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(57) Abstract: A measurement assembly for measuring a depo-
sition rate of deposited material in a vacuum deposition chamber
is described. The measurement assembly includes one or more
transparent substrates providing a deposition surface and a refer-
ence surface, the deposition surface being configured to receive at
least a portion of the deposited material in a vacuum chamber of
the vacuum deposition apparatus and an optical measurement as-
sembly. The optical measurement assembly includes a source of
clectromagnetic radiation; a first detector for a first portion of the
clectromagnetic radiation and providing a deposition rate signal;
and a second detector for a second portion of the electromagnetic
radiation and providing a reference signal.
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MEASUREMENT ASSEMBLY FOR MEASURING A DEPOSITION RATE
AND METHOD THEREFORE

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 therefore. 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 angles
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
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controlled to lie within a predetermined tolerance range. In other words, 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] For example, a Quartz Crystal microbalance (QCM) correlates the frequency of
an oscillating quattz crystal with the mass of the material deposited on the QCM. Upon
deposition of material on the QCM, the oscillation frequency changes. A deposition rate
is determined based on the changing oscillation frequency. A QCM can be considered
highly sensitive to the change in mass. Yet, saturation of the QCM and difficulties to
measure reliably over a long time period results in frequent maintenance and/or long

maintenance times.

[0006] Accordingly, there is a continuing demand for providing improved deposition
rate measurement systems, deposition rate measurement methods, evaporators and

deposition apparatuses.

SUMMARY

[0007] In view of the above, a measurement assembly for measuring a deposition rate
in a vacuum deposition chamber, a deposition source, ‘a deposition apparatus and a
method for measuring a deposition rate of material to be deposited in the vacuum
chamber according to the independent claims are provided. Further advantages,
features, aspects and details are apparent from the dependent claims, the description and

drawings.

[0008] A measurement assembly for measuring a deposition rate of deposited material
in a vacuum deposition chamber is provided. The measurement assembly includes one
or more transparent substrates providing a deposition surface and a reference surface,

the deposition surface being configured to receive at least a portion of the deposited
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material in a vacuum chamber of the vacuum deposition apparatus and an optical
measurement assembly. The optical measurement assembly includes a source of
electromagnetic radiation; a first detector for a first portion of the electromagnetic
radiation and providing a deposition rate signal; and a second detector for a second

portion of the electromagnetic radiation and providing a reference signal.

[0009] A measurement assembly for measuring a deposition rate of deposited material
in a vacuum deposition chamber is provided. The measurement assembly includes a
first transparent substrate having a major surface provided at a first angle relative to a
material direction of the deposition material; and an optical measurement assembly. The
optical measurement assembly includes a source of electromagnetic radiation at a first
side of the first transparent substrate; and a first detector for at least a portion of the
electromagnetic radiation at a second side of the first transparent substrate opposing the
first side, wherein a radiation direction of the electromagnetic radiation is provided from
the source through the first transparent substrate to the first detector, wherein the

radiation direction is inclined with respect to the material direction.

[0010] A deposition source for evaporation of material is provided. The deposition
source includes an evaporation crucible, wherein the evaporation crucible is configured
to evaporate a material; a distribution pipe with one or more outlets provided along the
length of the distribution pipe for providing evaporated material, wherein the
distribution pipe is in fluid communication with the evaporation crucible; and a

measurement assembly according to any of the embodiments described herein.

[0011] A method for measuring a deposition rate of a material to be deposited in a
vacuum chamber is provided. The method includes depositing a portion of the material
on a substrate in the vacuum chamber; guiding a further portion of the material towards
a measurement assembly in the vacuum chamber for measuring a deposition rate;
coating a transparent substrate in the vacuum chamber with the further portion of the
material in the measurement assembly to form a layer on the transparent substrate;
emitting electromagnetic radiation with a source; measuring an intensity of a portion of
the electromagnetic radiation transmitted through the transparent substrate and the layer
to obtain a deposition rate signal; measuring a further portion of the electromagnetic
radiation to obtain a reference signal; and referencing the deposition rate signal with the

reference signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that the manner in which the above recited features of the disclosure
described herein can be understood in detail, a more particular description, 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.1 shows a schematic view of a measurement assembly configured to measure a
deposition rate signal and a reference signal according to embodiments of the present

disclosure;

FIG. 2A shows a schematic view of a measurement assembly configured to
continuously measure a deposition rate, particularly during operation of the deposition

source, according to embodiments of the present disclosure;

FIG. 2B shows a schematic view of a measurement assembly configured to
continuously measure a deposition rate, particularly during operation of the deposition

source, according to embodiments of the present disclosure;

FIG.3 shows a schematic view of a measurement assembly having a deposition
compartment, a reference compartment, and an inclined transparent substrate, according

to embodiments of the present disclosure;

FIG. 4 shows a schematic view of a measurement assembly having a deposition
compartment configured to be evacuated independently, and elements to further
improve a deposition rate element according to various embodiments of the present

disclosure;

FIGS. 5A and 5B show schematic side views of an evaporation source according to

embodiments described herein;

FIG.6  shows a perspective view of an evaporation source according to embodiments

described herein;
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FIG.7 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

FIG.8 shows a block diagram illustrating a method for measuring a deposition rate

of an evaporated material according to embodiments 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 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.

