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No. WOTINF-04-2-005. The U.S. Government has certain rights in this invention.

Background of the Invention

15 Flexible displays and electroni‘cs are poised to revolutionize the industry with low
cost, rugged, and/or disposable applications. The proliferation of flexible displays and
electronics are inhibited in part by ancillary technologies that facilitate their fabrication. In
order for circuitry to be fabricated on flexible substrates, the substrates themselves need to
be secured in a fixed orientation during processing. Some have used framing or bonding

20 while others have envisioned roll-to-roll types of processing. While roll-to-roll is
promising in theory, the practical application of roll-to-roll to high resolution
semiconductor-like processes has yet to be demonstrated on a significant scale. Framing
has been demonstrated to be impractical at a large scale, and would require much
equipment and process modifications to become a viable option. While bonding

25  technologies exist and are currently implemented at manufacturing scales, these processes
have for the most part been limited to rigid-to-rigid bonding.

Another approach is bonding flexible substrates to rigid carriers, involving
development of a bonding process with an adhesive amenable to semiconductor processes.

This approach renders subsequent debonding even more challenging, since the flexible



This approach renders subsequent debonding even more challenging, since the flexible substrate
must be separated from the rigid carrier without damaging the fabricated circuitry or the flexible
substrate itself Summary of the Invention The discovery presented herein outlines a method and tool
platform for B&KOMIBHisHing removal of flexible substrates post-processin§¥ B HERaHe to the
fabricated devices. In addition the method does not induce damage to the rigid carrier, which can then

be reclaimgehand.reusestte festedthe s ustaipabiityaf thisonamsactuping pIesessd Thusinh a first
aspect, the present invention provides an apparatus for debonding a 10submounted substrate
comprisingr(g) aRXbEiagesi) assatuum operated chuck attached to the X-stage, wherein the vacuum
operated chuck is capable of receiving a submounted substrate, (c) a Y-stage moveably coupled to the
X-stage arghonentedfpbepmvdigivar to the X-stage, and (d) a dcbondcr coupled to the Y-stage, wherein
the debonder comprises two mounting blocks and a cutting edge, wherein the two mounting blocks
each have a distdlhtSewd aitaptmdniodheryistagamssicmtta draXisthgetivwapable of moving between
the two mounting blocks, wherein the two mounting blocks each have a proximal end attached to an
end ofthe &¢einel iskige sumey that tebletingsadie spamsogrssasagboversactifetiititting edge is
adjustable in height in a Z-axis. The present invention also provides a method for debonding a
submount&tPEGHEE 4198 cHhAIHEIRG: 18) PeBdtiRg St ag et a ALY GUm operated
chuck attached to an X-stage, wherein the submounted substrate comprises a %qid carrier substrate

bonded to Xk BebRtEa e i T Q45858 rots iR EGpRIdYS RapWpsgE™®) adjusting a

debonder's height in a Z-axis such that the debonder is aligned with an interface between the rigid
carrier sudgtrate and the flexible substrate, wherein the &bonder is coupled to the

Thus, in a first aspect, the present invention provides an apparatus for debonding a
10 submounted substrate comprising: (a) an X-stage, (b) a vacuum operated chuck attached to
the X-stage, wherein the vacuum operated chuck is capable of receiving a submounted
substrate, (c) a Y-stage moveably coupled to the X-stage and oriented perpendicular to the
X-stage, and (d) a debonder coupled to the Y-stage, wherein the debonder comprises two
mounting blocks and a cutting edge, wherein the two mounting blocks each have a distal
15 end attached to the Y-stage such that the X-stage is capable of moving between the two
mounting blocks, wherein the two mounting blocks each have a proximal end attached to an
end of the cutting edge such that the cutting edge spans the X-stage, wherein the cutting
edge is adjustable in height in a Z-axis.
The present invention also provides a method for debonding a submounted substrate
20  comprising: (a) mounting a submounted substrate in a vacuum operated chuck attached to
an X-stage, wherein the submounted substrate comprises a rigid carrier substrate bonded to
a flexible substrate, wherein the X-stage is moveably coupled to a Y-stage, (b) adjusting a
debonder’s height in a Z-axis such that the debonder is aligned with an interface between
the rigid carrier substrate and the flexible substrate, wherein the debonder is coupled to the

25  Y-stage, wherein the debonder comprises two mounting blocks and a cutting edge, wherein
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25Y-stage, wherein the debonder comprises two mounting blocks and a cutting edge; wherein the
two mounting blocks each have a distal end attached to the Y-stage such that the X-stage is capable
of moving between the two mounting blocks, wherein the two mounting blocks each have a proximal
end attachesvmamendaf the cutting edge such that the cutting edge sparstihs2xost@gess(c) bringing
an upper plate comprising a vacuum-ring into contact with the flexible substrate, and (d) debonding the

flexible subgurats fram e Haldcaltiehaubelinte sHaN AL A0 dRDONdEL cyls tiaugh she interface

between the rigid carrier Substrate and the flexible substrate, wherein thie vacuum-ring holds onto the

flexible suhgiratg y@m@%&%ﬁ%&aé@@@%@%@&ﬁﬁ%@fé@,%ﬁ%ﬁ%w@ £HiEHeThe present

invention also provides a system for dcbonding a submounted substrate 10 comprising: (a) a user

interface, (Phaks@RAMENDVSY SteRIRaARRURcativaly couRled iR theuseldeface.mherqinithe conveyor
system is operable to (i) transport a submounted substrate a predetermined distance and (ii) load the

submounted gpatiatee Matacd ey BENg RPAIRIUSp e} acsyBRtHip.Systemeommemeatively coupled
to the user interface, wherein the solvent drip system is operable to apply a solvent drip to the
submduntedtaubstitaté, (huasviratiod (B sgbterdigomnilenidbtivelyteoeified thethigidserrinterface,
wherein the vibration system is operable to vibrate a debander at ultrasonic frequencies, (e) a vacuum
system corutritmicative fhgcobpkkabonderecutse hintghf doeintehfereibetive sratheurgigysteier is operable to
stabilize the submounted substrate against an upper plate via a vacuum-ring, (I) a dcbonding system
communicéthistjiecaupibel fexivde jobptinterfdeucivifer ehsthe delsdmdiipeipsterlix@boperable to
separate the submounted substrate into a flexible substrate and a rigid carrier substrate, (g) a
temperatuf8RsgitFoTiayetann coritmiimdbisals eaipredrbontrd deer iferiade aiferein the temperature
control system is_gperable to heat the debonding system's cutting edge and/or vacuum operated chuck

prior to dcbonding FHF TR PHEP &R B foh SR e AR lroRadivery Louptuated tBsHak interface,

wherejn the dcbonder is capable of replacing the cutting edge after use, and (i) a cleaning system
Cormrnic B TBHILA o R EP AR CE T & LAY SRR R Gt AT remove

residua.l a%?é%?'ve frgggethghrlg;d carrier Stflbstrate af%elg egfprdln In,another asgetcg{,E the invention

supplies phy5|ca§Ietgmpu er reeacggl:?Pémétng’aegné média pr0\9i ngail}lsﬁt%tcati%}?sm S dgartaes%orage and

executable by @ ARLEPSRLIAL. RSP AIWRIEITHIBLALPIIAR AT AUBIRHiRYBRAIR.LO carry ou

any one or more of the methods

(c) a solvent drip system communicatively coupled to the user interface, wherein the solvent
drip system is operable to apply a solvent drip to the submounted substrate, (d) a vibration

15 system communicatively coupled to the user interface, wherein the vibration system is
operable to vibrate a debonder at ultrasonic frequencies, (¢) a vacuum system
communicatively coupled to the user interface, wherein the vacuum system is operable to
stabilize the submounted substrate against an upper plate via a vacuum-ring, (f) a debonding
system communicatively coupled to the user interface, wherein the debonding system is

20  operable to separate the submounted substrate into a flexible substrate and a rigid carrier
substrate, (g) a temperature control system communicatively coupled to the user interface,
wherein the temperature control system is operable to heat the debonding system’s cutting
edge and/or vacuum operated chuck prior to debonding, (h) a reel to reel system optionally
communicatively coupled to the user interface, wherein the debonder is capable of

25  replacing the cutting edge after use, and (i) a cleaning system communicatively coupled to
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of the invention. The physical computer readable storage media is capable of operating on a computer
system to control various embodiments of a system for debonding a submounted substrate. One
embodiment of the above aspect is physical computer readable storage media 10providing instructions
stored in dalGRofAgesaft] executable by a processor for causing a systemcfougaioonsiag a
submounted substrate to carry out functions including: (a) transporting a submounted substrate for a

predeterruingd disiaaeGc (o) oadinga subMEUDiedSURBIAIR I debendingannatais; (c) applying

a solvent drip to the submounted substrate, (d) heating a cutting edge andior a vacuum operated

chuck, (c) vibrating-aiixdehendsiatdiirasaniedmeuencies, (1) stabilizing the submounted substrate
against an upper plate via a vacuum-ring, (g) debonding the submounted substrate, (h) replacing the

