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(57) Abstract: Some embodiments include a method. The
method can include providing a carrier substrate, providing
a release layer over the carrier substrate, and providing a
device substrate over the carrier substrate and the release
layer. Providing the device substrate can include bonding
the device substrate to the carrier substrate, and bonding the
device substrate to the release layer. Further, providing the
release layer can include bonding the release layer to the
carrier substrate. Meanwhile, the release layer can include
polymethylmethacrylate, and the device substrate can be
bonded to the carrier substrate with a first adhesion strength,
the device substrate can be bonded to the release layer with
a second adhesion strength less than the first adhesion
strength, and the release layer can be bonded to the carrier
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second adhesion strength. Other embodiments of related
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METHOD OF PROVIDING A FLEXIBLE SEMICONDUCTOR DEVICE AND
FLEXIBLE SEMICONDUCTOR DEVICE THEREQF

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
(o001} This invention was made with government support under WOLINF-04-2-0005
awgrded by the Army Research Office. The government has certain rights in the mvention.
CROSS-REFERENCE TO RELATED APPLICATIONS
(00021 This application claims the benefit of U.S. Provisional Patent Application Serial
No. 61/930,853, filed January 23, 2014, U.S. Provisional Patent Application Serial No.
617930 853, filed January 23, 2014 s mcorporated herein by reference n its entirety.
FIELD OF THE INVENTION
(00031 This ivention relates generally to processing senuconductors on Hexible
substrates, and relates more particularly to processing semiconductors on flexible substrates
at high temperatures and the semiconductor deviges therefrom.
DESCRIPTION OF THE BACKGROUND
[0004] Iu the electromes industry, flexible substrates are quickly beconung popular as a
base for electronic circuits. Flexible substrates can include & wide variety of materials, such
as, for example, any of a myriad of plastics, metal foils, and glasses {e.g.. Comning® glass,
Willow™ glass, et¢.). Once a desired electronic component, circut, of circuits are formed
over a surface of the flexible substrate, the flexible substrate can be attached to a final
product or incorporated into a further structure.  Typical examples of such products or
structures are active matrices on flat panel displays, RFID {radio~frequency identification)

tags on varions commercial products m retail stores, a variety of sensors, ete.

{0005} A need exists in the art to develop a process for fabricating sennconductor devices
on flexible substrates that allows for improved electrical characteristics, such as, for example,
improved parametric characteristics and/or hifetine, and reduced bowing, warping, andfor
distortion.

BRIEF DESCRIPTION OF THE DRAWINGS
(00661  To facilate further description of the embodiments, the following drawings are
provided in whicl:
(00071 F1G. 1 iflustrates a flow chart for an embodiment of a method of providing a
semiconductor device;
{0008} F1G. 2 illustrates an exemplary activity of providing a carrter substrate, according

10 the embodiment of FIG. 1
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(00091 FIG. 3 dlustrates an exemplary activity of providing a release layer over the
casrier substrate, according 10 the embodiment of FIG. 1]

{0010} FIG. 4 illustrates a partial cross-sectional view of a semiconductor device afler
providing a release layer over a carrier substrate, according to an embodiment;

fogil] FIG. 5 illustrates an exemplary activity of removing @ release Jayer edge portion
of the release layer from over the carrier subsirate, according to the embodiment of FIG. 1
[0012]  FIG. 6 illustrates g partial cross-sectiona! view of the semiconductor device after
removing a release laver edge portion of the release laver from a first perimeter portion of the
carrier subsirate, according to the embodiment of FIG. 4;

{00131 FIG. 7 illustrates an exemplary activity of providing a device substrate over the

carrier substrate and the release laver, according to the embodiment of FIG. 1

[oo143 FiG. 8 illustrates a partial cross-sectional view of the semiconductor device after
providing a device substrate over the carrigr substrate and release laver, according to the
cmbodiment of FIG. 4;

[o01s]  FIG. 9 ilfastrates an exemplary activity of removing a device substrate edge
portion of the device substrate frony over the carrier substrate, according to the embodiment
of FIG. 1

{0016} FIG. 10 illnstrates a partial cross-sectional view of the semiconductor device after
repoving 8 device substrate edge portion of the device substrate rom a second pernmeter
portion of the carrier subsirate, according to the embodiment of FIG. 4;

[0017} FIG. 11 illustrates a partial cross-sectional view of the semiconductor device after
providing one or more sermiconductor elements over the device substrate, according to the
gimbodiment of FIG. 4;

[001&] FiG. 12 ilustrates a partial cross-sectional view of the semiconductor device after
severing a device portion of the device substrate from a non~device portion of the device
substrate, according to the embodiment of FIG. 4; and

(00191 FIG. 13 illustrates a cross-sectional view of the device portion of the device
substrate of the seniconductor device after debonding the device portion from release laver,
according to the exwbodunent of FIG. 4,

[0020} For simplicity and clarty of #lustration, the drawing figores illustrate the general
manner of construction, and descrptions and details of well-known features and technigues
may be omitted to avoid uanecessarily obscaring the invention. Additionally, elements m the
drawing figures are not necessarily drawn to scale. For example, the dimensions of some of

the elements in the figures may be exaggerated relative to other elements to help improve

&
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understanding of embodiments of the present mvention. The same reference numerals in
different figures denocte the same elements.

{00213 The terms “first,” “second,” “third,” “fourth,” and the like m the description and
in the clamms, i any, are used for distinguishing between similar elements and not necessarily
for describing a particular sequential or chronological order. Xt 18 1o be understood that the
terms so wsed are nterchangeable under approprimte circumstances such that the
embodiments described herein are, for example, capable of operation in sequences other than
those ilustrated or otherwise described herein,  Furthermore, the terms “include,” and
“have,” and any variations thereof, ate intended to cover a non-exclusive inclusion, such that
a process, method, system, article, device, or apparatus that comprises a list of elements is not
necessartly limited 1o those elements, but may tnclude other elements not expressly listed or
irtherent 1o such process, method, system, article, device, or apparatas,

R

{022 The terms “left,” "right,” “front,” “back,” “top,” Thottem,” “over,” “under,” and
the like In the description and in the claims, if any, are used for descriptive purposes and ne
necessarily for describing permanent relative postions. It is to be understood that the terms
so used are interchangeable under appropriate circumstances such that the embodiments of
the mvention described herein are, for example, capable of operstion in other orientations
than those tllustrated or otherwise described herein.

(34

{00231 The terms “couple,” “coupled.” “couples.” “coupling,” and the like should be
broadly understood and refer fo connecting two or more elements or signals, electuically,
mechanically and/or otherwise. Twe or more glectrical elements may be electrically coupled
but not be mechamically or otherwise coupled; two or more mechanical elements nay be
mechanically coupled, but not be electrically or otherwise coupled; two or more electrical
elements may be mechanically coupled, but not be electrically or otherwise coupled.
Coupling may be for any length of time, ¢.g.. permanent or semi-permanent or only for an
mstant,

[0024]  “Flecirical coupling” and the like should be broadly wnderstood and mclade
couphng mvolving any electrical signal, whether a power signal, a data signal, andior other
types or combinations of electrical signals. “Mechanical couphng™ and the like should be
broadly understood and include mechanical coupling of all types.

{00251 The absence of the word “removably,” “removable,” and the hike near the word
“coupled,” and the bike doss not mean that the couphng, etc. m gquestion 18 or 8 not
removable.

[0026]  ‘The term "bowmng" as used herein means the curvatwre of a substrate about a
median plane, which is parallel to the top and bottom sides, or major surfices of the substrate.

