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ackground of the Invention

15 Flexible displays and electronics 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



Thi s approach renders subsequent debondi ng even nore chal |l engi ng, since the
fl exi bl esubstrate nmust be separated fromthe rigid carrier w thout damagi ng
t he fabriwetee/es44duitry or the flexible substrate itselPCT/USeonmmssz7df t he

| nventi on The di scovery presented herein outlines a nethod and t ool

platform for acconplishing remval .of flexible substrate ost - processi ng
Wi thout SAMERISTVS! B PHAISRITEOR B THEY FREST VI ROE AT R HRORASLETHIBE ot
i nduce danage to the rigid carrier, which can then be reclained and reused
to fost e thhBexblssubsiekd itselfy of this manufacturing process. Thus, in a
first aspect, the present invention provides an apparatus for debonding a
subnount Sacmeaos bf etedngemtori si ng: (a) an X-stage, (b) a vacuum oper at ed
chuck attached to the X-stage, wherein the vacuum operated chuck is capable

of recei Vi ng BhesdiITRERREchteaBered Butlih€)a Method bAd®ollPMEBih Yorcoupl ed to the
X-stage and oriented perpendicular to the X-stage, and (d) a debonder

couplsed Jc@oﬁlgﬁsélgagzlteﬂﬂ)%al HRKRID s&b@ﬁa@?ﬁ@s@%‘?&ce (&R EWﬁ%%UtHE i ng bl ocks

and a cuttin wherein the two nounting octks eac ve a distal end

attached. 1o the Y-stage such that .the X-stage is capaple of.noving between
he tvio THbRE g iR c el bF Rt oo R e R RO BB i AR
proxi mal end attached to an end of the cutting .edge such that the cutting
edge spatiich gan ed pagrelaifRe prd FPupsiodptten the Sexrieabilety odjthis reBrRClUngei ght i n
a Z-axis. The present invention also provides a nethod for debonding a
subnountmdcsstibstrat e conprising: (a) nounting a subnmounted substrate in a
vacuum oper ated chuck attached to an X-stage, wherein the subnounted
substrate corpidssis farst asgeel, thaprdsert ivuddsion pteidendagpiratua fdr dekolligg a
substrate, wherein the X-stage is noveably coupled to a Y-stage, (b)

adj ugt i NGbounted 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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debonder's height in a Z-axis such that the debonder is aligned with an
interface between the rigid carrier substrate and the fl exi ble substrate,
wherei n twe 2d@iander is coupled to the Y-stage, wherei nPCHASA@008REF
conprises two nounting blocks and a cutting edge, whereinthe two nounting
bl ocks each have a distal end attached to the Y-stgge suc ha e Xstage
i's capabfe e MoypY bBeReeh by 6T ReLeF B 19 |ﬂ&‘c§-§}ag\m&$ﬁ el o
nmounti ng bl ocks each have a proxinmal end attached to an end of the cutting
edge suctiracacanahle of mavikgbIygen Hpawe noyating blogkte wheeejn teitwgimaynbag upper

pl ate conprising a vacuumring into contact with the flexible substrate,
and (d) Wedsrdchnipvicherbkienal bihdattaghst toaineentl rod thet dudting aigd sedr thatethe suthsg r at e
such that the debonder cuts through the interface between the rigid carrier

subst r at@lgaRphrsige Xlsexkthlcpbsthng bialifper phes edipridig ¥ dccduiffindBhtd\@drikset ont 0

the flexible substrate via suction as the flexible substrate is debonded

f romst he,f ﬁ{eq})eg(ﬂﬂé L trat@h&d%fé%hdfng%ﬁ’é‘ﬂéﬂﬁ‘l 3|,5@ral! £0h Sri F%Xﬁ‘fe?m for

debondi ng a subnount ed substrate conprising: (a) a user interface, (b) a

conveyor stem ni catiyely, coupl t.0 the er interface, wherein the
conveyor By EMF IR GBobtE st fheiBiet 06 GTRHel M Er Lifitm ar e s
predeterm ned di stance_and (ii) l|oad the subnmounted substrate._into a

debondi nybefsarag the flexible substgtGericreipithe weavamngialdiettathefxibleoupl ed to
the user interface, wherein the solvent drip systemis operable to apply a
sol vent sibstpate viatshetiaudsitheficablesubsgtateis eebgrdled rovi the atgiberrggst em

comuni catively coupled to the user interface, wherein the vibration system
i s operabl e tDhevirbeat Bvantitabadsdaovides albystens Gotidebbrdingie Rinesuntddesubstrat@cuum
system comuni catively coupled to the user interface, wherein the vacuum

SYStem i &naRRIALIS at@eﬁh%?%al):é-}@)dé O SHBTDUBAMRSLARLE BOALISS HRRPDer

plate via a vacuumring, a debondi ng” system comuni Catively coupled to
(e Soetgl B 955 ML R AODELIR Y RS R s
predetermined distance and (ii) load the submounted substrate into a debonding apparatus,
(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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substrate, (g) a tenperature control system comunicatively coupled to the
user interface, wherein the tenperature control systemis operable to heat
t he debormiDregossie44@mi s cutti ng edge and/ or vacuum oper aP€a/ushelo3gars or t o
debonding, (h) a reel to reel systemoptionally comrunicatively coupled to

the user . interface, erein the debonder is abl e of replacjng the
cutting t@ﬁ@%eré?b? ?Ceué\gg?re @‘e Gre?m&gé)/%%fﬁil%‘&’e&j@g aﬁe@@m@%ﬁ%ﬁye coupl ed

tothe user interface, wherein the cleaning systemis operable to renove

r esi dual freptilessiigid cpirshpultrateiaicedebandingr substrate after debonding. In
anot her aspect, the invention supplies physical conputer readabl e storage
medi a provi dilngnbthst aspetti thesnshooesupiphcspliysicat crmgecranadlableetarhgbimediay a
processor for causing a systemfor debonding a subnmounted substrate to
carry oUrowidihgdRGrRkiofiNtere@fin 8418 sioRiBAds cRécutdd® byy prolcbRo: fof BeusitpySi cal
conput er readable storage nedia is capable of operating on a conputer

system t 8‘[%&2%? Bébo\ﬁﬁ{ﬂg%:séb%@gh @ﬁ%%te% c%ré? égt; e\ﬁ;lg‘ Jn@ for 0 ijﬂhﬁ %hetho

subnount strate. I ment of t aspect is physica

conput er adabl e storage .nedi a providi i nstructions stored in.data

tor age i EREn s ot Y o Dol ¥t B G REGu et F e i3 ng o
subnount ed substrate to carry out fungtions including; (a) transporting a
submounteePIARB Y e tp SpntEol yrEge: ErbadimentypE avidan fqrglebongding Ag a subnount ed
substrate into a debondi ng apparatus; (c) applying a solvent drip to the
submountsstimeuntst seltserate{ d) heating a cutting edge and/or a vacuum oper at ed
chuck, (e) vibrating a debonder at ultrasonic frequencies, (f) stabilizing

t he subnount ednsethbddiatet dgkd disive aspedpehygitaicompur scadats el sigrage misdid g)
debondi ng the subrmounted substrate, (h) replacing the debonder' s cutting

edge Vi ayBvikfRl indtRictieRd stS¥8 e Mta dehgkiahd LLERYALIILY £Biodsabr RFba&RINE from the
subnmount'ed substrate's rigid carrier substrate after debondi ng.
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, (¢) 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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Brief Description of the Drawings Figure 1 is a top view of the apparatus.
Figure 2 is a isonetric view of the apparatus. Figure 3 is a front view of
t he apparwOusoy/Boggare 4 is a side view of the apparat us PDEUESRIOM38275

Description of the Invention In a first aspect, the present invention may

take the_for f ap app th fgr debondi ng a subnmounted substrate
conprisﬁQ8@ﬂggﬁﬂgﬁﬂﬁﬁﬁﬂﬂggngﬁﬁlaﬂvacuun1operated chuck attached to the
X-stage, wherein_ the vacuum operated chuck is capable of receiving a
subnmount ed subBstfirat aspeqtcthe arepertipypatiod puabilke the fpmeef amgppietuxfer age and
oriented perpendicular to the X-stage, and (d) a debonder coupled to the
Y- st age, debhbrdiag A streowedrbsuibstratc oomprises: (hwm Ketayei (b) abhaaks oparated cowtkt i ng
edge, wherein the two nmounting bl ocks each have a distal end attached to

the Y- stag@ehdiushhd Ratadeh®hfeit thg QadudnCaRatEciiick iPMpaBlc REFWRRd e t wo
nounting bl ocks, wherein the two nounting bl ocks each have a proxi mal end

at t ashecybodfhcdOth B 15 1 HBLORGEEAR G B3 K LUblLRgegoe spans the

Xst age, wherein the cut edge Is a e In herght in a Z-axis.

