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HOLDING ARRANGEMENT FOR HOLDING A SUBSTRATE, CARRIER
INCLUDING THE HOLDING ARRANGEMENT, METHOD FOR HOLDING
A SUBSTRATE, AND METHOD FOR RELEASING A SUBSTRATE

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to substrate holding
arrangements, substrate carriers, methods for holding a substrate, and methods for
releasing a substrate. More specifically, embodiments of the present disclosure relate
to holding arrangements and carriers for holding substrates having a thickness of less
than 1 mm, particularly during substrate processing under vacuum conditions.
Further, embodiments of the present disclosure relate to methods of holding
substrates having a thickness of less than 1 mm as well as to methods of releasing

such substrates from a carrier after substrate processing.

BACKGROUND

[0002] Techniques for layer deposition on a substrate include, for example, thermal
evaporation, chemical vapor deposition (CVD) and physical vapor deposition (PVD)
such as sputtering deposition. A sputter deposition process can be used to deposit a
material layer on the substrate, such as a layer of an insulating material. During the
sputter deposition process, a target having a target material to be deposited on the
substrate is bombarded with ions generated in a plasma region to dislodge atoms of
the target material from a surface of the target. The dislodged atoms can form the
material layer on the substrate. In a reactive sputter deposition process, the dislodged
atoms can react with a gas in the plasma region, for example, nitrogen or oxygen, to

form an oxide, a nitride or an oxinitride of the target material on the substrate.

[0003] Coated materials can be used in several applications and in several technical
fields. For instance, coated materials may be used in the field of microelectronics,

such as for generating semiconductor devices. Also, substrates for displays can be
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coated using a PVD process. Further applications include insulating panels, organic
light emitting diode (OLED) panels, substrates with thin film transistors (TFTs),
color filters, substrates with functional films for batteries, substrates with solid state

batteries or the like.

[0004] The tendency toward larger and also thinner substrates is challenging with
respect to holding such substrates during substrate processing, e¢.g. during a
deposition process. In particular, conventional substrate support systems which hold
a substrate on the substrate edges, e.g. by clamping mechanisms, can introduce
undesired forces which can introduce bulging on the substrate, ¢.g. due to forces that
push the substrate edge towards the center of the substrate. Bulging can, in turn,
cause problems due to the increasing likelihood of breakage. Further, also releasing a
thin large area substrate from a substrate support system without damaging the

substrate is challenging.

[0005] In light of the foregoing, there is a need to provide holding arrangements,
substrate carriers, methods for holding a substrate, and methods for releasing a

substrate that overcome at least some of the problems in the art.

SUMMARY

[0006] In light of the above, a holding arrangement for holding a substrate, a
carrier for holding a substrate, a method for holding a substrate, and a method for
releasing a substrate are provided. Further aspects, benefits, and features of the
present disclosure are apparent from the claims, the description, and the

accompanying drawings.

[0007] According to an aspect of the present disclosure, a holding arrangement for
holding a substrate is provided. The holding arrangement includes a substrate support
having a substrate support surface configured for supporting the substrate. Further,
the holding arrangement includes a substrate tensioning device configured for

applying a force between the substrate and the substrate support surface. The
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substrate tensioning device includes at least one element having a surface with an

adhesive arrangement configured for attaching the substrate.

[0008] According to another aspect of the present disclosure, a carrier for holding a
substrate is provided. The carrier includes a carrier body and a holding arrangement
according to any of the embodiments described herein, wherein the holding

arrangement is mounted on the carrier body.

[0009] According to yet another aspect of the present disclosure, a method for
holding a substrate is provided. The method includes supporting a substrate by a
substrate support having a substrate support surface configured for supporting the
substrate. Further, the method includes applying a force between the substrate and
the substrate support surface by using a substrate tensioning device including at least
one element having a surface with an adhesive arrangement configured for attaching

the substrate.

[0010] According to a further aspect of the present disclosure, a method for
releasing a substrate is provided. The method includes moving at least one element
having a surface with an adhesive arrangement configured for attaching the substrate

relative to a surface of the substrate to which the adhesive arrangement is attached.

