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MEASUREMENT ASSEMBLY FOR MEASURING A DEPOSITION RATE,
EVAPORATION SOURCE, DEPOSITION APPARATUS, AND METHOD
THEREFOR

TECHNICAL FIELD

[0001] The present disclosure relates to a measurement assembly for measuring a
deposition rate of an evaporated material, an evaporation source for evaporation of
material, a deposition apparatus for applying material to a substrate and a method for
measuring a deposition rate of an evaporated material. The present disclosure
particularly relates to a measurement assembly for measuring a deposition rate of an
evaporated organic material and a method therefor. Further, the present disclosure
particularly relates to devices including organic materials therein, e.g. an evaporation

source and a deposition apparatus for organic material.

BACKGROUND

[0002] Organic evaporators are a tool for the production of organic light-emitting
diodes (OLED). OLEDs are a special type of light-emitting diode in which the
emissive layer comprises a thin-film of certain organic compounds. Organic light
emitting diodes (OLEDs) are used in the manufacture of television screens, computer
monitors, mobile phones, other hand-held devices, etc., for displaying information.
OLEDs can also be used for general space illumination. The range of colors,
brightness, and viewing angle possible with OLED displays is greater than that of
traditional LCD displays because OLED pixels directly emit light and do not involve
a back light. Therefore, the energy consumption of OLED displays is considerably
less than that of traditional LCD displays. Further, the fact that OLEDs can be

manufactured onto flexible substrates results in further applications.

[0003] The functionality of an OLED depends on the coating thickness of the
organic material. This thickness has to be within a predetermined range. In the
production of OLEDs, the deposition rate at which the coating with organic material

is effected is controlled to lie within a predetermined tolerance range. In other words,
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the deposition rate of an organic evaporator has to be controlled thoroughly in the

production process.

[0004] Accordingly, for OLED applications, but also for other evaporation
processes, a high accuracy of the deposition rate over a comparably long time is
needed. There is a plurality of measurement systems for measuring the deposition
rate of evaporators available. However, these measurement systems suffer from

either insufficient accuracy and/or insufficient stability over the desired time period.

[0005] Accordingly, there is a continuing demand for providing improved
deposition rate measurement systems, deposition rate measurement methods,

evaporators and deposition apparatuses.

SUMMARY

[0006] In view of the above, a measurement assembly for measuring a deposition
rate of an evaporated material, an evaporation source, a deposition apparatus and a
method for measuring a deposition rate of an evaporated material according to the

independent claims are provided.

[0007] According to one aspect of the present disclosure, a measurement assembly
for measuring a deposition rate of an evaporated material is provided. The
measurement assembly includes a first oscillation crystal for measuring the
deposition rate; a second oscillation crystal for measuring the deposition rate; and a
movable shutter. The movable shutter is configured for blocking the evaporated
material provided from a first measurement outlet, the first measurement outlet
directed for providing evaporated material to the first oscillation crystal. Further, the
movable shutter is configured for blocking the evaporated material provided from a
second measurement outlet, the second measurement outlet directed for providing

evaporated material to the second oscillation crystal.

[0008] According to another aspect of the present disclosure, an evaporation source
for evaporation of material is provided. The evaporation source includes an

evaporation crucible, wherein the evaporation crucible is configured to evaporate a
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material; a distribution assembly with one or more outlets for providing evaporated
material. The distribution assembly is in fluid communication with the evaporation
crucible. Further, the evaporation source includes a measurement assembly according

to any embodiment described herein.

[0009] According to a further aspect of the present disclosure, a deposition
apparatus for applying material to a substrate in a vacuum chamber at a deposition
rate is provided. The deposition apparatus includes at least one evaporation source

according to any embodiment described herein.

[0010] According to another aspect of the present disclosure, a method for
measuring a deposition rate of an evaporated material is provided. The method
includes evaporating a material; applying a first portion of the evaporated material to
a substrate; diverting a second portion of the evaporated material to a first oscillation
crystal and/or a second oscillation crystal; and measuring the deposition rate by using

the measurement assembly according to any embodiment described herein.

[0011] Further advantages, features, aspects and details are apparent from the

dependent claims, the description and drawings.

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 present
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 to 1C  show schematic views of a measurement assembly for measuring
a deposition rate of an evaporated material according to embodiments described

herein in different states;

FIGS. 2A to 2D show schematic views of a measurement assembly for measuring
a deposition rate of an evaporated material according to further embodiments

described herein in different states;
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FIG.3  shows a schematic view of a portion of a measurement assembly according

to further embodiments described herein,;

FIGS. 4A and 4B show schematic side views of an evaporation source according to

embodiments described herein;

FIG.5  shows a schematic perspective view of an evaporation source according to

embodiments described herein;

FIG.6  shows a schematic top view of a deposition apparatus for applying
material to a substrate in a vacuum chamber according to embodiments described

herein; and

FIGS. 7A and 7B show block diagrams illustrating embodiments of a method for

measuring a deposition rate of an evaporated material as described herein.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] 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. In the following, only the differences with respect to individual
embodiments are described. Each example is provided by way of explanation of the
disclosure and is not mecant 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.

[0014] Before various embodiments of the present disclosure are described in more

detail, some aspects with respect to some terms used herein are explained.

[0015] In the present disclosure, an “oscillation crystal for measuring a deposition
rate” may be understood as an oscillation crystal for measuring a mass variation of
deposited material on the oscillation crystal per unit area by measuring the change in

frequency of an oscillation crystal resonator. In particular, in the present disclosure
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an oscillation crystal may be understood as a quartz crystal resonator. More
particularly, an “oscillation crystal for measuring a deposition rate” may be

understood as a quartz crystal microbalance (QCM).