Exenpl di f th i ded, in Fi 1-4.
GomponertTIRGere ¢ Wy PananSRPRLRdSed Brdhf OV At G WEovi dea 1 or

purposes of illustration onl¥, and not to limt the clained invention to
the pi ctdsPeydE sPBATPRSTVe Mouating Blpckepng Houttng sdgex VBFSINHpEYe Brognting 5
free-standi ng substrate conprising a flexible material which is capable of
bei ng flWHadd cach baveradsial andiatteebd théret Y orage smdhothatgtic XNowed 18 wapablegefexanpl es
of flexible substrates include, but are not limted to filnms of netals and
pol ynmer smoeing betweta kthef toiol rBoursing blaks al huntin s tapombinitihgbbdekls clich hase aand
pol ynmeri c sheets,
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-standing 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.



such as pol yi m des, polyethyl ene, polycarbonates, polyethylene

terepht hal ate (PET), polyethyl ene naphthal ate (PEN), pol yethersul fone
(PES), amworm%izéd4ayer stacks conprising two or nore nePral/tsaawoss2edl yreric
materials provided the entire stack assenbly remains flexible. The flexible

substrates may be .of any thickness suitable for a given .pur e,.wWth
preferred thi W%é‘glége“bé?%ﬂgéﬁﬁﬁf}eé&W&Hn’é’ﬁé%%i @?te%ﬁl tﬁ%ﬂ?&%&%ﬁ&m ment s,

the flexible substrates range from10 umto 5 mmin thickness. As used

her ei n, Whistsndgigdthe aracessingnpgd tvfeprirade clgpyoma cempeentsipacircditc dpabr e of

wi t hstandi ng the processing used to fabricate el ectroni c conponents or

Ci rcui t ssmbodiroore, thaipigdd crentr, contpeises gsahicarduceng matrpinl. destler peafercahduct i ng
material. In other preferred aspects and enbodi nments, the rigid carrier

pr ef er ablspedidgndmbRIAHENONRe Hpfasdaivripadfbiblyl Ak abMESt 3G sutbieapy gher ably,
the rigid carrier is a sem conductor wafer. Even nore preferably, the rigid

carriser J SN # f : A u

her eisn, gtu g@&-%geg@reﬁe\é\ﬁ{bg’ ﬂéé Igélgtc f(:)r?etl)nllsgar ?ée{xﬁnl%ggl gqog%feghﬁ%(-%gg?oge @%gétﬂ"?% ‘ovi des
a surfact t.o.dsu ort the vacuum o enal edtchﬁctk 1% As used herein, the
vacuum operaieddf R S50y & eﬁ@?&ﬁa&’ B IR IEUE8&Vat ed chuck 12 known in
the art. The surface of the chuck presented to the user_contains one or
more hol es orAthEARSTEnthi Srpecviii iz A Pirdomorisniet irlongia Xappis thed Piyidn e
surface of the rigid carrier substrate of the subnobunted substrate 14 to
hol d t hesurflagd & suapert the vaalnsn apertglichudknl Bl ace during the debondi ng process.
As used herein, the Y-stage 16 is a platformoriented substantially

per pendi cul arA$ esedhercka, shagrult) opeengl chu¥k aXisaryhigpe iavigesperaedor nore
surfaces in one or nore planes along a Z-axis to support the X-stage 10 and

the @ebangder 13 8nolheh the 3k20Re 36rAAR JTRNEARLY pRRURLED the uldRormikdd8od0 such
that the X-stage 10 nay be manual | y noved back-and-forth

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 concentric 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 the X-axis. In one enbodi nent, the Y-stage 16 is capabl e of novenent.
The novenent of the Y-stage 16 allows the debonder 18 coupled to the
Y- st age Msoreoypredace a back-and-forth saw | i ke nmovenentCrhiseaglosghng
adhesi ve | ayer of the subnounted substrate 14, thereby aiding in the

debondi n r s. In one enbodinent, th -sta 16 i s cagpahl.e o

ot ati ori! RbYBHREIESSC AHide At MEXTBITL thole Fl@*@tfagﬁhggal?%%gc tifig e 22

per pendi cul ar orientation to the X-axis, the Y-stage 16 could, at a

M ni mum is geeter ghapshelegedend the Yokagedd adang the Xdegy. des Y stgstlércenldorisise f or
atotal of 90 degrees. And, at a maxi num where the Il ength of the debonder's
cutting ¥dgkegR2sis greater than the length of the X-stage 10 al ong the
X-axis, the Y-stage 16 could rotate 360 degrees. In all enbodi nents

di scl osed hergial, entidRinter @ig€loddd RN, ¥he Kagercll) Yy 815 1henafiiiiezed. I n
one enbodi nent, the debonder's cutting edge 22 is positioned substantially

inline wth.a adhesive | ayer between the rigid carrier substrate and the
flexible substrate. Any technique for adjusting the height of the cutting

edge 22 may used, includjng.but not Limted,t.o enbogi nts. j;n.which the
mount i ng. b ockS 0 ray Merin ek el e b T aotdal Riieg
| ocking in place,. (ii) the nounting blocks 20 may contain two detents on
opposi ngVitheradheniye 13ep betiygambihe rigid FrHeT wosEYr red s il HosEHed AW acks,
and/or (iii) the surface that the debonder 18 is attached to and may be
noveabl ecelaligiei foradjostingshehaighiod thescudlingeyge B nayabd wsed An¢ladingtbutvedty, t here
may be a plurality of nmounting bl ocks 20 of various heights, which
cor r espdirditédrodérhbatimphts i ivbikihahs auntfingbibomLRw gy, Solsdample be tdpableadf may be
used interchangeably according to the application. In a further
al t gpnat ijMglesddptngCdndabcidis in place, (ii) 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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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
t he t eachwageo%iesaBn, that there are many ways to adj usPCTRES2008i0g8205 of t he
cutting edge 22. Further, the cutting edge 22 conprises a naterial capable

of overcom t strength of th hesive as the cuttjng edge 22 is

o dvanced T SuAropRls Sates D Note 20 ke Pexdmal & S he GHEE SRefife <t engt n
material can be used, including but not Iimted to a high tensile strength
wi re or Weskdand frore Hecre pife @i strelt whieh ecceiyes sgwiadg éheapedputting cdebbhdlic 18 s
repl aced after use in the debonding process via a reel-to-reel system As

used herretlrp-raclrsggtbmtinalse epershls twath cihirprazebida-tggonhtend] dahalic of wendidpat
unwi nds and feeds the wire fromthe proximal end 26 of one of the debonder's

mount i NgTHY 1@EkiS-128l siySeinhBapbOxpoi@Ed BRMUAE, B ckit@plel hetvidminthe pgebligek and

fromthere onto a spool which receives and wi nds the used cutting edge 22.