[0011] Embodiments are also directed at apparatuses for carrying out the disclosed
methods and include apparatus parts for performing each described method aspect.
These method aspects may be performed by way of hardware components, a
computer programmed by appropriate software, by any combination of the two or in
any other manner. Furthermore, embodiments according to the disclosure are also
directed at methods for operating the described apparatus. The methods for operating
the described apparatus include method aspects for carrying out every function of the

apparatus.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to embodiments. The
accompanying drawings relate to embodiments of the disclosure and are described in

the following:

FIGS. 1A and 1B show schematic cross-sectional side views of a holding

arrangement according to embodiments described herein;

FIG. 2 shows a detailed schematic cross-sectional side view of a portion of a

holding arrangement according to further embodiments described herein;

FIG.3A  shows schematic cross-sectional side view of a portion of a holding

arrangement according to further embodiments described herein;

FIG.3B  shows a detailed view of the at least one element having an adhesive

arrangement according to embodiments described herein;

FIGS. 4A and 4B show schematic cross-sectional side views of holding

arrangements according to further embodiments described herein;

FIG. 5 shows a schematic cross-sectional side view of a holding arrangement
described herein for illustrating the principle of the method for releasing

a substrate according to embodiments described herein;

FIG. 6 shows a top view of an exemplary implementation of the at least one

element including a first roller and a second roller;

FIG. 7A  shows a schematic front view of a carrier according to embodiments

described herein;

FIG. 7B  shows a schematic cross sectional side view of the carrier shown in

FIG. 7A;
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FIG. 7C  shows a schematic cross sectional side view of a carrier according to

further embodiments described herein;

FIG. 8 shows a flow chart illustrating a method for holding a substrate according

to embodiments described herein; and

FIG. 9 shows a flow chart illustrating a method for releasing a substrate

according to embodiments described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] Reference will now be made in detail to the various embodiments, one or
more examples of which are illustrated in each figure. Each example is provided by
way of explanation and is not meant as a limitation. For example, features illustrated
or described as part of one embodiment can be used on or in conjunction with any
other embodiment to yield yet a further embodiment. It is intended that the present

disclosure includes such modifications and variations.

[0014] Within the following description of the drawings, the same reference
numbers refer to the same or to similar components. Generally, only the differences
with respect to the individual embodiments are described. Unless specified
otherwise, the description of a part or aspect in one embodiment can apply to a

corresponding part or aspect in another embodiment as well.

[0015] Before various embodiments of the present disclosure are described in more
detail, some aspects with respect to some terms and expressions used herein are

explained.

[0016] In the present disclosure, a “holding arrangement for holding a substrate” is
to be understood as an arrangement configured for holding a substrate as described
herein. In particular, the holding arrangement can be configured for holding a large
area substrate in a vertical state. More particularly, a holding arrangement as

described herein can be understood as an arrangement configured for holding a
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substrate having a thickness of less than 500 um, particularly less than 300 um; more
particularly less than 200 um. Typically, the holding arrangement according to the
present disclosure is configured to be used under atmospheric conditions as well as
under vacuum conditions. Particularly, the holding arrangement may be configured
such that the substrate front side of the substrate held by the holding arrangement is

free of contact with any part of the holding arrangement.

[0017] In the present disclosure, a “substrate support” can be understood as a
support structure which is configured for supporting a substrate as described herein.
Typically, the substrate support is part of the holding arrangement as described
herein. In particular, a substrate support according to the present disclosure may be
configured for supporting a substrate in a substantially vertical orientation, e.g.,
during a layer deposition process. As used throughout the present disclosure,
“substantially vertical” can be understood particularly when referring to the substrate
orientation, to allow for a deviation from the vertical direction or orientation of £20°
or below, e.g. of £10° or below. Typically, the substrate support as described in the
present disclosure is configured for supporting a backside of the substrate.
Accordingly, the substrate support is typically configured such that a front side of the
substrate can be processed, ¢.g. be coated in a deposition process. Particularly, the
substrate support may be configured such that the substrate front side of the substrate
supported by the substrate support is free of contact with any part of the substrate
support.

