfchgtr@' QL ﬁf usa® ot ﬁxf &f; gpla@’defs r?o%@ &HHHQU(@? I, about 1
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10) of tihi@alnedatipher stpitichh@n bé ﬂx@dlerk@ﬁeQieaec@)by% @ldéeng separation, thereby
lifting the correspondlng portlon of the periphery of the second substrate

22, defined Bytheageregthe ringbdyd2ds preferablyrflesihieyo hpiorhen His paipp eethoperi@hery 2
beg' nni Q)gt%trldlggﬁn ?Qfﬁ sl g&ia ]9'[)&%’@% %ﬁt lgéatlgxtﬂﬁeﬁifjm}eﬁ&tﬁefe%l g -eEngldaWHnt of

force applie strate w vary, ferably range
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notion, as previously described. It will be appreciated that the | ocation of
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the actyglyh @ﬁ@&s‘tpglﬂse &f th8 @lﬂﬁrp%;ﬂog "Bel% l'allsegi %@ﬂrqlepﬂcﬁlth?e segﬁat%t @t LiRlR snd
surface treatnen any) used formthe stack, as described above,

i ncl udi rsgcurlhethelftss,tasvbwﬁtedﬁ@mobe ap"adttaéy mopdd awsz fnorthesecokd ssbytidd dvodk f i cat i on
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expl ai n ocat’i on esive failure, etermne
i nitial sinndtatdoosly GJflthsthmaijngm“f forcam the rmgdiainpe@ adﬂtedesw gdbcbgolctehm teend user.

5 Furth th f t wh th
por t1°on SR s PLHAYE e rres Peser afpredsd hEs Boaieh priBE BG4z |t n
that | ogaty 8omithcaxamdlibseands, wikleh a&lablistabpg s@siondht 23 thd Rk fl0iGRMled hi S
deflection in the ring body 42 causes the correspondi ng portion of the

peri phedy2bf the substrate 22 to |likew se bend or deflect at an angl e away

fromthe st aﬁﬁva:lig.geoﬂgl@ ahds funl"ﬂé ﬁm\’\@t bblﬂil g:hglethgal@ V@’&lﬁpm@p ol oy Mbd %uﬁ’é the
periphery of the ring body 42 is raised e opposite portion of
overcoming strong adhesive bonds between the fill layer 32, edge bond 34, or bonding layer 40 and

20  theentire surface of substrate 12 or substrate 22. Instead, it is only necessary to release the adhesive
bonds at edge bond 34 or peripheral region of the bonding layer 40 in contact with the peripheral
regions 18 and 28 for separation to occur. Once separated, the surface of the first substrate 12 can
then be rinsed clean with appropriate solvents or any other wet or dry etch techniques as necessary
to remove residual edge bond 34, fill layer 32 or bonding layer 40 materials, as applicable.

25 In another embodiment, depicted in Fig. 10, with like numbering being used for like parts,
the ring clamp 42 is replaced with a flexible chuck 68 having a periphery. The flexible chuck is
capable of providing adequate pulling force to secure the second substrate 22 during subsequent
steps. This flexible chuck 68 could use vacuum force, electrostatic force, or any other suitable

means that would provide proper force while providing support for the second substrate 22 without
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10 ring body 42 preferably remains substantially stationary and does not
press downward on the stack 10 in response to the other portion being
raised. To further facilitate separation, the chuck 64 securing the first
substrate 12 can be gradually noved away fromthe second substrate 22 during
separation, and is preferably | owered downward. The |owering of the chuck 64
can be done sinultaneously with the applying of force to the ring clanp 42.
Alternatively, the force on the 15 second substrate 22 and the resulting
peeling motion is effected by the movenment of the chuck 64 away fromthe
second substrate 22, which is held substantially stationary as the stack 10
is pull efduSl@g/\wxagmbémtélgﬂél@wsllgyt to i t@ﬁt@tkélergpeill@g ntipn. b%nf@izllﬁgmr@eitl hods,
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depicte e nunberi ng t he
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woul d provi de proper force while rOV|d|n <§ﬁfrt for the second substrate

22 Wi t hotith a@@%‘éﬁﬁﬁ%@“ﬂ%@‘és%iol‘ém%‘tel rF%‘ AR 34 fitl pyBletrd Ot RprEiéat e the
peel i ng AR 4@ haterdis tg%ﬁ@é{ﬁ%%ﬁ@m LRy, \klhﬁe a‘hk %t le%trﬁbwlg LRyicOGhiddi ng

t hose selected fromthe group conS|st|ng I'1 cones, polyimdes,
poIyan1dh@eH@b@ﬁdﬁ@maﬁbmomwnp@mmﬁ@dEmmnkvw¢W@%Hnﬁmmewmﬂ@b%@ﬁmonmn@OQny ot her

f1exibl Enll® Efné%l.e 1@{ A‘?blemlogr?rtdfnﬁ%y# Nge ?k%ﬁ@sﬁﬁ%@}a@% an adhesive film 66

coul d also 2 in the stack, as
shows i n FIgIn&ﬂmmhnlehhhﬁﬁmembmdhﬁéﬂil2awﬁmgdemps2EhﬁﬂwapphhﬁﬂMh@n@ portion

of the e flexible chu 8, thereby lifti
Cor T oepollal WERE et SPraiEr e B e forier eUE R LSO 2 578 nd
r emovi NGubdeqhidr@ifefshenis @k velfn 70 culPERkis NG a FRE Mbackd: BlRSlslah@sined@ai n, the

actual location of initial separation between materjials in the perlpheral
regi on ofgora fgh der ftugpeth ggllotyrpond strength and a variety of supporting strengths that is capable

of providing adequate holding force to overcome the bond forces created in central region 30 and
20  peripheral region 28 while providing limited support for the second substrate 22 without causing
damage while still allowing it to bend to create the peeling motion. Preferred materials for the
adhesive film 70 include poly vinyl chioride, polyethylene, polyolefin, and combinations thereof.
The adhesive film 70 preferably has a thickness of from about 0.01 to about 3 mm, more preferably
from about 0.05 to about 1 mm, and even more preferably from about 0.07 to about 0.2 mm. As with
25  the ring clamp embodiment, an adhesive film 66 could also be used to support the first substrate 12
in the stack, as shown in Fig. 13. In either embodiment, a force is applied to a portion of the
periphery of the adhesive film 70 to lift the corresponding portion of the periphery of the second
substrate 22, thus removing it from the stack 10 in a peeling motion, as described. Again, the actual

location of initial separation between materials in the peripheral region 28 and central region 30 of
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30 of the substrate 22 depends on the materials used and | ocation of the

surface treatnent (if any), 10 fill layer 32, edge bond 34, and/or bondi ng
| ayer 40. The first substrate 12 can then be rinsed clean wth appropriate
sol vents as necessary to renove residual edge bond 34, fill layer 32, or

bonding layer 40 materials, as applicable. Advantageously, where the first
substrate 12 is a device wafer, there is no nechanical force or stress
applied to the device wafer in the inventive separation nethod, mnim zing
the risk of breaking or damaging the wafer during separation. 15 In yet

anot her e XRBSond SEOWE niafdrikt Gsed bed 106448n bf M8 s f8Peaftder: &if £8RIRAQA, W th an
adhesive film70 that is capable of providing adequate pulling force to
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peri phery of the second substrate 22, thus renovi ngért fromthe stack 10 in
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30 of Ee substrate depends on the materrals u ocatr on of the
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present |nven are ever L

i nventi modlﬂEaronexan@'bebonﬁhg a@zbomeo btk soeshs 1desre hle)ﬁﬁiablBtotahﬂyihel’f'ﬂIt
substrate S Vi C r and_t he, second substr 22 as a rrier
subst raiaé?‘%%’tegg‘g’oagg%“ﬁ E%’ﬁ? BF"é‘O’P Pl%ta“‘*/?r ghdig fpyer Fp ‘e(% SR 28%% rier
subst r atg ogafoSRER ?Q‘ RUEHE 8L E3 L uifsee iR BN, Wal&Tbondihd 1ah&ado tb At ance,

front surface 14 of first substrate 12 will not be a device surface, but
rat her §gcpnd splestrate 22. The first and second substrates 12, 22 could then be pressed together in a face-