The rseelgbor diﬁi%{ely g}f %\%Mﬁdr:gf V%itﬂl‘ﬁﬁ%‘?%@?’% gx}ay Bemétolidd o :@f}‘%@?hgﬂ RictnéRE

mat eri al “capa ing. T eel system erated

|1 f I i ndi i Vi 00| di | v. by d
i th eIt oF SR P oy by a T SR e Rt WG o

W re or razorbl ade-type paterial; in this enbodinent it may be

communi cRUPIPEIty thediupl iBETiR6S-t he user interface. In one enbodi ment, the
apparatus may further conprise an upper plate conprising a vacuumri ng,
wherei n t he uppar cpibatiement.bcanparateumee furdice oupprasg anopiepIde compisisgage 16.
I n one enbodi nent, the upper plate's vacuumring may conprise a plurality
(2, 3, 4acbhum&ingoivhemirethe pbpaiplacyaacuim toypse Bicoaplaesi thalX-er ¥i-aogt &5, for
exanple 1/16", arranged as desired, for exanple in a circle of 6 inches in

diSSrmt el ARAnPBEMmANESh&lpRr Eraee%§y£&1umiﬁg1§1a§ 09Brif a FRRNX (T8l £]3/ 6:d0 toO
- mm Hg. One of ordinary skill in the art, however, w || appreciate
more) pliable vacuum tips of a desirable diameter, for example 1/16”, arranged 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. One of ordinary skill in the art, however, will appreciate
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,

8



that there are many different configurations for a vacuumring that wll
serve the sane purpose and each di nension and configuration will depend
upon t he WDz2e%mne4ghape of the flexible substrate bei ngrPdEhs2EO0382FDr
exanpl e, the vacuumring could conprise (i) a si ngl e hole with a dianeter

| t 1/ 16" i h 1 ddlI t | [it f
hat 0" | lERmrafPiny ABhidath et pla (HErRR TirPhie srdsied Pl o

(iii) one or nore channels of various |lengths and widths. In operatlon t he
upper pldek i3 prltegitvelynths abignmartofiihe wpnchplatd sy be eutempiod far exgmpler to
debondi ng and vacuum suction is initiated. The upper plate's vacuumring
hol ds ont @bbtieardit ey bk ealshrbst tatmevasheiuppesplale hotogpeap ek postiidher a haischgcarri er
to prevent the carrier fromreattaching once debonded, as well as to

subst antia} by fikédelatictkd the X -t Yed@es 1®fo loher fleapp&l Rats s hbsitien. Ohe upper
pl ate may be aligned manual |y such that the upper plate is attached to one

or nare d@r&inﬁ@@ﬁ%ﬂﬁé arkt N3 uR&rLtald, bHlsANn RE 1JADEifgd Eégi&heth%‘z@tﬁ%% qts, for

exanpl e, al'i gnment pins attached to the upper plate hate w th hol es
recessed in the .va m chuc rnatlv I igpment of the upper
bl at e nayHev ARy i ope gt o R BRLeog B 8L Sl 1 by at ed 1o
nove the upper plate into proper positign or a hou5|n may be fixed
relative to tHONRMRAMENSithgePPRE LMY fThef P@nmpsa@eaﬁﬁ Sreontelingosi ti on.
One of ordinary skill in the art will understand, based on the teachings
her ei n, tematratuneptthadebaralnys wetyisg cdgadd. cWhpmr th@eheafaﬁ icgtimg gtigo?? tsheoughper

pl ate can be achieved. In one enbodi nent, the apparatus may further

conpr i sentoensact with clggddhedil ¢ Rget, enpeihadive ©fehs hikis tedre ptlshle anakitg itng edge
22. When the heated cutting edge 22 is brought into contact with the

adhegi VeakRY &) debbh€ t1RANBSbY RS AUsBRS 13Ndht heip I GhéR ML be%'ﬁbl%g té bneasi er
to debond the subnobunted substrate 14. The heatli ng el emént nmay be coupl ed

to one q T bte)ﬁ{ &tﬁ{: %%%g&g@?&gggﬂngsblg&é%[ Qfglclﬂlt&%gt%rsztﬁe hg\éﬂ k& ﬁle c‘hﬁﬂl%fe%@é the

heat to the ¢

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 further 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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22 via direct contact. Alternatively, the feeding spool of the reel-to-reel
system nmay contain a heating coil that transfers the heat to the cutting
edge 22 pwDapoxiae44dwi ndi ng for active use in the debondiPF/ysc@emss’s | n
anot her enbodi ment in which air cylinders are used to clanp down on the

cutting edge, 22, the cutti edge 22 can. be s W ched. between 2 al um num
pl ates, Girdep A a@@ﬁ%éyaroﬁghw%@mnﬁé oattus PO T8 06f Sebpedt Msidits. made
t hrough these al um num pl ates. In one enbodi nent, the nmeans for _controlling
t enper at¥ige 22 of therdshpedeat! § iecapable b beiag vitrated Aotlasonenfsesiicnent , Tq he
apparatus further conprises a tenperature controller functionally coupled
to t he debomplesh thist themgpaesigay 28mptise areeorandro diamethicer filhtes thapamagiaysacoesy
further conprise neans for vibrating the debonder 18 at ultrasonic

f r equenchesop offtie TR BOEG rh@lntivb Bkl DG of the ddphiaRe ey udderidivh SMRAdiRe @
transducer plate, for exanple, or any other type of ultrasonic vibration

i nduci n 1 1 h i td: . I to
G %o%%h@grgﬁwesd&g r%bt %gftfl% Haﬁrs'aﬁ%e‘rf g?a[té’s xhﬂrgtt, e@év L-&i ﬁQ‘aﬁFlé 8tﬁ

bot h nount i ng e Vi Ion o debonder urt her

assists the.cutti edge 22 | net ratj ngt hrough the hesi ve | of the
cubrount G BB SHHE it o oPEHAARHSTA "TREMBrbieR of ML ISA B Sone
debonder 18 i s capable of being vjbrated at ulfrasonic frequencies. To
acconpl i feHhetassists iy eneatiag thaguehdhprihseive ycpe! the pebmeuietiybetatyl4t es t hat
may | ay across the top of one or both nounting bl ocks 20 of the debonder 18
under neat h anld ainpthdi ¢erbedimentt etappiratus fimghas gomprigesediger aRre anstihesr
transducer plates vibrate, those vibrations are then transferred to the

cut ti ng agefuddtiofallylreupled anthededdhded h®e vi brati on of the cutting edge 22
further assists in penetrating through the adhesive | ayer of the subnmounted

subsjigr at e 14.1nldac 3ABbAREcnE TROJIRALs mh BirBRPESAS S rhédnk mrapg?mgises one or
nore transducer plates functionally coupled to the debonder™ 18.

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 penetrate the adhesive layer.