[0018] In the present disclosure, a “substrate tensioning device” can be understood
as a device which is configured for applying a tension to a substrate as described
herein. In particular, the substrate tensioning device can be configured such that upon
tensioning the substrate, a force between the substrate and a substrate support surface
is generated. Accordingly, the substrate can be pressed onto the substrate support
surface by applying a tension to the substrate by employing the substrate tensioning
device as described herein. Typically, the substrate tensioning device includes at
least one element having a surface with an adhesive arrangement which is configured

for attaching the substrate. The at least one element having the adhesive arrangement
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can be used to apply the tension to the substrate, e.g. by moving the at least one
clement with the adhesive arrangement to which the substrate is attached. The
surface of the least one element with the adhesive arrangement can be a flat surface
as exemplarily shown in FIG.1 A or a curved surface as exemplarily shown in

FIGS. 1B, 2 and 5.

[0019] In the present disclosure, an “adhesive arrangement” is to be understood as
an arrangement which is configured for providing an adhesive force for attaching a
substrate as described herein. In particular, the adhesive arrangement can be
configured such that the adhesive force between the adhesive arrangement and the
substrate is strong enough for applying a tension to the substrate when the adhesive
arrangement to which the substrate is attached is moved. More specifically, the
adhesive arrangement as described herein may include a dry adhesive material. For
instance, the dry adhesive material can be configured for providing the adhesive

force by van der Waals forces as outlined herein.

[0020] In the present disclosure, a “carrier for holding a substrate” is to be
understood as a carrier which is configured for holding a substrate as described
herein, particularly a substrate having a thickness of less than 500 um, particularly
less than 300 um; more particularly less than 200 um. According to the present
disclosure, the carrier includes a holding arrangement as described herein. Typically,
the substrate held or supported by the carrier as described herein includes a front
surface and a back surface, wherein the front surface is a surface of the substrate

being processed, for example on which a material layer is to be deposited.

[0021] In the present disclosure, the term “substrate” is to be understood as a thin
substrate, particularly a substrate having a thickness D selected from a range between
a lower limit of Dy > 5 um, particularly a lower limit of D> 20 um, more
particularly a lower limit of Dy > 40 um and an upper limit of Dy < 200 um,
particularly an upper limit of Dy < 300 um, more particularly an upper limit of
Dy <500 um. In particular, the substrate can be made of any material suitable for

material deposition. For instance, the substrate can be made of a material selected
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from the group consisting of glass (for instance soda-lime glass, borosilicate glass
etc.), metal, polymer, ceramic, compound materials, carbon fiber materials, mica or
any other material or combination of materials which can be coated by a deposition

Proccess.

[0022] According to some embodiments, the substrate can be a “large area
substrate” and may be used for display manufacturing. Alternatively, the substrate
can be a small substrate having a size of at least 50 mm x50 mm. For example, the
substrate may have a size of DIN A5, DIN A4, or DIN A3. For instance, the
substrate may be a glass or plastic substrate. For example, substrates as described
herein shall embrace substrates which are typically used for an LCD (Liquid Crystal
Display), a PDP (Plasma Display Panel), and the like. For instance, a “large areca
substrate” can have a main surface with an area of 0.5 m? or larger, particularly of 1
m? or larger. In some embodiments, a large area substrate can be GEN 4.5, which
corresponds to about 0.67 m? of substrate (0.73x0.92m), GEN 5, which corresponds
to about 1.4 m? of substrate (1.1 m x 1.3 m), GEN 7.5, which corresponds to about
4.29 m? of substrate (1.95 m x 2.2 m), GEN 8.5, which corresponds to about 5.7 m?
of substrate (2.2 m x 2.5 m), or even GEN 10, which corresponds to about 8.7 m? of
substrate (2.85 m x 3.05 m). Even larger generations such as GEN 11 and GEN 12

and corresponding substrate areas can similarly be implemented.