3
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The term "warping” as used herein means the linear displacement of the surface of a substrate
with tespect to a z-axis, which is perpendicular to the top and boitom sides, or major surfaces
of the substrate. The term "distortion" as used herein means the displacement of a substrate
in-plane {ve., the x-v plane, whicli 1s paralle! to the top and bottom sides, or major surfaces of
the substrate). For example, distortion could include shrinkage in the x-v plane of a substrate
andfor expansion i the x-y plane of the substrate,

[oo27 The term "CTE mgtched material” and the like as used herein means a materigl
that has a coefficient of thermal expansion (CTE) which differs from the CTE of a reference
material by less than about 20 percent (%%). Preferably, the CTEs differ by less than about
10%, 5%, 3%, or 1%.

[0028]  The term "flexible substrate” as used herein means a free-standing substrate that
readily adapts s shape.  Accordimply, it many embodiments, the flexible substrate can
comprise {e.g.. consist of) a flexible matenal, andior can comprise a thickness (e.g., an
average thickness) that s sufficiently thin so that the substrate readily adapts in shape. In
these or other embodiments, a flexible material can refer to a material having a low elastic
modulus. Further, a low elastic modulus can vefer to an elastic modulus of less than
approximately five GigaPascals (GPa). In some embodiments, a substrate that is a flexible
substrate because 1t is sufficiently thin so that o readily adapls i shape, may vot be a flexible
substrate i implemented with a greater thickness, and/or the substrate may have an elastic
modulus exceedmg five GPa. For example, the elastic modulas could be greater than or
equal to approximately five GPa but less than or squal to approximately twenty GPa, fifty
GPa, seventy GPa, or eighty GPa. Exemplary materials for a sobstrate that is a flexible
substrate because it is sufficiently thin so that it readily adapts m shape, but that may not be a
flexible substrate if implemented with a greater thickness, can comprise certain glasses (e.g.,
fluorosilicate glass, borosilicate glass, Coming® glass, Willow™ glass, andfor Vitrelle glass,
gte., such ag, for example, as manufactored by Corming Inc. of Corning, New York, United
States of Americg, ote) or silicon having a thickness greater than or equal 1o approximately
25 micrometers and less than or egual to approximately 100 micrometers.

{0029} Meanwhile, the term “rigid substrate™ as used herewn can mean a free-standing
subsirate that does not readily adapt #s shape and/or a substrate that 13 sot a8 flexible
substrate. In some embodiments, the rigid substrate can be devoid of Hlexible material andfor
can comprise 8 material having an elastic modulus greater than the elastic modulus of a
flexible substrate.  In varions embodiments, the rigid substrate can be implemented with a
thickness that iy sufficiently thick so that the substrate does not readity adapt its shape. In
these or other examples, the increase i rigidity of the carrier substrate provided by increasing

4
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the thickness of the carrier substraie can be balanced against the increase in cost and weight
provided by mereasing the thickness of the carrier substrate,
{00301 As used heremn, “polish™ can mean to lap and peolish a surface or o only lap the
surface.

DETAILED DERCRIPTION OF EXAMPLES OF EMBODIMENTS
(00311  Some embodiments iclude & methed.  The method can compriser providing a
carrier substrate; providing a release layer over the carrier subsirate, the release layver
comprising polymethvlimethacrviate; and providing a device substrate over the carrier
subsirate and the release layer. In these embodiments, providing the device substrate can
comprise: booding the device substrate to the carvier substrate, the device substrate bonding
to the carrier substrate with g first adhesion strength; and bonding the device substrate to the
release layer, the device substrate bonding to the release laver with a second adhesion
strength less than the first adhesion strength,  Further, providing the release layer can
comprise bonding the release layer to the carrier substrate, the release layer bonding to the
cavrier substrate with a third adhesion strength greater than the second adhesion strength.
[0032] Other embodiments mclude a method. The method can compriser providing a
carrier substrate; providing a release laver over the cartier substrate, the release layer
comprismg  polymethylmethacrylate; and providing a device substraie over the career
substrate and the release laver. In these embodiments, providing the device substrate can
comprise: bonding (e.g., directly) the device subsirate lo the carner substrate, the device
substrate bonding to the carrier subsirate with a ficst adhesion strength; and bonding the
device substrate to the release layer, the device substrate bonding to the refease layer with a
second adhesion strength less than the first adhesion strength. Further, providing the release
layer can comprise bonding {e.g., divectly} the release laver to the carrier substrate, the
release layer bonding to the carrier substrate with a third adbesion strength greater than the
second adhesion strength, The carrier substrate can comprise g rigid substirate, the device
substrate can comprise a floxible substrate, and the Hexible substrate can comprise polvimide
and/or pelvamide. Meanwhile, the second adhesion strength can comprise a tensile adbesion
strength less than or equal to approximately 0.23 MegaPascals.
[0033] Further embodiments include a system. The system comprises a carvier substrate
comprising a rigid substrate, a release laver over the carrier substrate, and a device substirate
over the carrier substrate and the release laver. The release laver can comprise
polymethylmethacrylate, the device substrate can comprise a flexible substrate, and the
flexible substrate can comprise polyimide and/or polyamide.  Meamwhile, the devige
substrate can be bonded (a) to the carvier substrate with a first adhesion strength and (b) 1o the

)
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release laver with a second adhesion strength less than the first adhesion strength.  Further,
the release layer can be bonded to the carrier substrate with a third adhesion strength greater
than the second adhesion strength.

{00341 Turning 1o the drawings, FIG. 1 illustrates a flow chart for an embodiment of
method 100 of providing a semiconductor device, Method 100 1s merely exemplary and is
not Himted to the embodiments presented herein.  Method 100 can be emploved in many
different embodiments or examples not specifically depicted or described herein,  In some
embodiments, the activities, procedures, andfor processes of methiod 100 can be performed in
the order presented. In other embodiments, the activities, procedures, and/or processes of
miethod 100 can be performed in anv other suitable order. In still other embodiments, one or
more of the activities, procedures, and/or processes in method 100 can be combined or
skipped. Although the semiconductor device can conyprise any suitable electronic device, in
many embodiments, the semiconductor device can comprise an electronic display, an x-1ay
sensor, @ binlepical sensor, ste.

[0035] Method 100 can comprise activity 101 of providing a carrier substrate. FIG. 2
illustrates an exemplary activity 101, according to the embodiment of FIG, 1.

[0036] For esample, activity 101 can comprise activity 201 of furnishing the carrier
substrate. The carvier substrate can comprise a first surface and a second surface opposite the
first surface.

{0037} In many embodiments, the carvier substrate can comprise a rigid substrate. The
carrier substrate (e.g., rigid substrate) can comprise any suitable material(s) baving the
characteristics of & rigid substrate as defined above. Specifically, exemplary materiak(s) can
comprise alumina {ALO:). silicon, glass (e.g., barun borosilicate, soda lime silicate, and/or
an alkali silicate), metal (e.g., steel), andfor sapphire. However, in some embodiments, the
carrier substrate {e.g. rigid substrate) can be devoid of silicon.  Meanwhile, in many
embodiments, the glass can comprise g low CTE glass,

[0038]  Further, waterials) for the carrier substrate {(eg., rigid subsirate) also can be
selected so that a CTE of the material{s) approximately matches a CTE of the material{s) of
the device substrate and/or the release laver, each of which s mtroduced briefly above and
describad in greater detail below. Likewise, in some embodiments, materal{s) for the device
substrate and/or release layer can be selected 50 as to be CTE matched with the material(s) of
the carrier subsirate. Non-matched CTEs can create stress between the carrier substrate, the
device substrate and/or the release layer.