In one embodiment, the means for applying the solvent comprises a solvent drip
system. Asused 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 (ii1) 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

10



I n one enbodi nent, the apparatus may further conprise nmeans for applying a
sol vent to the subnounted substrate 14, wherein the neans for applying the
sol vent iwoOl0@ee43sol vent reservoir coupled to either POE/UL009/038275t age
16. The application of the solvent dissolves the adhesive |ayer at the
peri nmeter ﬁL t he. subnount ed subﬁtrate%;4 Mﬁakenin t he bon betmeeB t he
rigid caiMeFOraRIS ArRPRECaRAYHINGT REhG P OsEhpuPairEl carmag !y knasindhe f or t he
cutting edge 22 to penetrate the adhesive layer. In one enbodi nent, the
means f ot t%pblwhﬁgctﬁm@dshﬂ rgedity dhoenbingsleniids and|bgeeiningspp véiesvedhwhals used
herein, the solvent drip systemmay conprise a spray nechanismthat directs
a sol venttagpn@joughndsheThalsutsnted clayat may cemaintsht@rgpet viawtselvenf resdreoir in
subnount ed substrate 14. As used herein, the spray can have many different

forms. BiirdsByon@ict QXANEE Saturbid Ry oY s§fIEd deméntlcodldBesdip®d ih kd@ent
particles of solvent discharged froman atom zer or other device, (ii) a

hi gh spovgied, %@hc%ftﬁo&ﬁ@ﬂ&l&hv@ ?Ayég. pﬁ%ﬂtﬁ'ér Vi Q&w%xﬂ QriB %?&t&rﬁ'rﬁ%e%i)%r {iRr €

cl osely ‘concentrate han a m st, i11) droplets of a si I'mlar to
that adm ni stered by, a i.ci ne opper. The solvent drip system may al so
corrprisesogve Qﬁnﬁgpgﬁwgr@? Hngﬁﬁg%Pgﬁg%Pﬁ¥ﬁ¥%d with sol vent and brought
into direct contact with the perinmeter of the adhesive |ayer for a

pr edet er mi nedP@nfylther Grbodiment. thp @PRURYS HIrdET eQrBREESS & SRIVEnt By sS® a sponge,
or any other type of absorbent material commonly known in the art that is
char act esoupked thyne ecatith 9f thvSordsiYnretapé dUilés and beconi ng soft when wet while
retaini ng toughness. The saturated el enent may remain saturated via a

sol vent resermank cimbodiniedC tthegppagaiis may Furtheecaapriveat @chnélgeyyBein for t he
saturated el ement could be dipped in solvent prior to application to the

adhegi v ereh@éﬁf‘lg-re frdil B@osivieTRon® @iy RNdardéd Rbsivied SMrMRYoRR dechiewdeleyent both
prior to and during the debondi ng process. In a further enbodi nent, the

appar at g, Eféﬁﬁlﬁ& rS}'SQ&H?IHh?(%§ a%oﬁfgﬁtvrg&trvélf &(th%é’ds&) S 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



coupled to one or both of the X- or Y-stage 10, 16. In one enbodi nent, the
apparatus may further conprise a cleaning systemfor renoving residua

adhesi ve Woanmva126449i d carrier substrate after debondi ngPeEase@9/0942e8% ei n t he
cl eaning systemincludes a solvent reservoir coupled to one or both of the

X- or Y-stage 10, 16., As used herein, a cleaning tem f r vin

Tesi dual® W nghes HRAlemdEgereli cquelaf 19 e bt e o T ke
substrate is a systemthat results in renoving substantially all residual
adhesi vel6i t hout inflicting damage on the substrates thensel ves. As used
herein, residual adhesive refers to that portion of the adhesive |ayer that

remai ns adherladnt embbtinemt,ttheclecamgnglsysamn feenremoag rasidnabadhebiex fdohea subst r at e
after the debonding process is conplete. In one enbodiment, the cleaning

syst em ffxilile REbstaE dofipridesad higH PRSEWME sbIkOfsrafyi Nsthetdh LRI 2 GRNPTESEE a
means for batch d|p in solvent. As hereln used, a batch d|p requires that a

ri gi d cagfif ?p%g)b P&y Bl e RSt AIPRLEL LY e sed Tn

sol vent or, e Wlt resi

t be i th taini
Sorvent Ul BN bl ity G Mgl B 78 one o
bot h of the X- or Y-stage 10, I n_one enbodi nent, the apparatus_ may

further Hghpicpuse gplzéffréépﬁaﬁéirwg%sglﬁpﬁ B residu adhssive andithen ﬂ%ﬁﬂ??é%ﬁ“%oﬁ‘th%m a

flexi ble substrate after debondi ng occurs, wherein thecleaning system

i ncl udesspayswishentheradbesiwegiwaye du miedrnb@dimet the réservieirgiontafransoleent Yeost age
10, 16. In one enbodi nent, the cleaning systemfor renoving residual

adhesi vewhichtheshifh pickduresmap Btdrat e isconpled $€snaotogihopthe S&wi & -stagy/ 8Nt  spray.
As herein used, a high pressure solvent spray is applied to the rigid
carrjiger gubstrate or flexible substrate using a high

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  Dbelt 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

12



pressure spray substantially directed only to the side with residual
adhesi ve present. The high pressure solvent spray first dissolves the
resi dual wohkesvwesdand t hen the pressure of the spray washeaseeve/oasthesi ve
away. In this enbodi nent the reservoir containing solvent fromwhich the

hi gh pres ure s is drawn is coupled to_one or both of .the X- or Y-stage
10, 16. RMGHRC @%%&P%ﬁonv@ﬁéa%%gﬁ@eFala\f%fgfrbﬁ‘gblﬁﬁf FE% conveyor
systen1for | oadi ng a_ subnount ed substrate 14 into the vacuum operated chuck
12, wherwmmene kaewiy &y e agtypad sprics thegupmennted selerak- ISk fiepe aremotadogpsien
hereln t he conveyor system may conprise a slide that is substantially

ri gidly tathawbedc sim.aAs thatsubmanytep sulisirate ldfis hromghtveiylan réeehtof dte obetis| i de' s
distal end, whereas the slide's proximal end is noveably coupled to the

Xstage 1fHmSHehrinhats thbsubshdude:d ssbfResd 14 ekt amivagselttafd hheeyids dubBuauck
12. The conveyor belt is of a type commonly known in the art and carries

t he ubnpgﬁhg éﬁ%§&£%m%kq&fron1a renote location to the slide. As the

suanunted substrate 14 reaches the end of the conveyor belt, the
subnounted supstrate 14 is p | i de and sllde into a
dopresei on 1 nEHETEE G DR B R PER RS, S P Tek Ssbcle et e
subnount ed, substrate 14 or, alternatively, slides until it hits a stop on

the vacut#HARRTYIOreon offthe ComisyeR bt %WVé%PIYrﬁQUI%%@ tE%Fprrti‘%eel Osuch st the ar m

with a base that is substantially rigidly attached to a stationary portion
of a corspayeyoribeltis suhstantrdly ddgacemive dis yacenpheck th Thheodeypnbat 3@ aThe
robotic armhas a range of notion that can accommbdate renoval of the

subnounttgpe satheibhlgtik@od4 ifi (lerart diel ceivseyosubbeiuntcdndbgtade et afemote
t hesubnount ed substrate 14 on the vacuum chuck 12. The conveyor belt is of

a type cgpamnly tenRWiurh Rhiidkel ZarThead&ﬂv@;%’r 'bbl%%urﬁfé? irtURRPY 'f'lfe%ﬂ)lesp&@ﬁ{ﬁl@ﬁ e 14
froma renmote |location to the robotic ‘arm As the subnounted substrate 14

i's br OUQJ} enY@dtat[' LA a&ﬁ@gﬁ'glg En 1.thrél %nreapo%tdf(inovement and at a set distance from the rear