20 to-face relationship under heat and/or pressure as described above in order to bond the two.
Finally, while in some embodiments it is preferred that the fill layer 32 does not form strong
adhesive bonds with either device surface 14 or carrier surface 24, in other embodiments it may be
desirable to formulate fill layer 32 so that it does not form strong adhesive bonds with only one of
device surface 14 or carrier surface 24. As was also the case with the embodiments previously
25  discussed, the substrates 12 and 22 could be reversed so that first substrate 12 would be the carrier
substrate and second substrate 22 would be the device wafer. 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 24 of second substrate 22 will not be a carrier surface, but instead will be a device surface.
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a carrier surface. Al so, surface 24 of second substrate 22 wll not be a
carrier surface, but instead wll be a device surface. In other words, the
fill layer 32 can be applied to the carrier rather than the 10 device wafer,
or the surface treatnment 38 can be carried out on the device wafer rather
than the <carrier, with the sane quality of stacked structure 10 being
formed during the subsequent bonding step. In addition, although the

enbodi ments of Figs.7-13 depict the stack 10 with the edge bond 34 or
peripheral region of the bonding | ayer 40 renoved, the edge bond 34 or

peri pher al of the ing | ayer 0es not have to be renpved prior
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w Il be appreciated that the nmechanismfor hardening or curing these
materials can be readily selected and adjusted by those of ordinary skil

in the art. For exanple, in sone enbodinents, it may be desirable to use a
non-curing conposition for easier di,g% gang in later renoval and cleaning
processes. For each of these naterla S, ernopl astic or rubber-like 5
conposi t i onsTitfyiivaag Expripkey bat dorée pne“mgdtﬂtmeams agecarddneculitiamhe werighn. ofis at | east
about 5, 000 havi ng a

el gt S0 AGRIs bt DA B o esce’ YRGS BB S fBet i PGRY e an
m Xt ur egedn dhbeldfbe tRgoisngieiibal ufe thaibvealllseope of the invention.
20
EXAMPLE |
Separation of Edge-Bonded Wafers having Modified Center Surface Using Hand-Operated
Peeler with Removal of Bonding Material from the Outer Edge
In this procedure, a wafer stack is prepared according to a method of the invention and then
25  separated using a hand-operated peel separator. Priofrto adhering the two wafers together, the center
contact surface of one wafer is chemically modified using a fluorinated silane solution to create an
adhesive strength differential across the wafer surface. A bonding material (WaferBOND*HT10.10,

available from Brewer Science, Inc., Rolla, MO) was dispensed onto the surface ofa 200-mm silicon

wafer (wafer 1) at the outer edge to form a very thin coating around the peripheral region of the
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It wll be appreciated that the above can be used to fabricate a nunber of
integrated m crodevices, including those selected fromthe group consisting
of silicon-based sem conductor 10 devices, compound semn conduct or-based
devi ces, arrays of enbedded passive devices (e.g., resistors, capacitors,

i nductors), MEMS devices, mcrosensors, photonic circuit devices, |ight
emtting diodes, heat nanagenent devices, and pl anar packagi ng substrates
(e.g., interposers) to which one or nore of the foregoing devices has been
or will be attached. 15 EXANPLES The foll ow ng exanples set forth preferred
met hods

That O halaft: SGERLARNEE Aol PG WY BN e Smbebiy b b Bt A R G RbRRN Rt Fer et

shoul d benpakien wa§foanédHyldﬁ1aﬁngcamuulmrfedtsh@lewemajebam@@pg1 op-téth@ydrideeyf i on. 20
EXAMPLE | Separatlon of Edge- Bonded wafegs havi ng Modi fied Center SurJhce
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the invention and then’ 25 separated using a hand-operated peel separator.
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MD) was dlspensed onto the surface of a200-min silicon wafer (mafer 1) at
the out &% 2Hipaak lgnirgiemTae hendiperpaisiiaberaysnieg ther gUfpgparbly e crppesition 1 wab. on of

the 32cc‘/i@1f1§'int§ k'&fté’e@ %vltlh had ed'g@%f ARRYY Qavﬁm;,mx‘{ﬂe%d %ﬂ@ﬂ&r&ﬁﬂef@éc%ﬂ’ whs O
thick. A surface-nodifying onposition was formed by diluting a quorlnated

si | dfie {redtédepthachonding oarepial qoeinfzt react with dlieyselpzed sdich)is wwheé AWay lnlgahre Gel est
I
C(r)](r:rpou d{mnﬁgﬁépp dl?d thﬁ@? he sgﬁfgc U?gbo%hdg'?na ép%?a(?r’rrgmé‘ﬁf)?@ll‘ NE&T( 1?%51“6 ai ned

f r om AVmaiettleras alllcs;veﬁ td_ﬂeﬁiauwaa:lle&dgmfwa&;l Felr pubsdduentpesetsing Bigpss0¢. vasont was spi n
coated onto he.sun&ap%mﬁf mPfer 1, followed by baking on a hot plate at
100C f of*™PVE i & 2 ¢ ¥P{ths then rinsed with additional FC-40 sol vent

in a spin coax@rthd QurfaB8MBY houief eFCheCkisdoh age: f(Wamlt L hasCRBtel withuhé ame and
baked at 100C for
15 bonding composition (WaferBOND® HT10.10) via spin coating to a layer having a thickness of
about 15 pm. Wafer 2 was then baked at 110°C for 2 minutes, followed by 160°C for an additional
2 minutes. The coated wafers were then bonded in a face-to-face relationship under vacuum in a
heated vacuum and pressure chamber at 220°C and 15 psig for 3 minutes, so that the bonding
material on wafer | and the bonding material on wafer 2 reflowed together to create one bonding
20 layer.
Next, to remove the peripheral edge of the bonding layer, the bonded wafers were soaked in
the bonding material’s remover ( WaferBOND®Remover, available from Brewer Science, Inc., Rolla,
MO) for about 1 hour to remove the bonding material from the outer zone. The removal process is
complete once the removal process reaches the fluorinated silane coating in the center of wafer 1.
25  The removal time period will vary depending upon the thickness of the bonding layer, and can be
determined empirically. In general, the thicker the bonding layer, the faster the removal rate due to
the larger space between the wafers allowing for greater solvent contact. Advantageously, the treated

center surface is also hydrophobic, so the solvent will also effectively stop wetting through the layer

once it reaches the center. Ideally, complete removal of the edge portion of the bonding layer occurs,
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an additional 1 mnute. The bonding material prevented the surface-nodifying
conposition from comng into contact with the edge of wafer | leaving it
untreated while the center section was 10 treated. The bonding material does
not react with the silane, which is washed away during the rinsing step,
and thus the surface of the bonding material also remains untreated. The
bonding material was allowed to remain on the edge of wafer | for
subsequent processing steps (i.e., was not renoved prior to adhering the
waf ers). Next, the surface of another 200-mn silicon wafer (wafer 2) was
coated with the sane 15 bonding conmposi tion (Waf er BOND(c) HT10.10) via spin
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a 5 handle attached to the free ends for hand-operated separation. Wafer 2
was held in place by a vacuum chuck, and the retaining ring of the ring
clamp was placed circunferential | gxalguts 4 he