[00391 Meanwhile, in many smbodiments, the carrier substrate can be a wafer or panel.

g., diameter), such ag, for

w3

The wafer or panel can comprise any suitable largest dimension (2
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example, approxtmately 6 inches (approximately 15.24 centimeters), approximately & mches
{approximately 2032 centimeters), approximaiely 12 inches (approxumately 3048
centimeters), or approximately 18 inches (approximately 4572 cemtimeters). In some
embodiments, the carrier substrale can be a panel of approxmmately 370 wmm by
approximately 470 mm.  In some examples, the wafer or panel can comprise a thickness of at
feast approximately 0.5 nullimeters.

[0040]  Later, in some embodiments, activity 101 can comprise activity 202 of cleaning
the carrier substrate. In some embodiments, activity 202 can comprise an activity of cleaning
the carrier substrate with plasma {e.g., O: plasmal.

{00411 Then, activity 101 can comprise activity 203 of polishing the fust surface andfor
the second surface of the carrier substrate, Polishing the swrface of the carrier substrate {e.g.,
the first surface} that is not subsequently bonded with the devive substrate and release layer,
as described below, improves the ability of a vacuum or air chuck to handle the carrier
substrate. Also, polishing the surfiace of the carrier substrate {e.p., the second surtace} that 13
subsequently coupled fo the device substrate and release layer, as deseribed below, removes
topological features at the surface of the carrier substeate that could cause roughness of the
resulting device subsirate assembly m the z-axis after the device substrate and carner
substrate are bonded together.

{0042} Next, returning to FIG. 1, method 100 can comprise activity 102 of providing a
velease laver over the carvier subsirate, such as, for example, over the second surface of the
carrier substrate.  As explained below, in vatious embodiments, the release layer can
comprise any suitable material(s) able to bond o the carrier substrate with a release layer-
carrier substrate adbesion strength greater than g device substrate-release laver adbesion
strength, as described below. Further, in these or other embodiments, the material(s) of the
release layer can be configured fo bond to the carrier substrate with a release layer-carrier
substrate adhesion strength greater than g device substrate-release layer adhesion strength by
direct bonding of the release laver to the carrier substrate {e.g., without implementing an
adhesion layer configured to bond the release laver to the carrier substrate). Further still, in
these or other embodiments, the material{s) of the release layer can be configured to
sufficiently bond with the device substrate to constrain the substrate during activity 107 so as
to prevent runout printing evvors from resulting.  For example, in many ewbodiments, the
velease layer can comprise a transparent thermoplastic material (e.g., pohvmethybmethacrylate
{(PMMAY). FIG. 3 itlustrates an exemplary activity 102, according to the embodiment of FIG.
1
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{00431 Activity 102 can comprise activity 301 of depositing the release laver over the
carrier substraie (e.g.. the second surface of the carrier substrate). In many embodunents,
activity 301 can comprise an activity of depositing the velease laver over the carrier substrate
{e.g., the second surface of the carrier substrate) via spin-coating, spray-coating, estrusion
coating, preform lamination, slot die coating, screen lamination, and/or screen printhig.
[0044]  For example, in nany embodiments, the release layer can be deposited over the
carrier substrate (e, the second sucface of the carrier substrate) under one or more
predeternuned conditions.  The prederernuned condiions can be dependent on a desired
release layer thickness, as discussed below. In specific examples, the release layer can be
deposited while spimnimg the carrier substrate first at a spin rate of approximately 500
revolutions per minute for a time of approximately 3 seconds. Then, the carrier substrate can
be held stationary for a time of approximately 10 seconds before spinning the carner
substrate for a thme of approximately 45 seconds at a spin rate greater than or equal to
approximately 500 revolutions per mimute and less than or equal to approxmately 3000
revolutions per minute, such as, for example, to distribute the release layer over the carner
substrate. For example, the carrier substrate can be spun at a spin rate of approxamately 1000
revolutions per minute.

{00451 The release layer can e provided (e.g., deposited) to comprise a release layer
thickuess (Le., a dimension of the release layer that s approximately perpendicular to the
second surface of the carrier substrate when the release layver 13 bonded to the camier
substrate). In many emboediments, the release layer thickness can be approximately constant.
in some embodiments, the release layer thickness can be greater than or egual to
approximately .1 micrometers and less than or equal to approximately 25 micrometers.
Generally. the release layer thickness can be selected to be thick encugh to ensure continuons
distribution of the release layer over the carrier substrate. Further, the release laver thickness
can be selected to be as thin as possible, while still permitting the foregoing, to minimize
bowing, warping, and/or distortion of the device substrate when the device substrate is
bonded 1o the carrier substrate and the release layer, as described below at activities 703 and
704 (F1G. 7).

{00461 Also, activity 102 can comprise activity 302 of bonding the release layer {e.g..
directly) 1o the carvier substrate {e.g., the second surface of the carrier substrate). The release
fayer can be bonded to the carrier subsivate (e the second surface of the carner substrate)
with a release layer-carrier substrate adhesion strength.  In many embodiments, activity 302

can be part of activity 301
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{00471 o many embodiments, activity 102 (e.g., activities 301 and 302} can be performed
without using 1ape (e.g., ot bonding andfor masking purposes). By performing activity 102
{e.g., activities 301 and 302} without the use of tape, activities of applying and removing the
tape can be omitted from method 100 (F1G. 1) genervally. As a result, performing method 100
(FIG. 1} can be simplified with fower total activities performed.  Meanwhile, performing
activity 102 {e.g., activities 301 and 302) without the use of tape can make #t possible to
provide surfaces andfor edges of the release layver that are more aniform {e.¢.. approximately
planar} for improved semiconducter device processing (e.g., handling, process chamber
clamping, outgassing, trapping hquids, etc.) and/or that are free of residue that can be kefl by
the tape adhesives. For example, even to the extent tape would not overlap when applied, the
single fayer of the tape would still migke the release layer uneven.  Morcover, avoiding the
use of tape at activity 102 (e.g, activities 301 and 302) can be advantagenus becauss, in
addition to residue lefi by the tape, the tape may damage the release laver when being
removed, providing sdditional potential for debris formation that can result in senuconductor
device defects.

(0048} Then, in many cmbodiments, activity 102 can comprise activity 303 of cusing the
release layver. In many embodiments, activity 303 can help 10 remove from the release layer
chemistry (e.g.. solvenis) used to performy activity 301 {above). In these or other
embodiments, activity 303 can help 1o bond the release laver to the carrier substrate {e.g., the
second surface of the carrier substraie). The release laver can be thermally cured andior
optically cured, as desirable. For example, in many embodiments, the release layer can be
thermally cured in open air conditions, at a temperature of greater thap or egmal to
approxinately 130 °C and less than or equal to approximately 200 °C, anddor for a time of
approximately 90 seconds.  In more spectfic examples, the femperature can comprise
approximately 180 °C.

[0049]  Turming ahead in the drawings, FIG. 4 tllustrates a partial cross-sectional view of
sertconducior device 400 after providing release laver 402 over carrier substrate 401,
according to an emboediment.  Senuconductor device 400 can be similar or identical 1o the
semconductor device of method 100 (FIG. 1), Further, carrier substrate 401 andior release
laver 402 can be similar ov identical to the carrier substrate and/or release substrate of method
100 (FI1G. 1), respectively.  Accordmngly, carrier substrate 401 can comprise st surface 403
and second surface 404 opposite of first sarface 403

[0030]  Referring now back to FIG. I, method 100 can comprise activity 103 of removing
a release layer edge portion of the release layer from over the carries substrate. More
specifically, activity 103 can be performed to expose a first perimeter portion of the second

P
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surface of the carrier substrate to permit the device substrate 1o be bonded to the carrier
substrate (1.e., at the {irst pertmeter portion of the second surface of the carrier snbstrate), as
described at activity 703 (FIG. 7). The first perumeter portion of the carrier substrate can
referto a portton of the second surfhce of the carvier substrate located between arn edge of the
carrier substrate and a first perimeter of the carrier subsirate. The first perimeter can refer to
a continuous reference line located at the second surface of the carrier substrate a first
predetermmed distance from the edge of the carrier substrate.  The fisst predetermined
distance can be selected so as to be large enough to ensure the device substrate bonded 1o the
carrier subsirate and release laver, as described at activities 703 and 704 (F1G. 7). completely
covers the release layer. Further, the first predetermined distance can be selected to be as
stall as possible, while still permitting the foregoing, to maximize a surface grea of the
device substrate on which ene or mpre semiconductor elements can be provided, ax deseribed
below with respect to activity 107 (FIG. 1), For example, the first predeternmuned distance
can be greater than or equal to approximately | mitlimeter. FIG. 5 illustrates an exemplary
activity 103, according to the embodiment of FIG. 1.