&bonder's cuttingiedaetivia apes)de-ieahsisieompans (hysamainguesiddalndResie fremthe
submounted substrate's rigid carrier substrate after debonding. Brief Description of the Drawinus
20Figure Ipivadory wistmuofithe aypdiatdsa kigtae i exisampleidbwiewooéihe apparatugaFigure 3 is a
front view of the apparatus. Figure 4 is a side view of the apparatus. 25
5  system for debonding a submounted substrate to carry out any one or more of the methods
of the invention. The physical computer readable storage media is capable of operating on
a computer system to control various embodiments of a system for debonding a
submounted substrate.
One embodiment of the above aspect is physical computer readable storage media
10 providing instructions stored in data storage and executable by a processor for causing a
system for debonding a submounted substrate to carry out functions including: (a)
transporting a submounted substrate for a predetermined distance, (b) loading a submounted
substrate into a debonding apparatus; (c) applying a solvent drip to the submounted
substrate, (d) heating a cutting edge and/or a vacuum operated chuck, (e) vibrating a
15 debonder at ultrasonic frequencies, (f) stabilizing the submounted substrate against an upper
plate via a vacuum-ring, (g) debonding the submounted substrate, (h) replacing the
debonder’s cutting edge via a reel-to-reel system, and (i) removing residual adhesive from

the submounted substrate’s rigid carrier substrate after debonding.

Brief Description of the Drawings

20  Figure 1 is a top view of the apparatus.
Figure 2 is a isometric view of the apparatus.
Figure 3 is a front view of the apparatus.

Figure 4 is a side view of the apparatus.
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WO 2009/126443PCT/US2009/038275 Detailed Description of the tnvention In a first aspect, the
present invention may take the form of an apparatus for dcbonding a submounted substrate
comprising: (a) an X-stage, (b) a vacuum operated chuck attached to the X-stage, wherein the vacuum
operated ché&k2¥¥asethle of receiving a 5submounted substrate, (c) a Y-REIHESMeARRTY coupled to
the X-stage and oriented perpendicular to the X-stage, and (d) a debonder coupled to the Y-stage,
wherein thp dehen ok GOMNSES Y PGIdNg blocks and a cutting edge, wherein the two mounting
blocks each have a distal end attached to the Y-stage such that the X-stage is capable of moving
between the two mauttingilecks: yhesgimibetvonagwring blesks eashjparend Pproximal end
attached to an end of the cutting edge such that the cutting edge spans the X- stage, wherein the
cutting edgletisradjgstabtenisuheighilintat? caxiprikxenp)ary enthgdithentsohtheppparhthacre provided
in Figures 1-4. Component numbers recited below refer to Figures 1-4, and are provided for purposes
of illustratiefteois tatlee Rosteglinvihthe rtlhinvedinuemionabdhe bistured Brnbodinents. 15As used

herein, a "flexible substrate" is a free-standing substrate comprising a
5  submounted substrate, (c) a Y-stage moveably coupled to the X-stage and oriented

perpendicular to the X-stage, and (d) a debonder coupled to the Y-stage, wherein the
debonder comprises two mounting blocks and a cutting edge, wherein the two mounting
blocks each have a distal end attached to the Y-stage such that the X-stage is capable of
moving between the two mounting blocks, wherein the two mounting blocks each have a

10 proximal end attached to an end of the cutting edge such that the cutting edge spans the X-
stage, wherein the cutting edge is adjustable in height in a Z-axis.

Exemplary embodiments of the apparatus are provided in Figures 1-4. Component
numbers recited below refer to Figures 1-4, and are provided for purposes of illustration
only, and not to limit the claimed invention to the pictured embodiments.

15 As used herein, a “flexible substrate” is a free—sténding substrate comprising a
flexible material which is capable of being flexed, distorted, twisted, bent or conformed.
Non-limiting examples of flexible substrates include, but are not limited to films of metals
and polymers, e.g. metal foils, such as aluminum and thin metal foils, and polymeric sheets,
such as polyimides, polyethylene, polycarbonates, polyethylene terephthalate (PET),

20 polyethylene naphthalate (PEN), polyethersulfone (PES), and multi-layer stacks comprising
two or more metal and/or polymeric materials provided the entire stack assembly remains
flexible. The flexible substrates may be of any thickness suitable for a given purpose, with
preferred thicknesses being application specific. In various embodiments, the flexible

substrates range from 10 um to 5 mm in thickness.



flexible material which is capable of being flexed, distorted, twisted, bent or confoed. Non-limiting
examples of flexible substrates include, but are not limited to films of metals and polymers, e.g. metal
foils, such as aluminum and thin metal foils, and polymeric sheets, such as polyimides, polyethylene,
polycarbona¥és 2piiedddene terephthalate (PET), 20 polyethylene naphtREBTSIPBEDER275
polyethersulfone (PBS), and multi-layer stacks comprising two or more metal andior polymeric

materials provided he anfire;stack-assembly mImains fexibie. Hhedeible;supssaies may be of any

thickness suitable for a given purpose, with preferred thicknesses being application specific. In various

embodimentshiha dlexiblesobstiatesscang €.5am:d Q unda Scavpsndhickpessuits. InABdised herei he
rigid carrier may comprise any material that is capable of withstanding the processing used to fabricate

electronic earbpdinentstbs difklitsrkr cheperdadicndtinthetigidnatsiier compesasrsamiconducting
material. In other preferred aspects and embodiments, the rigid carrier preferably has at least one
substantiakyftatsSeurtadedideng preéaighlyather ngidecanjdnisan lsesheenadbetonmidfetatE ven more
preferably, the rigid carrier is a silicon wafer (preferably, with a flat surface). As used herein, the
X-stage 1 ougasgladormnpofisrhbd Gongidnaktiaxis ahamprovidetavafdiacevin supporefhebiscuum
operated chuck 12. As used herein, the vacuum operated chuck 12 is any type of vacuum operated
10chuck 19RAtCHi e s TR stface tsferd hiidih grésertddcs the user contains one or more
holes or channels through which vacuuuction is applied to the surface of the rigid carrier substrate of
the submounted $tf PRt gid carREPeuBERraANCRE A ss i it e desohding

process As used herein, th% Y-stage 16 is a platform oriented substantially perpendicular to 15the

X-stage 105135G '8 PRBAE thay BrovyBRSTHEI HESré2surfaces in one or more planes

As used herein, the vacuum operated chuck 12 is any type of vacuum operated
10 chuck 12 known in the art. The surface of the chuck presented to the user contains one or
more holes or channels through which vacuum suction is applied to the surface of the rigid
carrier substrate of the submounted substrate 14 to hold the rigid carrier substantially in
place during the debonding process.
As used herein, the Y-stage 16 is a platform oriented substantially perpendicular to
15 the X-stage 10 along a Y-axis that provides one or more surfaces in one or more planes
along a Z-axis to support the X-stage 10 and the debonder 18. The Y-stage 16 is moveably
coupled to the X-stage 10 such that the X-stage 10 may be manually moved back-and-forth
along the X-axis.
In one embodiment, the Y-stage 16 is capable of movement. The movement of the
20 Y-stage 16 allows the debonder 18 coupled to the Y-stage 16 to produce a back-and-forth
saw-like movement through the adhesive layer of the submounted substrate 14, thereby
aiding in the debonding process.
In one embodiment, the Y-stage 16 is capable of rotational movement concehtric to
the X-stage 10. Beginning in a perpendicular orientation to the X-axis, the Y-stage 16

25  could, at a minimum, rotate 45 degrees clockwise and 45 degrees counterclockwise for a
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along a Z-axis to support the X-stage 10 and the debonder 18. The Y-stage 16 is moveably coupled to
the X-stagc 10 such that the X-stage 10 may be manually moved back-and-forth along the X-axis. In
one embodiment, the Y-stage 16 is capable of movement. The movement of the 20Y-stage 16 allows
the debondeV @8Wdupiet to the Y-stagc 16 to produce a back-and-forth sa@rlikeemoaasaiént through
the adhesive layer of the submounted substrate 14, thereby aiding in the debonding process. In one

embodimepd;thg Yo tage.46 s ¢anabie ohrotatipnal mey GABGROBIEIPs culfie Xloge 10.