Separation of Adhered Wafer Stack Using Hand-Operated Peel Separator

In this procedure, a wafer stack is prepared according to another method of the invention and

20  then separated using a hand-operated peel separator. Prior to adhering the two wafers together, the

center surface of one silicon wafer is chemically modified using a fluorinated silane solution to

create an adhesive strength differential across the wafer surface. To modify the center surface of the

wafer, the edge of the wafer was first masked using a coating of an epoxy-based photoresist (SU-8

2002, Microchem, Newton, MA). The photoresist composition was dispensed onto the outer edge

25 surface of a 200-mm silicon wafer (wafer 1) to coat a peripheral ring-shaped section of the wafer
surface that was about 2.5 mm wide.

Next, a fluorinated silane ((hepta-decafluoro-1,1,2,2-tetrahydradecyl) trichlorosilane; Gelest,

Morrisville, PA) was diluted to a 1% solution using FC-40 solvent (perfluoro-alkyl compound with

primarily C,,, sold under the name FLUORINERT®; obtained from AMS Materials LLC, Jackson,
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peri phery of wafer 1, wth the ends of the ring being clanped in proxinal
relationship to provide even pressure around the edges of the wafer (i.e

t hroughout the wafer's circunference). The handle attached to the ring
clanp was then tilted so that the free edge of the handle |ifts upwards away
from 10 the transverse plane of the stack, causing the ring clanp to
deflect, thereby lifting the edge of wafer | up and away fromwafer 2 in a
peeling notion. After the separation, the only residue of the bonding
conposition coating on wafer | was on the peripheral region (2.5 nmm w de

unt r eat ur waf er. 1. There_was _.no nsf of .bondj material to
Phe tr edbudm BT sdRb et S Chr DS 1SS Bokirrlg TECRT S RS PRG

r emai nedoonavaf BI°@fdrN hilete CAR EIRH rintddtity BSholiteveat mtafl%nﬂ,%'éﬂep'ﬁﬁfo%d &p region.
Either wafer in this exanple could be considered the device wafer or the

carri er badrest 100EXmvm addipoms h ariaits. ohesPRIHEpElPhvgrosist Bpsores tieh Frgnoved
Hand- q’%ﬂ% %’etfr@%L aéﬁﬂﬂ% £Of ¢ %( Bosk MleSunBE QGEAE Bf %lgv%tf reThad, %ﬁgnkécel?{i?par ed

according fo anot od of 'the inventio hen’separated using a
handsopepdbedf pael | wapwaad @ith tlErﬂuormat@i salehimem]ungn tilgendadiadrestisk t ogdd her, the

center gsurf.ace ) Joly! | s chemcally nodified using a

fluori nii eegges?lolfﬁﬁévag%ll%i”l’%jrfthB%i %f an adhesive strength differential
across the wafiekurfdds folGRothdi0 2006k Yilitdie waRN(REfeS by HaseoAd tvlﬂﬁabw@dl@g, t he
edge of the wafer was first masked using a coating of an epoxy-based

phot or e§Pl§IPOS(USU-(’é’af62@@T'2D®\}ﬂEWd@P1élmSPINévﬁU@ﬁ ThmyvafCII'WéS Tﬂiﬁb‘t’ﬂiﬁﬁ@@l 149°Ccfnposi ti on
was di spenseds fbed ff2 ﬁm‘ﬂﬂl esz%id% 8 GG R tﬁ%?o Wﬁécﬁh 5?%9'[5 g er
ap e wa

(wafer 1) to c¢oat a rlp eral ring-s ed section o surface
t hatlOwasclaivositip 2ndsr varuwii dea hddexitvacuanf dndprasnat edmbed z0320°C and 10 psig for 3
((hept a- degafl uoro-1,1, 2, 2-tetrahydradecyl) trichlorosilane; Gelest,
Morri svil PA) was d| I ut ed to a 1% solution using FC 40 sol vent

(per f I uor o- aly theresiinigBEclist tbferspverd Rdni skpardiddusBgh An g oiches (sédFeg. B@yypwith
FLUORI NERT; obtained from AMS Materials LLC, Jackson, 34 FL). The diluted

sol ut i of honcde @W}Fdd%al@é@v B8RS G0t RBd-SRATs e e PRRtiQR f1R fhi§ ProqadureyiRF asrinReal haked on
a hot plaher ﬁa% b&Qﬁ% cfoﬁ’l'bos]rtufﬁ'l@l'rﬂt ?emo@EkgercJF Ekepdr DR AW B W Qie‘}@nﬁ%lcé/l%m ' n a

spin coater by baking at for an additional 1 mnute. The
epoxy- baye@ummhvdr elsd tbc rateasike wag of thenng dampy wds placsd mgcmn@tcamélyu ahovt thepi n

coat er Ec?r]gp? v\ng?%df § \W] l% [h%aei gsﬁof?ﬁ%ﬁnht femhﬁ?ar%p%d ?%ﬁetha h%’é ]11 o é’vellt) b .ss%?ent er 5

pOI’tIOﬂ (0] rea rrn ane So ron and
r ender earotimiie sctges:dxf,the wditkd (€e., thvegledgls wafer’t bieumdfrarce) dhahnelt axadhotrdabl e
surf aceihe ring clamp was then tilted so that the free edge of the handle lifts upwards away from the
transverse plane of the stack, causing the ring clamp to deflect, thereby lifting the edge of wafer |
20 upand away from wafer 2 in a peeling motion. After the separation, only about a 2.5 mm wide ring
of the bonding composition coating transferred to the edge of wafer 1, while the rest of bonding
composition remained on wafer 2. That is, the bonding composition only adhered to the outer edge
surface of wafer 1 and did not adhere to the chemically treated center surface of wafer 1. Either