[0014] Contrary to commonly used QCM deposition rate measurement devices,
embodiments of the present disclosure provide a measurement assembly for measuring
a deposition rate of deposited material in a vacuum deposition chamber having a source
of electromagnetic radiation. The material, for which a deposition rate is measured, is
provided as a layer on a transparent substrate. The intensity of the electromagnetic
radiation, for example light, changes dependent on the thickness of the layer of the
material. For example, the transparent substrate can be a transparent glass. The light
intensity passing through the transparent glass will decrease after deposition of a thin

film on the surface, i.e. with increasing layer thickness.

[0015] Measurement assemblies according to embodiments of the present disclosure
are configured to measure a deposition rate of material in a vacuum deposition chamber.
A deposition process is provided in a vacuum chamber. For example, the deposition
process can be an evaporation process or another physical vapor deposition process or

can be a CVD process. Measurement assemblies according to embodiments of the



WO 2020/122944 PCT/US2018/065744

present disclosure can be provided and can operate in the vacuum chamber, for
example, under a technical vacuum. A technical vacuum may be considered to have a

pressure of 1 mbar or below, such as 1*¥10 mbar or below or 1*10”° mbar or below.

[0016] According to some embodiments, which can be combined with other
embodiments described herein, a deposition rate signal can be provided by measuring
an intensity of electromagnetic radiation and a reference signal can be provided by
measuring an intensity of electromagnetic radiation. The signals are generated based
upon optical path lengths in the vacuum chamber. A comparison or contrast can be
provided between the deposition rate signal and the reference signal to provide a highly

sensitive deposition rate measurement.

[0017] According to one embodiment, a measurement assembly for measuring a
deposition rate of deposited material in a vacuum deposition chamber is provided. The
measurement assembly includes one or more transparent substrates providing a
deposition surface and a reference surface, the deposition surface being configured to
receive at least a portion of the deposited material in a vacuum chamber of the vacuum
deposition apparatus. An optical measurement assembly is provided. The optical
measurement assembly includes a source of electromagnetic radiation, a first detector
for a first portion of electromagnetic radiation and providing a deposition rate signal,
and a second detector for a second portion of the electromagnetic radiation and

providing a reference signal.

[0018] According to yet further embodiments, which can be combined with other
embodiments described herein, a direction of a plume of evaporated material, i.e. a main
evaporation direction for the deposition rate measurement, and irradiation direction of
electromagnetic radiation from the source to a detector can be angled or inclined with
respect to each other. Accordingly, an in situ measurement, such as continuous

measurement during deposition, can be provided in the vacuum chamber.

[0019] According to one embodiment, a measurement assembly for measuring a
deposition rate in a vacuum deposition chamber is provided. The measurement
assembly includes a first transparent substrate having a major service provided at a first
angle relative to an evaporation direction of the evaporated material and an optical

measurement assembly. The optical measurement assembly includes a source of
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electromagnetic radiation at a first side of the first transparent substrate and the first
detector for at least a portion of the electromagnetic radiation at a second side of the
first transparent substrate opposing the first side. A radiation direction from the source
through the first transparent substrate to the first detector is provided. The radiation
direction is inclined with respect to the evaporation direction. For example, the angle

between the radiation direction and the evaporation direction can be 10° to 120°.

[0020] FIG. 1 shows the measurement assembly 100. The measurement assembly 100
may be configured to measure a deposition rate in the vacuum deposition apparatus. The
measurement assembly 100 includes a housing 102. A transparent substrate 122 is
provided in the housing. A plume of deposition material 105 is guided along a main
material direction 171. The plume of deposition material 105 is a portion of the material
provided in the vacuum deposition chamber, for example, by a deposition source. The
deposition source may, for example, deposit material on a substrate, such as a glass

plate or a wafer, to generate a layer stack or device on the substrate.

[0021] The deposition material 105 guided towards the transparent substrate 122
generates a layer 106 on the transparent substrate 122. The layer thickness of the layer
106 increases over time and the increase depends on the deposition rate of the
deposition source. Further, an increasing layer thickness of the layer 106 results in an
increasing absorption, i.e. optical absorption of electromagnetic radiation, for example,

light.