[0016] In the present disclosure, a “movable shutter” may be understood as a
movable eclement which is arranged between a measurement assembly and a
measurement outlet for providing evaporated material to the measurement assembly.
In particular, a “movable shutter” may be understood as an element which is
configured to be moved in a space between the measurement assembly and the
measurement outlet. For instance, the movable shutter may be configured to be
movable along a transversal direction. According to another example, the movable
shutter may be configured to be rotatable. Typically, the movable shutter is
configured for blocking a flow of evaporated material provided through the
measurement outlet in a first state of the movable shutter as well as for unblocking a
flow of evaporated material provided through the measurement outlet in a second
state of the movable shutter. Accordingly, the movable shutter is configured for

controlling an access of evaporated material to the measurement assembly.

[0017] In the present disclosure, an ‘“‘evaporation source for evaporation of
material” may be understood as an arrangement configured for providing a material
to be deposited on a substrate. In particular, the evaporation source may be
configured for providing material to be deposited on a substrate in a vacuum
chamber, such as a vacuum deposition chamber of a vacuum deposition apparatus.
According to some embodiments, the evaporation source may include an evaporator
or a crucible, which evaporates the material to be deposited on the substrate, and a
distribution assembly, e.g. a distribution pipe or one or more point sources which can
be arranged along a vertical axis. For instance, the distribution assembly can be
configured to release the evaporated material in a direction towards the substrate, e.g.

through an outlet or a nozzle.

[0018] In the present disclosure, a “crucible” may be understood as a device or a
reservoir providing or containing the material to be deposited. Typically, the crucible
may be heated for evaporating the material to be deposited on the substrate. The

crucible may stand in fluid communication with a distribution assembly, to which the
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material being evaporated by the crucible may be delivered. In one example, the
crucible may be a crucible for evaporating organic materials, e.g. organic materials

having an evaporation temperature of about 100°C to about 600°C.

[0019] In the present disclosure, the term “fluid communication” may be
understood in that two elements being in fluid communication can exchange fluid via
a connection, allowing fluid to flow between the two elements. In one example, the
elements being in fluid communication may include a hollow structure, through
which the fluid may flow. According to some embodiments, at least one of the

elements being in fluid communication may be a pipe-like element.

[0020] In the present disclosure, a “distribution assembly” may be understood as a
distribution pipe for guiding and distributing the evaporated material or as one or
more point sources which can be arranged along a vertical axis. In particular, the
distribution pipe or the one or more point sources may be configured for providing
evaporated material from an evaporator to an outlet (such as nozzles or openings) in
the distribution pipe or the one or more point sources. For instance, in the case of a
distribution assembly in the form of a distribution pipe, the distribution pipe can be a
linear distribution pipe extending in a longitudinal direction. For example, the
distribution pipe may include a pipe having the shape of a cylinder, wherein the
cylinder may have a circular, triangular or square-like bottom shape or any other

suitable bottom shape.

[0021] With exemplary reference to FIGS. 1A to 1C, a measurement assembly 100
for measuring a deposition rate of an evaporated material according to embodiments
described herein includes a first oscillation crystal 110 for measuring the deposition,
a second oscillation crystal 120 for measuring the deposition rate, and a movable
shutter 140. The movable shutter 140 is configured for blocking the evaporated
material provided from a first measurement outlet 151 for providing evaporated
material to the first oscillation crystal 110. In particular, the first measurement
outlet 151 is directed for providing evaporated material to the first oscillation
crystal 110. Further, the movable shutter 140 is configured for blocking the

evaporated material provided from a second measurement outlet 152. In particular,
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the second measurement outlet 152 is directed for providing evaporated material to

the second oscillation crystal 120.

[0022] In particular, FIG. 1A shows the measurement assembly in a first state in
which the second measurement outlet 152 is blocked by the movable shutter 140
such that an access of evaporated material provided through the second measurement
outlet 152 to the second oscillation crystal 120 is blocked. Further, as exemplarily
shown in FIG. 1A, the measurement assembly may be configured such that an access
of evaporated material provided through the first measurement outlet 151 to the first
oscillation crystal 110 is provided while the second measurement outlet 152 is
blocked. Accordingly, a deposition rate may be measured by the first oscillation
crystal 110 while the second oscillation crystal 120 may be cleaned. For instance, the
second oscillation crystal 120 can be cleaned by heating, particularly by providing a
heating temperature which corresponds to the evaporation temperature of evaporated
material deposited on the second oscillation crystal 120. For example, the heating
temperature can be provided by a heating element provided in the movable shutter
140 and/or a heating element provided in a holder for the second oscillation crystal

120.

[0023] FIG. 1B shows a second state of the measurement assembly in which the
movable shutter 140 has been moved to a position in which the first measurement
outlet 151 as well as the second measurement outlet 152 are open for providing an
access of evaporated material to both the first oscillation crystal 110 and the second
oscillation crystal 120. Accordingly, the first oscillation crystal 110 and the second
oscillation crystal 120 may be employed for measuring a deposition rate, such that a

redundant measurement can be carried out.

[0024] In FIG. 1C, a third state of the measurement assembly is shown in which the
movable shutter 140 has been moved to a position in which an access of evaporated
material provided through the first measurement outlet 151 to the first oscillation
crystal 110 is blocked. Accordingly, as exemplarily shown in FIG. 1C, a deposition
rate may be measured by the second oscillation crystal 120 while the first oscillation
crystal 110 may be cleaned. For instance, the first oscillation crystal 110 can be

cleaned by heating, particularly by providing a heating temperature which
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corresponds to the evaporation temperature of evaporated material deposited on the
first oscillation crystal 110. For example, the heating temperature can be provided by
a heating element provided in the movable shutter 140 and/or a heating element

provided in a holder for the first oscillation crystal 110.

[0025] According to embodiments which can be combined with any other
embodiments described herein, the movable shutter may be connected to a drive, for
instance a linear drive, which is configured for providing a translational movement of
the movable shutter, which is exemplarily indicated by the arrow on the movable
shutter 140 in FIGS. 1A and 1C. In particular, the drive may be configured for
moving the movable shutter between a state in which the first measurement outlet is
blocked and a second state in which the second measurement outlet is blocked.
Accordingly, with exemplary reference to FIGS. 1A to 1C, it is to be understood that
the drive can be configured for a linear transversal alternating movement for
blocking/unblocking the first measurement outlet and the second measurement

outlet.

