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DEPOSITION APPARATUS FOR DEPOSITING EVAPORATED
MATERIAL AND METHODS THEREFOR

TECHNICAL FIELD

[0001] Embodiments of the disclosure relate to deposition apparatuses for
5 depositing one or more layers on a substrate, particularly a flexible substrate. In
particular, embodiments of the present disclosure relate to apparatuses for
coating a substrate with one or more layers, e.g. for thin-film solar cell
production, flexible display production or thin-film battery production. More
particularly, embodiments of the present disclosure relate to apparatuses and
10 methods for coating a flexible substrate in a roll-to-roll (R2R) process.
Specifically, embodiments of the present disclosure relate to a deposition
apparatus having a device for measuring a deposition rate of an evaporated
material to be deposited. Further, embodiments of the present disclosure relate to
methods of using a deposition rate measurement device, particularly for
15 preparing a deposition apparatus for a deposition process as well as for

measuring a deposition rate during material deposition.

BACKGROUND

[0002] Depositing thin layers on a flexible substrate is a production process
for many applications. The flexible substrates are coated in one or more
20 chambers of a flexible substrate coating apparatus. The flexible substrates, such
as foils made of plastics or pre-coated papers, are guided on rolls or drums and
pass in this way the source of deposition material. Possible applications of the
coated substrate range from providing coated foils for the packaging industry to
depositing thin films for flexible electronics and advanced technology

25 applications, such as smartphones, flat screen TVs and solar panels.
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[0003] Different deposition processes may be used to achieve a layer with
the desired properties. For instance, in a thermal evaporation deposition process,
evaporated material is deposited onto a substrate, e¢.g. a flexible substrate, for
providing a coating on the substrate. The properties and the functionality of the
coating, inter alia, depend on the coating thickness. Accordingly, there is a
demand to control the coating thickness to be within a predetermined range. For
instance, the coating thickness can be adjusted by adjusting a deposition rate of

the material to be deposited on the substrate.

[0004] Accordingly, there is a continuing demand for providing deposition
apparatuses with which the deposition rate can be adjusted with a high accuracy

and which can be maintained a comparably long time.

[0005] In view of the above, a deposition apparatus and methods therefor are
provided which are improved compared to conventional deposition systems and

methods therefor.

SUMMARY

[0006] In light of the above, a deposition apparatus for depositing
evaporated material onto a substrate, a method of preparing a deposition
apparatus for depositing evaporated material on a substrate, and a method of
measuring a deposition rate of evaporated material are provided. Further aspects,
advantages, and features are apparent from the dependent claims, the

description, and the accompanying drawings.

[0007] According to an aspect of the present disclosure, a deposition
apparatus for depositing evaporated material onto a substrate is provided. The
deposition apparatus includes a deposition source for providing evaporated
material, a material deposition zone provided between the deposition source and
the substrate, and a movable shutter provided in the material deposition zone.

Further, the deposition apparatus includes a deposition rate measurement device

PCT/EP2018/052798
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provided in the material deposition zone between the deposition source and the

movable shutter.

[0008] According to a further aspect of the present disclosure, a roll-to-roll
deposition apparatus for depositing evaporated material onto a flexible substrate

5 1is provided. The roll-to-roll deposition apparatus includes a deposition source for
providing evaporated material. The deposition source includes an evaporation
crucible being configured to evaporate the material to be deposited. Further, the
roll-to-roll deposition apparatus includes a material deposition zone provided
between the deposition source and the flexible substrate. The material deposition

10 zone has a conus-like shape with an opening angle a of 45° < o < 90° with
respect to a main deposition direction of the deposition source. Additionally, the
roll-to-roll deposition apparatus includes a movable shutter provided in the
material deposition zone. The movable shutter is movable between a first
position blocking evaporated material from being deposited onto the flexible

15 substrate and a second position allowing evaporated material to be deposited
onto the flexible substrate. Further, the roll-to-roll deposition apparatus includes

a deposition rate measurement device provided in an edge region of the material
deposition zone, particularly between the deposition source and the shutter. The
edge region is a region provided around the main deposition direction from the

20 opening angle o to a first angle al with respect to the main deposition direction,

the first angle a1l being 0.5 X a <ol <a.

[0009] According to another aspect of the present disclosure, a method of
preparing a deposition apparatus for depositing evaporated material on a
substrate is provided. The method includes evaporating a material to be
25 deposited using a deposition source, blocking the evaporated material from
being deposited onto the substrate by employing a movable shutter provided in a
material deposition zone provided between the deposition source and the
substrate, and measuring a deposition rate by a deposition rate measurement
device provided in the material deposition zone, particularly between the

30 deposition source and the shutter.
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[0010] According to a further aspect of the present disclosure, a deposition
apparatus for depositing evaporated material onto a substrate is provided. The
deposition apparatus includes a deposition source for providing evaporated
material, a material deposition zone provided between the deposition source and
the substrate, a deposition rate measurement device provided in the material
deposition zone, and a movable shutter provided in the material deposition zone.
The movable shutter is configured to be moved in a first position, a second
position and a third position. The first position is a position in which evaporated
material is blocked from being deposited on the substrate as well as blocked
from being deposited on the deposition rate measurement device. The second
position is a position in which evaporated material is blocked from being
deposited on the substrate and allowed to be deposited on the deposition rate
measurement device. The third position is a position in which evaporated
material is allowed to be deposited on the substrate as well as allowed to be

deposited on the deposition rate measurement device.