[0051]  Activity 103 can comprise activity 301 of performing an edge bead removal with
a solvent 10 remove the release laver edge portion of the release laver from over the cartier
substrate. The solvent can comprise propylene glycol methyl ether acetate (PMEA).

{0032]  Next, activity 103 can comprise activity 502 of performing an edge bead removal
by reactive ton etching the release laver to remove the release laver edge portion of the
release layer from over the carries substrate. In some embediments, when activity 301 is
porformed, activity 302 can be omitted, and vice versa.  Further, activity 301 can be
performed prior to activity 502, or vice versa.

[00531  Referring briefly back to FIG. 1, in some embodiments, activity 103 can be
omitted. For example, activity 103 may be unnecessary if activity 301 (FIG. 3) is performed
in a nianner feaving the first pertmeter portion of the carrier substrate exposed.

[0054]  Turning ahead m the drawings, FIG. 6 dllustrates a partial cross-sectional view of
semiconductor device 400 afier removing a release layer edge portion of release layer 402
from furst pertmeter portion 605 of carvier substrate 401, according to the embodiment of
FIG. 4. First peruneter portion 605 can be similar or identical to the first perimeter portion of
the carrier substrate described above with respect to method 100 (FIG. 1), Accordingly, first
perameter portion 605 can be located between edge 606 of carrier substrate 401 and first
perimeter 607 of carrier substrate 401,

[0055]  Referring agam back to FIG. 1, method 100 can comprise activity 104 of
providing a device substrate over the carvier substrate and the reloase fsver.  In many
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embodiments, the device substrate can comprise a flexible substrate. The device substrate
{e.g., flexible substraie) can comprise any swiable material(s) having the characteristics of a
flexible substrate as defined above.  Specifically, exemplary material{s) can comprise
polvimide andfor polyanude. Meanwhile, although any suttable polyimde and/or polyanude
material(z) can be implemented for the device substrate, exemplary material(s) of the device
substrate can comprise one or more HD-8820 series andfor HD-4000 polyimides, which are
manufactored by the E du Pont de Nemours and Company of Wilmington, Delaware,
United States of America, and/or can conywise one or more polvamides sinular to the HD-
8820 series and/or the HD-4000 polvimides. Implementing the device substrate to comprise
polvimide and/or polyamide can be advantageons becanse polvimide and polyamide can be

nmade very thin, can be rugged, and can be substantially inert © semiconductor manufacturing

chenustries and/or biclogical chemistries.  FIG. 7 illustrates an exemplary activity 104,
according to the embodiment of FIG. 1

[0036]  Activity 104 can comprise activity 701 of depositing the device substrate over the
carrier substrate {e.g., over the first perimeter portion of the carrier substrate). In many
embodiments, activity 701 can comprise an activity of deposining the device substeate over
the carrier substrate (e.g., over the first perimeter portion of the carrier substrate) via spin-
coating, sprav-coating, extrusion coating, preform lamination, slot die coating, screen
lamination, and/or screen pritting.

{0057} For example, in many embodiments, the device substrate can be deposited over
the carrier substrate {e.g., over the first perimeter portion of the cargier substrate) under one or
more predetermined conditions.  Spnlar to the release laver, the predetermined conditions
can be dependent on a desired device substrate thickness, as discussed below.  In specific
examples. the device substrate can be deposited while spinning the carrier substrate at a spin
rate greater than or equal to approximately 500 revohstions per minute and fess than or equal
to approximately 6000 revolutions per minute for a time of gregter than or equal
approximately 10 seconds and less than or equal to approximately 100 seconds. For example,
the spin rate can be approximately 1000 revolutions per minute and the time can be
approxtmately 25 seconds.

[0058] Further, activity 104 can comprise activity 702 of depositing the device subsirate
over the release layer. In some embodiments, activity 702 can be performed in a wmanner
similar or ideniical to that of activity 701, but with respect to the release laver rather than the
carrier substrate,

[00591  Notably, in many embodiments, activity 702 (and one or more of the sub-activities
of activity 702) can be part of activity 701 (and one or more of the sub-activities of activity
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7013, and vice versa. In these or other embodiments, activity 701 and activity 702 can occur
approximately simulianecusly.

{00601 Whether the device substrate is provided (e g., deposited} as separate or conjoined
activities 701 and 702, the device substrate can be provided {e.g.. deposited) to comprise a
device substrate thickness {1.e., a dimengion of the device substrate over the release Inyer that
is approximately perpendicular to the release layer when the device substrate is bonded to the
carrier substrate).  Notably, for reference purposes, calculation of the device substrate
thickness excludes the portion of the device substrate over the fiest perimeter portion of the
carrier substrate, which #t follows would be larger than the device substrate thickness by an
amount approximately equal to the release layer thickness. In many embodiments, the device
substrate thickness can be approximately constant. Likewise, a thickness of the portion of the
device substrate over the first penmeter portion of the carrier substrate can alsp be
approximately constant. In some embodiments, the device substrate thickness can be greater
than or equal to approximately ! micrometer and less than or equal to approximately 1
nuflimeter.  For eoxample, the device substrate thickness can be approximately 20
niicrometers. Generally, the device substrate thickness can be selected to be thick snough o
ensure contintous distribution ot the device substrate over the camier substrate and the
release laver. Further, the device substrate thickness can be selected to be as thin aspossible,
while still permitting the foregoing, to minimize bowing, warping, and/or distortion of the
device substrate when the device substrate 15 bonded o the carrier substrate and the release
layer, as described below at activities 703 and 704,

{00611 Also, activity 104 can comprise activity 703 of bonding the device substrate (e.g.,
directly) to the carrier substrate {¢.g., the first perimeter portion of the carrier substrate). The
device suphstrate can be bonded to the carrier substrate with a device substrate-carsier
substrate adhesion strength. In many embodiments, activity 703 can be part of activity 701,
(00621  Activity 104 also can comprise activity 704 of bonding the device substrate {e.g,
directly) to the release layer. The device substrate can be bonded to the release laver with a
device substrate-release layer adhesion strength,  In many cmbodiments, activity 704 can be
part of activity 702, Meanwlile, in many embodimsents, activity 703 can be part of activity
704, and vice versa. In these or other embodiments, activity 703 and activity 704 can occur
approximately stmultaneously.