[0023] FIGS. 1A and 1B show schematic side views of a holding arrangement 100
according to embodiments described herein. The holding arrangement 100 for
holding a substrate 101 includes a substrate support 110 having a substrate support
surface 111 configured for supporting the substrate 101. For instance, the substrate
support surface 111 can be concave, as exemplarily shown in FIGS. 1A and 1B.
Further, the holding arrangement 100 includes a substrate tensioning device 120
configured for applying a force between the substrate 101 and the substrate support
surface 111. The substrate tensioning device includes at least one element 130 having
a surface 131 with an adhesive arrangement 140 configured for attaching the

substrate 101.
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[0024] Accordingly, beneficially an improved holding arrangement for thin
substrates, i.c. substrates having a thickness between 5 um and 500 pm is provided.
In particular, by providing a holding arrangement having a substrate tensioning
device as described herein, an improved contact between the substrate and the
substrate support can be provided. More specifically, by employing a holding
arrangement as described herein, a backside of the substrate can be pressed onto the
substrate support such that a substantially homogeneous contact force between the

backside of the substrate and the substrate support can be realized.

[0025] With exemplary reference to FIGS. 1A and 1B, according to some
embodiments, which can be combined with other embodiments described herein, the
substrate tensioning device 120 may include a substrate fixation element 122
configured for fixing one end of the substrate to the substrate support 110.
Accordingly, when the at least one element 130 with the adhesive arrangement 140
to which the substrate 101 is attached is moved, e.g. rotated as exemplarily indicated
with bowed arrow at the top of FIGS. 1A and 1B, a tension to the substrate 101 can
be applied. By applying a tension to the substrate, a contact force between the
backside of the substrate and the substrate support can be realized, as exemplarily
indicated by the arrows pointing towards the substrate support 110 in FIGS. 1A and
IB. Alternatively, a tension to the substrate may be applied by pulling one end of the
substrate over the at least one element 130 with the adhesive arrangement 140, such
that when the pulling force is released the tension to the substrate is maintained by

the attachment of the substrate 101 to the adhesive arrangement 140.

[0026] For example, the substrate fixation element 122 may be provided at a lower
end of the substrate support 110 and the at least one element 130 with the adhesive
arrangement 140 may be provided at an upper end of the substrate support, as
exemplarily shown in FIGS. 1A and 1B. Alternatively, the substrate fixation element
122 may be provided at the upper end of the substrate support 110 and the at least
one element 130 with the adhesive arrangement 140 may be provided at the lower
end of the substrate support (not explicitly shown). As another alternative, not

explicitly shown, the substrate fixation element 122 may be provided at a first side,
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¢.g. a left side, of the substrate support 110 and the at least one element 130 with the
adhesive arrangement 140 may be provided at a second side, e.g. a right side,
opposite to the first side of the substrate support. Accordingly, an improved holding
arrangement can be provided which is configured for improved contact between the
substrate and the substrate support, particularly improved thermal contact between

the substrate and the substrate support.

[0027] According to some embodiments, which can be combined with any other
embodiments described herein, the substrate support 110 can be a backing plate, e.g.
a backing plate of solid material, as exemplarily shown in FIGS. 1 A and 1B. In
particular, the backing plate may have a concave support surface configured for
supporting the substrate. For instance, the backing plate may be configured to
provide a thermal mass. Accordingly, the backing plate may be a thermal backing
plate. For instance, the backing plate can include and/or be made of aluminum,
aluminum alloys, titanium, alloys thercof, stainless steel or the like. According to
some embodiments, which can be combined with other embodiments described
herein, the backing plate can be configured to be heated or cooled. For example, the

backing plate may be provided with an active cooling and/or an active heating.

[0028] According to some embodiments, which can be combined with any other
embodiments described herein, the substrate support 110, e.g. the backing plate, may
be provided with a gas supply 115 for supplying a gas G, particularly an inert gas
like argon (Ar) or helium He, between the substrate 101 and the substrate support
110, as exemplarily shown in FIG. 2. For instance, the gas supply 115 may include a
recess pattern 116 on the substrate support surface 111 for providing the gas between
the substrate 101 and the substrate support 110. Further, the gas supply 115 may
include a piping 117 provided in the interior of the substrate support 110. For
instance, the piping 117 may include one or more conduits configured for providing
the gas between the substrate 101 and the substrate support 110, particularly to the
recess pattern 116, as exemplarily shown in FIG. 2. Accordingly, an enhanced and
homogenized thermal contact between the substrate and the substrate support can be

provided.