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

25
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The surface of another 200-mmsilicon wafer (wafer 2) was coated with a
bondi ng conposition (WaferBOND It HT10.10) via spin coating. This wafer was
t hen baked at 110"C for 2 minutes, followed by 160C for 2 m nutes, The
coated wafers were then bonded in a. face-to-face 10 rel ationshi p under
vacuum in a heated vacuum and pressure chanber at 220C and 10 psig for 3

m nutes. Next, the resulting stacked wafers were then separated using aring
clanp (see Fig. 5(a)), with a handle attached to the free ends for

hand- operated separation. In this procedure, the peripheral region of the
bondi ng conposition is not renoved prior to separation. Wafer 2 was held in
place by 1.5 a vacuum chuck, and tEéAM@LEBning ring of the ring clanp was

pl aced circunfere perip wi th the ends of
the ring being c|2%%§éi¥6m%9%%“§ PGB & déo %%%ﬁ %%@sgﬁg”“”around the edges

of the wafer (i.e., tloeawogboidc shecwabered sikRrelesphgience). The handl e
attached to the rin cla was then tilted so that the free edge of the
handle lifts I’&ﬁ%@f‘ifg Vo Ykt nrsepafgdapeoudingle apthienmetpd efitke iateRdR1 and ausi ng

the rd ngpg ﬁ?ﬁ sépQra%fuLxﬁgx anI’l Qg&ﬁ@é’ ndel depdr ?91 bh& t@gﬂgrugthé’{@g Safers t%th‘égoand

away from wa in a peeling notion. ter the separation,

2.5 mm wheleentdr rsgrfacofoftOhrEWbﬁandlmgetwmb(asncltcusomat@at fongeate anscrhemeedlengtht he edge
of waf er on renai ned gn wafer 2. That
s, "t he e e e b BT e e R A BT e B b TGS Bk of *wa or
1 and di(cblaotdeptbrang: 08 lz(bm @Jﬂeﬁﬁﬂdcﬁ@hi M]ctd@a;ﬁamas&plmwartecﬁdmw‘tﬁ@@uQfsumﬁer 1.
Either wafer in thls exa | d be considered the device wafer or the

carri er K&rdP-mmglasswasive eElé fqli&wad bpBrge) 1PEd fos%pjawa%SdP eﬁg‘édok"ﬁ’tSepar at e
Viaf er Stl@ﬁlgvzw Aheﬂ&@%ﬂolu@@@ﬁ@ﬂ%@ﬁf@@% P@Q@j 86labd ﬂ%nRQh?@ﬁﬁNWeﬁr

this procedure, a wafer stack is prepared accordi ng to anot her %od of the
i nventi (mataﬁdvel Siephapresigdiyer tg elpaﬁ aneytickdiyey T‘&Xhﬁﬁdw@piwmveﬁdlm@ﬂed seipar at or .

Prior £ QuBRELI 90 R WRLSIS, & PRRNSLa o | AGGRISL SYLfACR @l aRe vl er

i s coated a release create an adhesive

di f f er endoh@lg fawii 08 pedipherahadge of el abe eurthed) f@lowleapebakint 1l@nf@te 2 nEmrt&t tp a
negati ve epoxy-based photoresist (sold under the nanme SU-8 2010; obtai ned
fronlwldFﬁgﬂ%ﬁi St spin coated onto the entire surface of a. 200-mm gl ass

waf ers (waf er th) wafoldsan@dokied RakhddGo-Mee delddondhywidh aBl KL 286-ntiRsiBédh@&Fer SOl vent

(wafer 2) under vacuum in a heated vacuum and pressure chamber at 120°C and 10 psig for 3

minutes. During this step, the photoresist layer reflows around the Teflon® layer to fill the gaps on

the outer edge of the wafers where the Teflon® layer was removed above, thus bonding to the

peripheral edge of wafer 2. The bonded wafers were then exposed to broadband UV light from the

20  outer side of the glass wafer, followed by baking at 120°C for 2 minutes to crosslink and cure the
SU-8 2010 coating.

The resulting stacked wafers were then separated using a ring clamp (see Fig. 5(a)), with a

handle attached to the free ends for hand-operated separation. Wafer 2 was held in place by a

vacuum chuck, and the retaining ring of the ring clamp was placed circumferentially about the

25 periphery of wafer 1, with the ends of the ring being clamped together to provide even pressurc

around the edges of the wafer (i.e., throughout the wafer’s circumference). The handle attached to

the ring clamp was then lifted, causing the ring clamp to deflect, thereby lifting the edge of wafer

1 up and away from wafer 2 in a peeling motion, as described in Example . In this procedure, the

peripheral region of the bonding composition is not removed prior to separation. Rather, the
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10 renoval . A Teflon AF solution (Teflon AF2400 in FC 40; obtained from
DuPont) was then spin coated over the photoresist |ayer to create a
nonstick | ayer. Next, EC 40 solvent was dispensed onto the surface of the
waf er at the outer edge to renove about a 1-3 nm w de section of the
Teflon4d™ AF coating fromthe peripheral edge of the wafer surface, followed
by baking 1 10C for 2 mnutes to renove the solvent. 15 The wafer was then
bonded in a face-to-face relationship with a blank, 200-mm silicon wafer
(wafer 2) under vacuumin a heated vacuum and pressure chanber at 120C and

10 psig ]Jh@fore%stlg‘}epfﬁa%al y%abéﬁgt ﬁlpfnﬁlaﬁste a[?atxo‘iig8111p2@9§1§)t[u%§do§§e héﬁé?(gftl'ieerfnl ;OWS

around the T l'ayer “to the gaps on the outer ed fers
wher e t W@nﬂ}'ﬂefeﬂcn’m'bn hayer, saths soremf\t@dnhabwet matdriasretnomeld ergh¢ glagsmefer qo'eirfm pher al

d f ban | i ght
e om e SusfeptimBOBE TR e e T R ey B AP AR 1 or
m nut es 1&@0113 IATRS $epitti @ the Gl fe? hahmlysungomzﬂ:&lacmﬁdmgr 1 B'hm asld Hieteﬂ@ss'[ acked

vvafers were then separated using a ri n&e "%9
handl%e dptn&éqﬁlébrrawfextlﬁ@efc%@rwff@waﬁéihaﬂ% atnecamét@p‘aﬁhékeq Hon' %SF 2 was

hel d inpl.a66y % 12 EiMBCMIR if lt'!H&&am@ﬂ:%&lB%e E&nts@b@!i he dre{q@Qw or &N &akflg 1 anp

was placed circunferentially about the 25 periphery of er 1, wth the
ends of wdfe. ri ng bei ng cl anped together to provide even pressure around the
edges of the wafer (i.e., throughout the wafer's circunference). The handl e
attached to the ring clanp was then lifted, causing the ring clanp to
deflect, thereby lifting the edgeB)tAMIBJLIen 1 up and away fromwafer 2 in a
peellng not i on, as d?scrlbed i n Exanp . In this procedure, the

per i rS’her al regi on’l8#¢ pﬁ%“fﬁ@ﬁﬁf%@"ﬁ@ﬁ’p%‘ﬂlﬂi R e YeroGéd prior to

separ ation. Rather Sur}"h@ﬂll@g WPl R4 ﬁﬁyﬁt{vmé BRBH SOk ﬁ;ﬁrléj .!S‘M)Sf;!l@aved at the
initial separ ation pol nt as a natural consequence of the ri ng cl anp