[0011] According to a further aspect of the present disclosure, a method of
measuring a deposition rate of evaporated material is provided. The method
includes depositing evaporated material on a substrate using a deposition source.
Further, the method includes measuring a deposition rate by a deposition rate
measurement device provided in an edge region of a material deposition zone.
The material deposition zone has a conus-like shape with an opening angle o of
45° < o < 90° with respect to a main deposition direction of the deposition
source. The edge region is a region provided around the main deposition
direction from the opening angle a to a first angle ol with respect to the main

deposition direction, the first angle al being 0.5 x o < al < a.

[0012] 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

PCT/EP2018/052798
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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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] 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:

FIG. 1A shows a schematic view of a deposition apparatus according to
embodiments described herein, wherein a movable shutter is shown in a
blocking position for preventing evaporated material from being deposited onto

the substrate;

FIG. 1B shows a schematic view of a deposition apparatus according to
embodiments described herein, wherein the movable shutter is shown in a non-
blocking position allowing evaporated material to be deposited onto the

substrate;

FIG. 2 shows a schematic view of a deposition apparatus according to

further embodiments described herein;

FIG.3A shows a schematic view of a deposition apparatus according to
embodiments described herein, wherein a further movable shutter is shown in a
blocking position for preventing evaporated material from being deposited onto

a deposition rate measurement device;

FIG.3B shows a schematic view of a deposition apparatus according to
embodiments described herein, wherein the further movable shutter is shown in
a non-blocking position allowing evaporated material to be detected by the

deposition rate measurement device;

PCT/EP2018/052798
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FIG. 4A shows a schematic view of a deposition apparatus according to

further other embodiments described herein;

FIGS. 4B to 4D show a schematic view of a deposition apparatus
according to further embodiments described herein, wherein the movable shutter
is shown in a first position T1 (FIG. 4B), a second position T2 (FIG. 4C) and a
third position T3 (FIG. 4D);

FIG. 5 shows a schematic view of a deposition apparatus according to
embodiments described herein, the deposition apparatus being a roll-to-roll

deposition apparatus;

FIGS. 6A and 6B show flowcharts for illustrating a method of preparing a
deposition apparatus for depositing evaporated material on a substrate according

to embodiments described herein; and

FI1G.7 shows a flowchart for illustrating a method of measuring a deposition

rate of evaporated material according to embodiments described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] Reference will now be made in detail to the various embodiments of
the disclosure, one or more examples of which are illustrated in the figures.
Within the following description of the drawings, the same reference numbers
refer to same components. Only the differences with respect to individual
embodiments are described. Each example is provided by way of explanation of
the disclosure and is not meant as a limitation of the disclosure. Further, features
illustrated or described as part of one embodiment can be used on or in
conjunction with other embodiments to yield yet a further embodiment. It is

intended that the description includes such modifications and variations.

[0015] With exemplary reference to FIGS. 1A and 1B, a deposition
apparatus 100 for depositing evaporated material onto a substrate 101 according

to the present disclosure is described herein. According to embodiments which

PCT/EP2018/052798
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can be combined with any other embodiments described herein, the deposition
apparatus 100 includes a deposition source 110 for providing evaporated
material. Further, the deposition apparatus 100 includes a material deposition
zone 111 provided between the deposition source 110 and the substrate 101.
Additionally, a movable shutter 120 is provided in the material deposition zone
111. As exemplarily shown in FIGS. 1A and 1B, the deposition apparatus 100
includes a deposition rate measurement device 130 provided in the material
deposition zone 111. In particular, the deposition rate measurement device 130 is
provided between the deposition source 110 and the movable shutter 120. More
specifically, the deposition rate measurement device 130 is arranged in a space S
of the material deposition zone 111, which is delimited by the deposition source
on the one side and a plane defined by a surface of the movable shutter in a

blocking position on the other side, as exemplarily shown in FIG. 1A.

[0016] FIG. 1A shows a schematic view of a deposition apparatus 100
according to embodiments described herein, wherein the movable shutter 120 is
in a blocking position for preventing evaporated material from being deposited
onto the substrate 101. FIG. 1B shows a schematic view of the deposition
apparatus, wherein the movable shutter 120 is in a non-blocking position

allowing evaporated material to be deposited onto the substrate 101.