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
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arm the armlifts the subnmounted substrate 14 off the conveyor belt and
pl aces the substrate 14 onto the vacuum chuck 12 The conveyor system may
addi ti onawbyoonp#dse a conveyor belt where the stati on®CE/Useemwiossr’df t he
conveyor belt is noveably coupled to the X-stage 10 such that the conveyor

belt is substantially adjacent to the vacu chyck.12. The conveyor belt is
of & ty RO Hbh RIS T FHECER b G DO TeE RN NG e SHOM rat e 14
froma renote |ocation to the vacuum chuck 12. The conveyor belt further

i ncl udesXataee dQiipmeveabbt eawbladrio arY -siage do.db) eiudingtaedchorfdes’sihgighha T ect i on
of nmovenment and at a set distance fromthe rear side of each subnounted
subst r ataxislstich Ast theadebaidon U B tiedighad stithamenttdfacelativesn thheigehchriodr t he

conveyor belt, the subnmounted substrate 14 is propelled onto the vacuum

chuck 1Zuskehté Bed thi @k bl Lsubk@4te,Ushe@@in CRNAdbOHES 18US Bdupled toehs Wimpuentced
substrate 14 until the protrusion flexes back against the conveyor belt as

. ' ' ; , e .
It cant %ﬂeﬁel‘hgﬁe é(é%‘&'dﬁépt %?téﬁj{j;ﬁé@sptr\xﬂ;@t Iﬁlﬁlgllﬂﬂl Y&y 20taH§ ulc}@?ﬁg%thg? @?Sy@ll{egé on nay

be spring |l oaded suc onm rotates | at

Compl ot 'y 6§ BRUEHE! RE A PRV L% D8N HLnRRBAS RMERTR e M cgoi ng

descriptions and enbodinents with respect to the apparatus aspect are

equal | y e 5iteshl biscapabigolgpyiBaP iy crp thsdo %W%E&Cké%@ vherei fhiisect s as
wel | . Furthernore, all enbodinments disclosed for each aspect nay be

conmbi nednewntingdrlénks 28 whddhave ntpgoxfat erat 2taatppebed touml cod of thvecutiongt aslee 281 ear | y
dictates otherwi se. In a second aspect, the present invention may take the
form of schetadndd duaingaelbe 0dispahs ahsXbmpene@) stibgihg ah apet ptaapithsi ng: (a)
nmounting a subnounted substrate 14 in a vacuum operated chuck 12 attached

to an X-wlagf-ri inth@htichwith ehStbame shirdaibstd @5 BethdGYTRE FisEslca i gid
carrier substrate bonded to a flexible substrate, wherein the
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

14



X-stage 10 is noveably coupled to a Y-stage 16, (b) adjusting a debonder's
hei ght in a Zaxis such that the debonder 18 is aligned with an interface
bet ween tWO 2009gi26443arri er substrate and the flexibl e sulpSTrse@o/088225 ei n t he
debonder 18 is coupled to the Y-stage 16, wherein the debonder 18 conpri ses

two mounting bl ocks 20 and a cutting ed 2, Wherein the two. noupting
bl ocks FABRCH NS gagafsrs‘%ravghéhr&f) satat raOhed a@%@%ﬁiawsf?aa@hefbveéa f'%t hat

the X-stage 10 is capabl e of noving between the two nounting bl ocks 20,
wher ei n ankdds maee AP MAkIND iteekisT tmgeba%thﬁév@naurﬁ%mbmteéﬂd 2608t t ached to
an end of the cutting edge 22 such that the cutting edge 22 spans the

X- st age chfhodf{ragnth farngnpeatare compretleplfat leating theauttagladae 22 nmyludet buteont@ct
with the flexible substrate, and (d) debonding the flexible substrate from

the rigigmia ol BosSeRSHBAL HoSE aNtht Miadt abhet dedendentidd cuts through the
interface between the rigid carrier substrate and the flexible substrate,

wher gi n_the VG TGOk df AL i LEXLR & JRShLAkGNA sHUEL on as the

. atf .
flexible substrate I's nded fromthe rigi rier. As use erein, the

cConveyor iEyab Al HedEboBith SATReF Bupare b ok Ead MR A Bk R, e,

t he conveyor. system does not have to be coupled tg the X-stage 10 to
pract i cerpEveRYHR] thepbaougiedisybstrag [ b asigus snbodimenisfar aspsteding aspect s.
The subnmounted substrate 14 q;é be | oaded manual 'y by hand or by any ot her
met hod cdirasenioyvikiatiomof thetdaboraict 18 meluds eboiiter mithimitaddo, thpssrdepirdied’ s vacuum
source does not have to be coupled to the X- or Y-stage 16 to practice the
met hod aspecin the firdiaspoot bthe ngesddt. war e and system aspects. Instead, the
upper plate and vacuum source can exi st separate and apart fromthe
debopder appanaindembBdiment, 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. As used 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



I n one enbodi ment, the nethod nmay include heating the cutting edge 22 of

t he debonder 18 prior to debonding the flexible substrate fromthe rigid
carrier. Wohenwiedseat ed cutti ng edge 22 i s brought i ntoPCoASa@Y/09820H t he
adhesive | ayer, the adhesive softens and is nore pliable nmaking it easier
to debong th? suhmount ed ggbstrﬁie 14"VarL8%ﬁ gnbodL nts for tenperature
cont r ol |'BFESHYS. REROHH GPPAEMERSIPHTMONHE 99944 ARl IBElHdS PULHE1OY i i t ed
to, those described above in the first aspect of the invention. In one
enbodi ndfinited Rethgebhdasaabedigboye ircthp bt aspsict of the axsAatien.vi brati on. Such

vi bration of the debonder 18 further assists the cutting edge 22 in
penetrating tAswedhetdie thahgdicaeidr aytsstratefant Hexbldbsabutnited ckabsipgrsastemd’s.

Vari ous enbodi ments for generating ultrasonic vibration of the debonder 18

i ncl ude, sobként AEGVHRS dd he¥iHa@€l td 86 cdupRYQo dRSK! dbedtakove 16 b pheidithst aspect
of the invention. In one enbodi ment, the nethod may include applying a

sol vent I?Ft'h{?d %ﬁ&@ﬂ%?&lo&ﬂﬁg Lotk %@?ﬁmﬁﬁgc&hﬁl&éaﬁg& e%e"nit flsegpstrate

and the exi strate prior to uring t bondi ng step. The

applicati f the solyent dissolves. the ad ive layer at th i meter of
the subrsdmedtiebifad Do SRRty SRt T BBl R iR Gp b T o
substrate and the flexible substrate making it easier for the cutting edge
22 to penet r d@NE KEbadIREAL RS Kaage 1040d )5al3ent afeinotpeeds &) saatheryr i p
systenis solvent reservoir does not have to be coupled to the X- or Y-stage
10, 16 tenimdaventcibetthetaget hodvessbtive thidicPobtaga Gign ¢ dirtheacebadidneny,shem
aspects. Instead the solvent reservoir and entire solvent drip system can
exi st separagt @ 6 andtcdpadenfricattiidk-stgl d0d Baclappihe st ansbolBmentaisi distissed in

enbodi ments of solvent drip systens include, but are not limted to, those

descypi bedoRRRYA ihhd KRt {dpe&lofAPREEntRh. the invention. In one embodi ment,
the nmethod may include renoving residual adhesive fromthe
In one embodiment, the vacuum-operated chuck 12 has temperature control. 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  ecasier 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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rigid carrier substrate via a cleaning systemafter debonding occurs. In
anot her enbodi nent, the nethod may include renoving residual adhesive from
t he fl exiwDeowansisdr substrate via a cl eani ng syst em af PET/Usedoi8821g)
occurs; this enbodinment results in renoving substantially all residual

adhesive.w t hout .inflicting danmage on .the substratesthensel ves. .Various
enbodi meHESAPET of By Hyor e AP SISRRE Ay £ PO SO | M PP e ¢ ed ¢ 0,

t hose descri bed above in the first aspect of the invention. As used herein,
the ri gilgvenioni dascelddictaire and flexi bl e substrate's cl eani ng systens'

sol vent reservoirs do not have to be coupled to the X- or Y-Stage 10, 16 to
practice the Inetthod agspe dic firbenf mivbdwinngayseke erfernantla syssine floralependisg