Beginning in a perpendicular orientation to the X-axis, the Y-stage 16 25could, at a minimum, rotate 45

degrees cleckwise and 4 dagiiees weuniRislonkwisg;fiar & WRQ 2009/1R#43RGIIHMSRZR09/038275 total

of 90 degrees. And, at a maximum, where the length of the debonder's cutting edge 22 is greater than
the length dbthizgtestage 10 along the X-axis, the Y-stage 16 could rotate 360 degrees. in all
embodiments disclosed herein, the X-stage 10 and Y-stage 16 may also be 5motorized. In one
embodiment, the ldeblomdorEcetting edge Peisipobitidhedss uldstantialis grelinenmithaBn Belhesive layer
between the rigid carrier substrate and the flexible substrate. Any technique for adjusting the height of
the cuftingreelgez22. may be used, including but not limited to, embodiments in which the mounting

blocks 20 may, for example, be capable of
In one embodiment, the debonder’s cutting edge 22 is positioned substantially inline

with an adhesive layer between the rigid carrier substrate and the flexible substrate. Any
technique for adjusting the height of the cutting edge 22 may be used, including but not
limited to, embodiments in which the mounting blocks 20 may, for example, be capable of
10 (i) telescoping and locking in place, (if) the mounting blocks 20 may contain two detents on
opposing faces that are movable within two corresponding notched tracks, and/or (iii) the
surface that the debonder 18 is attached to and may be moveable relative to the Y-stage 16
along the Z-axis. Alternatively, there may be a plurality of mounting blocks 20 of various
heights, which correspond to different thicknesses of submounted substrates 14 that may be
15 used interchangeably according to the application. In a further alternative, the chuck 12
may be adjusted up or down to ensure that the cutting edge 22 is pushed slightly by the
chuck 12.
One of skill in the art will understand, based on the teachings herein, that there are
many ways to adjust the height of the cutting edge 22. Further, the cutting edge 22
20 comprises a material capable of overcoming the strength of the adhesive as the cutting edge
22 is advanced through the adhesive layer. For example, any high tensile strength material
can be used, including but not limited to a high tensile strength wire or cord.
In one embodiment, the cutting edge 22 of the debonder 18 is replaced after use in
the debonding process via a reel-to-reel system. As used herein, a reel-to-reel system

25 comprises a spool of thin wire that unwinds and feeds the wire from the proximal end 26 of
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10(1) telescoping and locking in place, (ii) the mounting blocks 20 may contain two &tents on opposing
faces that are movable within two corresponding notched tracks, and/or (iii) the surface that the
debonder 18 is attached to and may be moveable relative to the Y-stage 16 along the Z-axis.
AlternativelyY thel@iad*be a plurality of mounting blocks 20 of various heR§FESaMeB3frespond to
different thicknesses of submounted substrates 14 that may be 15 used interchangeably according to
the applicaienfimadestiaealeipative; e ehockokRIpakheadilusied tp Osawnsimensure that the
cutting edge 22 is pushed slightly- by the chuck 12. One of skill in the art will understand, based on
the teachingsckergif;dinahthe e @re manyhiaysdepdjusidhahright et thatutiingeedge 28 Further, the
cutting edge 22 20 comprises a material capable of overcoming the strength of the adhesive as the
cutting edgecR @ iscaldyatire dsthisouglertivée adhie sivenl ayerbFoe expenplesran y dpighcte Nsilestrength
material can be used, including but not limited to a high tensile strength wire or cord. In one
embodimehtetiveldattiery Batpn2aofthendeiethoenudlis feptacevlafier wislinghe dedsoriding process
via a reel-to-reel system. As used herein, a reel-to-reel system comprises a spool of thin wire that
unwinéls afRPeEHS S WiRs TR tHE plsaf e RB®f beriacttiped depoHdRioyshdimaes blocks 20 to
the proximal end 26 of the other mounting block and from there onto a spool which receives and winds
the used CSR#R Adyeess Rt adr{EneRILTEE AT ihisIsH MsbrpmElmey SerTIaitadey pe material
capable of WinEi . The reel-to-reel system may be operated manually, for example, by winding the
receiving SP8B e&??%é?ﬁ/‘ﬁﬁrﬁgﬁét%‘rewith a hand crank, or may be motorized to pull through the next
length of wire orfggggbl%%e-&%ge {n%telrial' in this en}bl% iment it may be co rrgunicativel coupled to
the user interface. fi'one 'embo ﬁndgﬁ’fl,r?ﬁés glﬁbfa}la 0 ﬁ%rl?/%sr?h ru@é’ﬁ{ﬁ R& %%mL?ﬁl érgpﬁate
comprisin uum-rind. wherein the upper plate's vacuum source. is.coypledto the X- or Y-stage
o, Toin o e o 5. 6, or

morejypliahle yacuugy s Ot R dpsiAbia AIAmalsh 95 LXANRIGHAG  RAREPe as desired, for example

in a circle of 6 inches in diameter, and operates at a pressure In the range of approximately -10 to -50

mm Hg. Oferef prabnavy siithinghsrarteboeven Ml ARpreciate that there-ars. many. diffgrent

configurations for a vacuum-ring that will serve the same 15 purpose and each dimension and

configurationewi-gepandeupriotieisiaesandishape, ahthe Hexile: sypsitate ineirg-dghorded. For
example, the vacuum ring could comprise (i) a single hole with a diameter larger than 1/16" in the

middle of therupipengiate) (@)-agphirality. cbholFsidasthakil ihGhindjamnetesawangsgsdoiaae or more
clusters, or (iii) one or more channels of various lengths and widths.
that there are many different configurations for a vacuum-ring that will serve the same

15 purpose and each dimension and configuration will depend upon the size and shape of the
flexible substrate being debonded. For example, the vacuum ring could comprise (i) a
single hole with a diameter larger than 1/16” in the middle of the upper plate, (ii) a plurality
of holes less than 1/16” in diameter arranged in one or more clusters, or (iii) one or more
channels of various lengths and widths.

20 In operation, the upper plate is brought into contact with the flexible substrate prior
to debonding and vacuum suction is initiated. The upper plate’s vacuum-ring holds onto
the flexible substrate as it is debonded from the rigid carrier to prevent the carrier from
reattaching once debonded, as well as to substantially limit curl in the edges of the flexible

substrate. The upper plate may be aligned manually such that the upper plate is attached to

25  one or more male components that pair with one or more female components, for example,
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20In operation,the upper plate is brought into contact with the flexible substrate prior to debonding and
vacuum suction is initiated. The upper plate's vacuum-ring holds onto the flexible substrate as it is
debonded from the rigid carrier to prevent the carrier from reattaching once debonded, as well as to
substantiallpinoeudssishe edges of the flexible substrate. The upper plateTuagobgoatigiied manually
such that the upper plate is attached to 25 one or more male components that pair with one or more

female components,iar SXAMAIG, tl?éitgﬂﬁ'&el&ﬁ iR, AHRENGHH HG URRELRIAG hatmate with holes

recessed in the vacuum chuck 12. Alternatively, the alignment of the upper plate may be automated,

for examplgy 2rabotig grm.maybe calibrated 1o ﬁ@ﬂﬁp@%%!é@x%?'@é%@&ﬂé@?%@?gﬁﬂ@,or a housing
may be fixed relative to the X- and Y-stage 16 to lower the upper plate into position. One of ordinary

skill in the afbweillungersiand corsaeom theteachings-haiel taih stdparsosigoMany aysdn which

proper alignment of the upper plate can be achieved. In one embodiment, the apparatus may further
comprise meabs faredantiolling teeperaduyesaithesdebonderts appiingedde@goMvioan the heated
cutting edge 22 is brought into contact with the adhesive layer, the adhesive softens and is more
pliable, maKinglitdr9eksien thaebend théesthmdastelcbsubstratdinds Térethahtingeteament may be
coupled to one or both of the debonder's mounting blocks 20, which transfers the heat to the cutting
edge 22 viaadiyertsontadichperpetifsiygne déduingspodtioictnebectsihiovedel system may contain a
heating coil that transfers the heat to the cutting edge 22 prior to unwinding for active use in the
debonding procelsons eRBATEPEThsRATEHLI WRAICHETCEYhRBTHCdReausder £o7{EdEp down on the
cutting edge 22, the cutting edge 22 can be sandwiched between 2 aluminum plates, and the cutting

edge 22 cHIBEFHEER QS Dadshaial eutitectddndde hstdghs heated cutting edge 22 is brought

into contact with the adhesive layer, the adhesive softens and is more pliable, making it

10  easier to debond the submounted substrate 14. The heating element may be coupled to one
or both of the debonder’s mounting biocks 20, which transfers the heat to the cutting edge
22 via direct contact. Alternatively, the feeding spool of the reel-to-reel system may
contain a heating coil that transfers the heat to the cutting edge 22 prior to unwinding for
active use in the debonding process. In another embodiment in which air cylinders are used

15  to clamp down on the cutting edge 22, the cutting edge 22 can be sandwiched between 2
aluminum plates, and the cutting edge 22 can be heated via electrical contacts made through
these aluminum plates. In one embodiment, the means for controlling temperature is a
temperature controller.