[0026] Accordingly, a measurement assembly as described herein provides for the
possibility to continuously measure a deposition rate of evaporated material. In
particular, by providing a measurement assembly with which the deposition rate can
be measured by a first oscillation crystal while a second oscillation crystal can be
cleaned, an improved measurement assembly is provided. For instance, a negative
effect of deposited material on the accuracy of the deposition rate measurement can
be reduced or even ecliminated, since the first oscillation crystal and the second
oscillation crystal may be cleaned in an alternating manner. Further, the
measurement assembly as described herein provides for the possibility of conducting
a redundant deposition rate measurement. For instance, in a state of the measurement
assembly in which the first measurement outlet and the second measurement outlet
are open, i.e. an access of evaporated material provided through the first
measurement outlet and the second measurement outlet is provided to the first
oscillation crystal as well as the second oscillation crystal, both oscillation crystals
may be used for deposition rate measurement which is beneficial for increasing the

measurement accuracy.
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[0027] With exemplary reference to FIGS. 2A to 2D, a measurement assembly 100
for measuring a deposition rate of an evaporated material according to further
embodiments is described. According to embodiments which can be combined with
any other embodiments described herein, the movable shutter 140 may be a rotatable
clement having at least one aperture 160. The at least one aperture 160 can be
configured for providing access for the evaporated material provided from the first
measurement outlet to the first oscillation crystal 110 when the rotatable element is
in a first state, as exemplarily shown in FIG. 2A. For instance, the rotatable element
may be a rotatable disk having a substantially circular shape as exemplarily shown in
FIGS. 2A to 2D. Alternatively, the rotatable element may be a rotatable plate having

an elliptical, rectangular or any other suitable shape.

[0028] For example, the rotatable element may be connected to a drive which is
configured for providing a rotational movement around a rotational axis of the

rotatable element, as exemplarily shown FIGS. 2A to 2D.

[0029] According to embodiments which can be combined with any other
embodiments described herein, the at least one aperture 160 is configured for
providing access for the evaporated material provided from the second measurement
outlet to the second oscillation crystal 120 when the rotatable element is in a second
state. For instance, an access for the evaporated material provided from the second
measurement outlet to the second oscillation crystal 120 can be provided when the
rotatable element with the at least one aperture is turned by 180° from the first state,

as exemplarily shown in FIG. 2A, to the second state.

[0030] With exemplary reference to FIGS. 2A to 2D, according to embodiments
which can be combined with any other embodiment described herein, the at least one
aperture 160 may include a first aperture 161 and a second aperture 162 which are
arranged diametrically opposed to each other. Such a configuration is in particular
beneficial for providing a simultancous access of evaporated material to the first
oscillation crystal and the second oscillation crystal such that a redundant to position

measurement can be carried out.
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[0031] Further, according to embodiments which can be combined with any other
embodiment described herein, the at least one aperture 160 may include a third
aperture 163 and a fourth aperture 164, which can be arranged on opposing sides of
the first aperture 161, as exemplarily shown in FIGS. 2A to 2C. Additionally or
alternatively, the third aperture 163 and the fourth aperture 164 can be arranged on
opposing sides of second aperture 162 (not explicitly shown). In particular, the third
aperture 163 and the fourth aperture 164 can be arranged at a radial position which
substantially corresponds to a radial position of the first aperture 161 and/or the
radial position of the second aperture 162. The radial position of the at least one
aperture, ¢.g. the radial position of the first aperture 161, the second aperture 162, the
third aperture 163, and the fourth aperture 164 is exemplarily indicated in FIGS. 2A
to 2D by the arrow R and the dotted circle line.

[0032] For example, as exemplarily shown in FIG. 2C, the third aperture 163 and
the fourth aperture 164 can be provided at an angle a of a=45° relative to the position
of the first aperture 161. Although not explicitly shown, additionally or alternatively
the third aperture 163 and the fourth aperture 164 can be provided at an angle o of
a=45° relative to the position of the second aperture 162. Accordingly, as can be
seen from FIGS. 2A to 2D, a movable shutter can be provided with which four
different states can be realized: a first state in which an access of evaporated material
provided through the first measurement outlet is provided to the first oscillation
crystal 110, while an access of evaporated material provided through the second
measurement outlet to the second oscillation crystal 120 is blocked, as exemplarily
shown in FIG. 2A; a second state in which the first measurement outlet and the
second measurement outlet are blocked, as exemplarily shown in FIG. 2B; a third
state in which an access of evaporated material provided through the second
measurement outlet to the second oscillation crystal 120 is provided, while an access
of evaporated material provided through the first measurement to the first oscillation
crystal 110 outlet is blocked, as exemplarily shown in FIG. 2C; and a fourth state in
which an access of evaporated material provided through the second measurement
outlet to the second oscillation crystal 120 and an access of evaporated material
provided through the first measurement outlet to the first oscillation crystal 110 is

provided.

10
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[0033] Accordingly, the movable shutter of the measurement assembly as described
herein is configured for blocking/unblocking the evaporated material provided from
the first measurement outlet to the first oscillation crystal as well as for
blocking/unblocking the evaporated material provided from the second measurement
outlet to the second oscillation crystal. As a result thereof, the first oscillation crystal
can be cleaned, e.g. by heating, when the first measurement outlet is blocked while at
the same time a deposition rate measurement can be carried out with the second
oscillation crystal, and vice versa. Accordingly, an improved measurement assembly
is provided with which a continuous deposition rate measurement can be carried out.
Further, the measurement assembly according to embodiments described herein
provides for the possibility of in-situ cleaning of the oscillation crystal used for

measuring.