[0022] The absorption of electromagnetic radiation and/or the transmission of
electromagnetic radiation, respectively, is measured with an optical measurement
assembly. The optical measurement assembly includes a source 132 of electromagnetic
radiation and at least a first detector 112 to detect a portion of the electromagnetic
radiation emitted by the source 132. The first detector 112 can provide a deposition rate

signal.

[0023] According to various embodiments, which can be combined with other
embodiments described herein, the source 132 of electromagnetic radiation can be a
light source. For example, the light source may admit light in an infrared wavelength
range, a visible wavelength range, and/or an ultraviolet wavelength range. The light

source can be a broadband light source or can be a light source emitting one or more
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individual wavelengths. In some exemplary modifications, which can be combined with
other embodiments described herein, a filter may be used to select one or more
wavelengths or a wavelength range for the absorption and/or transmission measurement.
According to some embodiments, which can be combined with other embodiments
described herein, the source 132 for electromagnetic radiation, the transparent substrate
122, and the first detector 112 can provide a deposition rate measurement path or
radiation direction 153 of electromagnetic radiation. The deposition rate measurement
path may be modified with at least one of filters, apertures, lenses, and other optical

elements.

[0024] A reference measurement path or further radiation direction 151 can be
provided. The reference measurement path includes a light source. According to some
embodiments, the deposition rate measurement path and the reference measurement
path include the same source 132 of electromagnetic radiation. Further, the transparent
substrate 122 or a similar transparent substrate and the second detector 114 are provided
for the reference measurement path. The reference measurement path may be modified
with the same components being at least one of filters, apertures, lenses and other
optical elements, as the deposition rate measurement path. Accordingly, the reference
measurement path can be provided to reference the deposition rate measurement. For
example, a contrast measurement can be provided. Upon generation of the layer 106 of
deposition material on the transparent substrate 122, the deposition rate measurement
path changes as compared to the reference measurement path. The deposition rate can

be determined.

[0025] According to some embodiments, which can be combined with other
embodiments described herein, a deposition rate signal is provided by the first detector
112 and a reference signal is provided by the second detector 114. For example, the
deposition rate signal can be divided by the reference signal. Fluctuations in the
intensity of the source 132 of electromagnetic radiation, fluctuations of the pressure in
the vacuum chamber, or other fluctuations can be reduced or compensated by
referencing the deposition rate signal. An increasing layer thickness of the layer 106
results in a reduced intensity detected by the first detector 112. Due to the fact that no

material layer is generated in the reference measurement path, the deposition rate can be
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measured by the measurement assembly 100 while referencing the deposition rate signal

with the reference signal.

[0026] According to some embodiments, which can be combined with other
embodiments described herein, the first detector 112 and the second detector 114 can be
a photometer, a photoresistor, a photodiode, or a photomultiplier. According to typical
embodiments, an intensity of electromagnetic radiation, for example, an intensity of
light is measured by the first detector and the second detector. According to some
embodiments, which can be combined with other embodiments described herein, the
measurement path for the deposition rate measurement and for the reference
measurement are similar or substantially symmetric, such that considerations with
respect to luminance or other photometric measurement consideration resulting from the
geometry may be disregarded. With respect to the sensitivity of the detectors, similar
detectors having substantially the same sensitivity to the characteristic of the
electromagnetic radiation can be provided. According to some embodiments, it may be
considered that the intensity of the light from a known source, e.g. source 132, luminate
the deposition chamber and the reference chamber. When the deposition chamber gets
deposited the illumination on the chamber walls reduced due to clouding on the glass
plate (source). Also due to change in surface properties of the chamber wall due to
deposition, the reflectance properties also changes further change in luminance inside

the chamber.

[0027] FIGS. 2A and 2B illustrate further aspects of measurement assemblies
according to embodiments of the present disclosure, which may be combined with other
embodiments described herein. The measurement assembly 100 shown in FIG. 2A
includes a transparent substrate 122. A layer 106 is deposited on the transparent
substrate during deposition rate measurement, i.e. when a plume of deposition material
105 is guided on the transparent substrate 122 along the material direction, which is the
main material direction of a plume of material. The main material direction may, for
example, be an evaporation direction. The material direction 171 is angled relative to a
main surface of the transparent substrate 122 by a first angle. An optical measurement
assembly is provided. Electromagnetic radiation, for example, light, is emitted by the
source 132 on a first side of the transparent substrate 122. In FIG. 2A, the first side is
the upper side of the transparent substrate 122. A first detector 112 detects at least a

9
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portion of the electromagnetic radiation emitted by the source 132. The first detector
112 is provided on a second side of the transparent substrate 122, the second side
opposing the first side. In FIG. 2A, the first side is the lower side of the transparent
substrate 122. A radiation direction 153 is provided from the source 132 through the
transparent substrate 122 to the first detector 112. As indicated by the direction 271
defined by the material direction 171, i.e. a main direction of a plume of deposition
material 105, the material direction and the radiation direction are inclined with respect
to each other. Particularly, the material direction and the radiation direction are not
parallel. Accordingly, the deposition rate can be measured while material is deposited
on the transparent substrate. Thus, an in-situ measurement and, particularly a continuous

measurement can be provided.