In another embodiment, the apparatus ﬁlﬁher comprises a temperature controller

20  functionally coupled to the debonder cutting edge 22.

In one embodiment, the apparatus may further comprise means for vibrating the
debonder 18 at ultrasonic frequencies. The means for vibrating the debonder 18 may
comprise a transducer plate, for example, or any other type of ultrasonic vibration inducing
mechanism known in the art. The vibrating means are coupled to both mounting blocks 20

25  such that the vibration of the debonder 18 further assists the cutting edge 22 in penetrating
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these aluminum plates. In one embodiment, the means for controlling temperature is a temperature
controller. In another embodiment, the apparatus further comprises a temperature controller
20functionally coupled to the debonder cutting edge 22. In one embodiment, the apparatus may further
comprise m&&EMfYrilgrdting the debondcr 18 at ultrasonic frequencies. T fasangfiseibrating the
dcbonder 18 may comprise a transducer plate, for example, or any other type of ultrasonic vibration

inducing mgehanism kneuRdn.ihe @ftnd AMBIAIG MMeaNs arerkAuRIsdioRathmeuating plocks 20
75such that the vibration of the debonder 18 further assists the cutting edge 22 in penetrating through

the adhesivedayernetitbebdhnreupted H4baiatecld: Iensiemhadinent the-auitingredge 22 of the
debonder 18 is capable of being vibrated at ultrasonic frequencies. To accomplish this, the means may

comprise anrewmigligrehisansdueaisptaiesdhatiianday awessaibadon pl-enator bathimoeurdisg blocks 20
of the dcbonder 18 underneath and in direct 5 contact with the cutting edge 21 As the transducer
plates vibrdie tdhesenditnatichsrere tingrb saks fér e dhtoditie witting edigen2@ toddhendetonder 18. The
vibration of the cutting edge 22 further assists in penetrating through the adhesive layer of the
submduntedEagstisiahesutting gdgedthepe thbodimédntstheappiratasthostheibcomprigeshsne or more
transducer plates functionally coupled to the debonder 18. 10In one embodiment, the apparatus may
further corfigAsisTRe & forpiyifer 33 efVBadrbendesiBmbumtcbrsibs erbtee rattipa e the means for
applying the solvent includes a solvent reservoir coupled to either the X- or Y-stage 16. The
applicationSttRESHRE H RFasEIBE theoughibsivdheyer ke HhambBe et sbitisdited substrate 14
weakening the bond between the rigid carrier substrate and the flexible substrate making it easier for

the 15cutting edd® 2P {BERERLFR e ArIARRRAMayfher comprises one or more ransducer

plates functionally coupled to the debonder 18.

10 In one embodiment, the apparatus may further comprise means for applying a
solvent to the submounted substrate 14, wherein the means for applying the solvent includes
a solvent reservoir coupled to either the X- or Y-stage 16. The application of the solvent
dissolves the adhesive layer at the perimeter of the submounted substrate 14 weakening the
bond between the rigid carrier substrate and the flexible substrate making it easier for the

15 cutting edge 22 to penctrate the adhesive layer.

In one embodiment, the means for applying the solvent comprises a solvent drip
system. As used herein, the solvent drip system may comprise a spray mechanism that
directs a solvent spray at the adhesive layer around the perimeter of the submounted
substrate 14. As used herein, the spray can have many different forms. By way of

20 example, the spray may comprise (i) a mist of fine particles of solvent discharged from an
atomizer or other device, (ii) a high powered jet or stream of solvent in which the particles
are more closely concentrated than a mist, or (iii) droplets of a size similar to that
administered by a medicine dropper. The solvent drip system may also comprise a
saturated element that is saturated with solvent and brought into direct contact with the

25  perimeter of the adhesive layer for a predetermined amount of time. The saturated element
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In one embodiment, the means for applying the solvent comprises a solvent drip system. As used
herein, the solvent drip system may comprise a spray mechanism that directs a solvent spray at the
adhesive layer around the perimeter of the submounted substrate 14. As used herein, the spray can
have many sidex@ntifolies. By way of 20 example, the spray may comprisedi)smistoasfine particles of
solvent discharged from an atomizer or other device, (ii) a high powered jet or stream of solvent in

which the Bafieles e, moss,1RoBLAORRRYALEd BN AHISH. AN AIBRIEIS Rhéaiag dismlar o that

administered by a medicine dropper. The solvent drip system may also comprise a saturated clement

that is saturated: it salentang, Qég&wam&b@&?ﬁ&%@tﬁg watbthe, 2eRalinegteLal the adhesive layer

for a predeteilined amount of time. The saturated element could comprise a sponge, or any other type

of absorbentmatgrial gemmonty Kilowr inctbaan thatchaactanizesi byareasilyabsarking liquids and
becoming soft when wet while retaining toughness. the saturated element may remain saturated via a

solvent resirvdiconteliteciticdrtastwithl thersatucatid @lemedtdethatsailbie diplemant«oetd be dipped
in solvent 5prior to application to the adhesive layer. Further, the solvent drip system may apply the
solverdt botiriprioraepediduting¢he deberiding protessthe soivafdriheyembodiyentytthe apparatus
further comprises a solvent drip system coupled to one or both of the X- or Y-stage 10, 16. In one
embodimeftvie ksbarauts ssldiaisahecriiondea mlewning system for 10 removing residual
adhesive front a rigid carrier substrate after debonding occurs, wherein the cleaning system includes a
solvent reservoir Boustebretswhedsmeyisr apramiug fythes gamrises aAQl VR dIRR MCHICleaning system
for removing residual adhesive from a dcbonded rigid carrier substrate or flexible substrate is a system
that resultSIHHEHBVIRG LUlRLERtaRyaIPTESIIGST & ive without inflicting damage on the substrates

themselves. 15As used hgrein, residual adhesive refers to that portion of the adhesjve layer that

rumuns adhered Yo SR HRETIGT: 5 ARPUABSIATS B HESASR Risst el Hife SRS BdBonding process is

Comﬂ?te' removing residual adhesive from a rigid carrier substrate after debonding occurs, wherein
the cleaning system includes a solvent reservoir coupled to one or both of the X- or Y-stage
10, 16. As used herein, a cleaning system for removing residual adhesive from a debonded
rigid carrier substrate or flexible substrate is a system that results in removing substantially
all residual adhesive without inflicting damage on the substrates themselves.

15 As used herein, residual adhesive refers to that portion of the adhesive layer that
remains adhered to either the rigid carrier substrate or flexible substrate after the debonding
process is complete.

In one embodiment, the cleaning system for removing residual adhesive from a rigid
carrier comprises a means for batch dip in solvent. As herein used, a batch dip requires that

20  arigid carrier substrate or a flexible substrate be completely immersed in solvent or,
alternatively, that only the side with residual adhesive present be immersed in solvent. In
this embodiment the reservoir containing solvent in which the respective substrates are
dipped is coupled to one or both of the X- or Y-stage 10, 16.

In one embodiment, the apparatus may further comprise a cleaning system for

25  removing residual adhesive from a flexible substrate after debonding occurs, wherein the

11



In one embodiment, the cleaning system for removing residual adhesive from a rigid carrier comprises

a means for batch dip in solvent. As herein used, a batch dip requires that 20a rigid carrier substrate or
a flexible substrate be completely immersed in solvent or, alternatively, that only the side with residual

adhesive prasentbelémmersed in solvent. In this embodiment the reserveic tastainingssslvent in which
the respective substrates are dipped is coupled to one or both of the X- or '(-stage 10, 16. In one

embomme&%aﬁ%%%@%ﬁ%&ﬁﬁ@y JUBREE GARRISE B HRANNG GG GF drremawng Jesifyial adhesive

from a flexible substrate after debonding occurs, wherein the cleaning system includes a solvent
reservoir cgypled to one or both of the X- or Y-stage 10, 16. In one embodiment, he cleaning
system for removing residual adhesive from a flexible substrate comprises a high pressure solvent

spray. As herein psgth abighREessHER ReaveR SR isaRRiad testhe rigid.carigbsubstrate or flexible
substrate using a high pressure spray substantially directed only to the side with residual adhesive

present. ThexibghspbessidreosoiMesnt spigydicstidissoluwes speyesiduatddhesiye aigd phessithe pressure of
the spray washes the adhesive away. In this embodiment the reservoir containing solvent from which
the high pressutesspray ipiedvio theoppledrtoond wmtzoth Hdtde Xulsrrtestage 10ig016. In one
embodiment, the apparatus may further comprise a conveyor system for loading a subrnounted
substrate prEistoctbrayaslsimopiy atieer sidueityl2, e dein the cohve pdhesystemesouplEi to the X-stage
10. As used herein, the conveyor system may comprise a slide that is substantially rigidly attached to a
stationary ebtitsasera sdreorashsh dsselscs| e wHikil ahdsivhere dcmbs s ekintal end is

moveably coupled to the X- ‘ _ . o
spray washes the adhesive away. In this embodiment the reservoir containing solvent from

which the high pressure spray is drawn is coupled to one or both of the X- or Y-stage 10,
10 16.