[0034] As exemplarily shown in FIGS. 2A to 2D, according to embodiments which
can be combined with other embodiments described herein, the first oscillation
crystal 110 and the second oscillation crystal 120 can fixed to a holder 150. With
exemplary reference to FIG. 2C, according to some embodiments which can be
combined with other embodiments described herein, the holder 150 may include at
least one heating element 170 which is configured and arranged such that material
deposited on the shutter, particularly material deposited on a side of the shutter
which faces the holder, can be evaporated by applying heat. Accordingly, the shutter
can be cleaned form material deposited on the shutter. For instance, as exemplarily
shown in Fig. 2C, at least one heating element 170 may include a first heating
element 171 and/or a second heating element 172 and/or a third heating element 173
and/or a fourth heating element 174 and/or a fifth heating element 175 and/or a sixth
heating element 176. In particular, the heating elements may be arranged on the
holder 150 in a circular manner, for example on a circle with a radius R which
substantially corresponds to the radius R at which the at least one aperture 160 is
provided in the movable shutter 140. According to an exemplary implementation, the
heating elements are arranged equally spaced to each other, for example with an
angle of 45° between neighboring heating clements, as exemplarily shown in
FIG. 2C. Alternatively, as exemplarily shown in FIG. 2D, the at least one heating

element 170 may be configured as a ring segment eclement having a width

11
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corresponding to at least the opening of the at least one aperture 160, as exemplarily
shown in FIG. 2D. For instance, a first ring segment heating element 177 and a
second ring segment heating element 178 may be provided. Further, it is to be
understood that the at least one heating element 170 may have any suitable shape or

configuration.

[0035] With exemplary reference to FIG. 3, according to embodiments which can
be combined with any other embodiments described herein, the measurement
assembly may include a heater 114 configured for applying heat to the first
oscillation crystal 110 and/or the second oscillation crystal 120, such that material
deposited on the first oscillation crystal 110 and/or the second oscillation crystal 120
can be evaporated. For instance, the heater 114 may be provided in a holder 150 in
which the first oscillation crystal 110 and/or the second oscillation crystal 120 may
be arranged. The holder 150 may include a measurement opening 122, which can be
configured and arranged such that evaporated material may be deposited on the first
oscillation crystal 110 and/or the second oscillation crystal 120 for measuring the
deposition rate of the evaporated material. Additionally or alternatively, as
exemplarily shown in FIG. 3, a further heater 115 may be provided in the movable
shutter 140, e.g. in a movable shutter as described with reference to FIGS. 1A to 1C
or a movable shutter as described with reference to FIGS 2A to 2D. In particular, the
further heater 115 provided in the movable shutter 140 is configured for applying
heat to the movable shutter such that material deposited on the movable shutter can
be evaporated. Typically, the heater 114 and/or the further heater 115 are configured
for providing a heating temperature which corresponds to at least the evaporation
temperature of the material deposited on the oscillation crystal and/or deposited on
the shutter. Accordingly, the oscillation crystal may be cleaned by heating as
described herein. Further, also the shutter may be cleaned by heating the shutter.

[0036] With exemplary reference to FIG. 3, according to some embodiments which
can be combined with other embodiments described herein, the movable shutter 140
may include a thermal protection shield 116. As exemplarily shown in FIG. 3, the
thermal protection shield 116 may be arranged on a side of the movable shutter 140

which faces the measurement outlet, ¢.g. the first measurement outlet 151 or the

12
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second measurement outlet 152. In particular, the thermal protection shield 116 may
be configured for reflecting heat energy provided by evaporated material provided
through the measurement outlet. According to embodiments which can be combined
with other embodiments described herein, the thermal protection shield 116 may be a
plate, for example a sheet metal. Alternatively, the thermal protection shield 116 may
include two or more plates, ¢.g. sheet metals, which may be spaced with respect to
cach 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 includes 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 (T1), ceramic and other suitable materials.

[0037] According to embodiments which can be combined with any other
embodiment described herein, the further heater 115 of the movable shutter 140 may
be provided on a side of the movable shutter 140 which faces the oscillation crystal,
c.g. the first oscillation crystal 110 or the second oscillation crystal 120.
Accordingly, by providing a heater as described herein, for instance in the holder or a
shutter, an oscillation crystal of a measurement assembly as described herein may be
cleaned in situ by evaporating deposited material on the oscillation crystal by
applying heat by the heater. This can be beneficial for the overall lifetime of the

oscillation crystal and the achievable measurement accuracy.

[0038] According to embodiments which can be combined with other embodiments
described herein, the measurement assembly 100 may include a heat exchanger 132.
In particular, the heat exchanger may be arranged in the holder, for example next to
or adjacent to the oscillation crystal and/or next to or adjacent to the heater 114. The
heat exchanger 132 may be configured to exchange heat with the oscillation crystal
and/or with the holder 150 and/or with the heater 114. For example, the heat
exchanger may include tubes through which a cooling fluid may be provided. The
cooling fluid may be a liquid, e.g. water, or a gas, e.g. air. Additionally or
alternatively, the heat exchanger may include one or more Peltier element(s).
Typically, the heat exchanger is employed during a measurement of the oscillation

crystal and switched off during a cleaning procedure conducted by heating the

13
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oscillation crystal by the heater. Accordingly, by providing the measurement
assembly with a heat exchanger 132, negative effects of high temperature on the
quality, accuracy and stability of the deposition rate measurement may be reduced or
even eliminated. In particular, providing the measurement assembly with a heat
exchanger may be beneficial for cooling the measurement device after the
measurement device has been cleaned by heating in order to evaporate deposited

material from the deposition rate measurement device.

[0039] With exemplary reference to FIG. 3, according to embodiments which can
be combined with other embodiments described herein, the measurement
assembly 100 may include a temperature sensor 117 for measuring the temperature
of the oscillation crystal and/or the holder 150. By providing the measurement
assembly 100 with a temperature sensor 117, information about the temperature of
the measurement assembly may be obtained such that a critical temperature at which
the oscillation crystal tends to measure inaccurately may be detected. Accordingly, in
the case that a critical temperature of the oscillation crystal is detected by the
temperature sensor, an adequate reaction may be initiated, for example a cooling by

employing the heat exchanger.