defl ection nb]tthlgnrocgbles hatfesstasis isofeppisdaqspidingiteaioter metheddfgie imenidnged on t he
o 25, RSHa IR 4 Mg 500, i Do SRR B o0 1
waf er 2 t]ﬁ’fﬁdn’(ﬂﬂktyfaae of oy effemnmtcerntedlitab rélbme mateein] th-cBeareman adhedie dtleegte was 5
10 TR 14 SIS She Lt Deaseh et fow A0l LNs eLer, Ahel had besy, I
exanmpl e ogRuUhdsubRcLCaNSIIeN R dilithewaeVieaer Wb abmP4 cdahfy &aR b iiQEknewalf @bout EXAMPLE
4 10 um. Next, FC-40 solvent was dispensed onto the surface of the wafer at the outer edge to remove
abouta 3-5 mm wide section of the Teflon® AF coating from the wafer surface. The wafer was then
baked at 110°C for 2 minutes. Next, the edge of the wafer was coated with WaferBOND® HT10.10
20 bonding composition via spin coating, with the material only being dispensed at the edge to form a
layer of bonding material around the peripheral region of the wafer surface that was about 3-5 mm
wide by approximately 10 um thick. Thus, the Teflon® coating and bonding material formed a
single, non-uniform layer of material across the wafer surface. The wafer was then bonded in a face-
to-face relationship with a blank, 200-mm silicon wafer (wafer 2) under vacuum in a heated vacuum
25  and pressure chamber at 220°C and 10 psig for 2 minutes.
The resulting stacked wafers were then separated using a ring clamp (see Fig. 5(a)), with a
handle attached to the free ends for hand-operated separation. Wafer 2 was held in place by a
vacuum chuck, and the retaining ring of the ring ciamp was placed circumferentially about the

periphery of wafer 1, with the ends of the ring being clamped together to provide even pressure
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10 Hand- Operated Peel Separator used to Separate Wafer Stack with Center
Surface Filled Wth Material Having Low Adhesion to Either Substrate In this
procedure, a wafer stack is prepared according to another nethod of the
invention and then again separated using a hand-operated peel separator.
Prior to adhering the two wafers together, the center surface of one wafer
is coated with a release material to create an adhesive strength 15
differential across the wafer surface. The Teflon "' AF solution used in
Exanple 3 was spin coated onto the surface of a 200-nun silicon wafer
(wafer 1) to forma coating with a thickness.of about _10m Next C- 40
Sorvent el dl-ShEes iR i teneufride o SBanc s TEHENdhr - hedige Lo
remove @@yt cidnPwas M Mrdecs a6t iemn@tlathbeo JefebOMerch\igiatHe R Stari-he waf er
surface. The wafer was then baked at 110C for 2 m nutes. hbx%, t he edge of
t he waf drupgad awaafred Wafer B ingafceliganmonHF depribel igGxpomeal ng teonvexiutd. 81 vi a
spin coating,. .\, er] 0l y:.bei. [ . Ih Lo forma

| ayer og%%@ﬁﬁ?né&%éggﬁﬁgﬁﬁggghkggpIésggfggﬂgggﬁgﬁggﬁgﬁﬁgi'?%%g%g?éghsurface
t hat swasvaddyQuiad 8nly aning ofithd &otingppeioa ioneteetuyer 36 rhivw ki thdee wahmusmatethie
Teflon'' coat.i and di materjal formed a single, non-uniformlayer of
Tat er i Al BeT 08 R CRE A R 190 e Y ARG S HER S BOaaH T T o

t o-f ace ArelodfihQeshined WitcReded T8OMKondAQ GralBihSial b&ABlcRE efrolnat 8bssdbctionder
vacuumin a heated vacuum 25 and pressure chanber at 220C and 10 prig for 2
m nut es.andpas paskAty¢andhestiva elais. Rathervs fqal Bisteanple eqydt berceasidessdibe &viceng ¢l anp
(see Fi Y handl e attached to the free ends for hand-operated
separat9@ﬁ§%3g%§?%%}&%§nheld in place by a vacuum chuck, and the retaining
ringoof the ring clanp was placed circunferentially about the periphery of
wafer I, with the ends of the ring being clanped together to provide even
pressure 37 around the edges of the wafer (i.e., throughout the wafer's
circunference), The handle attached to the ring clanp was then |ifted,
causing the ring clanp to deflect, thereby lifting the edge of wafer | up
and away fromwafer 2 in. a peeling notion, as described in Exanple 1. In
this procedure, the peripheral region of the bonding conposition is not
removed prior to separation. After separation, 5 wafer 2 had only a ring of
t he bonding material on the outer 3-5 mm while there was no materi al
transfer in the center. Wafer | had a ring of bonding material on the outer
3-5 mmand the Teflon' AF coating remained in the center. The bondi ng

mat eri al had been cleaved through its cross section and was split between
the two wafers. Either wafer in this exanple could be considered the device
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wafer or the carrier wafer. 10 38 W Claim 1. Aring clanp for separating
bonded substrates, said ring clanp having a planar body with a
substantially circular shape and a central opening, said body conprising: 5
an annular interior sidewall; an annular exterior sidewall; a top surface
extendi ng between the interior sidewall and the exterior sidewall; a

waf er - engagi ng surface extending outwardly fromthe interior sidewall, said
waf er- engagi ng surface termnating at a point in the body that is spaced
fromthe exterior 10 sidewall; and an inwardly extendi ng annul ar ridge,

whi ch skggﬁg_inmard fromsaid point, and away from the wafer-engagi ng
surface, 81 n sai d waf er-engagi ng surface and annul ar ridge cooperatively
forman annul ar wafer- receiving groove. |5 2. The ring clanp of claim1,
wherein said body is a unitarily fornmed split ring clanp having two free
ends. 3. Thelri ngAcingrpanuf fcxtlsaiamtm;, bged sm@mﬁhwaiﬂir@geclatlm haviretd plgnarn a free

edge an%} Wlt?gsubggeﬁa 1?/ cnﬁ.ﬁ%s c(ljz?([,en?r!ijlrolggmg%g%ié e}}c%gllp ?m en t he free

edge an ér-en tes in the body.
4. Thse ring mbampaomuﬁbamdmﬂm wher ei n sald groove has an angle (0), as
measured from the wafer-engaging surface to the shoul der surface of the

ri dge, of fréﬁygﬂﬁhP“%ﬁnﬁﬁcﬁﬁgut 90. 25 5. The ring clanmp of claim 3, where

the free edggipfsuifiie e%ﬁ&ﬁg’iﬁet&rée‘ﬁgﬁ‘e ﬂféﬁ& snetvamaqnéiextérrb\a@emmst a pl ane
defined by the interior sidewall, such that the annul ar rldge is outwardly

of fset fr ond tdericngagiligosurigead exignding gowardly from the interior sidewall, said wafer-

engaging surface terminating at a point in the body that is spaced from the exterior
10 sidewall; and
an inwardly extending annular ridge, which slopes inward from said point, and away from
the wafer-engaging surface,
wherein said wafer-engaging surface and annular ridge cooperatively form an annular wafer-

receiving groove.

2. The ring clamp of claim 1, wherein said body is a unitarily formed split ring clamp

having two free ends,

3. The ring clamp of claim 1, said annular ridge terminating in a free edge and having
20  asloped shoulder surface extending between the free edge and the point where the wafer-engaging

surface terminates in the body.