10
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[0029] With exemplary reference to FIG. 1A, according to some embodiments,
which can be combined with any other embodiments described herein, the surface
131 of the at least one element 130 with the adhesive arrangement 140 can be a flat
surface. Alternatively, the surface 131 of the at least one element 130 with the
adhesive arrangement 140 can be a curved surface, as exemplarily shown in FIGS.
1B and 2. For instance, the at least one element 130 can be a segment of a cylinder,
as exemplarily shown in FIGS. 1B and 2. Alternatively, the at least one element can
be a cylinder or a roller, as exemplarily shown in FIG. 3A. Typically, the at least one
element 130 is configured to be rotatable around a rotation axis 133. In particular, the
rotation axis 133 can be a horizontal rotation axis. More specifically, the rotation axis
133 may be parallel to a backside 101A of the substrate 101. According to another
embodiment (not explicitly shown) which can be combined with other embodiments
described herein, the rotation axis 133 can be a vertical rotation axis, particularly in
an embodiment in which the substrate fixation element 122 may be provided at a left
side of the substrate support 110 and the at least one element 130 with the adhesive

arrangement 140 may be provided at a right side of the substrate support.

[0030] According to some embodiments, which can be combined with any other
embodiments described herein, the adhesive arrangement 140 may include a plurality
of filaments 141, as exemplarily shown in FIGS. 2, 3A and 3B. For instance, the
filaments can be or include nanotubes, for instance carbon nanotubes. Additionally or
alternatively, the plurality of filaments 141 can be made of or include a polymeric
material, particularly a synthetic polymeric material. Each of the plurality filaments
can be a substantially longitudinal member. Specifically, each of the plurality
filaments can have one dimension that is larger than the remaining two dimensions.
In particular, the longest dimension of the filaments can be the length of the filament.

That is, the filaments can be clongated along a length direction.

[0031] As exemplarily shown in FIGS. 2, 3A and 3B, each filament of the plurality
of filaments 141 can be attached with one end to the surface 131 of the at least one
element 130. In particular, each filament of the plurality of filaments 141 can extend

away from the surface 131 of the at least one element 130. Accordingly, each

11
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filament of the plurality of filaments 141 can have a second end that is free.
Typically, the second end of a filament of the plurality of filaments 141 is configured
to be attachable to the substrate 101. More specifically, the second ends of the
filaments, particularly of each filament, of the plurality of filaments 141 can be
configured to adhere to the substrate 101 by van der Waals forces as outlined herein.
According to some embodiments which can be combined with any other
embodiments described herein, the adhesive arrangement 140 may be provided on a
specific portion of the at least one element 130, for example on a segment of a
cylindrical element, as exemplarily shown in FIG. 3A. Alternatively, the adhesive
arrangement 140 may be provided on the complete surface of the at least one element
130, for instance on the complete outer circumferential surface of the cylindrical

element (not explicitly shown).

[0032] According to some embodiments, which can be combined with any other
embodiments described herein, the adhesive arrangement 140 may include a dry
adhesive material configured for attaching the substrate 101. For instance, the dry
adhesive material can be a synthetic setac material. The adhesive capabilities of the
dry adhesive material, specifically of the synthetic setac material, can be related to
the adhesive properties of a gecko foot. The natural adhesive capability of the gecko
foot allows the animal to adhere to many types of surfaces under most conditions.
The adhesive capability of the gecko foot is provided by numerous hair-type
extensions, called setae, on the feet of the gecko. It is noted here that the term
“synthetic setac material” can be understood as a synthetic material which emulates
the natural adhesive capability of the gecko foot and which includes similar adhesive
capabilities to the gecko foot. Moreover, the term “synthetic setac material” can be
synonymously used with the term “synthetic gecko setac material” or with the term
“gecko tape material”. However, the present disclosure is not limited thereto and

other dry adhesive materials suitable for holding the substrate can be used.

