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METHOD OF PROVIDING AN ELECTRONIC DEVICE AND ELECTRONIC

DEVICE THEREOF

STATEMENT REGARDING FEDERALLY SPONSORED

RESEARCH OR DEVELOPMENT

This invention was made with government support under W91 1NF-04-

2-0005 awarded by the Army Research Office. The government has certain

rights in the invention.

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent

Application No. 61/992,799, filed May 13, 2014. U.S. Provisional Patent

Application No. 61/992,799 is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

This invention relates generally to fabricating electronic devices, and

relates more particularly to fabricating electronic devices having one or more

semiconductor elements over flexible substrates and the electronic devices

therefrom.

DESCRIPTION OF THE BACKGROUND

In the electronics industry, flexible substrates are quickly becoming

popular as a base for electronic devices. Flexible substrates can include a

wide variety of materials, such as, for example, any of a myriad of plastics,

metal foils, and glasses (e.g. fluorosilicate glass, borosilicate glass, Corning®

glass, Willow™ glass, and/or Vitrelle glass, etc.). Once one or more desired

semiconductor elements 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

various commercial products in retail stores, a variety of sensors, etc.

A need exists in the art to develop a method for fabricating electronic

devices having flexible substrates that allows for improved electrical

characteristics, such as, for example, improved parametric characteristics

and/or lifetime, and reduced bowing, warping, and/or distortion.



BRIEF DESCRIPTION OF THE DRAWINGS

To facilitate further description of the embodiments, the following

drawings are provided in which:

FIG. 1 illustrates a flow chart for an embodiment of a method of

providing a semiconductor device;

FIG. 2 illustrates an exemplary activity of providing a carrier substrate

of the semiconductor device, according to the embodiment of FIG. 1;

FIG. 3 illustrates an exemplary activity of providing an adhesion

modification layer of the semiconductor device over at least part of the carrier

substrate, according to the embodiment of FIG. 1;

FIG. 4 illustrates a partial cross-sectional view of a semiconductor

device after providing an adhesion modification layer over the carrier

substrate, according to an embodiment;

FIG. 5 illustrates a partial cross-sectional view of a semiconductor

device where a central portion of an adhesion modification layer of the

semiconductor device has been removed by etching to leave a perimeter

portion of the adhesion modification layer and to expose the carrier substrate,

according to an embodiment;

FIG. 6 illustrates a partial cross-sectional view of the semiconductor

device after providing an adhesive over the carrier substrate and over the

adhesion modification layer, according to the embodiment of FIG. 4;

FIG. 7 illustrates an exemplary activity of coupling the device

substrate and the carrier substrate together, according to the embodiment of

FIG. 1;

FIG. 8 illustrates an exemplary activity of bonding the device substrate

directly to the adhesion modification layer, according to the embodiment of

FIG. 7;

FIG. 9 illustrates a partial cross-sectional view of the semiconductor

device after bonding a device substrate directly to the adhesion modification

layer and over the carrier substrate, according to the embodiment of FIG. 5;

FIG. 10 illustrates an exemplary activity of bonding the device

substrate to the adhesion modification layer with the adhesive, according to

the embodiment of FIG. 7;



FIG. 11 illustrates a partial cross-sectional view of the semiconductor

device after bonding the device substrate to the adhesion modification layer

with the adhesive and over carrier substrate, according to the embodiment of

FIG. 4;

FIG. 12 illustrates a partial cross-sectional view of the semiconductor

device after providing one or more semiconductor elements over the device

substrate, according to the embodiment of FIG. 4;

FIG. 13 illustrates a partial cross-sectional view of the semiconductor

device after providing one or more semiconductor elements over the device

substrate, according to the embodiment of FIG. 5;

FIG. 14 illustrates 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. 5;

FIG. 15 illustrates a cross-sectional view of the device substrate of the

semiconductor device after decoupling the device substrate from the carrier

substrate, according to the embodiment of FIG. 4;

FIG. 16 illustrates a cross-sectional view of the device portion of the

device substrate of the semiconductor device after decoupling the device

portion from the carrier substrate, according to the embodiment of FIG. 5;

FIG. 17 is a graph illustrating through Fourier transform infrared

spectrometry the absorbance as a function of wavenumber of cured adhesive

bonding a polyethylene naphthalate (PEN) device substrate to a silicon carrier

substrate with the spectra of the silicon carrier substrate subtracted out;

FIG. 18 is a graph illustrating the area of interest of FIG. 17;

FIG. 19 is a graph illustrating through Fourier transform infrared

spectrometry the absorbance as a function of wavenumber of (i) an

unprocessed polyethylene naphthalate (PEN) device substrate, (it) a

polyethylene naphthalate (PEN) device substrate processed over a silicon

carrier substrate with an amorphous silicon (a-Si) adhesion modification layer

and decoupled from the silicon carrier substrate, and (iii) a polyethylene

naphthalate device substrate processed over a silicon carrier substrate without

an amorphous silicon (a-Si) adhesion modification layer and decoupled from

the silicon carrier substrate; and

FIG. 20 is a graph illustrating through Fourier transform infrared

spectrometry the absorbance as a function of wavenumber of (i) a first



polyethylene naphthalate (PEN) device substrate processed over a silicon

carrier substrate without an amorphous silicon adhesion modification layer

where the polyethylene naphthalate (PEN) device substrate has been

decoupled from the silicon carrier substrate and the spectra of a second

polyethylene naphthalate (PEN) device substrate has been subtracted out, (ii)

cured adhesive remaining on a silicon carrier substrate alter debonding a

polyethylene naphthalate (PEN) device substrate from the silicon carrier

substrate with the spectra of the silicon carrier substrate subtracted out, and

(iii) a first polyethylene naphthalate (PEN) device substrate processed over a

silicon carrier substrate with an amorphous silicon adhesion modification layer

where the polyethylene naphthalate (PEN) device substrate has been

decoupled from the silicon carrier substrate and the spectra of a second

polyethylene naphthalate (PEN) device substrate has been subtracted out.

[0027] For simplicity and clarity of illustration, the drawing figures illustrate

the general manner of construction, and descriptions and details of well-

known features and techniques may be omitted to avoid unnecessarily

obscuring the invention. Additionally, elements in 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 understanding of embodiments of the present invention. The same

reference numerals in different figures denote the same elements.

[0028] The terms "first," "second," "third," "fourth," and the like in the

description and in the claims, if any, are used for distinguishing between

similar elements and not necessarily for describing a particular sequential or

chronological order. It is to be understood that the terms so used are

interchangeable under appropriate circumstances such that the embodiments

described herein are, for example, capable of operation in sequences other

than those illustrated or otherwise described herein. Furthermore, the terms

"include," and "have," and any variations thereof, are 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 necessarily limited to those

elements, but may include other elements not expressly listed or inherent to

such process, method, system, article, device, or apparatus.

[0029] The terms "left," "right," "front," "back," "top," "bottom," "over,"

"under," and the like in the description and in the claims, if any, are used for



descriptive purposes and not necessarily for describing permanent relative

positions. It is to be understood that the terms so used are interchangeable

under appropriate circumstances such that the embodiments of the invention

described herein are, for example, capable of operation in other orientations

than those illustrated or otherwise described herein.

The terms "couple," "coupled," "couples," "coupling," and the like

should be broadly understood and refer to connecting two or more elements or

signals, electrically, mechanically and/or otherwise. Two or more electrical

elements may be electrically coupled but not be mechanically or otherwise

coupled; two or more mechanical elements may 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, e.g., permanent or semi-permanent or

only for an instant.

"Electrical coupling" and the like should be broadly understood and

include coupling involving any electrical signal, whether a power signal, a

data signal, and/or other types or combinations of electrical signals.

"Mechanical coupling" and the like should be broadly understood and include

mechanical coupling of all types.

The absence of the word "removably," "removable," and the like near

the word "coupled," and the like does not mean that the coupling, etc. in

question is or is not removable.

The term "bowing" as used herein means the curvature of a substrate

about a median plane, which is parallel to the top and bottom sides, or major

surfaces of the substrate. The term "warping" as used herein means the linear

displacement of the surface of a substrate with respect to a z-axis, which is

perpendicular to the top and bottom sides, or major surfaces of the substrate.