{0063 I many embodiments, activity 703 and/or activity 704 can comprise an activity of
sealing the relegse layer between the device substrate and the carrier substrate. Accordingly,

sealing the release layer between the device substrate and the carrier substrate can prevent
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debonding (e.g, unimtentional debonding) of the release layer from the device substrate
and/or the carrter substrate when performing activity 107 (FIG. 1),

{00641 In many embodiments, activity 104 {e... activities 701-704) can be performed
without using tape {e.g.. for bonding and/or masking purposes). By performing activity 104
{e.g., activities 701704} without the use of tape, activities of applying and removing the tape
can be omitted from method 100 (FIG. 1} generally.  As a result, performing method 100
(FIG. 1} can be sumplified with fower total activities performed.  Meanwhile, performing
activity 104 (e.g., activities 701-704) without the use of tape can make 1t possible to provide
surfaces andior edges of the tesulting device subsirate assembly and/or the constituent
elements of the resulting device substrate assembly (e.g., the camrier substrate, the release
fayer, the device substrate, ete) that gre more uniform {e.¢., approximately planar) for
improved semiconductor device processing (e.g., handling, process chamber clampmg,
outgassing, trapping hquids, etc) andior that are free of residue that can be left by the tape
adhesives. For example, even to the extent tape would not overlap when applied, the single
layer of the tape would still make the device area of the device substrate nneven.  Moreover,
avoiding the use of tape at activity 104 (s.g., activities 701-704} can be advantagesus because
placement and alignment of tape to avoid interference with a device arvea of the device
subsirate can be challenging, and m addition to restdue lefl by the tape, the tape way even
damage the device substrate and/or release laver when being removed, providing additional
potential for debris formation that can résull in semiconductor device defects.

[6063] In many embodiments, activity 164 can further comprise activity 7035 of curing the
device sabstrate over the first perimeter portion of the carrier substrate.  In many
gmbodiments, activity 705 can help to remove from the device substrate chemistey (e.g.,
solvents) used to perform activity 701 (above). In these or other embodiments, activity 708
can help to bond the device substrate to the carrier substrate {e.g., the first perimeter portion
of the carcier substrate). The device substrate can be thermally cured andior optically cured,
as destrable.  Further i some embodiments, activity 708 can be performed as g multi-part
cure. o one example, in many embodiments, first, the device substrate can be thermally
cured first 1 open aw conditions, at a temperature of greater than or equal to approximately
50 °C and less than or equal to approximately 100 °C, and/or for a time of approximately 15
minpies. For example, the temperature can comprise approximately 90 *C. In a second
example, the device suobstrate can be thermally cured first w open air conditions, at a
tempersture of greater than or equal o spproximately 120 °C and less than or oqual to
approximately 180 °C, andfor for a time of approximately 15 minstes. For example, the
femperatare can comprise approximately 150 °C.
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{00661 Next, m many embodiments, activity 104 can comprise activity 706 of curing the
device substrate over the release layer. In many embodiments, activity 706 can help to
remove from the device subsirate chemistry {e.g., solvents) used to perform activity 702
{above). Inthese or other embodiments, activity 706 can help to boud the device substrate to
the release layer. The device substrate can be thermally cured andfor optically cured, as
destrable. Further in some embodiments, activity 706 can be performed n g manner sumilar
or identical to that of activity 703,

{00671 Notably, in many embodiments, activity 706 (and one or more of the sub-activities
of activity 706) can be pant of activity 705 {and one or more of the sub-activities of activity
705, and vice versa. In these or other embodiments, activity 705 and activity 706 can occur
approximately simubiancously with each other,

[0068] Turmng ahead in the drawmgs, FIG. 8 illustrates a partial cress-sectivnal view of
sermconductor device 400 after providing device substrate 808 over cavrier substrate 401 and
refease layer 402, according te the embodiment of FIG. 4. Device substrate 808 can be
similar o1 identical fo the device substrate described above with respect to method 100 (FIG.
1)

[0069] Referring now back to FIG. 1, method 100 can comprise activity 105 of removing
a device subsirate edge portion of the device substrate from over the carrier subsirate. More
specifically, activity 105 can be performed to expose a second perimeter portion of the
second surface of the carrier subsirate, such as, for example, 1o offset the device substrate
from the edge of the carrier substrate. Offsetting the device substeate from the edpe of the
carrier substrate can prevent processing malfoncrions (e.g., hangups) on aptomated wafer
handiers, flat finders, and other equipment as can result when the device substrate and the
carrier substrate are equally sized,

{0070} The second perimeter portion of the carcier substrate can refer to a portion of the
second surface of the carrier substrate located between the edge of the carrier substrate and a
second pertmeter of the carrier substrate. The second perimeter can refer to a comtinuous
reference line located at the second surface of the carrier substrate g second predetermined
distance from the edge of the carvier substrate. Thas, the first perimeter portion of the carrier
substrate can comprise the second perimeter portion of the carvier subsirate, and the second
perimeter can be located between the edge and the first perimeter of the catvier substrate.
{00711 Like for the fust predetermined distance of the first perimeter of the carrier
substrate, the second predetormined distance can be selected so as o be large enough to
ensure the deviee substrate provided over the release layer, as described at activities 704
{FIG. 7}, completely covers the release layer. Further, the second predetermined distance can

13



WO 2015/156891 PCT/US2015/012717

be selected to be as small as possible, while still permitting the foregoing, to maximize the
surface area of the device subsirate on which one or mere semiconductor elements can be
provided, as described below with respect o activity 107 {FIG. 1). For example, the second
predeternuned distance can be greater than or equal to approximately 0.5 mullinelers. In
these or other embodiments, the second predetermined distance can be fess than the first
predetormined distance to ensure the device substrate provided over the release laver, as
deseribed at activities 704 (FIG. 7), completely covers the release layver, FIG. 9 illustrates an
exemplary activity 105, according o the embodiment of FIG. 1.

(00721 Activity 105 can comprise activity 901 of performung an edge bead removal with
a solvem to remove the device substrate edge portion of the device substrate from over the
carvier substrate. The solvent can comprise N-methyl-2-pyvorohidone (NMP),

{0073} Activity 105 also can conprise activity 902 of performing an edge bead removal
by regctive ton etching the device substrate to remove the device substrate edge portion of the
device substrate fom over the carrier substrate. In some embediments, when activity 901 is
performed, activity 902 can be omutted, and vice versa.  Further, activity 901 can be
performed prior to activity 902, or vice versa,

[0074] In some embodiments, activity 105 can be omitted. For example, activity 105
may be panecessary if activity 701 (FIG. 7) is performed i a mamner leaving the second
perimeter portion of the carcier substrate exposed.

{0075} Turmning ahead in the drawings, FIG. 10 illustrates a partial cross-sectional view of
semiconductor device 400 affer removing a device substrate edge portion of device substrate
808 fromy second perimeter portion 1008 of carrier substrate 401, according to the
gmbodiment of FIG. 4. Second perimeter portion 1008 can be similar or wlentical to the
second perimeter portion of the carrier substrate described above with respect to method 100
(F1G. 1} Accordingly, second perimeter portion 1008 can be located between edge 600 of
carrier substrate 401 and second perimeter 1009 of carvier substrate 4010 Also, secomd
perimeter portion 1008 can be somaller than andior a portion of first pertmister portion 603
{F1G. 6).