[0028] According to some embodiments, which can be combined with other
embodiments described herein, the first angle of the material direction 171 with respect
to a major surface of the substrate can be 10° to about 90°. A second angle between the
radiation direction 153 and a major surface of the substrate can be 20° to about 90°. The
material direction and the radiation direction can be inclined with respect to each other

by an angle of, for example, 20° to 110°.

[0029] Another implementation, which is similar to FIG. 2A is shown in FIG. 2B. In
FIG. 2B, the material direction 171 may be about 90° relative to a major surface of the
substrate (e.g. +- 10°) and the radiation direction 153 may be provided with a second

angle being about 30° to about 60°.

[0030] FIG. 3 shows another embodiment of a measurement assembly 100. The
measurement assembly 100 has the source 132 of electromagnetic radiation, for
example, light source in a source compartment 302. The source compartment 302 may
be provided by at least the housing 102 of the measurement assembly and a transparent
substrate 122. As shown in FIG. 3, the transparent substrate 122 can be a first
transparent substrate. Further, a second transparent substrate 322 can be provided. The
second transparent substrate may further provide a wall of the source compartment 302.
The first detector 112, configured to provide a measurement signal, can be provided in
the first compartment 312, such as a measurement compartment. The second detector
114, configured to provide a reference signal, can be provided in a second compartment

314, such as a reference compartment. The first compartment can be provided by the
10
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first transparent substrate 122 and a portion of the hohsing 102. The second
compartment can be provided by the second transparent substrates 322 and another

portion of the housing 102.

[0031] According to some embodiments, which can be combined with other
embodiments described herein, a measurement path and a reference path may both be
provided through a transparent substrate. The transparent substrate may be a glass plate
or a plate of transparent material, i.e. a material transparent for the electromagnetic
radiation. Further, the transparent substrate may be a sphere or a differently shaped
transparent element. According to yet further embodiments, which can be combined
with other embodiments described herein, and as shown in FIG. 3, the first transparent
substrate 122 can be provided for the measurement path and a second transparent
substrates 322 can be provided for the reference path. Layer 106 of the deposition
material is provided on the first transparent substrate 122. No deposition occurs on the

second transparent substrate 322.

[0032] Embodiments of the present disclosure include a light source and a chamber
having at least two compartments, for example, a reference chamber and a deposition
chamber. Two substrates being transparent for electromagnetic radiation, for example,
two glass pieces, can be provided between a light source and respective detectors in the
reference chamber and a deposition chamber. The two detectors, for example, two
photometers can be placed appropriately in the chambers. Electromagnetic radiation, for
example, light is emitted by the source 132. The light may pass through the first
transparent substrate and the second transparent substrate forming, for example, inclined
glass surfaces. The intensity of the light is measured and calibrated. For example, the
first detector and the second detector may show the same reading of the calibration.
According to some embodiments, which can be combined with other embodiments
described herein, a luminances in the deposition compartment and the reference
compartment may be compared. The luminance may be L= Intensity (I) / A * Cos(Z),
wherein A is the area of the beam and Z indicates the angle of a projection on a

detector.

[0033] Deposition material 105, e.g. a vapor plume is allowed inside the deposition
chamber. The material, e.g. the vapor, gets deposited on the glass surface and reduces

the Luminous intensity inside the deposition chamber. The luminous intensity is
It
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measured using a detector, e.g. a photometer. A contrast between the measurement in

the measurement chamber and the measurement in the reference chamber is calculated.

[0034] According to some embodiments, which can be combined with other
embodiments described herein, the contrast C can be calculated as follows: C =1 —
Id/Ir, where 1d is the measurement intensity and Ir is the reference intensity. Similarly,
the contrast may be calculated as C = 1 — Ld/Lr, wherein Ld and Lr are the luminance
levels of the deposition area and the reference area, respectively. The contrast is C = 0

for no contrast (no deposition) and C = 1 for maximum contrast (maximum deposition).