The term "distortion" as used herein means the displacement of a substrate in-

plane (i.e., the x-y plane, which is parallel to the top and bottom sides, or

major surfaces of the substrate). For example, distortion could include

shrinkage in the x-y plane of a substrate and/or expansion in the x-y plane of

the substrate.

The term "CTE matched material" and the like as used herein means a

material 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%.

[0035] The term "flexible substrate" as used herein means a free-standing

substrate that readily adapts its shape. Accordingly, in many embodiments,

the flexible substrate can comprise (e.g., consist of) a flexible material, and/or

can comprise a thickness (e.g., an average thickness) that is 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 refer to an elastic modulus of less than

approximately five GigaPascals (GPa). In some embodiments, a substrate that

is a flexible substrate because it is sufficiently thin so that it readily adapts in

shape, may not be a flexible substrate if implemented with a greater thickness,

and/or the substrate may have an elastic modulus exceeding five GPa. For

example, the elastic modulus could be greater than or equal to approximately

five GPa but less than or equal to approximately twenty GPa, fifty GPa,

seventy GPa, or eighty GPa. In some embodiments, exemplary materials for a

substrate that is a flexible substrate because it is sufficiently thin so that it

readily adapts in 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, Corning® glass, Willow™ glass, and/or Vitrelle

glass, etc., such as, for example, as manufactured by Corning Inc. of Corning,

New York, United States of America, etc.) or silicon having a thickness

greater than or equal to approximately 25 micrometers and less than or equal

to approximately 100 micrometers.

[0036] Meanwhile, the term "rigid substrate" as used herein can mean a free¬

standing substrate that does not readily adapt its shape and/or a substrate that

is not a flexible substrate. In some embodiments, the rigid substrate can be

devoid of flexible material and/or can comprise a material having an elastic

modulus greater than the elastic modulus of a flexible substrate. In various

embodiments, the rigid substrate can be implemented with a thickness that is

sufficiently thick so that the substrate does not readily adapt its shape. In

these or other examples, the increase in rigidity of the carrier substrate

provided by increasing the thickness of the carrier substrate can be balanced

against the increase in cost and weight provided by increasing the thickness of

the carrier substrate.



As used herein, "polish" can mean to lap and polish a surface or to

only lap the surface.

DETAILED DESCRIPTION OF EXAMPLES OF EMBODIMENTS

Some embodiments include a method. The method can comprise:

providing a carrier substrate; providing an adhesion modification layer over

the carrier substrate; providing a device substrate; and coupling the device

substrate and the carrier substrate together, the adhesion modification layer

being located between the device substrate and the carrier substrate when the

device substrate and the carrier substrate are coupled together. In these

embodiments, the adhesion modification layer can be configured so that the

device substrate couples indirectly with the carrier substrate by way of the

adhesion modification layer with a first bonding force that is greater than a

second bonding force by which the device substrate couples with the carrier

substrate absent the adhesion modification layer.

Other embodiments include a method. The method can comprise:

providing a carrier substrate; providing an adhesion modification layer over

the carrier substrate; providing an adhesive; providing a device substrate

comprising a first surface and a second surface opposite the first surface;

coupling the first surface of the device substrate and the carrier substrate

together with the adhesive, the adhesion modification layer being located

between the first surface of the device substrate and the carrier substrate when

the first surface of the device substrate and the carrier substrate are coupled

together; after coupling the first surface of the device substrate and the carrier

substrate together, providing one or more semiconductor elements over the

second surface of the device substrate while the device substrate and the

carrier substrate are coupled together; and after providing the one or more

semiconductor elements over the second surface of the device substrate,

mechanically decoupling the first surface of the device substrate from the

carrier substrate such that no more than 5 percent of the adhesive remains at

the first surface of the device substrate immediately after the decoupling.

Further embodiments include a method. The method can comprise:

providing a carrier substrate comprising a first surface and a second surface

opposite the first surface; providing a device substrate comprising a first

surface and a second surface opposite the first surface; treating at least part of



the second surface of the carrier substrate to increase a force with which the

first surface of the device substrate couples to the at least the part of the

second surface of the carrier substrate; and coupling the first surface of the

device substrate and the second surface of the carrier substrate together.

[0041] Turning to the drawings, FIG. 1 illustrates a flow chart for an

embodiment of method 100. Method 100 is merely exemplary and is not

limited to the embodiments presented herein. Method 100 can be employed in

many different embodiments or examples not specifically depicted or

described herein. In some embodiments, the activities of method 100 can be

performed in the order presented. In other embodiments, the activities o f

method 100 can be performed in any other suitable order. In still other

embodiments, one or more of the activities in method 100 can be combined or

skipped.

[0042] In many embodiments, method 100 can comprise a method of

providing (e.g., manufacturing) an electronic device. Although the electronic

device can comprise any suitable electronic device, in many embodiments, the

electronic device can comprise an electronic display, an x-ray sensor, a

biological sensor, a battery, etc. Generally speaking, coupling a device

substrate of the electronic device to a carrier substrate when one or more

semiconductor elements of the electronic device are being provided over the

device substrate can facilitate providing the electronic device. For example, in

some embodiments, when the device substrate comprises a flexible substrate

and the carrier substrate comprises a rigid substrate, coupling the device

substrate of the electronic device to the carrier substrate can permit the

semiconductor element(s) of the electronic device to be provided over the

device substrate using semiconductor manufacturing infrastructure configured

for processing over rigid substrates. In many embodiments, after the

semiconductor element(s) are provided over the device substrate, method 100

can permit the device substrate to be decoupled from the carrier substrate in a

manner mitigating or eliminating defects at the electronic device, as discussed

in greater detail herein.

[0043] For example, 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.



In many embodiments, activity 101 can comprise activity 201 of

furnishing the carrier substrate. The carrier substrate can comprise a first

surface and a second surface opposite the first surface. The carrier substrate

can be configured to minimize bowing, warping, and/or distortion of the

device substrate when the device substrate is coupled to the carrier substrate

and the adhesion modification layer, as described below.

Accordingly, in many embodiments, the carrier substrate can comprise

a rigid substrate. The carrier substrate (e.g., rigid substrate) can comprise any

suitable material(s) having the characteristics of a rigid substrate as defined

above. Specifically, exemplary material(s) can comprise alumina (AI2O3),

silicon, glass (e.g., barium borosilicate, soda lime silicate, and/or an alkali

silicate), metal, metal alloy (e.g., steel, such as, for example, stainless steel),

and/or sapphire. However, in some embodiments, the carrier substrate (e.g.,

rigid substrate) can be devoid of silicon and/or amorphous silicon.

Meanwhile, in many embodiments, the glass can comprise a low CTE glass.

Further, materials) for the carrier substrate (e.g., rigid substrate) 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 adhesion modification

layer, each of which is introduced briefly above and described in greater detail

below. Likewise, in some embodiments, material(s) for the device substrate

and/or adhesion modification layer can be selected so as to be CTE matched

with the material(s) of the carrier substrate, and/or with each other. Non-

matched CTEs can create stress between the carrier substrate, the device

substrate and/or the adhesion modification layer.