4. The ring clamp of claim 3, wherein said groove has an angle (8), as measured from
the wafer-engaging surface to the shoulder surface of the ridge, of from about 10° to about 90°.
25
S. The ring-clamp of claim 3, where the free edge of the annular ridge does not extend
inward past a planc defined by the interior sidewall, such that the annular ridge is outwardly offset

from the interior sidewall.
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6. The ring clanmp of claim11, wherein said body conprises nmultiple pieces,
each piece being unitarily formed, 7. The ring clanp of claim1, wherein
said body is fornmed froma nmaterial selected from 5 the group consisting of
metal s, ceramcs, polyners, conposites, and conbi nations thereof. 8. The
ring clanp of claim1l1, wherein said body has a wwdth "TV," as neasured from
the interior sidewall to the exterior sidewall, of fromabout 0. i to about
50 nm 10 9. The ring clanp of claim1, wherein the interior sidewall has a
t hi ckness "t" of from about 0.1 to about 15 nm 10. The ring clanmp of claim
1, wherein the exterior sidewall has a thickness "T" of from about 0.15 to
about 16 mm 615 1The rigelacpmibclrat i, omewi sad botlyarrpiphisesimidfipde ptanaschipody wi th a
substan%iallﬁ Qﬁrfula shape, said body conprising an annul ar

waf er - r SCBPVIE g1°08%e; and a planar substrate having an outernost edge
defining the periphery of said substrate, at |least 20 a portion of said
peri phery being received in said wafer-receiving groove. 40 12, The

conbi nati on &f cl H}emnzil,amgaffaawawl&rqlwftl%lé}dwéﬁﬁwggrplﬁ@smteézaléélﬁ%f?da@‘one)peni ng;
an a@”_“'tl?cr rrbLﬁ.‘)tc%Migrl1g%'f91%ml, é@%ami@s? @ﬁﬂ&pﬁ,acromg&ti §,'a9& co?ﬁbﬂ%%gs!tﬁeré)f.a top surface
extendlnggbetmeen the interior sfdewall and the exterior sidewal I ; a

waf er - engagi ng surface extending fromthe interior sidewall outwardly and
termnating at a point jin the bady, that .i aced. fromthe exterio

i dowall | afd antiritasany e Eal e Rt P R R IR e T hear o 1rom
sai d poiiitrior 3jdewahaythe dx@erfofr SiBeviall eofithesboan@ag Mdgutomirace, wherein said

waf er - engagi ng surface and annul ar ridge cooperatively formsaid annular
waf er -recei vi ng groove.

10 9. The ring clamp of claim 1, wherein the interior sidewall has a thickness “t” of from

about 0.1 to about 15 mm.

10. The ring clamp of claim 1, wherein the exterior sidewall has a thickness “T” of from

about 0.15 to about 16 mm.

15
I The combination of:
a clamp having a planar body with a substantially circular shape, said body comprising an
annular wafer-receiving groove; and
a planar substrate having an outermost edge defining the periphery of said substrate, at least
20 a portion of said periphery being received in said wafer-receiving groove.
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13. The conbination of claim 12, wherein said substrate further conprises a
front surface 15 and a back surface, said front surface conprising a
central region and a peripheral region. 14. The conbination of claim 13,
wherein said ammlar ridge termnates in a free edge, said annular ridge
havi ng a sl oped shoul der surface extendi ng between the free edge of the
ridge and the point where the wafer-engaging surface termnates in the
body, the backsi de surface of said 20 substrate bei ng engaged by the

waf er - engagi ng surface of the body and the outernost edge and peri pheral
regi on of the subsielcahBink€inng cRIG A0 dRMbIB Pt Rmgand free edge of the
ridge. 15. The conbination of claim 12, wherein said substrate conprises a
mat eri al sel ect edt cenrd 9P¢tEL: gr oup consi sting of silicon, sapphire, quartz,
nmetal, gl ass, andancaﬂﬁtﬁgjth%rior%ﬁjeév%ll‘16' A tenporary bondi ng nmet hod conpri si ng:
providing a stack conprising: a fi'rst substrate having a back surface and a
devi ce surface, saiadndevikeeosudedrvalle having a peripheral region and a
central region; 5 a second sjgbstbrate onded ta s&i d first substrate, said
second subst rat e HARFRGGEXILERELEean ihe Jreior §dgtieat fis cXGrPE Yehnd an

out er nost edge def iwafchgndabBg REEdePH&INVInES frdrh8hes 8EQRE spiehst bat@rdipahd carrier
surface having a peripheral region and a central region; and separating
said first and second'®unstirgata past Mghabeswéhat mgpared fiom thaexigsier sifewplla force
to a 10 portion of tEgd peri phery of said second substrate causing said
second substrate to end at an angle away fromthe stack, thereby
separating said faniistardybgtmdatgenarid rdge edind sispdssitwaad fom 3aid poifteandetvapd of
claim 16, wherein sai gr st ack ffurtyher compri ses an internediate |layer 15
bet wen said first subSiriat ¥ Ehdeedi & 'dcond substrate. 18. The method of
claim17, said i erﬁfdﬁf)ﬁﬂi@h@felr@ﬁ{@gh@%bﬁ@eQ@B‘dﬁﬂlli&id%aicé'o&ﬁ‘tfniv@? fo tace and
to said peripheral region of said carrier surface, wherein said internedi ate
| ayer and saf@vigewiienieceiyisgpioaveof said carrier surface conprise a | ow

bondi ng interface therebetween. 20

13, The combination of claim 12, wherein said substrate further comprises a front surface

15 and a back surface, said front surface comprising a central region and a peripheral region.

14, The combination of claim 13, wherein said annular ridge terminates in a free edge,
said annular ridge having a sloped shoulder surface extending between the fiee edge of the ridge and
the point where the wafer-engaging surface terminates in the body, the backside surface of said

20  substrate being engaged by the wafer-engaging surface of the body and the outermost edge and

peripheral region of the substrate being engaged by the shoulder and free edge of the ridge.
15. The combination of claim 12, wherein said substrate comprises a material selected

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

25
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19. The method of claim 18, wherein said | ow bonding interface conprises
surface nodification of said central region of said carrier surface. 20.
The net hod of cl ai nl8, wher ei nsai dl owbondi ngi nt er f aceconpri sesasecondl ayer 25
between said internediate | ayer and said central region of said carrier
surface. 21. The nethod of claim 20, wherein said second |ayer is selected
fromthe group consisting of a | ow adhesive strength |ayer and a polyneric
| ayer. 42 22. The nethod of claim 17, wherein said internmediate | ayer
conprises a fill material adjacent said central regions and an edge bond
adj acent sai? pe;&PheraL ée%ions. 23. The nmethod of claim 17, wherein said
i nt er nedi at e P-ayet "CHRRTY S¥EINg MEHoE GPRPIIS ®ondi ng | ayer. 24. The nethod of
claim 17, fuplbpingGamektshpgidyechanically or chemcally disrupting said
internedi ate | ayer adjacent said peripheral regions to renove at |east a
portion of said 4 fitsesubstitaheiiayerckprifor and asivide sefas.apidrdgvicd QurdBe The

met hod of claim 17, r. said carrier, surface.conprises a patterned
surface nDdificatioﬁ@ggé#gp?ﬁ%%?ﬁgﬂ?%?gafgvgﬁl gwhg bonded to said device

surfdce and to nonscoadi fubechte [podéd wraidofirstsabdracakiid escosdsfacae hwtigs @i n sai d

internediate |ayer and said surface-n dif%@d pgrtions of saiq carrier
surface conprise a | oPBEhHTRE ianbask ¥ dc T A% rABH Sf \RULMOS §dgsgdeTifg thet hod of

claim16, wherein sai ge@@vhCcs BUtHISUERAIR, 558 8aA8 RFE@Ma0h Q%Exii&f%ﬁdl
sel ected fromthe group consisting of integrated circuits; ﬁE ;

m crosensors; power s$@McOAdgettiBlseioniaght - emitting di odes; photonic
! s " enhad . _ . . ’
LS, | LBBRRELY seniadied, esLy e ey LAaR, RIS pISLINRSS .

fabricated on'or i seni
gal 10um ni tri de. po2@ndf.theleeiphey hbdaf etaidruibratesandngleid seeong unfsaete to

conprising at |east one structure selected fromthe grqQup consisting of:
sol der bunps: netEn? Fogt diele iy gy P SPES ERPYSEPULRErES TSR F ABin o

mat eri al sel ect edefdn@uisheegr oup consi sting of silicon, polysilicon, silicon
di oxide, silicon (oxy)nitride, netal, low k dielectrics, polyner
dielectrics, netal nitrides, and netal silicides.