[0035] According to some embodiments, which can be combined with other
embodiments described herein, the measurement assembly as described herein may be
refreshed. If the maximum contrast is reached or before the maximum contrast is
reached, which corresponds to a measured deposition intensity of zero, the layer 106
can be removed from the transparent substrate 122, i.e. a surface 123 of the transparent
substrate. According to some embodiments, which can be combined with other
embodiments described herein, a heater 352 can be provided. The heater 352 can heat
the transparent substrate 122 to evaporate the material of the layer 106. Accordingly, the
_layer 106 is removed from the transparent substrate 122. The heater may be embedded
in the transparent substrate or can be provided at the transparent substrate. The heater is
configured to heat the transparent substrate above an evaporation temperature of the
material, for which the material deposition rate is measured. According to embodiments,
which can be combined with other embodiments described herein, the heater can be an
electrical heater, such as resistive heater, a radiant heater, a convection heater, or any

other kind of heater.

[0036] As shown in FIG. 3 the source 132, which may be provided inside the source
chamber, illuminates a detector, for example, a photometer, in the deposition chamber
and a detector in the reference chamber. The electromagnetic radiation, for example
light, may pass through two glass plates, i.e. the first transparent substrate and the
second transparent substrate. The intensity measured by the two detectors in each
chamber or compartment, respectively, can be compared. Deposition on a glass plate
occurs only in the deposition chamber, such that a referenced deposition rate
measurement can be provided. According to some embodiments, which can be

combined with other embodiments described herein, a contrast can include a ratio of
12
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intensities of the two detectors in the two chambers. Without material being deposited
on a glass plate of the measurement assembly, the contrast will be zero, i.e. the same
intensity or substantially the same intensity can be measured in both chambers. This
may apply initially and having no deposition. The contrast will increase as deposition
occurs and may reach a maximum value. According to embodiments of the present
disclosure, a deposition rate can be calibrated on the contrast. Accordingly, a deposition
rate signal can be provided by the contrast, and particularly by a change in contrast

measured by the measurement assembly.

[0037] Further modifications of embodiments, which may be provided alternatively to
each other or additionally to each other, are illustrated in FIG. 4. According to one
modification, a vacuum pump 402, such as a molecular vacuum pump, can be connected
to the first compartment, i.e. the deposition chamber. Accordingly, during heating of the
first transparent substrate 122 with the heater 352, the deposition chamber can be
evacuated such that molecules released by evaporating the layer 106 are evacuated by

the vacuum pump 402.

[0038] According to the one modification, an aperture 434 can be provided in the
optical path between the source 132 for electromagnetic radiation and the first detector.
The aperture may define an aperture angle of the beam path of electromagnetic
radiation. For example, only a light transmission through a portion of the layer 106 can
be measured. Additionally, a similar aperture may be provided in the reference path to

provide substantially symmetric optical arrangements.

[0039] According to one modification, a shutter 432 can be provided in the
measurement chamber. The shutter 432 can be moved into the path of electromagnetic
radiation as indicated by arrow 433. Particularly during heating of the first transparent
substrate 122, the first detector 112 can be blocked by the shutter 432 to reduce or avoid

material released from the transparent substrate to be coated on the first detector.

[0040] According to one modification, a shutter 422 can be provided to close an
opening in the housing 102 of the measurement assembly. The shutter 422 can be
moved as indicated by arrow 423. Accordingly, deposition material can be prevented

from entering the measurement chamber.

13
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[0041] According to one modification, an aperture or plate 424 blocking a portion of
the plume of deposition material 105 can be provided. Additionally or alternatively, a
chopper can be provided. The aperture or plate, and/or the chopper can be utilized to
reduce the amount of material entering the deposition chamber. The reduction of
material entering the deposition chamber can be beneficial to increase the time between
minimum contrast and maximum contrast measured by the measurement assembly. The
time periods between heating the first transparent substrate for removing the layer 106

from the transparent substrate can be increased.

[0042] Embodiments of the present disclosure allow for a reduced product
maintenance cycle. Further, refreshing of the measurement assembly allows for shorter
maintenance periods. Downtime of a deposition system can be reduced. Due to the
optical assembly for measuring the deposition rate, the reduced number of joints and
connections can be provided as compared to, for example, the revolver-based QCM
deposition rate measurement. Reliability of the measurement system can be increased.
Measurement assemblies according to embodiments of the present disclosure allow for
a referenced measurement, for example, dividing deposition rate signal by a reference

signal. A sensitive deposition rate measurement can be provided.

[0043] Embodiments of the present disclosure can be utilized for material deposition
in vacuum deposition chambers. Particularly, deposition rate measurements can be used
for evaporation sources and, specifically for evaporation sources for organic materials,

for which highly accurate deposition rate measurements are advantageous.