Meanwhile, in many embodiments, the carrier substrate can be a wafer

or panel. The carrier substrate (e.g., the wafer or panel) can comprise any

suitable dimensions. For example, the carrier substrate (e.g., the wafer or

panel) can comprise any suitable largest dimension (e.g., diameter), such as,

for example, approximately 6 inches (approximately 15.24 centimeters),

approximately 8 inches (approximately 20.32 centimeters), approximately 12

inches (approximately 30.48 centimeters), or approximately 18 inches

(approximately 45.72 centimeters). In some embodiments, the carrier

substrate can be a panel of approximately 370 millimeters by approximately

470 millimeters, of approximately 400 millimeters by approximately 500

millimeters, of approximately 620 millimeters by approximately 750



millimeters, of approximately 730 millimeters by approximately 920

millimeters, of approximately 1,000 millimeters by approximately 1,200

millimeters, of approximately 1,000 millimeters by approximately 1,300

millimeters, of approximately 1,300 millimeters by approximately 1,500

millimeters, of approximately 1,500 millimeters by approximately 1,850

millimeters, of approximately 1,870 millimeters by approximately 2,200

millimeters, of approximately 1,950 millimeters by approximately 2,250

millimeters, of approximately 2,160 millimeters by approximately 2,460

millimeters, of approximately 2,200 millimeters by approximately 2,500

millimeters, or of approximately 2,880 millimeters by approximately 3,130

millimeters. In some embodiments, the carrier substrate (e.g., the wafer or

panel) can comprise a carrier substrate thickness. The carrier substrate

thickness can refer to a dimension of the carrier substrate measured in a

direction approximately perpendicular to the first and second surfaces of the

carrier substrate. For example, the carrier substrate thickness can be greater

than or equal to approximately 300 micrometers and less than or equal to

approximately 2 millimeters. In these or other embodiments, the carrier

substrate thickness can be greater than or equal to approximately 0.5

millimeters. In many embodiments, the carrier substrate thickness can be

approximately constant.

[0048] Later, in some embodiments, activity 101 can comprise activity 202 of

cleaning the carrier substrate. In some embodiments, activity 202 can be

performed by cleaning the carrier substrate with plasma (e.g., oxygen plasma)

or with an ultrasonic bath.

[0049] Then, activity 101 can comprise activity 203 of polishing the first

surface and/or the second surface of the carrier substrate. Polishing the

surface of the carrier substrate (e.g., the first surface) that is not subsequently

coupled (e.g., bonded) with the adhesion modification layer, as described

below, improves the ability of a vacuum or air chuck to handle the carrier

substrate. Also, polishing the surface of the carrier substrate (e.g., the second

surface) that is subsequently coupled (e.g., bonded) to the adhesion

modification layer, as described below, removes topological features at that

surface of the carrier substrate that could cause roughness of the resulting

device substrate assembly in the z-axis after the device substrate and carrier

substrate are coupled together.



[0050] Next, returning to FIG. 1, method 100 can comprise activity 102 of

providing an adhesion modification layer over at least part of the carrier

substrate, such as, for example, over at least part (e.g., all) of the second

surface of the carrier substrate. Like the carrier substrate, the adhesion

modification layer can comprise a first surface and a second surface opposite

the first surface. In these embodiments, the first surface of the adhesion

modification layer can be located adjacent to the second surface of the carrier

substrate.

[0051] As explained below, in various embodiments, the adhesion

modification layer can comprise any suitable material(s) (e.g., amorphous

silicon, silicon nitride, silicon dioxide, and/or 3-Methacryloxyproply-

trimethoxysilane, etc.), able to bond to the device substrate, and/or to an

adhesive bonding the device substrate to the adhesion modification layer, as

described below, with a bonding force (i.e., a first bonding force) that is

greater than a bonding force (i.e., a second bonding force) between the carrier

substrate and the device substrate and/or the adhesive directly. As a result, the

adhesion modification layer is operable as an intermediate layer configured so

that the device substrate couples indirectly with the carrier substrate by way of

the adhesion modification layer with a greater bonding force than would be

possible absent the adhesion modification layer. Accordingly, in some

examples, activity 102 can be performed as part of an activity of treating at

least part of the second surface of the carrier substrate to increase a force (i.e.,

to the first bonding force) with which the first surface of the device substrate

couples to the at least the part of the second surface of the carrier substrate

(i.e., the second bonding force). FIG. 3 illustrates an exemplary activity 102,

according to the embodiment of FIG. 1.

[0052] Activity 102 can comprise activity 301 of depositing the adhesion

modification layer over at least part of the carrier substrate, such as, for

example, over at least part (e.g., all) of the second surface of the carrier

substrate. In other embodiments, activity 301 can be substituted with an

activity of depositing the adhesion modification layer at a first surface of the

device substrate. In either implementation, the depositing can be performed

via chemical vapor deposition (e.g., plasma-enhanced chemical vapor

deposition). For example, in many embodiments, the adhesion modification

layer can be deposited over the carrier substrate (e.g., at least part or all or



substantially all of the second surface of the carrier substrate) under one or

more predetermined conditions. Exemplary conditions for the deposition can

comprise a pressure of approximately 0.267 kPa, a power density of

approximately 170 mW/cm2, a silane flow of approximately 100 standard

cubic centimeters per minute, a hydrogen flow of approximately 3000

standard cubic centimeters per minute, and susceptor spacing of approximately

2.44 centimeters.

[0053] The adhesion modification layer can be provided (e.g., deposited) to

comprise a thickness (i.e., a dimension of the adhesion modification layer that

is approximately perpendicular to the second surface of the carrier substrate

when the adhesion modification layer is provided over the carrier substrate).

In many embodiments, the thickness can be approximately constant across the

second surface of the carrier substrate. In some embodiments, the thickness

can be greater than or equal to approximately 0.05 micrometers and less than

or equal to approximately 25 micrometers, such as, for example,

approximately 0.3 micrometers. Generally, the thickness can be selected to be

thick enough to ensure continuous distribution of the adhesion modification

layer over the carrier substrate. Further, the thickness can be selected to be as

thin as possible, while still permitting the carrier substrate, to minimize

bowing, warping, and/or distortion of the device substrate when the device

substrate is coupled to the carrier substrate and/or the adhesion modification

layer, as described below.

[0054] In some embodiments, activity 102 can comprise activity 302 of

patterning a mask (e.g., photoresist) over at least part of the adhesion

modification layer (e.g., at least part of the second surface of the adhesion

modification layer). The mask can cover one or more portions of the adhesion

modification layer that are not to be etched. For example, the mask can be

patterned over a perimeter portion of the second surface of the adhesion

modification layer, leaving a central portion of the second surface of the

adhesion modification layer exposed during activity 303 as described below.

[0055] In these embodiments, the perimeter portion of the carrier substrate can

refer to a portion of the second surface of the carrier substrate located between

the edge of the carrier substrate and a perimeter of the carrier substrate. The

perimeter can refer to a continuous reference line located at the second surface

of the carrier substrate at a predetermined distance from the edge of the carrier



substrate. The predetermined distance can be selected to be as small as

possible to maximize the device build surface for the semiconductor devices

while being large enough to correspond to the portions of the carrier surface

that will be handled during fabrication of the semiconductor devices.

Meanwhile, the central portion of the adhesion modification layer can refer to

a remaining portion of the second surface of the carrier substrate

corresponding to the device build surface for the semiconductor devices.

The mask can be provided with a thickness such that the mask is not

etched through during activity 303 as described below. In some examples, the

mask can have a thickness of greater than or equal to approximately 2.5

micrometers and less than or equal to approximately 5.0 micrometers, such as,

for example, approximately 3.5 micrometers.

In some embodiments, activity 302 can be performed by coating the

second surface of the adhesion modification layer with photoresist. Next, the

adhesion modification layer can be aligned with a template and the photoresist

can be exposed to ultraviolet light to transfer a mask image from the template

to the photoresist. After transferring the mask image, the photoresist can be

baked. The mask can then be developed by using conventional development

chemicals to remove the portions of the photoresist that were not exposed to

the UV light as a result of the template.

Next, activity 102 can comprise activity 303 of etching the adhesion

modification layer (e.g., the unmasked portion(s) of the adhesion modification

layer). In many embodiments, activity 303 can be performed by reactive ion

etching or wet etching the adhesion modification layer. In some examples, the

adhesion modification layer can be etched with a buffered oxide etchant, a

chlorine-based etchant, or a fluorine-based etchant.

Meanwhile, after activity 303, activity 102 can comprise activity 304

of removing the mask. In some examples, activity 304 can be performed by

dissolving the mask with a solvent etch including one or more solvents, such

as, for example, acetone, n-methylpyrrolidonem, ammopropylmorpholine,

dimethyl sulfoxide, aminopropanol, and/or sulfolane, etc. In these or other

examples, the solvent etch can be performed with a stationary bath, a

recirculating bath, or a spray coater at 70°C. Then, the carrier substrate with

the remaining portion of the adhesion modification layer can be rinsed with

deionized water and spin dried or air knife dried. In some examples, the



rinsing can be performed in a quick dump rinser, and the drying can be

performed in a spin rinse dryer.