[0040] According to embodiments which can be combined with other embodiments
described herein, the measurement assembly 100, particularly for measuring a
deposition rate, may include a temperature control system for controlling the
temperature of the oscillation crystal and/or the temperature of the holder. In
particular, the temperature control system may include one or more of a temperature
sensor 117, a heat exchanger 132, a heater 114 and a sensor controller 133. As
exemplarily shown in FIG. 7B, the sensor controller 133 may be connected to the
temperature sensor 117 for receiving data measured by the temperature sensor 117.
Further, the sensor controller 133 may be connected to the heat exchanger 132 for
controlling the temperature of the holder 150 and/or oscillation crystal. Further, the
sensor controller 133 may be connected to the heater 114 and or the further
heater 115 in order to control the heating temperature of the holder 150 and/or the

oscillation crystal, e.g. during cleaning as described herein.
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[0041] FIGS. 4A and 4B show schematic side views of an evaporation source 200
according to embodiments as described herein. According to embodiments, the
evaporation source 200 includes an evaporation crucible 210, wherein the
evaporation crucible is configured to evaporate a material, for example an organic
material. Further, the evaporation source 200 includes a distribution assembly, ¢.g. a
distribution pipe 220, with one or more outlets 222 provided along the length of the
distribution assembly for providing evaporated material, as exemplarily shown in
FIG. 4B. According to embodiments, the distribution pipe220 is in fluid
communication with the evaporation crucible 210, for example via a vapor conduit.
The vapor conduit can be provided at the lower end of the distribution pipe. Further,
the evaporation source 200 according to embodiments described herein includes a
measurement assembly 100 according to embodiments described herein, as for

example described with reference to FIGS. 1A through FIG. 3.

[0042] As exemplarily shown in FIGS. 4A and 4B, according to embodiments
which can be combined with other embodiments described herein, the evaporation
source 200 may include a controller 250 connected to the measurement assembly 100
and to the evaporation source 200. As described herein, the controller 250 may
provide a first control signal 251 to the evaporation source 200, particularly the
evaporation crucible 210, for adjusting the deposition rate. Typically, the controller
250 is configured to receive and analyze the measurement data acquired by the
measurement assembly 100. Further, the controller 250 may provide a second control
signal 252 to the deposition rate measurement assembly, e.g. for controlling a
position of the shutter of the deposition rate measurement assembly. For instance, the
position of the shutter may be controlled such that a first measurement outlet for
providing evaporated material to the first oscillation crystal can be blocked by the
shutter, and/or a second measurement outlet for providing evaporated material to the
second oscillation crystal can be blocked by the shutter. Accordingly, one of the first
oscillation crystal and the second oscillation crystal of the measurement assembly
can be cleaned while the other oscillation crystal can be used for a deposition rate

measurement.
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[0043] As exemplarily shown in FIG. 4A, according to embodiments which can be
combined with other embodiments described herein, the distribution assembly may
be an clongated cube, e.g. a distribution pipe 220, including a heating element 215.
The evaporation crucible 210 can be a reservoir for material, e.g. organic material, to
be evaporated with a crucible heating unit 225. For example, the crucible heating unit
225 may be provided within the enclosure of the evaporation crucible 210.
According to embodiments which can be combined with other embodiments
described herein, the distribution assembly, particularly the distribution pipe 220
may provide a line source. For example, as exemplarily shown in FIG. 4B, a plurality
of outlets 222, such as nozzles, can be arranged along at least one line. According to
an alternative embodiment (not shown), one elongated opening, ¢.g. a slit, extending
along the at least one line may be provided. According to some embodiments which
can be combined with other embodiments described herein, the line source may

extend essentially vertically.

[0044] According to some embodiments which can be combined with other
embodiments described herein, the length of the distribution pipe may correspond to
a height of a substrate onto which material is to be deposited in a deposition
apparatus. Alternatively, the length of the distribution pipe may be longer than the
height of the substrate onto which material is to be deposited, for example at least by
10% or even 20%. Accordingly, a uniform deposition at the upper end of the
substrate and/or the lower end of the substrate can be provided. For example, the

length of the distribution pipe can be 1.3 m or above, for example 2.5 m or above.

[0045] According to embodiments which can be combined with other embodiments
described herein, the evaporation crucible 210 may be provided at the lower end of
the distribution pipe, as exemplarily shown in FIG. 4A. The material, e.g. organic
material, can be evaporated in the evaporation crucible 210. The evaporated material
may enter the distribution pipe at the bottom of the distribution pipe and may be
guided essentially sideways through the plurality of outlets 222 in the distribution
pipe 220, ¢.g. towards an essentially vertical substrate. With exemplary reference to

FIG. 2B, the measurement assembly 100 according to embodiments described herein
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may be provided at an upper portion of the distribution pipe 220, e.g. at the upper
end of the distribution pipe 220.

[0046] With exemplary reference to FIG. 4B, according to embodiments which can
be combined with other embodiments described herein, a first measurement
outlet 151 and a second measurement outlet 152 may be provided in a wall of the
distribution assembly, for example in a wall at the backside 224A of the distribution
pipe, particularly at an upper portion of the wall at the backside 224A. Although not
explicitly shown, it is to be understood that according to embodiments which can be
combined with other embodiments described herein, the first measurement outlet 151
and the second measurement outlet 152 may be provided in a top wall 224C of the
distribution assembly, particularly an upper horizontal top wall of the distribution
assembly. As exemplarily indicated by the arrows in FIG. 4B, the evaporated
material may be provided from the inside of the distribution pipe 220 through the
first measurement outlet 151 and/or the second measurement outlet 152 to the
measurement assembly 100. Accordingly, the first measurement outlet 151 and/or
the second measurement outlet 152 are arranged and directed such that evaporated
material can be provided to the first oscillation crystal and/or the second oscillation
crystal. For example, the measurement assembly 100 can be arranged at the
backside 224 A of the distribution assembly, particularly at the backside 224A of an
upper end portion of the distribution assembly, e.g. the distribution pipe 220.
Typically, the backside of the end portion of the distribution assembly faces away
from the deposition direction. According to some embodiments, the measurement
assembly 100 can be mounted on the backside 224 A of the upper end portion of the
distribution assembly, particularly the distribution pipe 220.