[0017] Accordingly, embodiments of the deposition apparatus as described
herein are improved compared to conventional deposition apparatus. In
particular, embodiments of the present disclosure beneficially provide for the
possibility to adjust and control a deposition rate prior to material deposition on
the substrate. For instance, beneficially the deposition apparatus as described
herein is configured such that when a preselected deposition rate of evaporated
material has been achieved, the substrate to be coated is exposed to the
evaporated material by moving the movable shutter from a blocking position
(see, e.g., FIG. 1A) to a non-blocking position (see, ¢.g., FIG. 1B). Accordingly,

the deposition rate measurement device can be employed for adjusting the

PCT/EP2018/052798
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deposition rate to a preselected target deposition rate as well as for controlling

the target deposition rate during material deposition.

[0018] Before various further embodiments of the present disclosure are
described in more detail, some aspects with respect to some terms used herein

are explained.

[0019] In the present disclosure, the term “substrate” may embrace flexible
substrates such as a web or a foil. However, the present disclosure is not limited
thereto, and the term “substrate” may also embrace substantially inflexible
substrates, e.g., a wafer, slices of transparent crystal such as sapphire or the like,
or a glass plate. The term “substantially inflexible” is understood to be
distinguished over “flexible”. Specifically, a substantially inflexible substrate
can have a certain degree of flexibility, e.g. a glass plate having a thickness of
0.5 mm or below, wherein the flexibility of the substantially inflexible substrate

is small in comparison to the flexible substrates.

[0020] According to embodiments described herein, the substrate may be
made of any material suitable for material deposition. For instance, the substrate
may be made of a material selected from the group consisting of glass (for
instance sodalime glass, borosilicate glass etc.), metal, polymer, ceramic,
compound materials, carbon fiber materials or any other material or combination
of materials which can be coated by a deposition process. In particular, a
“flexible substrate” may be understood as a substrate that is bendable. In
particular, a flexible substrate as referred to herein may be understood as a
substrate suitable for being coated in an evaporation apparatus, in particular in a
reactive evaporation apparatus. For example, the flexible substrate may be a foil
or a web, e.g. foil or a web made of or containing plastics and polymers (such as
polypropylene, PET substrates, substrates made of or containing OPP, BOPP,
CPP, PE, LDPE, HDPE, OPA, PET), pre-coated paper, or biodegradable films
(such as PLA).

PCT/EP2018/052798
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[0021] In the present disclosure, a “deposition source” can be an evaporation
source for evaporation of material. Accordingly, a deposition source as
described herein can be understood as a device or assembly configured for
providing evaporated material to be deposited on a substrate. In particular, a
deposition source as described herein typically includes a crucible having a
reservoir for the material to be evaporated by heating the crucible. The reservoir
can have an inner volume for receiving the source material to be evaporated, ¢.g.
an organic material. For example, the inner volume of the crucible can be
between 100 cm?® and 3000 cm?, particularly between 700 cm® and 1700 cm?,

more particularly 1200 cm?.

[0022] For instance, the material to be evaporated may be a material having
an evaporation temperature of about 100°C to about 600°C. In particular, the
material to be evaporated can be an organic material, for instance for organic
light emitting diode (OLED) production. For instance, initially the material to be
evaporated can be in the form of a powder. According to another configuration,
a crucible as described herein may be equipped with a material supply for
delivering the material to be evaporated to the crucibles. For example, the
material to be evaporated may be supplied to the evaporation crucible in the

form of a wire which may be melted by the crucible.

[0023] Accordingly, a crucible can be understood as a material reservoir
which can be heated to vaporize the material into a gas by at least one of
evaporation and sublimation of the material contained in the crucible. In
particular, a crucible as described herein may be configured for heating the
material delivered to the crucibles to the melting temperature and further to the

evaporation temperature of the respective material to be evaporated.

[0024] In the present disclosure, a “material deposition zone” can be
understood as the zone or space between the deposition source and the substrate
to be coated. In particular, the material deposition zone is the zone or space in

which during operation of the deposition source evaporated material is provided.

PCT/EP2018/052798
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[0025] In the present disclosure, a “movable shutter” may be understood as a
movable element which can be arranged between the deposition source and the
substrate to be coated, such that evaporated material originating from the
deposition source is prevented from being deposited on the substrate. Further,
the movable shutter can be configured to be arranged between the deposition
source and the deposition rate measurement device such that evaporated material
originating from the deposition source is prevented from being deposited on the
deposition rate measurement device. In particular, a “movable shutter” may be
understood as an element which is configured to be moved in the material
deposition zone as described herein. Accordingly, a movable shutter can be
configured for controlling an access of evaporated material to the substrate

and/or deposition rate measurement device as described herein.

[0026] In the present disclosure, a “deposition rate measurement device” can
be understood as a device configured for measuring a deposition rate of
evaporated material. For instance, the deposition rate measurement device can
be a mechanical measurement device, e.g. having a quartz crystal resonator, or

an optical measurement device, e.g. having a camera.