[0060] In many embodiments, activities 302-304 can be omitted. In some

embodiments, whether or not activities 302-304 are performed can depend on

the material(s) implemented for the device substrate, as described below. For

example, when the device substrate comprises polyimide, it may be desirable

to perform activities 302-304. Meanwhile, when the device substrate

comprises polyethylene naphthalate, it may be desirable to omit activities 302-

304.

[0061] Activity 102 can comprise activity 305 of cleaning the carrier substrate

having the remaining portion of the adhesion modification layer. Activity 305

can be performed by rinsing the carrier substrate with the remaining portion of

the adhesion modification layer with deionized water and spin drying the

carrier substrate with the remaining portion of the adhesion modification layer.

In some examples, the rinsing can be performed in a quick dump rinser, and

the drying can be performed in a spin rinse dryer. In some embodiments,

activity 305 can be omitted or can be performed as part of activity 304.

[0062] Further, activity 102 can comprise activity 306 of etching (e.g., ashing)

the carrier substrate with the remaining portion of the adhesion modification

layer . Activity 306 can be performed with an oxygen plasma etch. In some

embodiments, the oxygen plasma etch can be performed at a pressure of

approximately 1200 mTorr for 90 minutes. In some embodiments, activity

306 can be omitted.

[0063] Turning ahead briefly in the drawings, FIG. 4 illustrates a partial cross-

sectional view of semiconductor device 400 after providing adhesion

modification layer 402 over carrier substrate 401, according to an

embodiment. Semiconductor device 400 can be similar or identical to the

semiconductor device of method 100 (FIG. 1). Further, carrier substrate 401

and/or adhesion modification layer 402 can be similar or identical to the

carrier substrate and/or adhesion modification layer of method 100 (FIG. 1),

respectively. Accordingly, carrier substrate 401 can comprise first surface 403

and second surface 404 opposite of first surface 403. Likewise, adhesion

modification layer 402 can comprise first surface 405 and second surface 406

opposite of first surface 405.



Meanwhile, FIG. 5 illustrates a partial cross-sectional view of

semiconductor device 500, according to an embodiment. Semiconductor

device 500 can be similar or identical to semiconductor device 400 except that

a central portion of adhesion modification layer 502 has been removed by

etching to leave perimeter portion 508 of adhesion modification layer 502 and

to expose carrier substrate 501. Carrier substrate 501 can be similar or

identical to carrier substrate 401 (FIG. 4) and/or the carrier substrate of

method 100 (FIG. 1); adhesion modification layer 502 can be similar or

identical to adhesion modification layer 402 (FIG. 4) and/or the adhesion

modification layer of method 100 (FIG. 1); and central portion 507 and/or

perimeter portion 508 can be similar or identical to the central portion and/or

perimeter portion of the adhesion modification layer of method 100 (FIG. 1),

respectively. Accordingly, carrier substrate 501 can comprise first surface 503

and second surface 504 opposite of first surface 503. Likewise, adhesion

modification layer 502 can comprise first surface 505 and second surface 506

opposite of first surface 505.

Referring now back to FIG. 1, method 100 can comprise activity 103

of providing a device substrate. Like the carrier substrate, the device substrate

can comprise a first surface and a second surface opposite the first surface.

In many embodiments, the device substrate can comprise a flexible

substrate. The device substrate (e.g., flexible substrate) can comprise any

suitable material(s) having the characteristics of a flexible substrate as defined

above. Specifically, exemplary material(s) can comprise polyethylene

naphthalate, polyethylene terephthalate, polyethersulfone, polyimide,

polycarbonate, cyclic olefin copolymer, liquid crystal polymer, any other

suitable polymer, glass (fluorosilicate glass, borosilicate glass, Corning®

glass, Willow™ glass, and/or Vitrelle glass, etc., such as, for example, as

manufactured by Corning Inc. of Corning, New York, United States of

America, etc.), metal foil (e.g., aluminum foil, etc.), etc.

In some embodiments, activity 103 can be performed by furnishing the

device substrate. In other embodiments, activity 103 can be performed by

depositing the device substrate over the carrier substrate and over the adhesion

modification layer (e.g., at the second surface of the adhesion modification

layer), such as, for example, as part of activity 701 (FIG. 7) as described

below.



Further, in some embodiments, method 100 can comprise activity 104

of providing an adhesive, such as, for example, (i) over the carrier substrate

and over the adhesion modification layer (e.g., at the second surface of the

adhesion modification layer) and/or (ii) at the first surface of the device

substrate. The adhesive can comprise any material(s) configured to bond with

greater bonding force to the adhesion modification layer than to the carrier

substrate. In many examples, the adhesive can comprise an acrylate polymer

adhesive. In some embodiments, activity 104 can be omitted, such as, for

example, when activity 701 (FIG. 7) is performed.

In various embodiments, activity 104 can be performed by depositing

the adhesive over the adhesion modification layer (e.g., at the second surface

of the adhesion modification layer) and/or at the first surface of the device

substrate, such as, for example, via spin-coating, spray-coating, extrusion

coating, preform lamination, slot die coating, screen lamination, screen

printing, and/or vapor priming. In these or other embodiments, the adhesive

can be deposited over the adhesion modification layer (e.g., at the second

surface of the adhesion modification layer) and/or at the first surface of the

device substrate under one or more predetermined conditions.

In specific examples, the adhesive can be deposited while spinning the

carrier substrate having the adhesion modification layer first at a spin rate of

approximately 1,000 revolutions per minute for a time of approximately 25

seconds. Then, the carrier substrate and adhesion modification layer can be

held stationary for a time (e.g., approximately 10 seconds) before spinning the

carrier substrate and the adhesion modification layer for a time of

approximately 20 seconds at a spin rate of approximately 3,500 revolutions

per minute.

Turning ahead in the drawings, FIG. 6 illustrates a partial cross-

sectional view of semiconductor device 400 after providing adhesive 609 over

carrier substrate 401 and over adhesion modification layer 402 (e.g., at second

surface 406 of adhesion modification layer 402), according to the embodiment

of FIG. 4.

Turn again back to FIG. 1, method 100 can comprise activity 105 of

coupling the device substrate and the carrier substrate together. In these

embodiments, activity 105 can be performed such that the adhesion

modification layer is located between the device substrate and the carrier



substrate when the device substrate and the carrier substrate are coupled

together. Accordingly, in many embodiments, activity 105 can be performed

after activity 102 and/or activity 301 (FIG. 3). FIG. 7 illustrates an exemplary

activity 105, according to the embodiment of FIG. 1.

In some embodiments, activity 105 can comprise activity 701 of

bonding the device substrate directly to the adhesion modification layer. FIG.

8 illustrates an exemplary activity 70 1, according to the embodiment of FIG.

7.

Activity 701 can comprise activity 801 of depositing the device

substrate over the adhesion modification layer (e.g., at the second surface of

the adhesion modification layer), such as, for example, via spin-coating, spray-

coating, extrusion coating, preform lamination, slot die coating, screen

lamination, screen printing, and/or vapor priming. In these or other

embodiments, the device substrate can be deposited over the adhesion

modification layer (e.g., at the second surface of the adhesion modification

layer) under one or more predetermined conditions.

In some embodiments, 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 revolutions

per minute and less than or equal to approximately 6,000 revolutions per

minute for a time of greater than or equal to approximately 10 seconds and

less than or equal to approximately 100 seconds. For example, the spin rate

can be approximately 1,000 revolutions per minute and/or the time can be

approximately 25 seconds.

In many embodiments, activity 701 can comprise activity 802 of

curing the device substrate over the adhesion modification layer (e.g., at the

second surface of the adhesion modification layer). For example, the curing

can occur first by a hot plate bake for approximately 10 minutes at

approximately 90°C to approximately 150°C following by a convention oven

bake at approximately 220°C for approximately one hour. In many

embodiments, activity 802 can help to remove from the device substrate

chemistry (e.g., solvents) used to perform activity 801 as described above. In

these or other embodiments, activity 802 can help to bond the device substrate

to the adhesion modification layer. The device substrate can be thermally



cured and/or optically cured, as desirable. In some embodiments, activity 802

can be omitted.