[0044] FIGS. 5A and 5B show schematic side views of an evaporation source 500
according to embodiments as described herein. According to embodiments, the
evaporation source 500 includes an evaporation crﬁcible 510, wherein the evaporation
crucible is configured to evaporate a material. Further, the evaporation source 500
includes a distribution pipe 520 with one or more outlets 522 provided along the length
of the distribution pipe for providing evaporated material, as exemplarily shown in

FIG. 5B.

[0045] According to embodiments, the distribution pipe 520 is in fluid communication
with the evaporation crucible 510, for example by a vapor conduit 532, as exemplarily

shown in FIG. 5B. The vapor conduit 532 can be provided to the distribution pipe 520 at

14
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a lower end of the distribution pipe (see FIG. 5A), at a central portion of the distribution
pipe or at another position between the lower end of the distribution pipe and the upper
end of the distribution pipe. Further, the evaporation source 500 according to
embodiments described herein includes a measurement assembly 500 according to
embodiments described herein. Accordingly, an evaporation source 500 is provided for

which the deposition rate can be measured with a high accuracy.

[0046] According to some embodiments, which can be combined with other
embodiments described herein, the measurement assembly can be provided at an upper
portion or above the distribution pipe. Accordingly, employing an evaporation
source 500 according to embodiments described herein may be beneficial for high

quality display manufacturing, particularly OLED manufacturing.

[0047] As exemplarily shown in FIG. 5A, According to embodiments which can be
combined with other embodiments described herein, the distribution pipe 520 may be an
elongated tube including a heating element 515. The evaporation crucible 510 can be a
reservoir for material, e.g. organic material, to be evaporated with a heating unit 525.
According to embodiments, which can be combined with other embodiments described
herein, the distribution pipe 520 may provide a line source. For example, as exemplarily
shown in FIG. 5B, a plurality of outlets 522, such as nozzles, can be arranged along at
least one line. According to some embodiments, which can be combined with other

embodiments described herein, the line source may extend essentially vertically.

[0048] According to some embodiments, which can be combined with other
embodiments described herein, the length of the distribution pipe 520 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 520 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 520 can be 1.3 m or above, for example 2.5 m or above.

[0049] According to embodiments, which can be combined with other embodiments
described herein, the evaporation crucible 510 may be provided at the lower end of the

distribution pipe 520, as exemplarily shown in FIG. 5A. The material, e.g. an organic
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material, can be evaporated in the evaporation crucible 510. The evaporated material
may enter the distribution pipe 520 at the bottom of the distribution pipe and may be
guided essentially sideways through the plurality of outlets 522 in the distribution
pipe 520, e.g. towards an essentially vertical substrate. With exemplary reference to
FIGS. 5A and 5B, the measurement assembly 100 according to embodiments described
herein may be provided at an upper portion, particularly above or at an upper end, of the
distribution pipe 520. A measurement outlet 550 may be provided in a top wall 524C of
the distribution pipe 520.

[0050] In the present disclosure, a “measurement outlet” may be understood as an
opening or aperture, through which evaporated material can be provided to a
measurement device, e.g. a measurement assembly according to embodiments described
herein. Further, in the present disclosure, a “measurement outlet” may be understood as
an opening or aperture which is provided in a wall, particularly a top wall or a backside

wall, of a distribution pipe of an evaporation source.

[0051] FIG. 6 shows a perspective view of an evaporation source 500 according to
embodiments described herein. As exemplarily shown in FIG. 6, the distribution
pipe 520 may be designed in a triangular shape. A triangular shape of the distribution
pipe 520 may be beneficial in case two or more distribution pipes are arranged next to
each other. In particular, a triangular shape of the distribution pipe 520 makes it possible
to bring the outlets of neighboring distribution pipes close 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. As
exemplarily shown in FIG. 6, according to embodiments which can be combined with
other embodiments described herein, the measurement assembly 100 may be provided
at the distribution pipe 520, particularly at a top wall or at the upper end of a rear side of

the distribution pipe.

[0052] According to embodiments, which can be combined with other embodiments
described herein, the distribution pipe 520 may include walls, for example side walls
524B and a wall at the backside 524A of the distribution pipe, e.g. an end portion of the
distribution pipe, which can be heated by a heating element 515. The heating element
515 may be mounted or attached to the walls of the distribution pipe 520. According to

some embodiments, which can be combined with other embodiments described herein,
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the evaporation source 500 may include a shield 504. The shield 504 may reduce the
heat radiation towards the deposition area. Further, the shield 504 may be cooled by a
cooling element 516. For example, the cooling element 516 may be mounted to the

shield 504 and may include a conduit for cooling fluid.