17.  The method of claim 16, wherein said stack further comprises an intermediate layer

15  between said first substrate and said second substrate.

18.  The method of claim 17, said intermediate layer being bonded to said device surface
and to said peripheral region of said carrier surface, wherein said intermediate layer and said central
region of said carrier surface comprise a low bonding interface therebetween.

20
19.  The method of claim 18, wherein said low bonding interface comprises surface

modification of said central region of said carrier surface.

20.  Themethod of claim 18, wherein said low bonding interface comprises a second layer

25  between said interimediate layer and said central region of said carrier surface.

21, The method of claim 20, wherein said second layer is selected from the group

consisting of a low adhesive strength layer and a polymeric layer.
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25 28. The nmethod of claim 16, wherein said second substrate conprises a
material selected fromthe group consisting of silicon, sapphire, quartz,
nmetal, glass, and cerami cs. 43 29. The nethod of claim 16, further

conpri sing subjecting said stack to processing selected fromthe group
consi sting of back-grinding, chem cal -mechani cal polishing, etching, netal
and dielectric deposition, patterning, passivation, annealing, and

conbi nati ons thereof, prior to separating said first and second substrates.
5 30. The nethod of claim 16, wherein said separating is carried out using a
ring clam bhavi ng,a,Rh@neHc1ARdy, Whddly &if HRshankk @alylerycoﬁﬁ)fxg;e'élaqfll ShaRe
defining the periphery of said ring clanp and a céntral opening, said ring
cl anp beigenssedrestal agsous anhan gige bphierdjpcat saihperipberalndgisnsbst rat e, and

wherein said force is applied to only a portion of the periphery of said
ring clanp thereby lifting the 10 correspondi ng portion of the periphery of
the second sphst rEfeeman@yof ¢loim thevigtas kail Ainte@icdiaRel@ydr RGmMpHRE laQmifodd. The

met hqd of claim 30, said body conprising: an annular interior sidewall; 15
an aﬁnulé?‘%&?@?lor sidewal | ; a top surface extendi ng between the interior
sidewal | and the exterior S|demall; a waf er - engagi ng surface extendi ng
outwardly fromthe interior sidewall, said wafer- engagi ng surface

termnating &t a’B@hmﬂuﬂ@fﬂh@1bbﬁyﬂmh@mmﬁgnsg@d@dwﬂbﬁnwh%@c®&ﬂénnﬁng
si dewal lszad 11rﬁgrn%zegla?enlgklé}vg%gag%1¥ sgfat;%ehl fncrg T $101 S f% 16111099%? le\é\gg ,ch britgne B ?anlj nwar d

from sai engagl ng efein said

waf er - emgagmm@wSM&fm&ﬁuandhﬁmnmmgr rldge cooperatlvelyforn1an annul ar waf er -
receiving groove, at least a portion of the periphery of said second
substrate being received in said groove. 25 32. The nmethod of claim 31,

wher ei n sai da9odyrhesnetifoli BEEIRHTPE d8Bkintskit BAELRANRR\CbRABrises a patterned surface
modification, said intermediate layer being bonded to said device surface and to non-modified
portions of said carrier surface, wherein said intermediate layer and said surface-modified portions
of said carrier surface comprise a low bonding interface therebetween.
15
26.  The method of claim 16, 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.
20
27. The method of claim 16, 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.
25
28. The method of claim 16, wherein said second substrate comprises a material selected

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

43



two free ends. 44 33. The nethod of claim 32, wherein said ring clanp is
secured about the periphery of said second substrate by: noving said free
ends away from one another, thereby enlarging the central opening of said
body; 5 placing said ring clanp about the periphery of the second substrate;
and drawi ng said free ends toward one another to conpressively engage the
second substrate, prior to said separating, wherein the annul ar ridge of
said ring clanp termnates in a free edge and has a sl oped shoul der surface
extendi ng between the free edge of the ridge and the point where the wafer-
10 engagi ng surface term nates in thebody, the backside surface ofsaid
second subst#%at ebdieigetdiglamby. fECHRNPrioianGelFge Suf Siele oprogtigndody and
t he out ~ ., ' | Leglo -t he -at i ng
engaged By e He o Rge A R hERPLEk ShEhE P Rl R B B ") i
33, wheumwi diclsarid depasgios] @npneggegesat@ab, dreeagingadndubmpinatodns teecof, Iiyiopes | phery
of said segond‘ggﬁstr?te. %5 The method of claim 31, wherein said ring
clanp dSEEAHYE SAOHE RO SSRGS PIFLE substrate. 36. The method of claim 16,
wherein the first substrate of said stack is secured to a chuck 20 prior to
separating said substrates. 37. The nethod of claim 36, said first substrate
bei ng secur et t o 1dginFthodwERla 5. gtherel) seidrsernsttigiiccafigndoat usHa g or ce,

magnet i ¢, f ; i , PRV S| i | -

ndnost ve P OFpaRRDAM, £k RhAFencht Hebler BE e B ben SEuR bS8 . ot nod
of cl ai a6l eyreimej saidsaigdlapipuchngi sscunphabdutainaperiphapot the ssecbndistsatsitd at e
during said separating.. 45 39. The hod. of cl ai ,gﬁ erein.sai.