[0047] According to embodiments which can be combined with other embodiments
described herein, the first measurement outlet 151 and/or the second measurement
outlet 152 may have an opening from 0.5 mm to 4 mm. Further, the first
measurement outlet 151 and/or the second measurement outlet 152 may include a
nozzle. For example, the nozzle may include an adjustable opening for adjusting the
flow of evaporated material provided to the measurement assembly 100. In

particular, the nozzle may be configured to provide a measurement flow selected
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from a range between a lower limit of 1/70 of the total flow provided by the
evaporation source, particularly a lower limit of 1/60 of the total flow provided by
the evaporation source, more particularly a lower limit of 1/50 of the total flow
provided by the evaporation source and an upper limit of 1/40 of the total flow
provided by the evaporation source, particularly an upper limit of 1/30 of the total
flow provided by the evaporation source, more particularly an upper limit of 1/25 of
the total flow provided by the evaporation source. For example, the nozzle may be
configured to provide a measurement flow of 1/54 of the total flow provided by the

evaporation source.

[0048] FIG. 5 shows a perspective view of an evaporation source 200 according to
embodiments described herein. As exemplarily shown in FIG. 5, the distribution
pipe 220 may be designed in a triangular shape. As described above, a triangular
shape of the distribution pipe 220 may be beneficial in the case where two or more
distribution pipes are arranged next to each other. In particular, a triangular shape of
the distribution pipe 220 makes it possible to bring the outlets of neighboring
distribution pipes as close as possible to each other. This allows for achieving an
improved mixture of different materials from different distribution pipes, e.g. for the
case of the co-evaporation of two, three or even more different materials. Further, the
embodiment shown in FIG. 5 illustrates that typically a first measurement outlet 151
for providing evaporated material to a first oscillation crystal of the measurement
assembly 100, and a second measurement outlet 152 for providing evaporated
material to a second oscillation crystal of the measurement assembly 100 are
provided, for instance at an upper end of the distribution pipe as exemplarily

described with reference to FIGS. 4A and 4B.

[0049] With exemplary reference to FIG. 5, the distribution pipe 220 may include
walls, e.g. side walls 224B and a wall at the backside 224A of the distribution pipe.
As exemplarily shown in FIG. 5, the first measurement outlet 151 and the second
measurement outlet 152 may be provided in the wall at the backside 224A of the
distribution pipe 220. Further, the side walls 224B and the wall at the backside 224A
can be heated by a heating element 215. For instance, the heating element 215 may

be mounted or attached to the walls of the distribution pipe 220, as exemplarily
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shown in FIG. 5. According to some embodiments, which can be combined with
other embodiment described herein, the evaporation source 200 may include a shield
204. The shield 204 may reduce the heat radiation towards the deposition area.
Further, the shield 204 may be cooled by a cooling element 216. For example, the
cooling element 216 may be mounted to the shield 204 and may include a conduit for

cooling fluid.

[0050] FIG. 6 shows a schematic top view of a deposition apparatus 300 for
applying material to a substrate 333 in a vacuum chamber 310 according to
embodiments described herein. According to embodiments which can be combined
with other embodiments described herein, the deposition apparatus 300 includes an
evaporation source 200 as described herein. In particular, the evaporation source 200
may be provided in a vacuum chamber 310 of the deposition apparatus 300, for
example on a track, ¢.g. a linear guide 320 or a looped track. The track or the linear
guide 320 may be configured for a translational movement of the evaporation source
200. Accordingly, a drive for the translational movement can be provided for the
evaporation source 200, at the track and/or the linear guide 320, within the vacuum
chamber 310. According to embodiments which can be combined with other
embodiments described herein, a first valve 305, for example a gate valve, may be
provided which allows for a vacuum seal to an adjacent vacuum chamber (not shown
in FIG. 6). The first valve can be opened for transport of a substrate 333 or a mask

332 into the vacuum chamber 310 or out of the vacuum chamber 310.

[0051] According to some embodiments which can be combined with other
embodiments described herein, a further vacuum chamber, such as maintenance
vacuum chamber 311 may be provided adjacent to the vacuum chamber 310, as
exemplarily shown in FIG. 6. Accordingly, the vacuum chamber 310 and the
maintenance vacuum chamber 311 may be connected with a second valve 307. The
second valve 307 may be configured for opening and closing a vacuum seal between
the vacuum chamber 310 and the maintenance vacuum chamber 311. The
evaporation source 200 can be transferred to the maintenance vacuum chamber 311
while the second valve 307 is in an open state. Thereafter, the second valve 307 can

be closed to provide a vacuum seal between the vacuum chamber 310 and the
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maintenance vacuum chamber 311. If the second valve 307 is closed, the
maintenance vacuum chamber 311 can be vented and opened for maintenance of the

evaporation source 200 without breaking the vacuum in the vacuum chamber 310.

[0052] As exemplarily shown in FIG. 6, two substrates may be supported on
respective transportation tracks within the vacuum chamber 310. Further, two tracks
for providing masks thereon can be provided. Accordingly, during coating, the
substrate 333 can be masked by respective masks. For example, the mask may be

provided in a mask frame 331 to hold the mask 332 in a predetermined position.