[0053] FIG. 7 shows a schematic top view of a deposition apparatus 700 for applying
material to a substrate 733 in a vacuum chamber 710 according to embodiments
described herein. According to embodiments which can be combined with other
embodiments described herein, the evaporation source 500 as described herein may be
provided in the vacuum chamber 710, for example on a track, e.g. a linear guide 720.
The track or the linear guide 720 may be configured for a translational movement of the
evaporation source 500. Accordingly, according to embodiments which can be
combined with other embodiments described herein, a drive for the translational
movement can be provided for the evaporation source 500, at the track and/or the linear
guide 720, within the vacuum chamber 710. According to embodiments which can be
combined with other embodiments described herein, a first valve 705, for example a
gate valve, may be provided which allows for a vacuum seal to an adjacent vacuum
chamber (not shown in FIG. 7). The first valve can be opened for transport of the
substrate 733 or a mask 732 into the vacuum chamber 710 or out of the vacuum

chamber 710.

[0054] According to some embodiments, which can be combined with other
embodiments described herein, a further vacuum chamber, such as maintenance vacuum
chamber 711 may be provided adjacent to the vacuum chamber 710, as exemplarily
shown in FIG. 7. Accordingly, the vacuum chamber 710 and the maintenance vacuum

chamber 711 may be connected with a second valve 707.

[0055] As exemplarily shown in FIG.7, two substrates may be supported on
respective transportation tracks within the vacuum chamber 710. Further, two tracks for
providing masks thereon can be provided. Accordingly, during coating the substrate 733
can be masked by respective masks. For example, the mask may be provided in a mask

frame 731 to hold the mask 732 in a predetermined position.

[0056] According to some embodiments, which can be combined with other

embodiments described herein, the substrate 733 may be supported by a substrate
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support 726, which can connect to an alignment unit 712. The alignment unit 712 may
adjust the position of the substrate 733 with respect to the mask 732. As exemplarily
shown in FIG. 7 the substrate support 726 may be connected to the alignment unit 712.
Accordingly, the substrate may be moved relative to the mask 732 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 732 and/or the mask frame 731 holding the mask 732 can be
connected to the alignment unit 712. Accordingly, either the mask 732 can be
positioned relative to the substrate 733 or the mask 732 and the substrate 733 can both

be positioned relative to each other.

[0057] As shown in FIG. 7, the linear guide 720 may provide a direction of the
translational movement of the evaporation source 500. A mask 732 may be provided on
both sides of the evaporation source 500. The masks may extend essentially parallel to
the direction of the translational movement. Further, the substrates at the opposing sides
of the evaporation source 500 can also extend essentially parallel to the direction of the
translational movement. As exemplarily shown in FIG. 7, the evaporation source 500
provided in the vacuum chamber 710 of the deposition apparatus 700 may include a
support 702 which may be configured for the translational movement along the linear
guide 720. For example, the support 702 may support three evaporation crucibles and
three distribution pipes 520 provided over the evaporation crucible 510. Accordingly,
the vapor generated in the evaporation crucible can move upwardly and out of the one

or more outlets of the distribution pipe.

[0058] In FIG. 8 a block diagram illustrating a method for measuring a deposition rate
of an evaporated material according to embodiments described herein is shown.
According to embodiments, the method 800 for measuring a deposition rate of a
material may include evaporating 802 a material, for example an organic material. As
indicated by box 804 a portion of the material is deposited on a substrate in the vacuum
chamber and a further portion of the material is guided towards a measurement
assembly in the vacuum chamber for measuring a deposition rate. A transparent
substrate in the vacuum chamber is coated with the further portion of the material in the
measurement assembly to form a layer on the transparent substrate. As illustrated by

box 806, electromagnetic radiation is emitted with a source and an intensity of a portion
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of the electromagnetic radiation transmitted through the transparent substrate and the
layer is measured to obtain a deposition rate signal. A further portion of the
electromagnetic radiation is measured to obtain a reference signal. As indicated by box

808 the deposition rate signal is referenced with the reference signal.

[0059] Accordingly, the measurement assembly for measuring‘a deposition rate of
deposited material in a vacuum chamber, an evaporation source, and a deposition
apparatus are provided. Advantageously, a deposition rate signal can be referenced with
a reference signal, particularly based on electromagnetic radiation from the same
source. A highly sensitive deposition rate signal can be provided by a comparison.
Further, the number of maintenance cycles can be reduced and the time period for

maintenance can be reduced.

[0060] 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.