In one embodiment, the apparatus may further comprise a conveyor system for
loading a submounted substrate 14 into the vacuum operated chuck 12, wherein the
conveyor system is coupled to the X-stage 10. As used herein, the conveyor system may
comprise a slide that is substantially rigidly attached to a stationary portion of a conveyor

15 belt at the slide’s distal end, whereas the slide’s proximal end is moveably coupled to the X-
stage 10 such that the slide is positioned adjacent to the vacuum chuck 12. The conveyor
belt is of a type commonly known in the art and carries the submounted substrate 14 from a
remote location to the slide. As the submounted substrate 14 reaches the end of the
conveyor belt, the submounted substrate 14 is propelled onto the slide and slides into a

20  depression in the vacuum chuck 12, which is sized to accommodate the submounted
substrate 14 or, alternatively, slides until it hits a stop on the vacuum chuck 12.

The conveyor system may also comprise a robotic arm with a base that is
substantially rigidly attached to a stationary portion of a conveyor belt and that is moveably
coupled to the X-stage 10. The robotic arm has a range of motion that can accommodate

25  removal of the submounted substrate 14 from the conveyor belt and placement of the
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stage 10 such that the slide is positioned adjacent to the vacuum chuck 12. The conveyor belt is of a
type commonly known in the art and carries the submountcd substrate 14 from a remote location to
the slide. As the submounted substrate 14 reaches the end of the conveyor belt, the submounted
substrate 14Vi@ prapekess onto the slide and slides into a 20 depression inPEBU&R0UMSEALICK 12, which
is sized to accommodate the submounted substrate 14 or, alternatively, slides until it hits a stop on the

vacuum chigkdnted sTM&AONUENOMSYSIRIHMAY RS0 COMRIIRE & 6PPOliG M With a base that is
substantially rigidly attached to a stationary portion of a conveyor belt and that is moveably coupled to

the X-stageok@ndiie kabeHGRIM Hasnd anae skmatinsuthad sanascommedate-Ahfemayaiof the
submounted substrate 14 from the conveyor belt and placement of the WO

2009/126443RGFHG2009/ K382 §bhsidumediniestaub siraterddoon whaivias o Cihwekbb?ic The conveyor
belt is of a type commonly known in the art and carries the submounted substrate 14 from a remote
location toatine tiobatic @ftnthasubecubmeurted slbstiate tdngchoobghtwdthincesaiohsobsheteobotic arm,
the arm lifts the submounted substrate 14 off the conveyor belt and places the substrate 514 onto the
vacuub cHécktzthe vaphiereshvelyd? system may additionally comprise a conveyor belt where the
stationary portion of the conveyor belt is moveably coupled to the X-stage 10 such that the conveyor
belt is substantialljaejareriteytenasy afdishnelyicomnpsesnoayerddelisrdrztise commonly known
in the art and carries the submounted substrate 14 from a remote 10 location to the vacuum chuck 12.
The convey¥iBefOrHer iptibeeHeaxing Srosusisl sreriksuiathsnaties AAgshiirdYirection of
movement and at a set distance from the rear side of each submounted substrate 14. As the
ubmountEa NG Rb 1 A S LB o BTGP the R ARGOIRERF SibStrate 14 is

propelled ﬁynto the va Ul.iim chuck 12 %nd he fl.exit le %ﬁotrusi?%c ntgnueﬁélpfushing the submounted
substrate T4 %ﬁ?ﬂntlﬁ%np}[o ?ﬁ%ﬁn%ﬁe% %%rgﬁsaggiﬁ POSTEERTRY B Be a§°ﬁnc%net%18f§ the vacuum

chuc12. Algretvely. e iexhle,Protrysion may.be, spring.loadad sucthia the frotision otates
fully until it 1s flat against the conveyor belt and springs back into position once’it has completely

bypassed ifie YapHR &lHCk kR ASKSERLORIEEE Allibs fareqeing dssatnfions ansempediments with

respect to the
side of each submounted substrate 14. As the submounted substrate 14 reaches the end of

the conveyor belt, the submounted substrate 14 is propelled onto the vacuum chuck 12 and
the flexible protrusion continues pushing the submounted substrate 14 until the protrusion
15 flexes back against the conveyor belt as it contacts the vacuum chuck 12. Alternatively, the
flexible protrusion may be spring loaded such that the protrusion rotates fully until it is flat
against the conveyor belt and springs back into position once it has completely bypassed the
vacuum chuck 12.
As used herein, all the foregoing descriptions and embodiments with respect to the
20 apparatus aspect are equally applicable to the following method, software, and system
aspects as well. Furthermore, all embodiments disclosed for each aspect may be combined
with other embodiments of that aspect, unless the context clearly dictates otherwise.
In a second aspect, the present invention may take the form of a method for
debonding a submounted substrate 14 comprising: (a) mounting a submounted substrate 14

25  in a vacuum operated chuck 12 attached to an X-stage 10, wherein the submounted

13



20apparatus aspect are equally applicable to the following method software, and system aspects as
well. Furthenriore, all embodiments disclosed for each aspect may be combined with other
embodiments of that spect, unless the context clearly dictates otherwise. In a second aspect, the
present inven@ianopieg4ike the form of a method for debonding a submoRGIEW BRI 4
comprising: (2) mounting a submounted substrate 14 25in a vacuum operated chuck 12 attached to an

X-stage 1Q, phgreinthesHRBUNRI sRETAe L4 COMRATSS adigitkcanignauhsiaie hrnded to a

flexible substrate, wherein the X-staae 10 is moveably coupled to a Y-stage 16, (b) adjusting a
debonder'sheightiiniafoaxisisuchshatithe vishorder 43 igjaligned ydtbanr.ntesfaeebetrveen the rigid
carrier substrate and the flexible substrate, wherein the debonder 18 is coupled to the Y-stage 16, 5
wherein thexdehonder 1% coroptisesstivalpactting biooks 20:andaquiting g¢dgerda; wherein the two
mounting blocks 20 each have a distal end 24 attached to the Y-stage 16 such that the X-stage 10 is
capable ofsubetring daettite die:tidetyub stnauntihgrdilodies @Bonvdhe i theitied mountrgagtotks 20 each
have a proximal end 26 attached to an end of the cutting edge 22 such that the cutting edge 22 spans
the X-Stagekisitcihoriehimgar Yppeppiatewiitheuntvablosis-At gnatocosmactaithivehfiestble
substrate, and (d) debonding the flexible substrate from the rigid carrier substrate such that the
debonder 18 tuestArsLigR tnslinieich betedistientid esraredsonse deans hauwdiiste substrate,
wherein the vacuum-ring holds onto the flexible substrate via suction as the flexible substrate is

debonded o tHeTiidcepidle 25 RS i b riarksh A& SImEE SRipciiadl e HSIHEE SOt have to be,
accomplished via the conveyor system described with respect to the F‘glge)zggnaratus.aspﬁ%t. éurther, the
[

conveyor SRBRIHBIES ot heasd 15 B eimal (e theo e ieisd ForfbBratits i Aet spect or the
following software and system aspects. The submounted substrate 14 may be logded manually by
hand or bﬁ%ﬁ%‘ﬁb%%? ﬁ%’é@ﬁ&%n%n%ﬁ%?ﬁ%v%ﬁ%i a?% irsmﬁé%%aﬁeurne‘? ﬁfﬁ%%u%%grd plate's vacuum

Sourqg doggcﬂgﬁlhr%\{g i'%lc%obceorcl:t(e)llcj \!\%%tt%etl}%xible substrate, and (d) debonding the flexible

substrate from the rigid carrier substrate such that the debonder 18 cuts through the
interface between the rigid carrier substrate and the flexible substrate, wherein the vacuum-
ring holds onto the flexible substrate via suction as the flexible substrate is debonded from
the rigid carrier.

15 As used herein, the mounting step may be, but does not have to be, accomplished
via the conveyor system described with respect to the apparatus aspect. Further, the
conveyor system does not have to be coupled to the X-stage 10 to practice the method
aspect or the following software and system aspects. The submounted substrate 14 may be
loaded manually by hand or by any other method commonly known in the art.

20 As used herein, the upper plate’s vacuum source does not have to be coupled to the
X- or Y-stage 16 to practice the method aspect or the following software and system
aspects. Instead, the upper plate and vacuum source can exist separate and apart from the
debonder apparatus 18.

In one embodiment, the method may include heating the cutting edge 22 of the

25  debonder 18 prior to debonding the flexible substrate from the rigid carrier. When the
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X- or Y-stage 16 to practice the method aspect or the following software and system aspects. Instead,
the upper plate and vacuum source can exist separate and apart from the debonder apparatus 18.