[0027] As can be seen from FIGS. 1A and 1B, according to embodiments
which can be combined with other embodiments described herein, the movable
shutter 120 is movable between a blocking position and a non-blocking position.
The dotted arrows in FIGS. 1A and 1B symbolize evaporated material
originating from the deposition source 110. In particular, the blocking position is
a first position P1 (see FIG. 1A) preventing evaporated material from being
deposited onto the substrate and the non-blocking position is a second position
P2 (see FIG. 1B) allowing evaporated material to be deposited onto the
substrate. As shown in FIGS. 1A and 1B, irrespective of whether the movable
shutter 120 is in the first position P1 or the second position P2, the deposition
rate measurement device 130 is arranged such that a deposition rate of
evaporated material originating from the deposition source 110 can be measured

by the deposition rate measurement device 130.

10
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[0028] With exemplary reference to FIG. 2, according to embodiments
which can be combined with other embodiments described herein, the deposition
rate measurement device 130 is arranged in an edge region 111E of the material
deposition zone 111. In the present disclosure, an “edge region of the material
deposition zone” can be understood as the region or space of the material
deposition zone in which evaporated material originating from the deposition
source does not hit the substrate. Accordingly, the arrangement of the deposition
rate measurement device 130 in the edge region 111E of the material deposition
zone 111 does not prevent evaporated material from being deposited on the

substrate 101.

[0029] As exemplarily shown in FIG. 2, according to embodiments which
can be combined with other embodiments described herein, the deposition
source 110 has a main deposition direction 112. In particular, the main
deposition direction 112 can be understood as the direction of evaporated
material which originates perpendicularly from the deposition source. More
specifically, the main deposition direction 112 may be the direction of
evaporated material which originates perpendicularly from the deposition source

and also hits the substrate perpendicularly.

[0030] Typically, the material deposition zone 111 can have a conus-like
shape with an opening angle o of 45° < o < 90° with respect to a main deposition
direction 112 of the deposition source, as exemplarily illustrated in FIG. 2.
Accordingly, the opening angle o can be understood as the angle between the
main deposition direction 112 (o =0°) and the edge 113 of the material
deposition zone 111. The edge region 111E of the material deposition zone 111
is a region provided around the main deposition direction 112 from the opening
angle a to a first angle al being smaller than the opening angle a. Accordingly,
the edge region 111E of the material deposition zone 111 can be understood as
the region delimited by edge 113 of the material deposition zone 111 and a
material deposition direction originating from the deposition source 110 with an

angle B of B = a- a; with respect to the main deposition direction 112. In

11
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particular, the first angle o, has a value selected from the range of 0.5 x a <oy <

a.

[0031] As schematically shown in FIG. 2, according to some embodiments
which can be combined with other embodiments described herein, the deposition
rate measurement device 130 includes an oscillation crystal 131 for measuring a
deposition rate. An “oscillation crystal” may be understood as an oscillation
crystal which is configured for measuring a mass variation of deposited material
on the oscillation crystal per unit areca by measuring the change in frequency of
an oscillation crystal resonator. In particular, in the present disclosure an
oscillation crystal may be understood as a quartz crystal resonator. Accordingly,
an oscillation crystal as described is configured for measuring the deposition rate

and can be a quartz crystal microbalance (QCM).

[0032] With exemplary reference to FIG. 2, according to some embodiments
which can be combined with other embodiments described herein, the deposition
rate measurement device 130 is arranged such that a detection surface 132 of the
oscillation crystal 131 is oriented to be perpendicular to an evaporation direction
of the deposition source, which can be beneficial for high accuracy
measurements. The term “evaporation direction” can be understood as a
direction of a stream of evaporated material originating from the deposition

source.

[0033] With exemplary reference to FIGS. 3A and 3B, according to some
embodiments which can be combined with other embodiments described herein,
deposition apparatus 100 can include a further movable shutter 140 provided in
the material deposition zone 111 between the deposition source 110 and the
deposition rate measurement device 130. Accordingly, the “further movable
shutter” as described herein can be understood as a movable element which can
be arranged between the deposition rate measurement device and the deposition
source. Typically, the movable shutter is configured for preventing evaporated
material originating from the deposition source from being detected by the

deposition rate measurement device. Accordingly, the further movable shutter is

12
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configured for controlling an access of evaporated material to the deposition rate

measurement device.

[0034] As can be seen from FIG. 3A and 3B, according to embodiments
which can be combined with other embodiments described herein, the further
movable shutter 140 is movable between a further blocking position P3 and a
further non-blocking position P4. In particular, the further blocking position P3
is a position in which evaporated material is prevented from being deposited
onto the deposition rate measurement device 130. The further non-blocking
position P4 is a position allowing evaporated material to be detected by the

deposition rate measurement device 130.

[0035] With exemplary reference to FIG. 3B, according to some
embodiments which can be combined with other embodiments described herein,
the movable shutter 120 may include a thermal protection shield 121.
Additionally or alternatively, the movable shutter 120 can include a thermal
element 122. In particular, the thermal element 122 can be a cooling element for

actively cooling the movable shutter 120.