[0077] Turning ahead briefly in the drawings, FIG. 9 illustrates a partial cross-

sectional view of semiconductor device 500 after bonding device substrate 910

directly to adhesion modification layer 502 and over carrier substrate 501,

according to the embodiment of FIG. 5. Device substrate 910 can be similar

or identical to the device substrate described above with respect to method 100

(FIG. 1). Accordingly, device substrate 910 can comprise first surface 9 11

and second surface 912 opposite of first surface 9 11. First surface 9 11 can be

similar or identical to the first surface of the device substrate of method 100

(FIG. 1), and second surface 912 can be similar or identical to the second

surface of the device substrate of method 100 (FIG. 1).

[0078] Returning now back to FIG. 7, in other embodiments, activity 105 can

comprise activity 702 of bonding the device substrate to the adhesion

modification layer with the adhesive. Accordingly, when method 100 is

implemented with activity 702, activity 104 (FIG. 1) is performed. Notably, in

many embodiments, activity 702 can be omitted when activity 701 is

performed, and vice versa. FIG. 10 illustrates an exemplary activity 702,

according to the embodiment of FIG. 7.

[0079] In some embodiments, activity 702 can comprise activity 1001 of

baking the device substrate. In these or other embodiments, the device

substrate can be baked under one or more predetermined conditions. In many

examples, the device substrate can be baked under vacuum conditions and/or

at a temperature of greater than or equal to approximately 100°C and less than

or equal to approximately 200°C. Generally, activity 1001 can be performed

before activities 1002-1006. In some embodiments, activity 1001 can be

omitted.

[0080] In many embodiments, activity 702 can comprise activity 1002 of

providing a protective layer at the second surface of the device substrate. In

many embodiments, the protective layer can comprise tape (e.g., Blue Low

Tack Squares, product number 18133-7.50, manufactured by Semiconductor

Equipment Corporation of Moorpark, California). Performing activity 802

can prevent damage to and/or contamination of the second surface of the

device substrate when performing activity 1003 as described below.



[0081] After activity 1002, activity 702 can continue with activity 1003 of

bonding the first surface of the device substrate to the second surface of the

adhesion modification layer. Activity 1003 can be performed using any

suitable lamination technique (e.g., roll pressing, bladder pressing, etc.). In

many embodiments, activity 1003 can be performed under one or more

predetermined conditions. In many examples, activity 1003 can be performed

at a pressure of greater than or equal to approximately 34 kPa and less than or

equal to approximately 207 kPa, at a temperature of greater than or equal to

approximately 80 °C and less than or equal to approximately 140°C, and/or at

a feed rate of approximately 0.45 meters per minute.

[0082] For example, the first surface of the device substrate can be bonded to

the second surface of the adhesion modification layer at a pressure greater than

or equal to approximately 0 kilopascals (i.e., in a vacuum) and less than or

equal to approximately 150 kilopascals. In some embodiments, the pressure

can comprise approximately 138 kilopascals. Further, the first surface of the

device substrate can be bonded to the second surface of the adhesion

modification layer at a feed rate greater than or equal to approximately 0.1

meters per minute and less than or equal to approximately 1.0 meters per

minute in other embodiments. In some embodiments, the feed rate can

comprise 0.46 meters per minute. Further still, the first surface of the device

substrate can be bonded to the second surface of the adhesion modification

layer at a temperature greater than or equal to approximately 20°C and less

than or equal to approximately 100°C, 160°C, 220°C, 350°C, etc. depending on

the materials) of the device substrate. For example, the temperature can be

less than or equal to approximately 220°C (e.g., approximately 100°C) when

the device substrate comprises polyethylene naphthalate, can be less than or

equal to approximately 160°C (e.g., approximately 100°C) when the device

substrate comprises polyethylene terephthalate, and less than or equal to

approximately 350ºC (e.g., approximately 100°C) when the device substrate

comprises polyimide.

[0083] In many embodiments, activity 702 can comprise activity 1004 of

curing the adhesive. Activity 1004 can be performed using any suitable

technique(s) for curing the adhesive (e.g., optical curing, heat curing, pressure

curing, etc.) without damaging the carrier substrate, the adhesion modification

layer, or the device substrate. For example, in some embodiments, activity



1005 can be performed by ultraviolet curing the adhesive, such as, for

example, using a Dymax ultraviolet cure system manufactured by Dymax

Corporation of Torrington, Connecticut. In these embodiments, activity 1004

can be performed for approximately 20 seconds to approximately 180 seconds.

In other embodiments, activity 1004 can be performed by baking the adhesive

in an oven, such as, for example, a Yamato Oven manufactured by Yamato

Scientific America, Inc. of Santa Clara, California.

After activity 1003 and/or activity 1004, activity 702 can comprise

activity 1005 of removing excess adhesive from the semiconductor device. In

some embodiments, activity 1005 can be performed by cleaning the carrier

substrate with plasma (e.g., oxygen plasma) or with an ultrasonic bath.

After activity 1003, activity 702 can comprise activity 1006 of

removing the protective layer at the second surface of the device substrate. In

some embodiments, activities 1002 and 1005 can be omitted. In various

embodiments, activity 1006 can be performed as part of activity 1005.

Turning ahead in the drawings, FIG. 11 illustrates a partial cross-

sectional view of semiconductor device 400 after bonding device substrate

1110 to adhesion modification layer 402 with adhesive 609 and over carrier

substrate 401 , according to the embodiment of FIG. 4. Device substrate 1110

can be similar or identical to device substrate 910 and/or the device substrate

described above with respect to method 100 (FIG. 1). Accordingly, device

substrate 1010 can comprise first surface 1111 and second surface 1112

opposite of first surface 1111. First surface 1111 can be similar or identical to

first surface 9 11 (FIG. 9) and/or the first surface of the device substrate of

method 100 (FIG. 1), and second surface 912 can be similar or identical to

second surface 912 (FIG. 9) and/or the second surface of the device substrate

of method 100 (FIG. 1).

Returning now again to FIG. 1, whether implementing method 100 in

accordance with activity 701 (FIG. 7) or activity 702 (FIG. 7), the device

substrate can be provided to comprise a device substrate thickness (i.e., a

dimension of the device substrate over the carrier substrate or the adhesive, as

applicable, that is approximately perpendicular to the carrier substrate or

adhesive when the device substrate is coupled to the carrier substrate).

Notably, for reference purposes, calculation o f the device substrate thickness

excludes the portion of the device substrate over the perimeter portion of the



adhesion modification layer when the central portion of the adhesion

modification layer has been removed, which it follows would be less than the

device substrate thickness by an amount approximately equal to the adhesion

modification 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 perimeter portion of the adhesion modification

layer can also be approximately constant. In some embodiments, the device

substrate thickness can be greater than or equal to approximately 1 micrometer

and less than or equal to approximately 1 millimeter. For example, the device

substrate thickness can be approximately 20 micrometers. Generally, the

device substrate thickness can be selected to be thick enough to ensure

continuous distribution of the device substrate over the carrier substrate.

Further, the device substrate 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 coupled to the

carrier substrate.

[0088] After activity 105, method 100 can comprise activity 106 of curing the

device substrate while the device substrate is coupled to the carrier substrate.

The device substrate can be thermally cured and/or optically cured, as

desirable. For example, in many embodiments, first, the device substrate can

be thermally cured first in vacuum conditions, at a temperature of greater than

or equal to approximately 100 °C and less than or equal to approximately 235

°C, and/or for a time of greater than or equal to approximately 1 hour and less

than or equal to approximately 8 hours. For example, the temperature can

comprise approximately 180 °C or 220 °C, and/or the time can comprise

approximately 3 hours.