In one embodiment, the method may include heating the cutting edge 22 of the 25debonder 18 prior to
debonding theofmxibiessadostrate from the rigid carrier. When the heated quttingssagesg24ss brought
into contact with the adhesive layer, the adhesive softens and is more pliable making it easier to

&bond the ﬁ&?g%%‘g%§§§g%‘%%%§%ﬁb§ﬁ;%{9{ ' 43 gggo\gégg%%é%&g@,g}geggt & Qé%%'%%%%tﬁzaﬂng the

cutting edge 2 ited to, those descri above In’the first aspect

invention. 4 An.ane erbRIMERt e dehander 184 canabls.of Ylirasonic vigatign, Such vibration of

the dcbonder 18 further assists the cutting edge 22 in penetrating through the adhesive layer of the

submountegsubsHale A MapiousRmhadiments fargenaratingyiragame vibrationafthe gdebonder 18
include, but are not limited to, those described above in the first aspect of the invention. 10In one

embodimentathe meathrd d@@)‘ih‘é@ll@ﬁ@va[ﬁpk‘ﬁmgﬁa%g%ﬂiﬂ@iﬁymto the interface between the rigid
carrier substrate and the flexible substrate prior to and/or during the debonding step. The application of

the solvent dissoliresntherdddesire, hyelcbbiter perisnatabef shelsulmowitedisubsictate 14 weakening
the bond between the rigid carrier substrate and the flexible substrate making it easier for the cutting
edge 22 tovpznetatd thedtbadhediydudlyer aAstuskd dueiegydie?Salvent dripisy stemigh shdvent reservoir
does not have to be coupled to the X- or Y-stage 10, 16 to practice the method aspect the following
software apithssistelay eispebissubstesndethsubsiineni fe¥eriwis embodimiratsdivezendripimystem can exist
separate and apart from the debonder apparatus 18. Various embodiments of solvent drip systems

include, butl Biredit tibTEarof theshyaderibdinaligoebiv tietwskimige se.oheie dwimkedtion.

above in the first aspect of the invention.

10 In one embodiment, the method may include applying a solvent drip system to the
interface between the rigid carrier substrate and the flexible substrate prior to and/or during
the debonding step. The application of the solvent dissolves the adhesive layer at the
perimeter of the submounted substrate 14 weakening the bond between the rigid carrier
substrate and the flexible substrate making it easier for the cutting edge 22 to penetrate the

15 adhesive layer. Asused herein, the solvent drip system’s solvent reservoir does not have to
be coupled to the X- or Y-stage 10, 16 to practice the method aspect the following software
and system aspects. Instead the solvent reservoir and entire solvent drip system can exist
separate and apart from the debonder apparatus 18. Various embodiments of solvent drip
systems include, but are not limited to, those described above in the first aspect of the

20  invention.

In one embodiment, the method may include removing residual adhesive from the
rigid carrier substrate via a cleaning system after debonding occurs. In another
embodiment, the method may include removing residual adhesive from the flexible carrier
substrate via a cleaning system after debonding occurs; this embodiment results in

25  removing substantially all residual adhesive without inflicting damage on the substrates

15



In one embodiment the method may include removing residual adhesive from the rigid carrier
substrate via a cleaning system after debondina occurs. In another embodiment, the method may
include removing residual adhesive from the flexible cattier substrate via a cleaning system after
debonding oEowmtisteinbodiment results in 25removing substantially alt¢ggideabadsrssive without
inflicting damage on the substrates themselves. Various embodiments for removing residual adhesive

include, bup gt HeLiMiteRie Hasa dereBEd ABAYS IBJNGIrslRsReGhaliNevERYRR.  As used

herein, the rigid carrier substrate and flexible substrate's cleaning systems' solvent reservoirs do not

have to bejggipies tadheiXscabdt Ha0eil o RFctise e ethed aspect the following software

and system aspects. Instead the solvent reservoirs and both cleaning systems can exist separate and
apart from the dehongler lapgalaiusidd. dn-eneanbadimenttheossagrc10-andingitRirge 16 are
motorized. in another embodiment, the Y-stage 16 moves relative to the X-stage 10, in a further
embodimest]vihe résstages 16 notates:comeenirpdetdtthd oCStag -BladedOh 1&f thpsetembediments is
discussed in 10more detail in the first aspect of the invention. In one embodiment, the
vacuun-opegdathepret knt Zmsviegmoératucanbsisoimisnesed Heviein ttenpleratureccortrol of the
vacuum chuck 12 enables the surface of the chuck 12 to heat and then transfer the heat to the rigid
carrier substfdtethalsBlinssrfiantlyan thst sepresivendyerrHemnbetiebantr siveataiperlih this manner
makes the adhesive softer and 15 easier to penetrate with the cutting edge 22. The temperature is of
such a high degréecas t5hedigiethalisdhedioe HUtHbY s¥aRhorEeyRIe sk PerRoalfént damage is

caused to either the rigid carrier substrate or the flexible substrate. In various embodiments, the

dcbonding iR st otitcal i RsmpberaRyrs iEdR hsciarirpoddcn @ furthepephadimBtdittent, the

method further comprises replacing the debonder!s cutting 20edge 22 via a reel-to-reel system after

oo e SRR S B T T A e R R SR A BB honta with

resp(-i-ﬁt to the naeth d %%pgct are eggﬁ@% alp‘pelrilg%gle to the previous apparatus aspect, as well as to the
S. [

mgpre detail 1 ISt aspec 1 . .
following software and system aspects. In various embodiments, each embodiment of the methods of

the invention may, he cairied G SING, A0Y. ARRRTRINS Of A0 SRRAIERL 8t NS rol. As

used herein, temperature control of the vacuum chuck 12 enables the surface of the chuck
12 to heat and then transfer the heat to the rigid carrier substrate and subsequently to the
adhesive layer. Heating the adhesive layer in this manner makes the adhesive softer and
15  easier to penetrate with the cutting edge 22. The temperature is of such a high degree as to
act on the adhesive but not so high a degree that permanent damage is caused to either the
rigid carrier substrate or the flexible substrate. In various embodiments, the debonding is
carried out at a temperature between 40°C and 200°C.
In one embodiment, the method further comprises replacing the debonder’s cutting
20 edge 22 via a reel-to-reel system after use in the debonding process.
As used herein, all the foregoing descriptions and embodiments with respect to the
method aspect are equally applicable to the previous apparatus aspect, as well as to the
following software and system aspects. In various embodiments, each embodiment of the

methods of the invention may be carried out using any apparatus of any embodiment of the
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first aspect of the invention, or any system of any embodiment of the third aspect of the invention,
described below. In a third aspect, the present invention may take the form of a system for
debonding a submounted substrate 14 comprising: (a) a user interface, (b) a conveyor system
5communicativehpeospiad to the user interface, wherein the conveyor systemuisaparsals to (i)
transport a submounted substrate 14 a predetermined distance and (ii) load the submounted substrate

14 into a &handing. ARRALAIMRHEA OGN JUR SY SIS SRMMUAICAHYRIAQURIRM: (Grthg user interface,

wherein the solvent drip system is operablé to apply a solvent drip to the submounted substrate 14, (d)
a vibration;gysteph 1@cenyawipigaively coupled to the user interface, wherein the vibration system is
operable to vibrate a debonder 18 at ultrasonic frequencies, (c) a vacuum system communicatively

coupled to the usgrintedagpenaraircibe waeHUh SYsieardsiepeiable o slabilize Hascsdarpounted
substrate 14 against an upper plate via a vacuum-ring, (f) a debonding system communicatively

coupled todbebuseninferiaceatwhereimphede iondingrsysigntds Gpe@ble:ior ixsaparate the
submounted substrate 14 into a flexible substrate and a rigid carrier substrate, (g) a temperature
controb systemmuomanyaigatvely Caupledito itherasey witedactewberejothpstemipenratutdacontrol system
is operable to heat the debonding system's cutting edge 22 and/or vacuum operated chuck 12 prior to
dcbonding(iflijaaspeel acireabyysténubortis dih arecdetountied 18sisncagableibioadiaing a cutting edge
22 after use, and (i) a cleaning system 20communicatively coupled to the user interface, wherein the
cleaning sysbeipuiisherkiateo tarievelrhending sritesive fromselscgiltipamiersubstrate after
debonding. As used herein, transporting and loading a submounted substrate 14 is accomplished by
the conveySPEYEREHNsHEermsEdV it Tess et s the bppar e sohriddEmba e crerable.  Ag used

herein, applying a solvent drip is accomplished by the solvent drip system
p?oyap y a solvent grgg to t%e subnEi)oun’te(%i substrate 14, (d) a vﬁ)ra)t/ion system

10 communicatively coupled to the user interface, wherein the vibration system is operable to
vibrate a debonder 18 at ultrasonic frequencies, (¢) a vacuum system communicatively
coupled to the user interface, wherein the vacuum system is operable to stabilize the
submounted substrate 14 against an upper plate via a vacuum-ring, (f) a debonding system
communicatively coupled to the user interface, wherein the debonding system is operable to

15 separate the submounted substrate 14 into a flexible substrate and a rigid carrier substrate,
(g) a temperature control system communicatively coupled to the user interface, wherein
the temperature control system is operable to heat the debonding system’s cutting edge 22
and/or vacuum operated chuck 12 prior to debonding, (h) a reel-to-reel system, wherein the
debonder 18 is capable of replacing a cutting edge 22 after use, and (i) a cleaning system

20  communicatively coupled to the user interface, wherein the cleaning system is operable to
remove residual adhesive from the rigid carrier substrate after debonding.