{0076} Referring again back to FIG. 1, method 100 can comprise activity 106 of curing
the device substrate and the release laver while the device subsirate © coupled to the camier
substrate and the release layver and while the release layer 13 coupled to the carrier substrate.
The device substrate and the release laver can be thermally cured andior optically cured, as
destrable.  For example, in many embodiments, first, the device substrate can be thermally
cured first in vacoum conditions, at a tomperature of greater than or eqnal to approximately
180 °C and less than or equal to approximately 235 °C, andior for a time of greater than or
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equal to approximately 1 hour and less than or equal to approximately & howrs. For example,
the temperature can comprise approxunately 180 °C or 220 °C. 1n many embodiments, such
as, for example, when the release layver comprises PMMA, performing activity 106 above a
temperature causing the release layer to iransition g0 a non-sohid material (eg,
approximately 235 °C) can cavse the device substrate-release laver adhesion strength to
merease substantially such that a difficulty of performing activity 109 (FIG. 1), as deseribed
below, can be inersased,

[0077]  Next, method 100 can comprise activity 107 of providing one or more
senconductor elements {e.g., transistors, detectors, emitters, et} over the device substrate
while the device substrate s bonded to the carvier substrate and the release layer. In some
embodiments, the semiconductor element(sy can be provided over the device substrate in
accordance with any conventienal semiconductor manufacturing process that does not excesd
a temperature of 200 °C. In fiwther embodiments, the semiconductor element(s} can be
provided over the device substrate in accordance with any conventienal semiconductor
manufacturing process that does not exceed a temperatare 0f 235 °C. For example, i varions
embodiments, the semiconductor element(s} can be provided over the device substrate in
accordance with the semiconductor manufacturing processes described i United States
Patent Application Publication Serial No. US 20120061672, International Pateni Apglication
Publication Serial No. WQ 2012138903, and/or International Patent Application Publication
Serial No. WO 2013082138, each of which is incorporated herein by reference in its entively.
In some embodiments, activity 107 can be performed after activity 105, Further, activity 107
can be performed before activity 108 andfor activity 109, FIG. 11 llustrates a partial cross-
sectional view of semiconductor device 400 after providing one or more semiconductor
elements 1110 over device substrate 808§, according to the embodiment of FIG. 4.

[0078] Referring again to FIG. 1, method 100 can comprise activity 108 of severing a
device portion of the device substrare from a non-device portion of the device substrate (e,
at a location mside the first perimeter of the carrier substrate). The non-device portion of the
device substrate can be bonded to the carrier substrate. Meanwhile, the device portion of the
device substrate can be bonded only to the release layer. The device portion comprises at
least part of the semiconductor element(s). In some embodunents, the nog-device portion can
comprise patt of the semiconductor element(s). The device portion of the device substrate
can be severad from the non-device portion of the device substrale using any suitable cutting
wnplement {e.g., g blade, a faser, ete)). In many ambodiments, activity 108 i FIG. 1 can be
performed such that when activity 109 (below) is performed. some or all of the
semiconducior element(s) remain with the device portion of the device substrate {e.g., leaving

16



WO 2015/156891 PCT/US2015/012717

as little of the semiconductor element(s) behind with the non-device portion of the device
substrate as possible). In many embodunents, activity 108 m FIG. 1 can ocowr after activity
107. Further, activity 108 can ocour before activity 109, FHG. 12 illustrates a partial cross-
sectional view of semuconductor device 400 afier severing device pottion 1211 of device
substrate 808 from non-device portion 1212 of device substrate 808, according to the
embodiment of FIG. 4.

[0079]  Referring agam to FIG. 1, method 100 can comprise activity 109 of debonding
{e.g., mechanicallvy the device portion of the device substraie from the release faver. FIG. 13
tllustrates a cross-sectional view of device portion 1211 of device substrate R08 of
semiconductor device 400 after debonding device portion 1211 (FIG. 12) from release laver
402 (FI1G. 12), according to the embodiment of FIG. 4.

(0080} Referring back to FIG. 1. in many embodiments, activity 109 can comprise an
activity of applying a release force {e.g., a steady release force) to the device portion of the
device substrate m excess of the device substrate-release layer adhesion strength o debond
the device portion of the device subsirate fron the release layer. In many embodiments, the
release force can be applied to the devies portion by peeling the device portion of the device
substrate {e.g., by hand) from the release layer. In these or other embodiments, the release
force can be applied (or augmenied) by inserting a blade under the device portion of the
device substrate and pressing on the device portion m a direction away from the release layer.
{0081} Further, m these or other embodiments, activity 109 can comprise an activily of
severing the device portion of the device substrate from the release layer, such as, for
example. using any suitable cutting implement (eg., a blade, a laser, ete). The activity of
severing the device portion of the device substrate frony the release laver can be performed
alternatively to or as part of the activity of applyving the release force to the device portion of
the device substrate.

{00821  In many embodiments, maintaining an angle of less than or equal to
approximately 45 degrees between the device portion of the device substrate and the release
layer when performing activity 109 can mitigate or prevent damage 1o the semiconductor
element(s) at the device portion.

{00831 Notably, i many embodiments, the device substrate-carmrier substrate adhesion
strength ts greater than the device substrate-release layver adhesion strength. Further, 1 these
or other embodiments, the release laver-carrier substraie adhegion strength can be greater
than the device substrate-release layer adhesion strength.  Still, i other embodiments, the
release layer-carrier subsirate adhesion strength can be less than the device substrate-refease

laver adhesion strengath.
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{00841 Thus, as mentioned briefly above, performing activity 109 can separate the device
portion of the device substraie {e.g.. being bonded only to the release laver by the lower
device substrate-release layer adhesion strength) from the non-device portion {e.g., being
bonded to the carrier substrate by the higher device substrate-carrier spbstrate adhesion
strengthy. Accordingly, the lower device substrate-release Iayer adhesion strength can be
sufficiently low to permit the device portion of the device substrate to be debonded from the
release layer using mechanical debonding alone once the device portion of the device
substrate 18 separated from the non-device portion of the device substrate, which can remain
bonded to the device substrate. Meanwhile, when the release laver-carvier subsirate adhesion
strength is greater than the device substrate-release layer adhesion strength, the release layer
can remain bonded to the carrier substrate (e.g, as opposed o the device portion of the
device substrate) as the device portion of the device substrate is debonded from the release
laver.

[0083] Further, advantageously, in many embodiments, activity 109 can be performed
withoat first lowering the device substrate-release laver adhesion strength, such as, for

example, using chemical or optical debonding proceduses (e.g., electronics on plastic by laser

release (EPLaR™), swface free technology by laser anmealing/ablation {(SUFTLA™), etc)).
That i3, the device substrate-release layer adhesion strength can remain approximately
constant, and in many examples, at least remain low enough to pernut mechanical debonding,
divectly up until activity 109 1s performed.  Accordingly, by avoiding using chemical or
optical debonding procedures {e.g., electronics on plastic by laser release (EPLaR™), sarface
free technology by laser annealing/ablation {(SUFTLA™]}  erc), device defects of the
senconductor element{s) and/or decreased semiconductor device yield that can tesult from
using such chemical or optical debonding procedures can be reduced or eliminated.  For
exampie, optical debonding procedures can damage the semiconductor clement(s) through
heat distortion andior fornmtion of particulate debnis. Meanwhile, chemical debonding
procedwres can damage the semiconductor element(s) by exposing the semiconductor
glement(s) to the chenucal(s), resulting in degradation of the semiconductor element(s).
Moreover, using chemical debonding procedures may require subsequent cleaming to remove
any residual chemicals from the semiconductor element(s) and/or may not pernut the device
portionr of the device substrate to be kept approximately flat during debonding because
phvsically constraming the device portion while immersing the device portion i chemicals
can be challenging.

[00&6} As noted in part above, in many embodiments, such as, for example, when the
release laver comprises PMMA, performing activity 106 and/or activity 107 above a
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temperature causing the release laver to Gransition into a nos-sohid material (eg.,
approximately 235 °C) can cause the device subsirate-release layer adbesion strength to
ingrease substantially. Under these circumstances, 1t may not be possible to perform activaty
109 withoot using chemical or optical debonding procedures {e.g., electronics on plastic by
faser refease (EPLaR™Y, surface free technology by laser annealing/ablation (SUFTLA™,
Accordingly, in many embodiments, activity 106 andéor activity 107 can be performed below
the fempergture causing the release layer to transition o a nonesolid matenial (e g,
approximately 233 *C).

[B087] In many embodiments, the adhesion strength of the device substrate-cavvier
substrate adhesion strength, the device substrate-release laver adhesion strength, andfor the
release layer-carrier substrate adhesion strength can refer to a tensile adhesion strength andior
a peel adheston strength.