[0089] Next, method 100 can comprise activity 107 of providing one or more

semiconductor elements over the device substrate while the device substrate is

coupled to the carrier substrate. In some embodiments, the semiconductor

element(s) can be provided over the device substrate in accordance with any

conventional semiconductor manufacturing process that does not exceed a

temperature of 200 °C. In further embodiments, the semiconductor element(s)

can be provided over the device substrate in accordance with any conventional

semiconductor manufacturing process that does not exceed a temperature of

235 °C. For example, in various embodiments, the semiconductor element(s)



can be provided over the device substrate in accordance with the

semiconductor manufacturing processes described in (i) United States Patent

Application Publication Serial No. US 20120061672, published on March 15,

2012, (ii) International Patent Application Publication Serial No. WO

20121381903, published October 11, 2012, and/or (iii) International Patent

Application Publication Serial No. WO 2013082138, published June 6, 2013,

each of which is incorporated herein by reference in its entirety. In some

embodiments, activity 107 can be performed after activity 105. Further,

activity 107 can be performed before activity 108 and/or activity 110. FIG. 12

illustrates a partial cross-sectional view of semiconductor device 400 after

providing one or more semiconductor elements 1213 over device substrate

1110, according to the embodiment of FIG. 4; and FIG. 13 illustrates a partial

cross-sectional view of semiconductor device 500 after providing one or more

semiconductor elements 1313 over device substrate 910, according to the

embodiment of FIG. 5.

[0090] Referring again to FIG. 1, in some embodiments, method 100 can

comprise activity 108 of severing a device portion of the device substrate from

a non-device portion of the device substrate (e.g., at a location inside the

perimeter of the carrier substrate as discussed above with respect to the

perimeter portion and the central portion). The non-device portion of the

device substrate can be bonded to the adhesion modification layer.

Meanwhile, the device portion of the device substrate can be bonded only to

the carrier substrate. The device portion comprises at least part of the

semiconductor element(s). In some embodiments, the non-device portion can

comprise part of the semiconductor element(s). The device portion of the

device substrate can be severed from the non-device portion of the device

substrate using any suitable cutting implement (e.g., a blade, a laser, etc.). In

many embodiments, activity 108 can be performed such that when activity 110

(below) is performed, some or all of the semiconductor element(s) remain with

the device portion of the device substrate (e.g., leaving as little of the

semiconductor element(s) behind with the non-device portion of the device

substrate as possible). In many embodiments, activity 108 can occur after

activity 107. Further, activity 108 can occur before activity 110.

[0091] In some embodiments, activity 108 can be omitted, such as, for

example, when method 100 is implemented with activity 702 (FIG. 7). In



many embodiments, when method 100 is implemented to include activity 701

(FIG. 7) and/or one or more of activities 302-304 (FIG. 3), method 100 can

also include activity 108. FIG. 14 illustrates a partial cross-sectional view of

semiconductor device 500 after severing device portion 1414 of device

substrate 910 from non-device portion 1415 of device substrate 910, according

to the embodiment of FIG. 5.

Referring again to FIG. 1, in some embodiments, method 100 can

comprise activity 109 of lowering at least one of the first bonding force or the

second bonding force. In these embodiments, activity 109 can be performed

by chemically, electromagnetically (e.g., by ultraviolet or other forms of

electromagnetic radiation, such as, for example, laser electromagnetic

radiation), or thermally treating (e.g., using electronics on plastic by laser

release (EPLaR™), using surface free technology by laser annealing/ablation

(SUFTLA™), etc.) the adhesive or the adhesion modification layer.

In many embodiments, activity 109 can be omitted. When method 100

is implemented with activity 109, activity 109 is performed before activity 110

as described below. In some embodiments, activity 109 can occur before

activity 108, or vice versa.

Next, method 100 can comprise activity 110 of decoupling (e.g.,

mechanically) the device substrate (or the device portion of the device

substrate when applicable) from the carrier substrate. FIG. 15 illustrates a

cross-sectional view of device substrate 1110 of semiconductor device 400

after providing semiconductor element(s) 1213 and after decoupling device

substrate 1110 from carrier substrate 401 (FIG. 4), according to the

embodiment of FIG. 4; and FIG. 16 illustrates a cross-sectional view of device

portion 1414 of device substrate 910 of semiconductor device 500 after

providing semiconductor element(s) 1313 and after decoupling device portion

1414 from carrier substrate 501 (FIG. 5), according to the embodiment of FIG.

5.

In many embodiments, activity 110 can be performed by applying a

release force (e.g., a steady release force) to the device substrate (or the device

portion of the device substrate when applicable). In many embodiments, the

release force can be applied to the device substrate (or the device portion of

the device substrate when applicable) by peeling (e.g., by hand) the device

substrate (or the device portion of the device substrate when applicable) from



the adhesion modification layer and/or the carrier substrate, as applicable. In

these or other embodiments, the release force can be applied (or augmented)

by inserting a blade under the device substrate (or the device portion of the

device substrate when applicable) and pressing on the device substrate (or the

device portion of the device substrate when applicable) in a direction away

from the adhesion modification layer and/or the carrier substrate, as

applicable.

[0096] Further, in these or other embodiments, activity 110 can be performed

by severing the device substrate (or the device portion of the device substrate

when applicable) from the adhesion modification layer and/or the carrier

substrate, such as, for example, using any suitable cutting implement (e.g., a

blade, a laser, etc.). Severing the device substrate (or the device portion of the

device substrate when applicable) from the adhesion modification layer and/or

the carrier substrate can be performed alternatively to or as part of the activity

of applying the release force to the device substrate (or the device portion of

the device substrate when applicable).

[0097] In many embodiments, maintaining an angle of less than or equal to

approximately 45 degrees between the device substrate (or the device portion

of the device substrate when applicable) and the adhesion modification layer

and/or carrier substrate when performing activity 110 can mitigate or prevent

damage to the semiconductor element(s) at the device substrate (or the device

portion of the device substrate when applicable).

[0098] Further, advantageously, in many embodiments, activity 110 can be

performed without first lowering the first bonding force and/or the second

bonding force, such as, for example, by chemically, electromagnetically (e.g.,

by ultraviolet or other forms of electromagnetic radiation, such as, for

example, laser electromagnetic radiation), or thermally treating (e.g., using

electronics on plastic by laser release (e.g., an EPLaR™ process), using

surface free technology by laser annealing/ablation (e.g., a SUFTLA™

process), etc.) the adhesive or the adhesion modification layer (e.g., modifying

a structure of the adhesive or the adhesion modification layer). That is, the

first bonding force and/or the second bonding force can remain approximately

constant, and in many examples, at least remain low enough to permit

mechanical debonding, directly up until activity 110 is performed.

Accordingly, by avoiding using chemical, electromagnetic, or thermal



treatments, device defects of the semiconductor element(s) and/or decreased

semiconductor device yield that can result from using such chemical,

electromagnetic, or thermal treatments can be reduced or eliminated. For

example, electromagnetic treatments can damage the semiconductor

element(s) through heat distortion and/or formation of particulate debris.

Meanwhile, chemical treatments can damage the semiconductor element(s) by

exposing the semiconductor element(s) to the chemica!(s), resulting in

degradation of the semiconductor element(s). Moreover, using chemical

treatments may require subsequent cleaning to remove any residual chemicals

from the semiconductor element(s) and/or may not permit the device substrate

(or the device portion of the device substrate when applicable) to be kept

approximately flat during decoupling because physically constraining the

device substrate (or the device portion of the device substrate when

applicable) while immersing the device substrate (or the device portion of the

device substrate when applicable) in chemicals can be challenging.

[0099] Further, method 100 can comprise activity 111 of cleaning the carrier

substrate and/or the adhesion modification layer, such as, for example, to

remove residual parts of device layer, the adhesive, and/or semiconductor

element(s) from the carrier substrate and/or the adhesion modification layer

remaining after performing activity 110. In some embodiments, activity 111

be performed by cleaning the carrier substrate and/or the adhesion

modification layer with plasma (e.g., oxygen plasma) or with an ultrasonic

bath. Accordingly, in many embodiments, method 100 can be repeated one or

more times using the same carrier substrate and/or adhesion modification

layer.