[0053] According to some embodiments which can be combined with other
embodiments described herein, the substrate 333 may be supported by a substrate
support 326, which can be connected to an alignment unit 312. The alignment unit
312 may adjust the position of the substrate 333 with respect to the mask 332. As
exemplarily shown in FIG. 6, the substrate support 326 may be connected to the
alignment unit 312. Accordingly, the substrate may be moved relative to the mask
332 in order to provide for a proper alignment between the substrate and the mask
during deposition of the material, which may be beneficial for high quality display
manufacturing. Alternatively or additionally, the mask 332 and/or the mask frame
331 holding the mask 332 can be connected to the alignment unit 312. Accordingly,
either the mask 332 can be positioned relative to the substrate 333 or the mask 332

and the substrate 333 can both be positioned relative to each other.

[0054] As shown in FIG. 6, the linear guide 320 may provide a direction of the
translational movement of the evaporation source 200. On both sides of the
evaporation source 200, a mask 332 may be provided. The masks may extend
essentially parallel to the direction of the translational movement. Further, the
substrates at the opposing sides of the evaporation source 200 can also extend
essentially parallel to the direction of the translational movement. As exemplarily
shown in FIG. 6, the evaporation source 200 provided in the vacuum chamber 310 of
the deposition apparatus 300 may include a support 202 which may be configured for
the translational movement along the linear guide 320. For example, the support 202
may support two evaporation crucibles and two distribution pipes 220 provided over

the respective evaporation crucible. According to some embodiments, the support
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202 may support three evaporation crucibles and three distribution pipes 220
provided over the respective evaporation crucible. Accordingly, the vapor generated
in the evaporation crucible can move upwardly and out of the one or more outlets of
the distribution pipe. The distribution pipes of the evaporation source may have a
substantially triangular cross-section. A triangular shape of the distribution pipe
makes it possible to bring the outlets for depositing the evaporated material on a
substrate, ¢.g. nozzles, of neighboring distribution pipes as close as possible to each
other. This allows for achieving an improved mixture of different materials from
different distribution pipes, e.g. for the case of the co-evaporation of two, three or

even more different materials.

[0055] Accordingly, embodiments of the deposition apparatus as described herein
provide for improved quality display manufacturing, particularly OLED

manufacturing.

[0056] With exemplary reference to the block diagrams shown in FIGS. 7A and
7B, embodiments of a method for measuring a deposition rate of an evaporated
material are described. According to embodiments which can be combined with any
other embodiments described herein, the method 400 for measuring a deposition rate
of an evaporated material includes evaporating 410 an material, for example an
organic material, applying 420 a first portion of the evaporated material to a
substrate, diverting 430 a second portion of the evaporated material to a first
oscillation crystal and/or a second oscillation crystal, and measuring 440 the
deposition rate by using a measurement assembly 100 according to any embodiments

described herein.

[0057] Accordingly, by employing the method for measuring a deposition rate of
an evaporated material according to embodiments described herein, the deposition
rate may be measured very accurately. In particular, by employing the method for
measuring a deposition rate of an evaporated material as described herein, thermal
effects on the oscillation crystal which can decrease the measurement accuracy may
be reduced. Particularly, negative effects of high temperature on the quality,
accuracy and stability of the deposition rate measurement may be reduced or even

climinated. Further, the method for measuring a deposition rate of an evaporated
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material according to embodiments described herein provides for measuring the
deposition rate redundantly, which may further improve the quality and accuracy of
the measurement result. Moreover, the method for measuring a deposition rate of an
evaporated material as described herein provides for the possibility to clean one of
the first oscillation crystal and the second oscillation crystal while the other

oscillation crystal can be used for a deposition rate measurement.

[0058] According to embodiments which can be combined with other embodiments
described herein, evaporating 410 material incudes using an evaporation crucible 210
as described herein. Further, applying 420 a first portion of the evaporated material
to a substrate may include using an evaporation source 200 according to
embodiments described herein. According to embodiments which can be combined
with other embodiments described herein, diverting 430 a second portion of the
evaporated material to a first oscillation crystal and/or a second oscillation crystal
may include using a first measurement outlet 151 and/or a second measurement
outlet 152, as described herein. In particular, diverting 430 a second portion of the
evaporated material to the first measurement outlet 151 and/or a second measurement
outlet 152 may include providing a measurement flow selected from a range between
a lower limit of 1/70 of the total flow provided by the evaporation source,
particularly a lower limit of 1/60 of the total flow provided by the evaporation
source, more particularly a lower limit of 1/50 of the total flow provided by the
evaporation source and an upper limit of 1/40 of the total flow provided by the
evaporation source, particularly an upper limit of 1/30 of the total flow provided by
the evaporation source, more particularly an upper limit of 1/25 of the total flow
provided by the evaporation source. For example, diverting 430 a second portion of
the evaporated material to the first measurement outlet 151 and/or a second
measurement outlet 152 may include providing a measurement flow of 1/54 of the

total flow provided by the evaporation source.

[0059] According to embodiments which can be combined with other embodiments
described herein, measuring 440 the deposition rate may include exchanging heat
with the measurement assembly 100, particularly with the first oscillation crystal

and/or the second oscillation crystal, by a temperature control system as described
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herein. Accordingly, by exchanging heat with the measurement assembly as
described herein, particularly with the first oscillation crystal and/or the second
oscillation crystal, negative effects of high temperature on the quality, accuracy and
stability of the deposition rate measurement may be reduced or even eliminated. In
particular, by exchanging heat with the measurement assembly as described herein,
thermal fluctuations of the first oscillation crystal and/or the second oscillation
crystal may be reduced or even eliminated, which may be beneficial for the
deposition rate measurement accuracy. Accordingly, employing the method for
measuring a deposition rate as described herein may be beneficial for high quality

display manufacturing, particularly OLED manufacturing.

[0060] With exemplary reference to FIG. 7B, according to embodiments which can
be combined with other embodiments described herein, the method 400 for
measuring a deposition rate of an evaporated material may further include cleaning
450 the first oscillation crystal by applying heat to the first oscillation crystal, when
an access of the evaporated material to the first oscillation crystal is blocked by a
movable shutter according to embodiments described herein. Accordingly, the
method 400 for measuring a deposition rate of an evaporated material, the method
may include cleaning 450 the second oscillation crystal by applying heat to the
second oscillation crystal, when an access of the evaporated material to the second
oscillation crystal is blocked by a movable shutter according to embodiments

described herein.