As used herein, transporting and loading a submounted substrate 14 is accomplished
by the conveyor system as described with respect to the apparatus and method aspects.
As used herein, applying a solvent drip is accomplished by the solvent drip system

25 described with respect to the apparatus and method aspects.
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25described with respect to the apparatus and method aspects. WO
2009/126443PCT/US2009/038275 As used herein, the user interface may include one or more of a
keyboard, a monitor, a control panel, and tools and output equipmentmanaging transporting, loading,
applying solveme@ifi2zéveating, vibrations stabilizing, debonding, and remaomnguesihiabzidhesive.
These tools include various input equipment, such as sensors and trackers that 5 monitor each

function and provide realrime, data, QR heHaer ARINE-MANERE 8F ANELAISRIRYWHO.GaBREN manage

the system utilizing the output equipment coupled to the control panel and/or keyboard, all of which are

integrated Py REPEESIING 415 GanRabignfayigmating.tha ARPRAIUSESe s IelgiAnd methods of the
invention. In operation, a plurality of the subsystems listed above may Interact to accomplish 10

debondingpsighimesinted sl sitatad 4inans emboding abwene; debeadembdimaydaes two or more
cleaning systems, one batch dip station to clean the rigid carrier and one high pressure solvent spray

station to cidassithe fléxHel@sishstiate. epending eqithespeedioithendehandingckysteim; more than
two cleaning systems may be necessary in order to operate the debonding system at an efficient
speed¥or aneramufectu fingtemvirshpentelredrotitetaibenizodien enththaxen ey betomeisplyeyor
system coupled to two slides that feed two submounted substrates 14 to two debonding systems
which in turhegppiTonroperdhe Blegning GaRons COnetchbiriratcekildd theharowilbbppidciate there
are many ways to implement these systems with various pairings of each subsystem in order to, for
example, GPSAIZETRaM G GfiNGcAa Y c2BIRdDTok P WSPBELIHE Hrae e iMVERIORSHES take the
form of physical computer readable storage media for automatically carrying out the methods of the
invention GRXHASESraRE B Bt RIgBRENEE%¥ubmounted substrate 14. En this aspect, the
physical computer readable stora m%i'a is capable of providing instructions stored in data storage
and executable by SH578¢&EsHP %‘%ﬁg’u 'ﬁ%ﬁ%%%é?ﬁ‘ff%@t?@ﬁ&ﬁ@aé’é%?ﬁgﬁﬂt%c&(gf}B trate 2514 to
carmy Ut g, N 9" 00rS ST G TIBLNgaS AT Y SRR AR EiRe A NEBIT0e RNSICRLd two

or more cleaning systems, one batch dip station to clean the rigid carrier and one high

pressure solvent spray station to clean the flexible substrate. Depending on the speed of the

debonding system, more than two cleaning systems may be necessary in order to operate

the debonding system at an efficient speed for a manufacturing environment. In another

15  embodiment, there may be one conveyor system coupled to two slides that feed two

submounted substrates 14 to two debonding systems which in turn supply four or more

cleaning stations. One of ordinary skill in the art will appreciate there are many ways to

implement these systems with various pairings of each subsystem in order to, for example,

optimize manufacturing capacity.

20 In a fourth aspect, the present invention may take the form of physical computer

readable storage media for automatically carrying out the methods of the invention on an

apparatus or system for debonding a submounted substrate 14. In this aspect, the physical

computer readable storage media is capable of providing instructions stored in data storage

and executable by a processor for causing a system for debonding a submounted substrate

25 14 to carry out any one or more of the methods or systems described herein. The physical
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18 computer readable storage media is capable of operating on a computer system to control the
various embodiments of a system for debonding a submounted substrate 14. As used herein the
tent' "physical computer readable medium" includes magnetic disks, optical disks, organic memory,
and any otiEPVEALIS{E 9., Random Access Memory 5 ("RAM")) or non-DEEHIR2§e2H38REad-Only
Memory ("ROM")) mass storage system readable by the CPU. The physical computer readable

medium ingughas£eoReraling: g dnelIcoRnasteteapeheatabismediymwhishdnay exist
exclusively on the processing system or may be distributed among multiple interconnected processing
systems thias vasyeiosalialremotesathie Protessing Sy stemodail enssemmbodiment of the fourth
aspect, the present invention may take the form of physical computer readable storage media
providing instructiensstaredrintdatanstriagecancexacitahtz by aplioeessolfdecauginga system for
&bonding a submounted substrate 14 to carry out functions including: (a) transporting a submounted
substrate didlfproatpradietermigen distanue, ¢h)l loadtpavelitiiedantel Bulbstraiedsd Mtoarg&bonding
apparatus; 15(c) applying a solvent drip to the submounted substrate 14, (d) heating a cutting edge 22
andiof a va&uit operagadelitiék (22, (BradtpalindlaraehdnBOM B anutrsissrte sstpiencies, (0
stabilizing the submounted substrate 14 against an upper plate via a vacuum-ring, (g) debonding the
submountisadhishiatiera tn) Teppleitg e BarBSH e ie Al Ba e DI KW PEEIIRE el system, and
0] removinq residual adhesive from the submounted substrate's 20rigid carrier substrate after

debondind™ T CORMTESHA SLRRY BF e 4Bl B HE R BB BT SH§ LRI O BEEBHBed together

to practi he claimed Invertion, Yless e Foptex oy digiates othervise, MOBLLP Claims

be local or remote to the processing system.

10 In one embodiment of the fourth aspect, the present invention may take the form of
physical computer readable storage media providing instructions stored in data storage and
executable by a processor for causing a system for debonding a submounted substrate 14 to
carry out functions including: (a) transporting a submounted substrate 14 for a
predetermined distance, (b) loading a submounted substrate 14 into a debonding apparatus;

15 (c) applying a solvent drip to the submounted substrate 14, (d) heating a cutting edge 22
and/or a vacuum operated chuck 12, (e) vibrating a debonder 18 at ultrasonic frequencies,
() stabilizing the submounted substrate 14 against an upper plate via a vacuum-ring, (g)
debonding the submounted substrate 14, (h) replacing the debonder’s cutting edge 22 via a
reel-to-reel system, and (i) removing residual adhesive from the submounted substrate’s

20 rigid carrier substrate after debonding.

Note that any of the foregoing embodiments of any aspect may be combined

together to practice the claimed invention, unless the context clearly dictates otherwise.
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1.An apparatus for debonding a submounted substrate comprising: an X-stage;

chuck attached to the X-stage wherein the vacuum operatedpSChL?ck IS capagli’ gf\ggzlii/nggerated
submounted substrate; a Y-stage moveably coupled to the X-stage and orienté@$érPendicular to the
X- stage; z_;md debonder coupled to the Y-stage, wherein the debonder comprises two mounting blocks
and a cutting edge, wherein the two mounting blocks each have a 10distal end attached to the Y-stage
such that the X-stage is capable of moving between the two mounting blocks, wherein the two
mounting blocks@ash have a proximal end attached to an end of the cutting edge such that the cutting
edge spans the X-stage, wherein the cutting edge is adjustable in height in a Z-axis. 152.The
apparatus of daim 1 Afurtheareom frisiehoadupperpheentshiaiiigia SaepifHfng, wherein a vacuum
source for the upper plate is coupled to the X- or Y-stage.

10

15

20

an X-stage;

a vacuum operated chuck attached to the X-stage, wherein the vacuum operated
chuck is capable of receiving a submounted substrate;

a Y-stage moveably coupled to the X-stage and oriented perpendicular to the X-
stage; and

a debonder coupled to the Y-stage, wherein the debonder comprises two
mounting blocks and a cutting edge, wherein the two mounting blocks each have a
distal end attached to the Y-stage such that the X-stage is capable of moving between
the two mounting blocks, wherein the two mounting blocks each have a proximal end
attached to an end of the cutting edge such that the cutting edge spans the X-stage,

wherein the cutting edge is adjustable in height in a Z-axis.