[00 100] In various embodiments, when method 100 is implemented with

activity 104 (i.e., with an adhesive bonding), the adhesion modification layer

is operable to permit the device substrate to be decoupled from the carrier

substrate (e.g., by activity 110) such that little or none of the adhesive remains

at the first surface of the device substrate immediately after or as a result of

the decoupling (i.e., without performing additional manufacturing activities to

remove the adhesive). For example, in some embodiments, less than

approximately five, three, two, or one percent of the adhesive remains at the

first surface of the device substrate immediately after or as a result of the

decoupling. Meanwhile, in these or other embodiments, after the decoupling,



the carrier substrate can remain coupled to the adhesion modification layer and

some, a majority, substantially all, or all of the adhesive can remain coupled to

the adhesion modification layer.

[00101] Generally, when implementing conventional techniques for

manufacturing electronic devices that involve coupling and decoupling device

substrates (e.g., flexible substrates, such as, for example, polyethylene

naphthalate, polyethylene terephthalate, glass, etc.) to and from carrier

substrates (e.g., rigid substrates) with adhesives, residual adhesive remaining

at the device substrate after decoupling can render part or all of the electronic

devices defective. Such defects can (i) reduce device manufacturing yields

and/or (ii) increase manufacturing complexity, time, and/or cost required in

order to remove such residual adhesive. However, because the bonding force

of the adhesion modification layer of method 100 with the device substrate

and/or adhesive is greater than the bonding force between the device substrate

and/or adhesive and the carrier substrate alone, little or none of the adhesive

remains at the device substrate immediately after or as a result of the

decoupling when implementing method 100. Accordingly, because method

100 can be implemented such that little or none of the adhesive remains at the

device substrate immediately after or as a result of the decoupling, device

defects can be reduced and device manufacturing yields can be increased

without the need for additional manufacturing activities that can increase the

complexity, time, and/or cost of manufacturing electronic devices.

[00102] Turning ahead in the drawings, FIGs. 17-20 provide various graphs

illustrating empirically through Fourier transform infrared spectrometry the

reduction in residual adhesive at the device substrate when implementing

method 100 (FIG. 1). Each of the graphs of FIGs. 17-20 show absorbance as a

function of wavenumber where the wave number is measured in inverse

centimeters and the absorbance is measured in arbitrary units.

[00103] Specifically, FIG. 17 is a graph illustrating through Fourier transform

infrared spectrometry the absorbance as a function of wavenumber of cured

adhesive bonding a polyethylene naphthalate (PEN) device substrate to a

silicon carrier substrate with the spectra of the silicon carrier substrate and the

device substrate subtracted out. Notably, the polyethylene naphthalate (PEN)

device substrate is substantially transparent in the area of interest. The lower

wavenumbers, outside of the area of interest, have too many absorption bands.



The peaks in the area of interest correspond to carbon-hydrogen stretching

vibrations where the frequency of the vibration depends on the number of

hydrogen atoms bonded to the carbon atom and the bonding arrangement of

the carbon atoms.

[00104] Turning to the next drawing, FIG. 18 is a graph illustrating the area of

interest of FIG. 17. There are four prominent peaks in the absorbance of the

adhesive in the area of interest.

[00105] Turning again to the next drawing, FIG. 19 is a graph illustrating

through Fourier transform infrared spectrometry the absorbance as a function

of wavenumber of (i) an unprocessed polyethylene naphthalate (PEN) device

substrate, (ii) a polyethylene naphthalate (PEN) device substrate processed

over a silicon carrier substrate with an amorphous silicon (a-Si) adhesion

modification layer and decoupled from the silicon carrier substrate, and (iii) a

polyethylene naphthalate device substrate processed over a silicon carrier

substrate without an amorphous silicon (a-Si) adhesion modification layer and

decoupled from the silicon carrier substrate.

[00106] Turning yet again to the next drawing, FIG. 20 is a graph illustrating

through Fourier transform infrared spectrometry the absorbance as a function

of wavenumber of (i) a first polyethylene naphthalate (PEN) device substrate

processed over a silicon carrier substrate without an amorphous silicon

adhesion modification layer where the polyethylene naphthalate (PEN) device

substrate has been decoupled from the silicon carrier substrate and the spectra

of a second, unprocessed polyethylene naphthalate (PEN) device substrate has

been subtracted out, (ii) cured adhesive remaining on a silicon carrier substrate

after debonding a polyethylene naphthalate (PEN) device substrate from the

silicon carrier substrate with the spectra of the silicon carrier substrate

subtracted out, and (iii) a first polyethylene naphthalate (PEN) device

substrate processed over a silicon carrier substrate with an amorphous silicon

adhesion modification layer where the polyethylene naphthalate (PEN) device

substrate has been decoupled from the silicon carrier substrate and the spectra

of a second, unprocessed polyethylene naphthalate (PEN) device substrate has

been subtracted out. For clarity, items (i) through (iii) are shown in

descending order at FIG. 20. Notably, all four peaks are missing for item (iii).

Meanwhile, the extra peaks at items (i) and (iii) can be attributed to slight

differences in the thickness and/or composition between the first polyethylene



naphthalate (PEN) device substrate and the second, unprocessed polyethylene

naphthalate (PEN) device substrate.

[00107] Meanwhile, in these embodiments or in other embodiments, such as,

for example, when method 100 is implemented without performing activity

104 (i.e., without an adhesive), but with, for example, activity 701 (e.g., direct

deposition of the device substrate at the adhesion modification layer), the

adhesion modification layer can be operable to prevent premature decoupling

of the device substrate during activity 107. In various examples, when

implementing conventional techniques for manufacturing semiconductors that

involve coupling (e.g., by direct deposition) and decoupling device substrates

(e.g., flexible substrates, such as, for example, polyimide) to and from carrier

substrates (e.g., rigid substrates, such as, for example, glass), the bonding

force of the device substrate to the carrier substrate is often controlled by

changing the formulation of the device substrate. However, batch to batch

variations in the device substrate formulations can sometimes result in the

device substrate decoupling from the carrier substrate sooner than is desirable.

For example, machine handling of the device substrate can sometimes result in

the device substrate decoupling from the carrier substrate sooner than is

desirable. Premature decoupling of the device substrate from the carrier

substrate can also cause device defects and pattern distortions, which reduce

device manufacturing yield. Advantageously, because the bonding force of

the adhesion modification layer of method 100 with the device substrate is

greater than the bonding force between the device substrate and the carrier

substrate alone, premature decoupling can be prevented, resulting in fewer

device defects and less pattern distortion.

[00108] Notably, although the adhesion modification layer is described

generally as increasing bonding force at the carrier substrate, in an alternative

approach, the adhesion modification layer could be deposited at the device

substrate and configured to lower bonding force. In these embodiments, when

the device substrate is a flexible substrate, the adhesion modification layer

would be selected from materials that would not interfere with the flexibility

of the device substrate.

[00109] Further, the methods (e.g., method 100 (FIG. 1) and semiconductor

devices (e.g., semiconductor device 400 (FIGs. 4, 6, 11, 12, & 15) and/or

semiconductor device 500 (FIGs. 5, 9, 13, 14, & 16)) disclosed herein can be



particularly well suited for implementation with semiconductor manufacturing

where the semiconductor manufacturing is constrained by an upper

temperature limit, such as, for example, as a result of the material(s) being

used. For example, when flexible substrates, many device substrates,

including many of the exemplary device substrate materials provided above,

may preclude manufacturing above certain temperatures. In some

embodiments, some or all o f the semiconductor manufacturing may not be

able to exceed approximately 160°C, 180°C, 200°C, 220°C, 250°C, or 350°C.