I nstead the solvent reservoirs and both cl eaning systens can exist separate

and apar subiiiihicd SubleReNtefonARPM A% 1h8r intdifa0R &b PR i®ystetnne X- st age 10
and Y-stage 16 are notorized; in another enbodi ment, the Y-stage 16 noves

Sy B0 T pEAOEREEL egf dsuley ot  o

concentric to t ge 10. t’hes nts In
nore detajil in the firs spect t he jnvention. In e di mrent, the
Vecuum dperuBert Rt e B8Pl p ar el BRE inch@nBBISRERE: I
tenperature control of the vacuum chuck 12 enabl es the surface of the chuck
12 to hedbmanpted pehstintedidsnire debentisg erpdatupdcl 3 spleené Fip sEttcBubst rat e and
subsequently to the adhesive |ayer. Heating the adhesive layer in this
manner nwkeguitibiivalieespled te tictuser iakedfaea silercin thepohent dirpsysicnhistdperablst t i ng
edge 22. The tenperature is of such a high degree as to act on the adhesive

but not tsapplygisotvetiedries thbalibrpammminebitrdanigd) i sibcaivdegsttm either the
rigid carrier substrate or the flexible substrate. In various enbodi nents,

the l@ebOd@)%irﬂﬁli'ba'iiv%%z"croiu?lid%Ehefﬁse@in{e?ﬁp@, NeHeWif tHRELWREIN §RRGm aNtheBROG. N
one enbodi nent, thé nethod further conprises replacing the debonder's

CUtting yiprate 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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edge 22 via a reel-to-reel systemafter use in the debondi ng process. As
used herein, all the foregoing descriptions and enbodi nents with respect to
t he net hodloaspeessdar e equal |y applicable to the previ ougCafsactass7aspect ,
as well as to the follow ng software and system aspects. |In various

enbodi nents, each enbodi nent of the net.hods of the inyention y be carried
out usi ng anﬁﬁw&%ﬁ% t@fu%yﬁ%f sa@%@ﬂﬁuaq ORGHUFNQTE O a%&margf% Tpepator,

i nvention, or any system of any enbodi ment of the third aspect of the

i nvent i ohcongesparichagd dlogind Quipy canipmenbp swrnaging dapypestas laadipgnt i on may
take the formof a systemfor debonding a subnounted substrate 14

conpr i siapplyifgolecntigdap, hoatirg, fvalmretionsbjtalaliziopyvdepondisy,sind mernonmp nésohtal vel y
coupled to the user interface, wherein the conveyor systemis operable to

(i) transipedive. aTisdb W TneRdS YRS usahsut tduipmh€ d@dhesskbneek didstRRee tand (i)
| oad the subnounted substrate 14 into a debondi ng apparatus, (c) a solvent

dri D oatived v o . ' :
rpss yﬁﬁ@ﬁﬂo‘}%ﬁm‘ﬁhfé@&ﬂ hfd 61%4% Qu Péa?—ﬁn{ecqa%ht% thiéﬁsrer bfi rﬂﬁ{ théiGfor oMIEICE h%%%g,ﬁt ed

solvent drip systemis op l'e to apply a solvent Ip to the su

substrate, 14 d) a vibration syst.emcomunicatively ¢ | ed to, the user
hter f aceho Ginehet Ripts 0F bt BTAGE IR sEbaF LR R Pk b iEmth der

18 at ultrasonic frequencies, (e) a vacuum system comruni catively coupl ed
to the EorikgyRaard el of wheshearn Intprated Oy FriTesFstiBE NS cypbicaatonptigg s | i ze

t he subnmounted substrate 14 against an upper plate via a vacuumring, (f) a
debondi reppsspstsemsysems and andthosls pf doupyentiono t he user interface, wherein the
debondi ng systemis operable to separate the subnmounted substrate 14 into a
f1 exi bl e subshroptetianc @luraligi 6f thasubisgsteraulisitd ab®ve rhg) ingerdc@ ipadcaiptieh cont r ol
system communi catively coupled to the user interface, wherein the

t enpgy atd@bgmﬁﬁgta AmSURE L BatONET @PbR: difodi@Atnt! iR ASBANG 1BISYREEN S
cutting edge 22 and/ or vacuum operated chuck 12 prior to debonding, (h) a

reel -to-f&gl. %Ye%hﬁ@sy%g,%ng ph{df 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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debonder 18 is capable of replacing a cutting edge 22 after use, and (i) a
cl eani ng system comuni catively coupled to the user interface, wherein the
cl eani ng Wo@m2bet3oper abl e to renove resi dual adhesi vePCTarseadm3s2irgyi d
carrier substrate after debonding. As used herein, transporting and | oading
a subnount ed subst ]gte 14 is .accorrgl i shed by the conveyor s%{lstem as

descri bedU TPREBESIOrHE TGA S RRPE LORSTH M P RHHYSISAS BRER! her e n,
applying a solvent drip is acconplished by the solvent drip system

descri bele wptgpsrcatpd pnentpoh heystepplar debendied wbnevated spestiate s used herein,
the user interface may include one or nore of a keyboard, a nonitor, a
control panelAs ased hemoh theaoth uitypigt! empupmectdablomadanm§inetpdes aagpaict | ng,

| oadi ng, applying solvent drip, heating, vibrations, stabilizing,

debondi ngsksasistidaBamNG, BEzahRShetHaly, adhesi oter vHNEISE(ct IR ShdoRCA &idSs VRAdosY'S

i nput equi pnent, such as sensors and trackers that nonitor each function

and Br OE-RANTORbr ARGk fe L ORCALOHRRL 1A NR AT bl QbrlNGL sP! 2y, who

can then manage t he syste Izin ul pnent co ed to the

it capapresty B Rt TR b Gtk dEED St Hartule BT “The ™

invention. In operation, a plurality of the subsystens |isted above may
i nter actlnt%w&e%?épmr%wt%résefﬁai%@edau@uwhwhml%e%% 53¢V ely pa thy proggssing
enbodi ment, one debonder 18 may feed two or nore cleaning systens, one

bat ch digyststaerinagy baodistridated aheng ingildple anteicenncated poogssiing by spanesstbatrmas ol vent
spray station to clean the flexible substrate. Depending on the speed of

t he debdidbed] o8 ysh@ato 1o Heodehamp §ysenc| eani ng systens may be necessary in
order to operate the debonding systemat an efficient speed for a

manufpact ur i NgRRAKichABERRt of he FRRIHNAHeAMAS PidiBRinvdnfiBh SraBYk DR Fiie soNVeyor
system coupled to two slides that feed two subnounted substrates 14 to two

debondi %ﬁ%ﬁt c%%umirgﬁa{)l% s{oltlcrlé% medy byovflcﬁﬂé infrulfRn§ 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,
(f) 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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cl eaning stations. One of ordinary skill in the art will appreciate there
are many ways to inplenent these systens with various pairings of each
subsyst erwpreoewides43t o, for exanple, optim ze nanuf act ur iPOT/USa@aOB8295 | n a
fourth aspect, the present invention may take the form of physical conputer
readabl e Ftorage media for automatically carrying out the methods of the
i nvent | cRI2UAS an apparatus or system for debondi ng a subnounted substrate
14. In this aspect, the physical conputer readable storage nedia is capable
of provili ng AngpRagets &ﬁsiegqrtdmda submpamntedstbytegecamliséigecut abl e by a
processor for causing a systemfor debonding a subnounted substrate 14 to
carry out anyanoXetage; nore of the nethods or systens described herein. The
physi cal conput er readabl e storage nedia is capable of operating on a
comput er sy st£achmepPRiakdd chuble at@hb@usSthe Xgekd NP thedabiifrh 6l
debondi ng a subnounted substrate 14. As used herein the term "physical
conput erph %ngQﬂﬁggﬁ%gxﬁ?ﬂﬁhﬂggﬁmggggg&l&3d'Sks’ optical disks, organic
er ile (e.g., n

menory, and any ot vol a om Access Menory ("RAM')) or
non-vol atile (g.9., Read-Onl r " ROM' mass, st orage, systemp readabl e
by the CPU. *The i AERRShtRER I Y SrsBrem e R ad e E R BERS i g or

i nterconnected conputer readable nmedium which may exi st exclusively on the
processiY#pcs emor may be distributed among multiple interconnected
processi ng systens that may be local or renote to the processing system In
one enbodi mert debbnddreofiplad tchthaspetegs, whsecip thegishondengempiisss twayndquakeg t he
form of physical conputer readabl e storage nedia providing instructions

st ored ibvlodkataad atcattgedaan oviexedsn theabloandbyhtg bl coke ssdrhavo b disdalshdgttachsyst em
for debondi ng a subnounted substrate 14 to carry out functions including:

(a) 1or angpry Yls'f'eggg%u&ﬂ@lﬁpﬁ&@ begtasii %Ta%a%ﬂ@ofilﬂo*fziﬁ% bBvRER AR! RloThAEHing bR RECE,

(b) loading a subnmounted substrate 14 into a debondi ng apparat us;

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.

15 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 or 2, further comprising:
20 means for controlling temperature of the debonder’s cutting edge.
4. The apparatus of claim 1 or 2, further comprising a temperature controller

functionally coupled to the debonder cutting edge.

25 5. The apparatus of any of claims 1-4, further comprising:

20



(c) applying a solvent drip to the subnounted substrate 14, (d) heating a
cutting edge 22 and/or a vacuum operated chuck 12, (e) vibrating a debonder
18 at ul twaomweedssequenci es, (f) stabilizing the subnomreTak2e9iess2rat e 14
agai nst an upper plate via a vacuumring, (g) debonding the subnmounted
substrate 14, repl aci ng t bo ' s cutting edge 22 via a
reel-to-reellg%g%éﬂﬁyg Hn%ﬁ)<£§ﬂ%§¥ﬁbuPa§Pah§WB§8ﬁ%|ve from the subrount ed
substrate's rigid carrier substrate after debonding. Note that any of the

f oregoi ng enbodi nents of any aspect may be conbi ned together to practice
the clainmed invention, unless the context clearly dictates otherw se.d ai ns
1. An appar atTis dpperatdsidndy nge of dabsduhtfedhsdostpriaing ono wpriosd mgisdacer
X-stage; a vacuum operated chuck attached to the X-stage, wherein the
vacuum ofgeafigdtiehliglcolsle€ apmbldebstder.ecei vi ng a subnmounted substrate; a
Y-stage noveably coupled to the X-stage and oriented perpendicular to the
Xstage; and a debonder coupled to the Y-stage, wherein the debonder
conprises tmo nount i ng bIocks and a cutting edge, wherein the two nounting
bl ocks hﬁﬁg a d%st end Hachqd hﬁ Fhe Y-stage such that the X-stage
i s capabl e of HotPPAG™B ﬁﬁ%ﬂn?ﬂ CIE BRI HGOBIPEERE: wherein the two
nmounti ng bl ocks each have a proximal end attached to an end of the cutting
edge such t haPCaRAOARPLY g2 é%l@@lté%gwssubmeuw% pulgtrateypBerein{he ARt i ng edge
is adjustable in height in a Z-axis. 2. The apparatus of claim1, further
conpr i siarglyisma sgpent ipllades asolvenl mpargoincaumpdedtmoni g botvied thei X- er Yatagam
source for the upper

10 & The apparatus of any one of claims 1-6, further comprising a solvent drip system

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

9. The apparatus of any one of claims 1-8, further comprising:
a cleaning system for removing residual adhesive from a rigid carrier substrate after
15  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.

20
11.  The apparatus of any one of claims 1-10, further comprising:

a cleaning system for removing residual adhesive from a flexible substrate after
debonding occurs, wherein the cleaning system includes a solvent reservoir coupled to one
or both of the X- or Y-stage.

25
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plate is coupled to the X- or Y-stage. 3. The apparatus of claim1l1l or 2,
further conprising: neans for controlling tenperature of the debonder' s
cutting edgeoso2ediBe apparatus of claim 1l or 2, further PCOMSRO0I0B827R
tenperature controller functionally coupled to the debonder cutting edge.

5. The us of any .of .cl ai 1-4, further co r|5|n mean

o br aci np el SRR O5E L S B the gliiing pedem dor o lalgas%@tais of any
one of clalns 1-4, further conprising one or nore transducer plates

functi or?éilhpg;vwg@ae@embieswtr@@tf@ﬁmes ghigiripecsayp splaespe®y- any one of cl ai ns
1-6, further conprising: neans for applying a solvent to the subnounted
substrate, wherein the neans for applying a solvent includes a sol vent
reservoir coupled to one or both of the X- or Y-stage. 8. The apparatus of
any one B clBid@ppiratus dfun \} Bﬁéoﬂ&éﬁﬁfsllslmgxz@r&@khéeﬂlsta?éla@d yyghgareoupl ed to
one or both of the X- or stage. 9. The apparatus of any one of clains
1-8, sfurfherigpnprising: a cleaning systemfor removing residual adhesive
froma rlgld'carrler substrate after debondi ng occurs, wherein the cleaning
system i ncludes a solvent reservoir coupled to one or both of the X- or
Y-stage. 10. The apparatus of claim9, wherein the cl eani ng system for
renovi ng reS|duaI adhesive froma rigid carri.er rises neans for a batch
dip in sbtventhe apparatseof spp araeh daigs lahd, voiecipth %YéangﬁlleaPGb SPfir t her
conprising: a cleaning systemfor renoving residual adhesive froma

fl exi bl engvdmednt.at e aft er debondi ng occurs, wherein the cleaning system

i ncl udes a sol vent reservoir coupled to one

10 15.  The apparatus of claim 13, wherein the Y-stage is capable of rotational movement

concentric to the X stage.

16.  The apparatus of any one of claims 1-15, further comprising:
a conveyor system for loading a submounted substrate into the vacuum operated

15  chuck, wherein the conveyor system is coupled to the X-stage.

17.  The apparatus of any one of claims 1-16, further comprising a reel-to-reel system

coupled to the two mounting blocks.

20 18. A method for debonding a submounted substrate comprising;:
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;
adjusting a debonder’s height in a Z-axis such that the debonder is aligned with an

25  interface between the rigid carrier substrate and the flexible substrate, wherein the debonder
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or both of the X- or Y-stage.12. The apparatus of claim 11, wherein the
cl eaning system for renoving residual adhesive froma flexible substrate
conpri sesw@ 2p0yghefaBessure sol vent spray. 13. The appar aPa3/ustooangs2ehe of
clainms 1-12, wherein the X-stage and Y-stage are notorized. 14. The

apparatus of a ng of clainms 1-13 erein.the Y-stage i.s capagbl e of
moverents QwItripdha Y sttes bersin éﬁli’ie'ﬁ‘?’\&ﬁg{ CQhRSG? RV RRURTLE Yges Bddapabl e of
rotational nmovement concentric to the X stage. 16. The apparatus of any one
of cl ai nttingi®lges wherpiarthe Brgpmpuntig: blacks sactelaic asdigeleamdragpchieddelthegY a
subnount ed substrate into the vacuum operated chuck, wherein the conveyor
syst em issageouph thdt tho X-ktegXisshipagde oflmovifipdcayppatiat the oduaimg boovdsofhatiai ms
1-16, further conprising a reel-to-reel systemcoupled to the two nounting

bl ocks. th8twdmvahhgbibers ek B dghoRingl BAP biRicBEd fldisdrdalfencanhd &dgeg:
mounting a subnounted substrate in a vacuum operated chuck attached to an