[0036] Accordingly, in a blocking position of the movable shutter 120, i.e.
the first position P1, beneficially the substrate can be protected from heat
exposure resulting from the evaporated material. In particular, the thermal
protection shield 121 may be configured for reflecting heat energy provided by
evaporated material provided from the deposition source 110. For instance, the
thermal protection shield 121 may be a plate, for example a sheet metal.
Alternatively, the thermal protection shield 121 may include two or more plates,
particularly two of more metal sheets, which may be spaced with respect to each
other, for example by a gap of 0.1 mm or more. For example, the sheet metal
may have a thickness of 0.1 mm to 3.0 mm. In particular, the thermal protection
shield may include a ferrous or non-ferrous material, for example at least one
material selected from the group consisting of copper (Cu), aluminum (Al),
copper alloy, aluminum alloy, brass, iron, titanium (Ti), ceramic and other

suitable materials.

13
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[0037] With exemplary reference to FIG. 3B, according to some
embodiments which can be combined with other embodiments described herein,
the further movable shutter 140 may include a further thermal protection shield
141. Additionally or alternatively, the further movable shutter 140 can include a
further thermal element 142. In particular, the further thermal element 142 can

be a cooling element for actively cooling the further movable shutter 140.

[0038] Accordingly, in a blocking position of the further movable shutter
140, i.e. the further blocking position P3, beneficially the deposition rate
measurement device 130 can be protected from heat exposure resulting from the
evaporated material. Further, it is to be understood that the further thermal
protection shield 141 can be configured in the same way as the thermal
protection shield 121, e.g. including two or more plates as described for the

thermal protection shield 121.

[0039] According to some embodiments which can be combined with other
embodiments described herein, the further thermal element 142 can be
configured for applying heat to the deposition rate measurement device,
particularly the oscillation crystal 131. Accordingly, beneficially the oscillation
crystal 131 can be cleaned by heating, particularly by providing a heating
temperature which corresponds to the evaporation temperature of evaporated

material deposited on the oscillation crystal 131.

[0040] As exemplarily shown in FIG. 4A, according to some embodiments
which can be combined with other embodiments described herein, the second
position P2 of the movable shutter 120 allowing evaporated material to be
deposited onto the substrate can be a position in which evaporated material is
prevented by the shutter from being deposited onto the deposition rate
measurement device 130. Accordingly, beneficially the movable shutter 120
may have a dual function, i.e. blocking and unblocking the substrate as well as

blocking and unblocking the deposition rate measurement device.

14
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[0041] According to some embodiments which can be combined with other
embodiments described herein, the thermal element 122 of the movable
shutter 120 can be configured for applying heat. Providing the movable shutter
120 with a thermal element configured for applying heat can be beneficial for a
configuration in which the movable shutter fulfills a dual function as
exemplarily shown in FIG. 4A. In particular, the thermal element 122 of the
movable shutter 120 can be employed for cleaning the oscillation crystal 131 in
a similar way as described for the further thermal element 142 of the further
movable shutter 140.

[0042] With exemplary reference to FIG. 4A, according to some
embodiments which can be combined with other embodiments described herein,
the movable shutter 120 may be movable from a second position P2, in which
evaporated material is prevented by the movable shutter 120 from being
deposited onto the deposition rate measurement device 130, to a third position
P2’. As exemplarily shown in FIG. 4A, typically the third position P2’ is a
position of the movable shutter 120 in which evaporated material can be
deposited on the substrate 101 and can be detected by the deposition rate

measurement device 130.

[0043] With exemplary reference to FIGS. 4B to 4D, an embodiment of the
deposition apparatus for depositing evaporated material onto a substrate is
described which can be combined with other embodiments described herein. As
shown in FIGS. 4B to 4D, the deposition apparatus 100 includes a deposition
source 110 for providing evaporated material; a material deposition zone 111
provided between the deposition source 110 and the substrate 101; a deposition
rate measurement device 130 provided in the material deposition zone 111; and
a movable shutter 120 provided in the material deposition zone 111. The
movable shutter is configured to be moved in a first position T1, a second
position T2 and a third position T3. As shown in FIG. 4B, the first position T1 is
a position in which evaporated material is blocked from being deposited on the

substrate 101 as well as blocked from being deposited on the deposition rate

15
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measurement device 130. As shown in FIG. 4C, the second position T2 is a
position in which evaporated material is blocked from being deposited on the
substrate 101 and allowed to be deposited on the deposition rate measurement
device 130. As shown in FIG. 4D, the third position T3 is a position in which
evaporated material is allowed to be deposited on the substrate 101 as well as
allowed to be deposited on the deposition rate measurement device 130.
Accordingly, it is to be understood that the movable shutter 120 can be
configured to be moved to three different positions (i.e. a first position T1, a
second position T2, and a third position T3), such that three different states of
the movable shutter can be provided, as exemplarily shown in FIGS. 4B to 4D.
Accordingly, a deposition apparatus is provided in which a single shutter
provides for blocking and unblocking a substrate as well as for blocking and

unblocking a deposition rate measurement device.