[0033] According to some embodiments, which can be combined with any other
embodiments described herein, the dry adhesive material, for example the synthetic

setac material, can be inorganic. According to some embodiments described herein,

12
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the dry adhesive material can be substantially 100% inorganic. Moreover, the
microstructure of the dry adhesive material can include nanotubes. According to
some embodiments described herein, the microstructure of the dry adhesive material

includes carbon nanotubes.

[0034] According to embodiments, which can be combined with any other
embodiments described herein, the dry adhesive material can be a gecko adhesive.

For example, the gecko adhesive may be a gecko tape or a gecko element.

[0035] In the context of the present disclosure, a “gecko adhesive” can be
understood as an adhesive that mimics the ability of geckos’ feet to adhere to
surfaces, such as for example vertical surfaces. In particular, the dry adhesive
material of the adhesive arrangement 140 as described herein can be configured to
adhere to the substrate 101 due to van der Waals forces between the dry adhesive
material and a surface of the substrate 101, particularly a backside 101A of the
substrate 101. However, the present disclosure is not limited thereto and other

adhesives suitable for attaching the substrate can be used.

[0036] According to embodiments, which can be combined with any other
embodiments described herein, the adhesive force provided by the dry adhesive
material can be sufficient for attaching the substrate as described herein. In
particular, the dry adhesive material can be configured to provide an adhesive force
of about 20 mN/cm? or more, particularly 30 mN/cm? or more, more particularly

50 mN/cm? or more, for instance at least 0.2 N/cm?.

[0037] With exemplary reference to FIG. 3B showing an enlarged view of the at
least one element 130 shown in FIG. 3A, according to some embodiments, which can
be combined with any other embodiments described herein, the plurality of
filaments 141 are arranged on the surface 131 of the at least one element 130 with an
inclination angle o (alpha) of less than 90° relative to a surface tangent T on the
surface 131 of the at least one element 130. As exemplarily shown in FIG. 3B, a

surface tangent T according to the present disclosure is to be understood as a tangent

13
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T which is perpendicular to a surface normal N at the location at which the respective

filament is attached to the surface 131 of the at least one element 130.

[0038] In particular, the inclination angle o (alpha) of the individual filaments
relative to a surface tangent T at the respective attachment positions of the individual
filaments to the surface 131 of the at least one element 130 can be selected from a
range between a lower limit of op, > 20°, particularly a lower limit of o, > 30°, more
particularly a lower limit of oy, > 40° and an upper limit of oy < 60°, particularly an
upper limit of ay < 70; more particularly an upper limit of oy < 70°. According to
some specific examples, the inclination angle o (alpha) of the individual filaments of
the plurality of filaments relative to the surface tangent T can be o = 30°, particularly

o = 45°, more particularly 60°.

[0039] A configuration of the adhesive arrangement having a plurality of filaments
with an inclination angle o (alpha) as specified herein can be beneficial for

tensioning the substrate since a substrate pulling force can be increased.

[0040] With exemplary reference to FIG. 4A, according to embodiments which can
be combined with other embodiments described herein, the at least one element 130
with the adhesive arrangement 140 may be provided at an upper end 110A of the
substrate support 110 and a substrate fixation element 122 may be provided at a
lower end 110B of the substrate support 110. Alternatively, the at least one element
130 with the adhesive arrangement 140 may be provided at the lower end 110B of
the substrate support 110 and the substrate fixation element 122 may be provided at
an upper end 110A of the substrate support 110 (not explicitly shown).

[0041] With exemplary reference to FIG. 4B, according to some embodiments
which can be combined with other embodiments described herein, the substrate
tensioning device 120 may include a first element 130A having an adhesive
arrangement as described herein and a second element 130B having an adhesive
arrangement as described herein. In particular, the first element 130A can be
provided at an upper end 110A of the substrate support 110 and the second element
130B can be provided at a lower