[0BRY I many examples, tensile adhesion strength can be measured by depositing andior
bonding a layer of a first test material {e.g., a material of the device substrate or the release
fayer} to a layer of a second test material (e.g., the material of the release laver or the carsier
substrate, as applicable). In some of these examples, the laver of the first test material can be
cured. Meanwhile, a test arga of the layer of the first material can be bonded to a vertical
force test mstrumerd, such as, an MX-275 motorwed vertical force test mstrument
manufactured by IMADA, Incorporated of Northbrook, Tlineis, United States of America.
Muore specifically, the test area can be bonded to a test block of the vertical force fest
instrument.  In many examples, the test area can comprise a 1 centimeter square area of the
faver of the first test material, and/or the test area can be isolated {e.g., cot} from 2 renninder
of the layer of the first material (eg., with a8 razor blade). In further exampley, a
evanoacryiate adhesive or polyurethane adhesive can be implemented to bond the test area to
the test block. After the adbesive is allowed to cure {g.g., for 24 hours), the vertical force test
mstrument can be nsed with a force gauge to measure a peak force acting on the laver of the
first material as the vertical force test instrument pulls on the test area. The force gauge can
comprise a DS2-44 force pange manufactured by IMADA, Incorporated of Northbrook,
{limois, United States of America.

[0089] In further examples, peel adhesion strength can be measured by depositing and/or
bonding a layer of a first test material (e g, a material of the device substrate or the release
fayer) to & laver of & second lest material (e g, the material of the release layver or the carrier
substrate, as applicable). In some of these examples, the layer of the frst test material can be
cured. A strip of the fayer of the first matenial can be cut into the laver {e.g, with a razor
blade). For example, the laver can be approximately 2.54 centimeters wide, After cutting out
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the strip, a portion of the strip at the edge of the laver of the first material can be released by
mechanical means {e.g.. by a razor blade) from the layer of the second malerial. The released
portion can be clamped to a vertical force test instrument, and the vertical force test
instrursent can be used with a force gauge to determune a peak force acting on the sirip of the
faver of the first material as the vertical force test instrument pulls (e.g., continuously) on the
strip. In many examples, the vertical force test mstrument can comprise an MX-275
motorized vertical force test mstrament nwoufrctured by IMADA, Incorporated of
Nerthbrook, Hinots, United States of Amernica, amdior the force gauge can comprise a DS2-
44 force gauge wmanufactured by IMADA, Incorporated of Northbrook, Iilinots, United States
of America.

[0000]  With respect to tenste adhesion strength, in many cmbodiments, the device
substrate-carsier substrate adheston strength can be greater than or equal to approxmately
0.5, 052, 0.534, 0.56, 0.38, or 0.6 MegaPascal, andfor the device substrate-release layer
adhesion strength can be less than or equal to spproximately 0.25, 0,26, 0.27, 0.28, 029 or
0.30 MegaPascal. Porther, with respect to peel adbesion strength, in many embodiments, the
device substrate-carrier substrate adhesion strength can be greater than or equal 1o
approximately 78, 78.3, or 79 grams per centimeter.

{00911 Meanwhile, a first vatio of the device substrale-carrier substrate adhesion strength
to the device substrate-release layer adhesion strength can be greater than or equal to
approxtmately 2. In other embodiments, the first ratio can be greater then or equal to
approxtmately 1.75, 1.5, or 125, Further, a second ratio of the device substrate-release laver
adhesion strength to the release layer~carrier substrate adhesion strength can be less than or
equal to approximately 0.3, In other embodiments, the second ratio can be less then or equal
to approximately 0.673, 0.73, or 0.875. In many embodiments, the materials of the carrier
substrate, the release faver, and/or the device substrate can comprise any suitable material(s)
that satisty the first and second ratios.

(00921 Further, method 100 can comprise activity 110 of cleaning the carrier substrate,
such as, for example, to remove tesidual parts of the release layer, carrier layer, andfor
semconductor element(s) from the carrier layer remainmg afler performing activity 109, In
some embodiments, activity 110 can comprise an activity of cleaning the carrier substrate
with plasma (e.g., O: plasma).  Accordmgly, v wany embodiments, method 100 cay be
repeated one or more times usmg the same carvier substiraie

{00931  Abthough the invention has been described with reference to speciiic
embodiments, i will be vaderstood by those skilled i the art that various changes may be
made without departing from the spirit or scope of the mvention, Accordingly, the disclosure
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of embodiments of the invention is intended to be illustrative of the scope of the invention
and 18 not intended to be limiting. It is intended that the scope of the wvention shall be
Houted only to the extent required by the appended claims. For example, to one of erdinary
skill 1n the ant, it will be readily apparent that one or more activities of method 100 (FIG. 1)
may be comprised of many different activities, procedures, andfor processes and nay be
performed by many different modoles and W many different orders, that any elements of
FiGs. 1-13 may be modified, and that the foregoing discussion of certam of these
embodiments  does not necessardly represent a complete desoription of all possible
embodiments.

{00941 All elements claimed i any particular clam are essential to the embodiment
¢latmed in that particular clhim. Consequently, replacement of one or more claimed elements

ges, amd

b

constitutes reconstruction and not repate. Additionally, benefits, other advania
solutions o problems have been deseribed with regard to specific embodiments.  The
benefits, advamages, solutions to problems, and any element or clements that may cause any
benefit, advantage, or solution to occur or become more pronounced, however, are not to he
construed as oritical, required, or essential features or elements of any or all of the claims,
unless such benefits, advantages, solutions, or elements are stated m such claim.

(00951 Moreover, embodimenis and Himilations disclosed herein are not dedicated to the
public under the docirine of dedication if the embodiments and/or Hmitations: (1) are not
expressly claimed i the claims; and (2) are or are potentially equivalents of express elements

and/or Hmitations in the claims under the doctrine of equivalents.
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CLAIMS
What 1s claimed 18

11 A method comprising:
providing & carrier substrate;
providing a release layer over the carrier substrate, the release laver comprising
polvmethylmethacrylate; and
providing a device substrate over the carrier substrate and the release layer;
wherein:
providing the device substrate comprises:
bonding the device subsirate to the carrier substrate, the device
substrate bonding to-the carrier substrate with a first adhesion
strength; and
bonding the device subsirate to the release laver, the device substrate
bonding to the release layer with a second adhesion strength less than
the first adhesion strength;
and
providing the release layer comprises bonding the release layer to the carsier
substrate, the release laver bonding to the carrier substrate with 3 third

adhesion strength greater than the second adhesion strength,

2) The method of claim 1 wherein at least one of
bonding the device substrate to the carvier substrate comprises bonding the device
substrate directly to the camer substrate; or
bounding the release laver to the carner substrate comprises bonding the velease layer

directly to the carrier substrate.

3} The method of'claim 1 or 2 wherein at least one of'
providing the device substrate comprises curing the device substrate; or

providing the telease laver comprises curing the release layer.

4} The method of any one of clatns 1-3 wheven at least one of
bonding the device substrate to the carrier substrate comprises sealing the release

fayer between the device substrate and the carvier substrate; or

Y
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bounding the device substrate to the carrier substrate and bonding the device substrate

to the release layer occur approximately simuoltancously with each other.

53 The method of any one of claims 1-4 wherein at least one of!
the carrier substrate comprises a rigid substrate; or

the device substrate comprises g flexible substrate,

6) The methed of claim 5 wherem:

the nigid sobstrate s devoid of siticon,

71 The method of claim 5 or & whereny

the flexible substrate comprises at least one of polyimide or polyamide.

8) The method of any one of ¢latms 17 wherein at least one of!
providing the release layer comprises depositing the release laver on the carrier
substrate; or
providing the device subsirate comprises:
deposiing the device subsirate on the carrier substrate; and

depositing the device substrate on the release layer.