[0061] In view of the above, the embodiments of the measurement assembly for
measuring a deposition rate of an evaporated material, the embodiments of the
evaporation source, the embodiments of the deposition apparatus and the
embodiments of the method for measuring a deposition rate as described herein
provide for the possibility of measuring the deposition rate redundantly as well as for
the possibility to clean one of the first oscillation crystal and the second oscillation
crystal while the other oscillation crystal is being used for a deposition rate
measurement. Accordingly, an improved deposition rate measurement for high
quality display manufacturing, for example high quality OLED manufacturing, can
be provided.
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CLAIMS

1. A measurement assembly (100) for measuring a deposition rate of an
evaporated material, comprising:
- a first oscillation crystal (110) for measuring the deposition rate,
5 - a second oscillation crystal (120) for measuring the deposition rate, and
- a movable shutter (140), wherein the movable shutter (140) is
configured for blocking the evaporated material provided from a first
measurement outlet (151), the first measurement outlet (151) directed for
providing evaporated material to the first oscillation crystal (110), and
10 wherein the movable shutter (140) is configured for blocking the
evaporated material provided from a second measurement outlet (152), the
second measurement outlet (152) directed for providing evaporated

material to the second oscillation crystal (120).

2. The measurement assembly (100) according to claim 1, wherein the

15 movable shutter is a rotatable element, particularly a rotatable disk, having at
least one aperture (160), wherein the at least one aperture (160) is configured
for providing access for the evaporated material provided from the first
measurement outlet (151) to the first oscillation crystal (110) when the

rotatable element is in a first state.

20 3.  The measurement assembly (100) according to claim 2, wherein the at
least one aperture (160) is configured for providing access for the evaporated
material provided from the second measurement outlet (152) to the second

oscillation crystal (120) when the rotatable element is in a second state.

4. The measurement assembly (100) according to claim 2 or 3, wherein the
25 at least one aperture (160) includes a first aperture (161) and a second aperture

(162) which are arranged diametrically opposed to each other.

24



WO 2018/077388 PCT/EP2016/075681

10

15

20

25

5. The measurement assembly (100) according to claim 4, wherein the at
least one aperture (160) includes a third aperture (163) and a fourth aperture
(164), which are arranged on opposing sides of the first aperture (161) and/or
the second aperture (162), wherein the third aperture (163) and the fourth
aperture (164) are arranged at a radial position substantially corresponding to a
radial position of the first aperture (161) and/or a radial position of the second

aperture (162).

6.  The measurement assembly (100) according any of claims 1 to 5, further
comprising a heater (114) configured for applying heat to the first oscillation
crystal (110) and/or the second oscillation crystal (120), such that material
deposited on the first oscillation crystal (110) and/or the second oscillation

crystal (120) can be evaporated.

7. The measurement assembly (100) according to any of claims 1 to 6,
further comprising a further heater (115) provided in the movable shutter (140)
configured for applying heat to the movable shutter such that material

deposited on the movable shutter can be evaporated.

8. The measurement assembly (100) according to claim 6, wherein the
heater is provided in a first holder for the first oscillation crystal (110) and a
second holder of the second oscillation crystal (120).

9. An evaporation source (200) for evaporation of material, comprising:
- an evaporation crucible (210), wherein the evaporation crucible is
configured to evaporate a material;
- a distribution assembly with one or more outlets (222) for providing
evaporated material in a deposition direction, wherein the distribution
assembly is in fluid communication with the evaporation crucible; and

- a measurement assembly according to any of claims 1 to 8.
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10.  The evaporation source (200) according to claim 9, further comprising
a first measurement outlet (151) for providing the evaporated material to the
first oscillation crystal (110) of the measurement assembly (100) and a second
measurement outlet (152) for providing the evaporated material to the second

oscillation crystal (120) of the measurement assembly (100).

11.  The evaporation source (200) according to claim 10, wherein the first
measurement outlet (151) and/or the second measurement outlet (152) are
configured for providing a measurement flow from 1/70 of the total flow
provided by the evaporation source to 1/25 of the total flow provided by the

evaporation source.

12.  The evaporation source (200) according to claim 11, wherein the first
measurement outlet (151) and the second measurement outlet (152) are
provided at a backside of an end portion of the distribution assembly, wherein
the measurement assembly (100) is arranged at the backside of the end portion
of the distribution assembly, and wherein the backside of the end portion of

the distribution assembly faces away from the deposition direction.

13. A deposition apparatus (300) for applying material to a substrate in a
vacuum chamber (310) at a deposition rate, comprising at least one

evaporation source (200) according to any of claims 9 to 12.

14. A method (400) for measuring a deposition rate of an evaporated
material, comprising:

- evaporating (410) a material;

- applying (420) a first portion of the evaporated material to a substrate;

- diverting (430) a second portion of the evaporated material to a first
oscillation crystal and/or a second oscillation crystal; and

- measuring (440) the deposition rate by using the measurement assembly

according to any of claim 1 to 9.
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15.  The method (400) according to claim 14, further comprising cleaning
(450) the first oscillation crystal and/or the second oscillation crystal by
applying heat to the first oscillation crystal and/or the second oscillation
crystal, when an access of the evaporated material to the first oscillation

5 crystal and/or the second oscillation crystal is blocked by the movable shutter.
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This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-5(completely); 9-14(partially)

Assembly and method for measuring the deposition rate of an
evaporated material, having a first and a second oscillation
crystal and a movable shutter for blocking the first and/or
second oscillation crystal

2. claims: 6-8, 15(completely); 9-14(partially)

Assembly and method for measuring the deposition rate of an
evaporated material, having a first and a second oscillation
crystal and a heater configuration for removing material

that has been deposited on the first or second oscillation
crystal.
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