[0061] In particular, this written description uses examples to disclose the disclosure,
including the best mode, and also to enable any person skilled in the art to practice the
described subject-matter, including making and using any devices or systems and
performing any incorporated methods. While various specific embodiments have been
disclosed in the foregoing, mutually non-exclusive features of the embodiments
described above may be combined with each other. The patentable scope is defined by
the claims, and other examples are intended to be within the scope of the claims if the
claims have structural elements that do not differ from the literal language of the claims,
or if the claims include equivalent structural elements with insubstantial differences

from the literal language of the claims.
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CLAIMS

1. A measurement assembly (100) for measuring a deposition rate of deposited

material in a vacuum deposition chamber, comprising:

one or more transparent substrates providing a deposition surface and a reference
surface, the deposition surface being configured to receive at least a portion of the

deposited material in a vacuum chamber of the vacuum deposition apparatus;
an optical measurement assembly, comprising:
a source of electromagnetic radiation;

a first detector for a first portion of the electromagnetic radiation and

providing a deposition rate signal; and

a second detector for a second portion of the electromagnetic radiation

and providing a reference signal.

2. The measurement assembly according to claim 1, further comprising:

a housing for the measurement assembly, the housing providing a source compartment

for the source, a deposition compartment for the first detector, and a reference

compartment for the second detector.

3. The measurement assembly according to claim 2, wherein the one or more
transparent substrates separate the source compartment from the deposition

compartment and the reference compartment.

4, A measurement assembly (100) for measuring a deposition rate in a vacuum

deposition chamber, comprising:
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a first transparent substrate having a major surface provided at a first angle

relative to a material direction of the deposition material; and
an optical measurement assembly, comprising:,

a source of electromagnetic radiation at a first side of the first transparent

substrate; and

a first detector for at least a portion of the electromagnetic radiation at a
second side of the first transparent substrate opposing the first side, wherein a
radiation direction of the electromagnetic radiation is provided from the source

through the first transparent substrate to the first detector;

wherein the radiation direction is inclined with respect to the material direction.

5. The measurement assembly (100) according to claim 4, wherein the first angle is

about 10° to about 90°.

6. The measurement assembly according to any of claims 4 to 5, wherein the
radiation direction is angled at a second angle relative to the major surface of the first
transparent substrate, the second angle being different from the first angle and being

about 20° to about 90°.

7. The measurement assembly according to any of claims 4 to 6, further

comprising:

a heater, particularly at or in the transparent substrate.

8. The measurement assembly according to any of claims 4 to 7, further comprising

a second transparent substrate; and
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a second detector, wherein electromagnetic radiation is provided from the source

through the second transparent substrate to the second detector

9. The measurement assembly (100) according to any of claims 4 to 8, wherein a
first optical atrangement having the source, the first transparent substrate and first
detector is symmetrically arranged with respect to a second optical arrangement having

the source, the second transparent substrate and second detector

10.  The measurement assembly (100) according to any of claims 4 to 9, further

comprising:

a housing for the first detector, the housing having an opening defining the material

direction.

[1.  The measurement assembly (100) according to any of claims 4 to 10, wherein
the housing provides a first compartment having the first detector for deposition
measurement and a second compartment for the second detector for reference

measurement.

12.  The measurement assembly (100) according to any of claims 4 to 11, wherein at
least one of the first transparent substrate and the second transparent substrate is a glass

plate.

13. A deposition source (500) for evaporation of material, comprising:

an evaporation crucible (510), wherein the evaporation crucible is configured to

evaporate a material;
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a distribution pipe (520) with one or more outlets (522) provided along the
length of the distribution pipe for providing evaporated material, wherein the
distribution pipe (520) is in fluid communication with the evaporation crucible (510);

and

a measurement assembly (100) according to any of claims 1 to 12.

14.  The deposition source (500) according to claim 13, wherein the measurement
outlet (550) and the measurement assembly (500) are arranged at an end of the

distribution pipe (520), particularly at a top wall (524C) of the distribution pipe (520).

15. A deposition apparatus (700) for applying material to a substrate (733) in a
vacuum chamber (710) at a deposition rate, comprising at least one deposition source

(500) according to any of claims 13 to 14.

16. A method (400) for measuring a deposition rate of a material to be deposited in a

vacuum chamber, comprising:
depositing a portion of the material on a substrate in the vacuum chamber;

guiding a further portion of the material towards a measurement assembly in the

vacuum chamber for measuring a deposition rate;

coating a transparent substrate in the vacuum chamber with the further portion of

the material in the measurement assembly to form a layer on the transparent substrate;
emitting electromagnetic radiation with a source;

measuring an intensity of a portion of the electromagnetic radiation transmitted

through the transparent substrate and the layer to obtain a deposition rate signal;

measuring a further portion of the electromagnetic radiation to obtain a reference
signal; and
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referencing the deposition rate signal with the reference signal.
17. The method of claim 16, wherein the vacuum chamber has a deposition

compartment and a reference compartment and the vacuum in the deposition
compartment is similar to a vacuum in the reference compartment.
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