[001 10] Various semiconductor manufacturing techniques and devices that may

be well suited for implementation with the methods (e.g., method 100 (FIG. 1)

and semiconductor devices (e.g., semiconductor device 400 (FIGs. 4, 6, 11,

12, & 15) and/or semiconductor device 500 (FIGs. 5, 9, 13, 14, & 16))

disclosed herein are described in the following references, the disclosure of

each of which are incorporated herein by reference in their entirety: (i) United

States Patent Application Publication Serial No. US 201 10228492, published

September 22, 201 1, (ii) United States Patent Application Publication Serial

No. US 20130271930, published October 17, 2013, (iii) United States Patent

Application Publication Serial No. US 20120061672, published March 15,

2012, (iv) United States Patent Application Publication Serial No. US

20140008651, published January 9, 2014, (v) International Patent Application

Publication Serial No. WO 2013082138, published June 6, 2013, (vi) United

States Patent Application Publication Serial No. US 20140065389, published

March 6, 2014, (vii) United States Patent Application Publication Serial No.

US 20130075739, published march 28, 2013, (viii) United States Patent

Application Publication Serial No. US 201 10064953, published March 17,

201 1, (ix) United States Patent Application Publication Serial No. US

20100297829, published November 25, 2010, (x) United States Patent

Application Publication Serial No. US 201002641 12, published October 21,

2010, (xi) United States Patent Application Publication Serial No. US

201 10068492, published march 24, 201 1, (xii) United States Patent

Application Publication Serial No. US 20060194363, published May 31, 201 1,

and (xiii) United States Patent Application Publication Serial No. US

201 10023672, published February 3, 201 1.

[001 11] Although the invention has been described with reference to specific

embodiments, it will be understood by those skilled in the art that various



changes may be made without departing from the spirit or scope of the

invention. Accordingly, the disclosure of embodiments of the invention is

intended to be illustrative of the scope of the invention and is not intended to

be limiting. It is intended that the scope of the invention shall be limited only

to the extent required by the appended claims. For example, to one of

ordinary skill in the art, it will be readily apparent that one or more activities

of method 100 (FIG. 1) may be comprised of many different activities,

procedures, and/or processes and may be performed by many different

modules and in many different orders, that any elements of FIGs. 1-20 may be

modified, and that the foregoing discussion of certain of these embodiments

does not necessarily represent a complete description of all possible

embodiments.

[001 12] Generally, replacement of one or more claimed elements constitutes

reconstruction and not repair. Additionally, benefits, other advantages, and

solutions to problems have been described with regard to specific

embodiments. The benefits, advantages, solutions to problems, and any

element or elements that may cause any benefit, advantage, or solution to

occur or become more pronounced, however, are not to be construed as

critical, required, or essential features or elements of any or all of the claims,

unless such benefits, advantages, solutions, or elements are stated in such

claim.

[001 13] Moreover, embodiments and limitations disclosed herein are not

dedicated to the public under the doctrine of dedication if the embodiments

and/or limitations: (1) are not expressly claimed in the claims; and (2) are or

are potentially equivalents of express elements and/or limitations in the claims

under the doctrine of equivalents.



CLAIMS

What is claimed is:

1) A method comprising:

providing a carrier substrate;

providing an adhesion modification layer over the carrier substrate;

providing a device substrate; and

coupling the device substrate and the carrier substrate together, the adhesion

modification layer being located between the device substrate and the carrier

substrate when the device substrate and the carrier substrate are coupled together;

wherein:

the adhesion modification layer is configured so that the device substrate

couples indirectly with the carrier substrate by way of the adhesion

modification layer with a first bonding force that is greater than a second

bonding force by which the device substrate couples with the carrier

substrate absent the adhesion modification layer.

2) The method of claim 1 wherein:

coupling the device substrate and the carrier substrate together comprises bonding the

device substrate directly to the adhesion modification layer.

3) The method of claim 1 or 2 wherein:

providing the adhesion modification layer over the carrier substrate comprises:

before coupling the device substrate and the carrier substrate together, etching

a central portion of the adhesion modification layer so that the adhesion

modification layer remains only at a perimeter portion of the adhesion

modification layer.

4) The method of any one of claims 1-3 wherein:

providing the adhesion modification layer over the carrier substrate comprises

providing the adhesion modification layer over substantially all of a surface of the

carrier substrate.



5) 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 a flexible substrate.

6) The method of claim 5 wherein:

the rigid substrate comprises at least one of alumina, silicon, glass, metal, or sapphire.

7) The method of claim 5 or 6 wherein:

the flexible substrate comprises at least one of polyethylene naphthalate, polyethylene

terephthalate, polyethersulfone, polyimide, polycarbonate, cyclic olefin copolymer,

liquid crystal polymer, or glass.

8) The method of any one of claims 1-7 wherein:

the adhesion modification layer comprises amorphous silicon.

9) The method of any one of claims 1-8 further comprising:

after coupling the device substrate and the carrier substrate together, providing one or

more semiconductor elements over the device substrate while the device substrate

and the carrier substrate are coupled together.

10) The method of claim 9 further comprising:

after providing the one or more semiconductor elements over the device substrate,

mechanically decoupling the device substrate from the carrier substrate.

11) The method of claim 10 wherein:

mechanically decoupling the device substrate from the carrier substrate occurs

without lowering the first bonding force and without lowering the second bonding

force in order to perform the mechanical decoupling.

12) The method of claim 10 further comprising:

lowering at least one of the first bonding force or the second bonding force in order to

perform the mechanical decoupling.

13) The method of any one of claims 1-9 further comprising:

providing an adhesive;



wherein:

coupling the device substrate and the carrier substrate together comprises

bonding the device substrate to the adhesion modification layer with the

adhesive.

14) The method of claim 13 wherein:

the adhesive comprises an acrylate polymer adhesive.

15) The method of claim 13 or 14 further comprising:

after providing the one or more semiconductor elements over the device substrate,

mechanically decoupling the device substrate from the carrier substrate.

16) The method of claim 15 wherein:

less than approximately five percent of the adhesive remains at the device substrate

immediately after the device substrate is mechanically debonded from the carrier

substrate.

17) The method of claim 15 or 16 wherein:

none of the adhesive remains at the device substrate immediately after the device

substrate is mechanically debonded from the carrier substrate.

18) The method of any one of claims 15-17 wherein:

mechanically decoupling the device substrate from the carrier substrate occurs

without lowering the first bonding force and without lowering the second bonding

force in order to perform the mechanical decoupling.

19) The method of any one of claims 15-17 further comprising:

lowering at least one of the first bonding force or the second bonding force in order to

perform the mechanical decoupling.

20) A method comprising:

providing a carrier substrate;

providing an adhesion modification layer over the carrier substrate;

providing an adhesive;



providing a device substrate comprising a first surface and a second surface opposite

the first surface;

coupling the first surface of the device substrate and the carrier substrate together with

the adhesive, the adhesion modification layer being located between the first surface

of the device substrate and the carrier substrate when the first surface of the device

substrate and the carrier substrate are coupled together;

after coupling the first surface of the device substrate and the carrier substrate

together, providing one or more semiconductor elements over the second surface of

the device substrate while the device substrate and the carrier substrate are coupled

together; and

after providing the one or more semiconductor elements over the second surface of

the device substrate, mechanically decoupling the first surface of the device

substrate from the carrier substrate such that no more than 5 percent of the adhesive

remains at the first surface of the device substrate immediately after the decoupling.

21) The method of claim 20 wherein:

after the mechanical decoupling, the carrier substrate remains coupled to the adhesion

modification layer and a majority of the adhesive remains coupled to the adhesion

modification layer.

22) The method of claim 20 or 2 1 wherein:

the carrier substrate comprises a rigid substrate;

the device substrate comprises a flexible substrate;

the adhesion modification layer comprises amorphous silicon; and

the carrier substrate is devoid of amorphous silicon.

23) A method comprising:

providing a carrier substrate comprising a first surface and a second surface opposite

the first surface;

providing a device substrate comprising a first surface and a second surface opposite

the first surface;

treating at least part of the second surface of the carrier substrate to increase a force

with which the first surface of the device substrate couples to the at least the part of

the second surface of the carrier substrate; and



coupling the first surface of the device substrate and the second surface of the carrier

substrate together.

24) The method of claim 23 further comprising:

after coupling the first surface of the device substrate and the second surface of the

carrier substrate together, providing one or more semiconductor elements over the

second surface of the device substrate while the device substrate and the carrier

substrate are coupled together.
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