[0044] According to some embodiments which can be combined with other
embodiments described herein, the deposition apparatus 100 is a roll-to-roll
deposition apparatus, as schematically shown in FIG. 5. Accordingly, the
substrate can be a flexible substrate. Further, the deposition apparatus may have
at least one roll configured for transporting the flexible substrate. For instance,
the at least one roll configured for transporting the flexible substrate may be a
processing drum 150 as exemplarily shown in FIG. 5. Accordingly, a
“processing drum” is to be understood as a roll or roller which is used during
processing, ¢.g. coating, of a flexible substrate as described herein. In particular,
a “processing drum” is to be understood as a roller which is configured to
support a flexible substrate during processing. More specifically, the processing
drum as described herein may be arranged and configured such that the flexible
substrate, e.g. a foil or a web, is wound around at least a part of the processing
drum. For instance, during processing, typically the flexible substrate is in

contact with at least a lower portion of the processing drum.

[0045] Further, as exemplarily shown in FIG. 5, typically the deposition

apparatus 100 includes a vacuum deposition chamber 160. In particular, a
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“vacuum deposition chamber” is to be understood as a chamber configured for
vacuum deposition. The term “vacuum”, as used herein, can be understood in the
sense of a technical vacuum having a vacuum pressure of less than, for example,
10 mbar. Typically, the pressure in a vacuum chamber as described herein may
be between 10-° mbar and about 10-® mbar, more typically between 10 mbar
and 10”7 mbar, and even more typically between about 10 mbar and about 10”7
mbar. According to some embodiments, the pressure in the vacuum chamber
may be considered to be cither the partial pressure of the evaporated material
within the vacuum chamber or the total pressure (which may approximately be
the same when only the evaporated material is present as a component to be
deposited in the vacuum chamber). In some embodiments, the total pressure in
the vacuum chamber may range from about 10 mbar to about 107 mbar,
especially in the case that a second component besides the evaporated material is

present in the vacuum chamber (such as a gas or the like).

[0046] With exemplarily reference to FIG. 5, according to some
embodiments which can be combined with other embodiments described herein,
the deposition apparatus 100 may include a first spool chamber 161, the vacuum
deposition chamber 160 arranged downstream from the first spool chamber 161,
and a second spool chamber 162 arranged downstream from the vacuum
deposition chamber 160. The first spool chamber 161 typically houses a storage
spool 151 with a flexible substrate wound thereon, and the second spool
chamber 162 typically houses a wind-up spool 152 for winding the coated
flexible substrate thereon after deposition. Further, a roller assembly 115
comprising a plurality of rolls or rollers can be provided for transporting the
substrate along a substrate transportation path from the storage spool 151

through the vacuum deposition chamber 160 to the wind-up spool 152.

[0047] The term “downstream from” as used herein may refer to the position
of the respective chamber or of the respective component with respect to another
chamber or component along the substrate transportation path. For example,

during operation, the substrate is guided from the first spool chamber 161
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through the vacuum deposition chamber 160 and subsequently guided to the
second spool chamber 162 along the substrate transportation path via the roller
assembly 115. Accordingly, the vacuum deposition chamber 160 is arranged
downstream from the first spool chamber 161, and the second spool chamber

162 is arranged downstream from the vacuum deposition chamber 160.

[0048] According to some embodiments which can be combined with other
embodiments described herein, the deposition apparatus can include two or more
compartments, cach compartment having a deposition source as described
herein, a deposition rate measurement device, and a movable shutter as
described herein. Further, each compartment of the two or more compartments
may include a further movable shutter as described herein. For illustration
purposes, FIG. 5 shows an embodiment having three compartments, namely a
first compartment 171, a second compartment 172 and a third compartment 173.
The first compartment 171 includes a first deposition source 110A, a first
movable shutter 120A and a first deposition rate measurement device 130A. The
second compartment 172 includes a second deposition source 110B, a second
movable shutter 120B and a second deposition rate measurement device 130B.
The third compartment 173 includes a third deposition source 110C, a third

movable shutter 120C and a third deposition rate measurement device 130C.

[0049] Accordingly, according to an exemplary embodiment which can be
combined with other embodiments described herein, a roll-to-roll deposition
apparatus for depositing evaporated material onto a flexible substrate is
provided. In particular, the roll-to-roll deposition apparatus may include a
deposition source for providing evaporated material, ¢.g. a first deposition
source 110A, a second deposition source 110B and/or a third deposition source
110C. Typically, the deposition source includes an evaporation crucible being
configured to evaporate the material to be deposited. Further, typically a material
deposition zone is provided between the deposition source and the flexible
substrate. For instance, as described with reference to FIG. 2, the material

deposition zone can have a conus-like shape with an opening angle o of 45° <«
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< 90° with respect to a main deposition direction of the deposition source.
Further, the roll-to-roll deposition apparatus typically includes a movable shutter
provided in the material deposition zone, e.g. a first movable shutter 120A, a

second movable shutter 120B, and/or a third movable shutter 120C.