Xstage, db [ﬁﬁglQ?ghgggggﬁgﬁquggQQ%gate conprises a rigid carrier

substrat e bonde e substrate, wherein the X-stage is noveably
coupled to a.Y-stage; adjusting a debonder's.height |jn a.Z-axis.such that
Che’ debonder TUEHTGHERLH Bl AT AU dee Bainaan Rt FYFaRISRE:
substrate_and the flexible substrate, wherein the debonderis coupled to the
Y- st age, SUiHEH®i3dt he debonder conprises two mounting bl ocks and a cutting
edge, wherein the two nounting blocks each have a distal end attached to
the Ystage subshonding theHtexible sehybraticdrona felyigd ofrrigpsibaigat suchetbat thhe t wo
nmounti ng bl ocks, wherein the two nounting bl ocks each have a proximal end
at t achedddbondun cendhotigh the istetfhéaigteetgethe rigid carrier substrate and the flexible

10 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

15  from the rigid carrier.
20.  The method of claim 18, wherein the debonder is capable of ultrasonic vibration.

21. The method of claim 18, further comprising:
20 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.

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

25  after debonding occurs.
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such that the cutting edge spans the X stage; bringing an upper plate
conprising a vacuumring into contact with the flexible substrate; and
debondi ngwOheo%12esB bl e substrate fromthe rigid carrier PEURSRO0A0S823%ch t hat
t he debonder cuts through the interface between the rigid carrier substrate
and the IexLﬂgﬁgﬁgbité te, erﬁin t he. vacuumring holds onto the flexible
substratevi a ttheh oL elainy L8 (PRS00 RIDISHS: r at e i s debonded from the rigid
carrier. 19. The nmethod of claim 18 further conprising: heating the cutting
edge of the deperbercydiadpdhesivgdmonticpxitlesybserichisea elapyng axseent plien t he
rigid carrier. 20. The nethod of claim 18, wherein the debonder is capable
of ultrabkbondnygbbeuat.i on. 21. The nmethod of claim 18, further conprising:
applying a solvent drip systemto the interface between the rigid carrier
subst r at®} andridvacethb@¥f flhign $8IBSHdreh ehdPXistigetafd INGALY arfluidtdi@zcihe debondi ng
step. 22. The nmethod of claim 18, further conprising: renoving residual
adhesive fromthe rigid carrier substrate via a cleaning system after
debondi ng occurs. 23. The nethod of claim 18, further conprising: renoving

resi dual ,adhesi ve fr t he exi bl.e supstrate via,a.cleani system after
Gebond: - occtiewmeti? Sl L SR o bRl o ih BBk S Sulge “and
Y-stage are notorized. 25. The nethod of claim 18, wherein the Y-stage

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

26.  The method of claim 18, wherein the Y-stage rotates concentric to the X-stage.
10 27.  The method of claim 18, wherein the vacuum-operated chuck has temperature
control.

28.  The method of claim 18, further comprising:
replacing the debonder’s cutting edge via a reel-to-reel system after use in the

15  debonding process.

29. Physical computer readable storage media providing instructions stored in data
storage and executable by a processor for causing an apparatus or system for debonding a
submounted substrate to carry out functions including:
20 transporting a submounted substrate for a predetermined distance;

loading a submounted substrate into a debonding apparatus;

applying a solvent drip to the submounted substrate;

heating a cutting edge and/or a vacuum operated chuck;

vibrating a debonder at ultrasonic frequencies;

25 stabilizing the submounted substrate against an upper plate via a vacuum-ring;
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27. The nethod of claim 18, wherein the vacuum operated chuck has
tenperature control. 28. The nethod of claim 18, further conpri sing:

repl aci ngwoheosdemader' s cutting edge via a reel -to-reelPCIsS2@0af2er use
in the debondi ng process 29. Physical conput er readabl e storage nedia
provi di ng in;#% ored n data storage and executable by a processor
for causing ) ﬁg 6?“% @F@%y?@r debondi ng a subnounted substrate to
carry out functions |nclud|ng transporting a submounted substrate for a

pr edet er ni nedcpliaging trcedebppdaisytitngsudsaian sel-oosetsyaes: pit o a debondi ng
apparatus; applying a solvent drip to the subnounted substrate; heating a
cutting edge ramdimg residhad adimsopdramt dat scbmoknted sudrserbticisgigd dediensldstrat
ultrasonic frequencies; stabilizing the subnmounted substrate agai nst an
upper pl e d¥bohdehgyacuum ring; debondi ng the subnounted substrate; replacing
t he debonder's cuttrng edge via a reel-to-reel system and renoving

resi dual adhesive fromthe subrmounted substrate's rigid carrier substrate
after debonding 30. Physical conputer readable storage medi a providing

i nstruct Pns ore rage and .execut.abl e .ap SS fo
causi ng & oy oRuRieRtro b8 iR Rt S LB Putt PseRF Bl o any one
or nore of the nmethods in clainms 18-28. 31. A system for debonding a
subnount Eeragt Kk Fapwakle By Rinspsssor or camping ﬁtSéfrt?raé@r debonding a submounted

substrate to carry out any one or more of the methods in claims 18-28.

10  31. A system for debonding a submounted substrate comprising:

a user interface;

a conveyor system communicatively coupled to the user interface, wherein the
conveyor system is operable to (i) transport a submounted substrate a predetermined
distance and (ii) load the submounted substrate into a debonding apparatus;

15 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;

a vibration 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

20  vacuum system is operable to stabilize the submounted substrate against an upper plate via
a vacuum-ring;

a debonding system communicatively coupled to the user interface, wherein the

debonding system is operable to separate the submounted substrate into a flexible substrate

and a rigid carrier substrate;
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a conveyor system comuni catively coupled to the user interface, wherein

t he conveyor systemis operable to (i) transport a subnounted substrate a
pr edet er mvoedosdi2zé44ance and (ii) | oad the subnount ed sSubPCTAISR000/08827H
debondi ng apparatus; a solvent drip system conmunicatively coupled to the
user interface, wherein the saolvent drip system.is operable to apply a

sol vent drip %@Wﬁ@“&ﬁﬁﬂﬂﬂ%@ﬁe@&%ﬁ%& fiv Y\?PBW(%@ foo‘%e Sy fffface,
connunicativelx coupled to the user interface, wherein the vibration system
i s oper aphacindheicpparaturg cerethd riieemas opdreble domat therdshoreding asteny's guigingm
system comuni catively coupled to the user interface, wherein the vacuum
syst em islgoped/ableutim gpeedtéd ¢hmek pher wulebonditgd substrat e agai nst an upper
plate via a vacuumring; a debonding system comunicatively coupled to the

user interfacgesechbdericel systcheoiRhandidiamayisienly oupRaramMeustriniepaeat e the
subrmount ed substrate into a flexible substrate and a rigid carrier

SUDSLT At gh e APRLA G5y EARbIYr - SYRHAIICAITHNIABE LHGKoSAUPI od Lo the user

i nterface, erein erature control systémis operable to heat the
debondi ng system s cutting edge and/or vacuum operated chuck prior to
debondi ng: - + e Sslsal bR RR I FoE S R GRS e8I ea Lo e
user interface, wherein the debonder is capable of replacing the cutting
edge af t@FNAESYSEALS fPeRBledp Fnevrdedival sAbashicdEm (e Weid upickerbsEatene user

interface, wherein the cleaning systemis operable to renove residual
adhesi veaffer debandeng i gi d carrier substrate after debonding.
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