2. The apparatus of claim 1, further comprising:
an upper plate containing a vacuum-ring, wherein a vacuum source for the upper

plate is coupled to the X- or Y-stage.

3. The apparatus of claim 1, further comprising:

means for controlling temperature of the debonder’s cutting edge.

4. The apparatus of claim 1, further comprising a temperature controller

functionally coupled to the debonder cutting edge.

20



3. T.he apparatus of claim 1, further comprising: 20means for controlling temperature of the debonder's
cutting edge. 4. The apparatus of claim 1, further comprising a temperature controller Functionally
coupled to the debonder cutting edge. MC S L. L P The apparatus of claim 1, MéfHdfcomprising:
means f_or ibrating the debonder at ultrasonic frequencies. 56.The apparatus of claim 1, further
comprising one or more transducer plates functionally coupled to the debonde,r. 7. The apparatus of
claim 1, further comprising: means for applying a solvent to the submounted substrate herein
the means for 10applying a solvent includes a solvent reservoir coupled to one or both of the X- or

stage. 8. 8.The apparatus of claim 1, further comprising a solvent drip system coupled to one or both
of the X- or Y-stage. The apparatus of claim 1, further comprising:

5

10

15

20

means for vibrating the debonder at ultrasonic frequencies.

6. The apparatus of claim 1, further comprising one or more transducer plates

functionally coupled to the debonder.

7. The apparatus of claim 1, further comprising:
means for applying a solvent to the submounted substrate, wherein the means for
applying a solvent includes a solvent reservoir coupled to one or both of the X- or Y-

stage.

8. The apparatus of claim 1, further comprising a solvent drip system coupled to

one or both of the X- or Y-stage.

9. The apparatus of claim 1, further comprising:
a cleaning system for removing residual adhesive from a rigid carrier substrate
after debonding occurs, wherein the cleaning system includes a solvent reservoir

coupled to one or both of the X- or Y-stage.

10.  The apparatus of claim 9, wherein the cleaning system for removing residual

adhesive from a rigid carrier comprises means for a batch dip in solvent.
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15 The apparatus of claim 1, further comprising: a cleaning system for removing residual adhesive
from a rigid carrier substrate after debonding occurs, wherein the cleaning system includes a solvent
reservoir coupled to one or both of the X- or Y-stage. 20 10.The apparatus of cl@fild.®herein the
cleaning system for removing residual adhesive from a rigid carrier comprises means for a batch dip in
solvent. MCSLLP 11. "The apparatus of claim 1, further comprising: a cleaning system for
removing residual adhesive from a flexible substrate after debonding occurs, wherein the cleaning
system includés$.a soltenippsetuoisfodaipet] tordre arthptisiofthe X- or Y-stage. 12. The apparatus of
claim 11, wherein the cleaning system for removing residual adhesive from a flexible substrate
comprises a high pressiaensolvestespfay rdiiovihe appdratusiofsclaimoiy whereincthebXrstagécand
Y-stage are motorized. 14. The apparatus ofelaim-herein the Y-stage is capable of movement.
debonding occurs, wherein the cleaning system includes a solvent reservoir coupled to

one or both of the X- or Y-stage.

5
12.  The apparatus of claim 11, wherein the cleaning system for removing residual
adhesive from a flexible substrate comprises a high pressure solvent spray.
13. The apparatus of claim 1, wherein the X-stage and Y-stage are motorized.
10
14.  The apparatus of claim 1, wherein the Y-stage is capable of movement.
15.  The apparatus of claim 13, wherein the Y-stage i3 capable of rotational
movement concentric to the X stage.
15
16.  The apparatus of claim 1, further comprising:
a conveyor system for loading a submounted substrate into the vacuum operated
chuck, wherein the conveyor system is coupled to the X-stage.
20 17.  The apparatus of claim 1, further comprising a reel-to-reel system coupled to the

two mounting blocks.

18. A method for debonding a submounted substrate comprising:
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15. The apparatus of claim 13, wherein the Y-stage is capable of rotational movement concentric to
the X stage. 16. The apparatus of claim 1, further comprising: a conveyor system for loading a
submounted substrate into the vacuum operated chuck, wherein the conveyor {stehtis coupled to the
X-stage. 2017.The apparatus of claim 1, further comprising a reel-to-reel system coupled to the two
mounting blocks. 18.A method for debonding a submounted substrate comprising: 22 MCSLLP
mourning a submounted substrate in a vacuum operated chuck attached to an stage, wherein ‘herein
the subr ounted substratertogpsisesanigitischstietcsinos tratevponped to! alfleXiblitasixbtrate, Xvherein
the X-stage is moveably coupled to a Y-stagc; adjusting a debonder's height in a Z-axis such that
the debonder isaatigmédwithtlansirterdace bethseridthemigitcar iz ubsiateibsichthddlekible substrate,
wherein the debonder is coupled to the Y-stage, wherein the debonder comprises two mounting blocks
and a cutting ¢tgehlwhebeintheviwoeimoomiingtdgdo ckneaetbhavevpleistakefdtatieiched to the Y-stage
such that the X-stage is capable of moving between the two mounting blocks, wherein the two
mounting blocks eachdiasténg privhondesndeghichietZ4-ordsan@nidafttselebendgrasigbesgeidat the

cutting edge spans the X stage;
5  an interface between the rigid carrier substrate and the flexible substrate, wherein the

debonder is coupled to the Y-stage, wherein the debonder comprises two mounting
blocks and a cutting edge, wherein the two mounting blocks each have a distal end
attached to the Y-stage such that the X-stage is capable of moving between the two
mounting blocks, wherein the two mounting blocks each have a proximal end attached
10 to an end of the cutting edge such that the cutting edge spans the X stage;
bringing an upper plate comprising a vacuum-ring into contact with the flexible
substrate; and
debonding the flexible substrate from the rigid carrier substrate such that the
debonder cuts through the interface between the rigid carrier substrate and the flexible
15 substrate, wherein the vacuum-ring holds onto the flexible substrate via suction as the

flexible substrate is debonded from the rigid carrier.
19.  The method of claim 18 further comprising:
heating the cutting edge of the debonder prior to debonding the flexible substrate

20  from the rigid carrier.

20.  The method of claim 18, wherein the debonder is capable of ultrasonic vibration.
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bringing an upper plate comprising a vacuum-ring into contact with the flexible substrate; and
debonding the flexible substrate from the rigid carrier substrate such that the debonder cuts through
the interface between the rigid carrier substrate and the flexible 15substrate, wheggin_the vacuum-ring
holds onto the 'flexible substrate via suction as the flexible substrate is debonded from le rigid carrier.
19. The method of claim 18 further comprising: heating the cutting edge of the debonder prior to
debonding the flexible substrate 20from the rigid carrier. 20. The method of claim 18, wherein the
debonder is c&dable Sheltrebodiofdbranidis. fdst compxisifige method of claim 18, further comprising:
applying a solvent drip system to the interface between the rigid carrier substrate and the flexible
substrate prior to andforlsingrigstiecaedondirgesiep. (Be Mirhasa v of Glaire s aiithevkdigrising:
removing residual adhesive from the rigid carrier substrate via a cleaning system after debonding
occurs. 23.ThemébhdttvibisainbstBigurtinsrieantpaisiing the debonding step.

5 22.  The method of claim 18, further comprising:
removing residual adhesive from the rigid carrier substrate via a cleaning system

after debonding occurs.
23.  The method of claim 18, further comprising:

10 removing residual adhesive from the flexible substrate via a cleaning system
after debonding occurs.
24.  The method of claim 18, wherein the X-stage and Y-stage are motorized.

15 25.  The method of claim 18, wherein the Y-stage moves relative to the X-stage.

26.  The method of claim 18, wherein the Y-stage rotates concentric to the X-stage.

27.  The method of claim 18, wherein the vacuum-operated chuck has temperature

20  control.

28.  The method of claim 18, further comprising:
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10removing residual adhesive from the flexible substrate via a cleaning system after debonding
occurs. The method of claim 18 wherein the X-stage and Y-stage are motorizw‘, ﬁ’ILELQF§.The method of
claim 18, wherein the Y-stage moves relative to the X-stage. 26. The method of claim 18, wherein the
Y-stage rotates concentric to the X-stage. 27. The method of claim 18, wherein the vacuum-operated
chuck has temperature 20control. 28. The method of claim 18, further comprising: Iv1f3SLLP
replacing the debonder's cutting edge via a reel-to-reel system after use in the debonding process.
29.Physical computeepisdizbibestshane e GO vRIAY MmatFeRibnis stovats %f&ié@%t@rgﬁé and
executable by a processor for causing a system for debonding a submounted substrate to carry out
the method indeleinflng, process.

29. Physical computer readable storage media providing instructions stored in data
5 storage and executable by a processor for causing a system for debonding a submounted

substrate to carry out the method in claim 18.
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