[0050] As described herein, the movable shutter is configured to be movable
between a first position P1 and a second position P2. The first position P1 is a
position of the shutter preventing evaporated material from being deposited onto
the flexible substrate and the second position P is a position of the shutter
allowing evaporated material to be deposited onto the flexible substrate. Further,
the roll-to-roll deposition apparatus includes a deposition rate measurement
device, e.g. a first deposition rate measurement device 130A, a second
deposition rate measurement device 130B, and/or a third deposition rate
measurement device 130C. Typically, the deposition rate measurement device is
provided in an edge region 111E of the material deposition zone between the
deposition source and the shutter when the shutter is in the first position. As
exemplarily described with reference to FIG. 2, the edge region of the material
deposition zone is a region provided around the main deposition direction from
the opening angle o to a first angle al with respect to the main deposition
direction 112. In particular, the first angle a1l has a value selected from the range

of 0.5 xa<al <.

[0051] With exemplary reference to the flowcharts shown in FIGS. 6A
and 6B, a method 200 of preparing a deposition apparatus for depositing
evaporated material on a substrate 101 according to the present disclosure is
described. The method 200 includes evaporating (block 210) a material to be
deposited using a deposition source 110, particularly a deposition source as
described herein. Additionally, the method includes preventing (block 220) the
evaporated material from being deposited onto the substrate 101 by employing a
movable shutter 120, particularly a movable shutter as described herein.
Typically, the movable shutter is provided in a material deposition zone 111

provided between the deposition source 110 and the substrate 101, as
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exemplarily described with reference to FIGS. 1A and 1B. Further, the method
200 includes measuring (block 230) a deposition rate by a deposition rate
measurement device 130 provided in the material deposition zone 111 between
the deposition source 110 and the movable shutter 120. Typically, the deposition
rate measurement device 130 is a deposition rate measurement device as

described herein.

[0052] As exemplarily shown in FIG. 6B, according to some embodiments
which can be combined with other embodiments described herein, the method
200 further includes moving (block 240) the movable shutter 120 for unblocking
the substrate when a preselected deposition rate has been measured by the

deposition rate measurement device 130.

[0053] Accordingly, beneficially a method is provided with which a
deposition rate prior to material deposition on the substrate can be adjusted and
controlled such that when a preselected deposition rate of evaporated material
has been achieved, the substrate to be coated can be exposed to the evaporated
material by moving the movable shutter from a blocking position (see, e.g.,

FIG. 1A) to a non-blocking position (see, ¢.g., FIG. 1B).

[0054] With exemplary reference to the flowchart shown in FIG. 7, a method
300 of measuring a deposition rate of evaporated material according to the
present disclosure is described. The method 300 includes depositing (block 310)
evaporated material on a substrate 101 using a deposition source 110,
particularly a deposition source as described herein. Further, the method 300
includes measuring (block 320) a deposition rate by a deposition rate
measurement device 130, particularly a deposition rate measurement device as
described herein. Typically, the deposition rate measurement device 130 is
provided in an edge region 111E of a material deposition zone 111, as
exemplarily described with reference to FIG. 2. In particular, the material
deposition zone can have a conus-like shape with an opening angle o of 45° <«
< 90° with respect to a main deposition direction 112 of the deposition source

110, e.g. as described with reference to FIG. 2. In particular, the edge region
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111E can be a region provided around the main deposition direction 112 from
the opening angle o to a first angle al with respect to the main deposition
direction 112. Typically, the first angle a1 has a value selected from the range of

05xa<al <.

5 [0055] In view of the embodiments described herein, it is to be understood
that the embodiments of the deposition apparatus and the embodiments of the
methods therefor are improved with respect to the state of the art. In particular,
embodiments of the present disclosure provide for the possibility to adjust and
control a deposition rate prior to material deposition on the substrate. When a

10 preselected deposition rate of evaporated material has been achieved and
measured, the substrate to be coated can be exposed to the evaporated material
by moving a movable shutter from a blocking position to a non-blocking
position. Accordingly, embodiments of the present disclosure have the
advantage that the same set up can be used for adjusting a deposition rate prior

15 to coating the substrate as well as for controlling the adjusted deposition rate

during the coating process.

[0056] While the foregoing is directed to embodiments, other and further
embodiments may be devised without departing from the basic scope, and the

scope is determined by the claims that follow.
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CLAIMS

A deposition apparatus (100) for depositing evaporated material
onto a substrate (101), comprising:

- a deposition source (110) for providing evaporated material;

- a material deposition zone (111) provided between the deposition
source (110) and the substrate (101);

- a movable shutter (120) provided in the material deposition zone
(111); and

- a deposition rate measurement device (130) provided in the
material deposition zone (111) between the deposition source (110)

and the movable shutter (120).

The deposition apparatus (100) according to claim 1, wherein the
movable shutter (120) is movable between a blocking position and a

non-blocking position (122).