Separ ot MR PSTB AP sahysd BedPing or PEF Brtemac R vy B et Biaps s o
second sdaHhspdnaing pbRiongf SiepeHphekyboihs 8tcdnd hu@Xidpd Bvag Mvakihe Sakdn §00 gRlifiei ng
applied to only a portion of the periphery of said flexible chuck thereby
lifting™Ae correspondi ng

31. The method of claim 30, said body comprising:

an annular interior sidewall;
15 an aninular exterior sidewall;

a top surface extending between the interior sidewall and the exterior sidewall;

a wafer-engaging surface extending outwardly from the interior sidewall, said wafer-
engaging surface terminating at a point in the body that is spaced from the exterior
sidewall; and

20 an inwardly extending annular ridge, which slopes inward from said point, and away from
the wafer-engaging surface,

wherein said wafer-engaging surface and annularridge cooperatively form an annular wafer-

receiving groove, at least a portion of the periphery of said second substrate being received in said
groove.
25
32.  Themethod of claim 31, wherein said body is in the form of a split ring clamp having

two free ends.
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portion of the periphery of said second substrate away fromthe stack in
said peeling notion. 5 40. The method of claim 16, wherein said separating
is carried out using an adhesive film having a periphery, said second
substrate being secured to said adhesive film said force being applied to
only at portion of the periphery of said adhesive filmthereby lifting the
corresponding portion of the periphery of the second substrate away from
the stack in said peeling notion. 10 41. A nethod of formng a tenporary
waf er bondi ng structure said nethod conprising: providing a first

substrat e havying rfaces; .formn said
f r ont surfacég‘of i[é‘:i g ?‘1[1‘2“?%11]%%1%5{%11 Sat ARA Cé?l?ngéecéléegc?ﬁ@“gﬁ@gﬁg{ye&haw ng
front andideawkd swisiraeeg, said front surface having a 15 surface-nodified
region, a non-nodified region, and an optional mask adjacent said

non- nodi f i ed "PEYIEEHI flﬁ%@ldé BYHEN Pl 282he, herebit entarigpbe cotal RPRINS B d
substrate with sajg,bonding layer on said first substrate to thereby form
said tenporary bondihg structure, wherein said bonding |ayer and said
sur f é&ce- nodi f)laeldglsaegrloglclerhpslmuclthsem@xhdrymbstsecan@smwm,ias@ a Iow 20 bondi ng
interface therebetwe dified
Fegi on- conpr PSP A pai Ao AS it Bt LRl e e SR
pattern is sel ectgtbrid @rd dep@atgigpup consisting 25 of grids, lines, and
shapes. 44. The nethod of claim4l, said front surface havin 9 a erlpheral
region and aVRERIYAF ANREGITKRS LG iREHEPR FeTREGICH t BRDPISicAG "aah Sgopsedrface

nodi f i edp§geH: Q{‘pfac‘é"?ﬁ{cﬁ&ﬂ %@tw@em%eh %dé@b@tﬁ@%ge aﬁf’%l' @le RSt RHGE @le v8@.0N. 46
45. The net hod cl a|n1% sai d surface-nodifi region conprising a

pat tiér n. engaamgméacnt,qnhmdteam tl@lbadmlmbackwﬁeweﬁaw of Sﬂuﬂsepcvndwwratgbmg ewgigddsecond
substrate tEeO”Pfrer-glggién%la nlgth %O(?%dnlé the OUSIGH’nOQtp%]g dQn(F }:ﬁ?‘ {phffrc QC%IOﬁ o? he

dep05|tﬁﬁg a su I'ng conmposi 0 yield
sai d surstaaésuhsnae Bd:xﬁgieﬂg&gw & thersag)il den ancaiiﬁd: edge of the ridge.

34, The method of claim 33, wherein said ring clamp engages at least about 1° of the

15 periphery of said second substrate.
35.  Themethod of claim 31, wherein said ring clamp does not contact said first substrate.

36. The method of claim 16, wherein the first substrate of said stack is secured to a chuck

20  prior to separating said substrates.

37.  The method of claim 36, said first substrate being secured to said chuck via an
electrostatic force, a vacuum force, magnetic force, mechanical force, physical restraint, or a layer
of adhesive film between said chuck and said first substrate.

25
38. The method ofclaim 36, wherein said chuck is moved away from the second substrate

during said separating.
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and optionally renoving said mask to thereby expose said peripheral region.
47. The nethod of claim4l, wherein said nask is present, said bonding | ayer
being 10 bonded with said nask. 48. The nmethod of claim4l, wherein said
contacting is carried out under heat and pressure, said mask reflowing into
said bonding |ayer to create a uniform bonding |layer. 15 49. The net hod of
claim4l, wherein said mask is not present, said bonding |ayer being bonded
wi th said non-nodified region of said second substrate. 50. A disc-shaped
clanp for separating bonded substrates, said clanp having a solid, planar
body with a substantially circular shape, said body conprisin 20 an
annul ar ext etd or EP%ﬁﬁMﬁIOf@éWIH%W@”@ﬁémﬁﬁ?%wﬂﬂﬂ%ﬁﬁﬁéPméﬁm&%ﬂ%ﬂﬁﬁﬁvd<a top
surface hmf@gélnﬂeffyh@m@wcbﬁcﬁsm@f@efseﬁ{g fet: wemaﬁiaﬂe%b%ﬂﬁ%% d%w@w@hg

waf er - engagi ng surface extending between a point In d& that 15 spaced
f r om t heppliestaeeiilnes peitidewatht perhety ahsaidiioamdd yhuelxtkerﬁdy i rugnlrrﬂnoacSppndjw, whi ch
\%lhgfgf nl gra}f)l(]jgf tL% Omp%g‘rlé'%f E)aci)é secOndasGlgjstrg‘t\éaag {r:l](r)m ltflat?rs§ac gsg (Poegl'r;)ngﬁ nqczaalelng fsg; ];nag_ﬁ’
annubar wafer- receiving groove. 47

40.  Themethod of claim 16, wherein said separating is carried out using an adhesive film
having a periphery, said second substrate being secured to said adhesive film, said force being
applied to only a portion of the periphery of said adhesive film thereby lifting the corresponding

portion of the periphery of the second substrate away from the stack in said peeling motion.

10
41. A method of forming a temporary wafer bonding structure, said method comprising:
providing a first substrate having front and back surfaces;
forming a bonding layer on said front surface of said first substrate;
providing a second substrate having front and back surfaces, said front surface having a
15 surface-modified region, a non-modified region, and an optional mask adjacent said
non-modified region; and
contacting said front surface of said second substrate with said bonding layer on said first
substrate to thereby form said temporary bonding structure, wherein said bonding
layer and said surface-modified region of said second substrate comprise a low
20 bonding interface therebetween.

42. The method of claim 41, said surface-modified region comprising a pattern.

43, The method of claim 42, wherein said pattern is selected from the group consisting

25  of grids, lines, and shapes.

44, The method of claim 41, said front surface having a peripheral region and a central
region, said central region comprising said surface modified region, wherein said mask is adjacent

said peripheral region.
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20

25

45.  The method of claim 44, said surface-modified region comprising a pattern.

46.  The method of claim 44, wherein said providing of said second substrate comprises:

forming an mask on said peripheral region;

depositing a surface modifying composition in said central region to yield said surface-
modified central region; and

and optionally removing said mask to thereby expose said peripheral region.

47,  The method of claim 41, wherein said mask is present, said bonding layer being

bonded with said mask.

48, The method of claim 41, wherein said contacting is carried out under heat and

pressure, said mask reflowing into said bonding layer to create a uniform bonding layer.

49.  The method of claim 41, wherein said mask is not present, said bonding layer being

bonded with said non-modified region of said second substrate.

50. A disc-shaped clamp for separating bonded substrates, said clamp having a-solid,
planar body with a substantially circular shape, said body comprising:

an annular exterior sidewall defining the outer diameter of said body;

a top surface extending the entire diameter between said exterior sidewall;

a wafer-engaging surface extending between a point in the body that is spaced from the
exterior sidewall; and

an inwardly extending annular ridge, which slopes inward from said point, and away from
the wafer-engaging surface,

wherein said water-engaging surface and annularridge cooperatively form an annular wafer-

receiving groove.
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