93 The method of any ong of claims -8 wherein at least ong of)

providing the release kover overthe carrier substrate comprises providing the release
faver such that the release laver comprises a first thickness, the first thickness being
greater than or equal to approximately 0.1 micrometers and less than or equal to
approximately 23 micrometers; or

providing the device substrate over the carrier substrate and the release layer
comprises providing the device substrate such that the device substrate comprises a
second thickness greater than or equal 1o approximately 1 micrometer and less than

or equal to approximately 1 nullimeter.

10} The wethod of any one of claims 1-9 further comprising:
before providing the device substrate, performing an edge bead removal to remove a

refease laver edge portion of the release laver from over the carnier substiate.

11} The method of any one of claims 1-10 wheren at least one of:

3



WO 2015/156891 PCT/US2015/012717

the second adhesion strength conprises a first tensile adhesion strength less than or
equal to approximately 0.25 MegaPascals;

the first adhesion strength comprises a second tensile adhesion strength greater than or
equal to approcimately 0.50 MegaPascals:

the first adhesion strength comprises a peel adhesion strength greater than or equal to
approximately 78.5 grams per centimeter;

a first ratio of the first adhesion strenath to the second adhesion strength is greater
than or egual to approximately 2; or

a second ratio of the second adhesion strength to the third adhesion strength is less

than or equal to approximately 0.5,

12} The method of any one of clams 1-11 further comprising:
after bonding the device substrate to the carrier substrate and after bonding the device
substrate to the release layer, providing one or more senticonductor elements over
the device substrate while the device substrate Is bonded to the carner substrate and

the release layer,

13) The method of claim 12 further comprismg:

afier providing the one or more semiconductor elenents over the device subsirate,
severing a first portion of the device substrate from a second portion of the device
substrate, the second pertion of the device substrate being bonded to the carrier
substrate and the first portion of the device substrate being bonded to the release
faver and not to the carrier substrate; and

after severing the first portion of the device substrate from the second portion of the
device substrate, mechanically debonding the first portion of the device substrate

from the release layer.

14} The method of clatm 13 wherein:
mechanically debonding the fst portion of the device substrate frow the release layer
ocours without lowering the second adhesion strength in order to perform the

debonding.

15) A method comprising:

providing a carrier substrate;
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providing a release layer over the carrier substrate, the release layer comprising
polyvmethyhethacrylate: and
providing & device substrate over the carrier substrate and the release layer;
wherein:
providing the device substrate comprises:
bonding the device substrate to the carrier substrate, the device
substrate bonding to the ¢arrier substrate with a first adhesion
strength; and
bonding the device substrate to the release layer, the device substrate
bonding to the release laver with a second adhesion strength less than
the first adhesion strength;
providing the release laver comprises bonding the relegse laver to the carrier
substrate, the release laver bonding to-the carner sabstrate with a third
achesion strength greater than the second adhesion strengtly
bonding the device substrate to the carnier substrate comprises bonding the
device substrate dirsctly to the carrier substrate;
bonding the release layer to the carrier substrate comprises bonding the release
laver directly to the carrier substrate;
the carrier substrate comprises a rigid substrate;
the device substrate comprises a flexible substrate;
the flexible substrate comprises at least one of polyimide or polyantide; and
the second adhesion strength comprises a8 tensile adbesion strength less than or

equal to approximately .23 MegaPascals.

16) The method of claim 13 further comprising:

after bonding the device substrate to the carrier substrate and after bonding the device
substrate to the release layer, providing one or more semiconductor elements over
the device substrate while the device substrate 1§ bonded to the carmier substrate and
the release layer;

after providing the one or more semiconductor elements over the device substrate,
severing a first portion of the device substrate from a second portion of the device
subatrate, the second portion of the device substrate bemng bonded to the carvier
substrate and the first portion of the device substrate being bonded 1o the release

fayer and not to the carrier substrate; and
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afier severmg the first portion of the device substrate from the second portion of the
devige substrate, mechanically debonding the furst portion of the device substrate
from the release layer;
wherein:
mechanically debonding the first portion of the device substrate from the
release laver occurs without lowering the second adbesion strength in order
to perform the debonding and while the second portion of the device

substrate remains bonded to the carrier subsirate,

17 A system comprisig:
a carrier substrate comprising a vigid substrate;
a release laver over the carrier substrate, the releass laver comprising

polymethvimethacryviate; and

P4

a device substrate over the carrier substrate and the relegse laver, the device substrate

1%

comprising a flexible substrate and the flexible substrate comprising at least one of
polvimide or polvamide;
wheretn;
the device substrate is bonded (a) to the carrier substrate with a first adhesion
strength and (b) to the release laver with a second adbesion strength less
than the first adhesion strength;
and
the release layer is bonded to the carrier substrate with a third adhesion

strength greater than the second adhesion strength.

18) The svstem of claim 17 wherein:

the rigid substrate 1§ devoid of silicon,

19} The svstem of claim 17 or 1R further conyprising:

one or more seanconductor elements over the device subsirate,

200 The system of claim 19 wherem:
the device subsirate comprises a first portion of the device subsirate and a second
portion of the device substrate;

the second portion of the device substrate is bonded to the carrier substrate:

6
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the first portion of the device substrate is separate from the second portion of the
device substrate, and is bonded to the release laver and not to the carvier substrate;
and

the furst portion of the device subsirate comprises the one or miote semiconductor

elements.
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100
Providing a carrier substrate 101

1
Providing a release layer over the carrier substrate e 102
1
Hemoving a release layer edge portion ¢of the release layer
from over the carrier substrate

{

| Providing a device substrate over the carrier substrate and the release layer |-~ 104

!

Removing a device substrate edge portion of the device substrate from
over the carrier substrate

!
Curing the device substrate and the release layer while the device substrate is
coupled to the carrier substrate and the release layer and while the 106
release layer is coupled to the carrier substrate

!

Providing one or more semiconductor elements over the device substrate while the
device substrate is bonded to the carrier substrate and the release layer

!

Severing a device portion of the device substrate from a
non-device portion of the device substrate | 108
{e.g., al & location inside a first perimeter of the carrier substrale)

f

Debonding {e.g., mechanically} the device portion of the
device substrate from the release layer

{

Cleaning the carrier substrate 110

FIG. 1

103

107

109

101

| Fumishing the carrier substrate |- 201
!

| Cleaning the carrier substrate |---202

f

| Polishing a first surface and/or a second surface of the carrier substrate |---203

FI1G. 2
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Depositing the release layer over the carrier substrate e 301
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Bonding the release layer (e.g., directly) to the carier substrate | 302
{e.g., the second surface of the carrier substrate) S

Curing the release layer e 303

FIG. 3
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Performing an edge bead removal with a solvent 1o remove the release layer
edge portion of the release layer from over the carrier substrate

1

Parforming an edge bead removal by reactive ion etching the release layer
edge portion of the release layer from over the carrier substrate

FIG. 5
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Depositing the device substrate over the carrier substrate (e.g., over a first perimeter portion | 701
of the carrier substrate)
'
Depositing the device substrate over the relpase layer b~ -702
'
Bonding the device substrate (e.g., directly) o the carrier substrate (e.g., the first perimeter | 703
portion of the carrier substrate) ’
Bonding the device substrate {.g., directly) to the release layer -~ 704
Curing the device substrate over the first perimeter portion of the carrier substrate w708
Curing the device substrate over the release layer -~ 706

FIG. 7
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109

Performing an edge bead removal with a solvent to remove the device substrate | gy
edge portion of the device substrate from over the carrier substrate

Performing an edge bead removal by reactive ion etching the device substrate
to remove the device substrate edge portion
of the device substrate from over the carrier substrate

802

FIG. 9
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