The deposition apparatus (100) according to claim 2, wherein the
blocking position is a first position (P1) preventing evaporated
material from being deposited onto the substrate, and wherein the
non-blocking position is a second position (P2) allowing evaporated

material to be deposited onto the substrate.

The deposition apparatus (100) according to any of claims 1 to 3,
wherein the deposition rate measurement device (130) is arranged in

an edge region (111E) of the material deposition zone (111).

The deposition apparatus (100) according to any of claims 1 to 4,
wherein the deposition rate measurement device (130) comprises an

oscillation crystal (131) for measuring a deposition rate.
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11.

The deposition apparatus (100) according to claim 5, wherein the
deposition rate measurement device (130) is arranged such that a
detection surface (132) of the oscillation crystal (131) is oriented to
be perpendicular to an evaporation direction of the deposition

source.

The deposition apparatus (100) according to any of claims 1 to 6,
comprising a further movable shutter (140) provided in the material
deposition zone (111) between the deposition source (110) and the

deposition rate measurement device (130).

The deposition apparatus (100) according to any of claims 1 to 7,
wherein the further movable shutter (140) is movable between a
further blocking position (P3) preventing evaporated material from
being deposited onto the deposition rate measurement device (130)
and a further non-blocking position (P4) allowing evaporated
material to be detected by the deposition rate measurement device

(130).

The deposition apparatus (100) according to any of claims 1 to 8,
wherein the movable shutter (120) comprises a thermal protection

shield (121) and/or a thermal element (122).

The deposition apparatus (100) according to any of claims 7 to 9,
wherein the further movable shutter (140) comprises a further
thermal protection shield (141) and/or a further thermal element
(142).

The deposition apparatus (100) according to any of claims 1 to 9,

wherein the substrate is a flexible substrate, and wherein the
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deposition apparatus further comprises at least one roll for

transporting the flexible substrate.

12. A deposition apparatus (100) for depositing evaporated material
onto a substrate (101), comprising:
5 - a deposition source (110) for providing evaporated material;

- a material deposition zone (111) provided between the deposition
source (110) and the substrate (101);
- a deposition rate measurement device (130) provided in the
material deposition zone (111); and

10 - a movable shutter (120) provided in the material deposition zone
(111); wherein the movable shutter is configured to be moved in a
first position (T1), a second position (T2) and a third position (T3),
wherein the first position (T1) is a position in which evaporated
material is blocked from being deposited on the substrate (101) as

15 well as blocked from being deposited on the deposition rate
measurement device (130),
wherein the second position (T2) is a position in which evaporated
material is blocked from being deposited on the substrate (101) and
allowed to be deposited on the deposition rate measurement device

20 (130), and
wherein the third position (T3) is a position in which evaporated
material is allowed to be deposited on the substrate (101) as well as

allowed to be deposited on the deposition rate measurement device

(130).

25 13. A roll-to-roll deposition apparatus for depositing evaporated
material onto a flexible substrate, comprising:
- a deposition source (110) for providing evaporated material, the
deposition source (110) having an evaporation crucible being

configured to evaporate the material to be deposited;
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- a material deposition zone (111) provided between the deposition
source (110) and the flexible substrate, the material deposition zone
(111) having a conus-like shape with an opening angle o of

45° < o < 90° with respect to a main deposition direction (112) of
the deposition source;

- a movable shutter (120) provided in the material deposition zone
(111), the movable shutter (120) being movable between a first
position preventing evaporated material from being deposited onto
the flexible substrate and a second position allowing evaporated
material to be deposited onto the flexible substrate; and

- a deposition rate measurement device (130) provided in an edge
region (111E) of the material deposition zone (111), particularly
between the deposition source (110) and the movable shutter (120),
the edge region (111E) being a region provided around the main
deposition direction (112) from the opening angle o to a first angle
al with respect to the main deposition direction (112), the first angle

al being 0.5 x a<al <a.

A method (200) of preparing a deposition apparatus for depositing
evaporated material on a substrate (101), the method comprising:

- evaporating a material to be deposited using a deposition

source (110);

- preventing the evaporated material from being deposited onto the
substrate (101) by employing a movable shutter (120) provided in a
material deposition zone (111) provided between the deposition
source (110) and the substrate (101); and

- measuring a deposition rate by a deposition rate measurement
device (130) provided in the material deposition zone (111),
particularly between the deposition source (110) and the movable

shutter (120).
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A method (300) of measuring a deposition rate of evaporated
material; the method comprising:

- depositing evaporated material on a substrate (101) using a
deposition source (110);

- measuring a deposition rate by a deposition rate measurement
device (130) provided in an edge region (111E) of a material
deposition zone (111), wherein the material deposition zone (111)
having a conus-like shape with an opening angle o of 45° < < 90°
with respect to a main deposition direction (112) of the deposition
source (110), the edge region (111E) being a region provided around
the main deposition direction (112) from the opening angle o to a
first angle al with respect to the main deposition direction (112), the

first angle al being 0.5 x a <al <.
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