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FIG. 1A

(57) Abstract: A process of coating at least one substrate with a plurality of deposition sources, a method of tooling, a carrier unit
and a deposition system are described. The systems and methods provide for or allow for exposing a first substrate portion 112a of
said at least one substrate 112 to a first deposition source 118a through an aperture 122 of a carrier unit 110, 510, depositing a first
layer 126a over the first substrate portion, said first layer including material from said first deposition source, varying a relative posi-
tion between said at least one substrate and said aperture for exposing a second substrate portion of said at least one substrate, or an-
other substrate, to a second deposition source, and depositing a second layer 126b over the second substrate portion 112b, said
second layer including material from said second deposition source.
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TOOLING CARRIER FOR INLINE COATING MACHINE, METHOD OF
OPERATING THEREOF AND PROCESS OF COATING A SUBSTRATE

TECHNICAL FIELD OF THE INVENTION

[0001] Embodiments of the present invention relate to an evaporation system for use in a
vacuum installation, a coating installation including the evaporation system, and a method
of using the same. Embodiments of the present invention particularly relate to a process of
coating at least one substrate with a plurality of deposition sources, typically for organic
materials, a method of tooling a film-thickness monitoring signal, a carrier unit, and a

deposition system configured to operate a carrier unit.

BACKGROUND OF THE INVENTION

[0002] Typically, for deposition of thin films on substrates the layer thickness of the
deposited layer is of relevance. For many deposition processes deposition rate monitors
are available. Signals of the deposition rate monitors and actually manufactured deposition
rates can be correlated by a process called tooling, wherein a tooling factor is determined
by the ratio of the deposited layer thickness and the rate measurement. This calibration
might be particularly time consuming for deposition processes where a plurality of
deposition sources and corresponding deposition rate measurements, each of which
requires calibration, are provided. Applications with a particularly large number of

deposition sources can be OLED manufacturing depositions.

[0003] Organic evaporators are an essential tool for the production of organic light-
emitting diodes (OLED). OLEDs are a special type of light-emitting diodes in which the
emissive layer comprises a thin-film of certain organic compounds. Such systems can be

used in television screens, computer displays, portable system screens, and so on. OLEDs
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can also be used for general space illumination. The range of colors, brightness, and
viewing angle possible with OLED displays are greater than those of traditional LCD
displays because OLED pixels directly emit light and do not require 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 opens the door to new applications such as roll-up displays or even displays

embedded in clothing.

[0004] 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
OLED:s, it is therefore important that the coating rate, at which the coating with organic
material is accomplished, lies within a predetermined tolerance range. In other words, the
coating rate of an organic evaporator has to be controlled thoroughly in the production

process.

[0005] Thereby, the deposition rate for OLED applications, but also for other deposition
processes, needs to be controlled by a detector and the detector signal needs to be
correlated with the thickness of the deposited layer. Accordingly, OLED deposition, but
also all other deposition processes requiring a tooling between real deposition rate on a

substrate and a signal of a rate measurement unit like oscillating quartz.

[0006] Typically, tooling is conducted by coating on one substrate and measuring the
thickness after the coating in the coating machine or outside of the machine. This thickness
can be transferred in a deposition rate and this is correlated to the signal of the measuring
unit of the source. Typically, for each deposition source one substrate is used and coated
with a standard carrier as used during production. Such a procedure - for a machine with
many deposition sources (e.g. 10 or more sources for OLED applications) - requires a long

time period because for each source a new substrate has to be handled one after the other.
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SUMMARY OF THE INVENTION

[0007] In light of the above, a process of coating at least one substrate with a plurality of
deposition sources according to independent claim 1, and a method of tooling according to
claim 6, a carrier unit for carrying at least one substrate within a deposition system
including a plurality of deposition sources according to independent claim 8, and a
deposition system according to claim 12 are provided. Further aspects, advantages, and
features of the present invention are apparent from the dependent claims, the description,

and the accompanying drawings.

[0008] According to one embodiment, a process of coating at least one substrate with a
plurality of deposition sources is provided. The process includes exposing a first substrate
portion of said at least one substrate to a first deposition source through an aperture of a
carrier unit, depositing a first layer over the first substrate portion, said first layer including
material from said first deposition source, varying a relative position between said at least
one substrate and said aperture for exposing a second substrate portion of said at least one
substrate, or another substrate, to a second deposition source, and depositing a second layer
over the second substrate portion, said second layer including material from said second

deposition source.

[0009] According to a further embodiment, a method of tooling a film-thickness
monitoring signal is provided. The method includes exposing a first substrate portion of
said at least one substrate to a first deposition source through an aperture of a carrier unit,
depositing a first layer over the first substrate portion, said first layer including material
from said first deposition source, varying a relative position between said at least one
substrate and said aperture for exposing a second substrate portion of said at least one
substrate, or another substrate, to a second deposition source, and depositing a second layer
over the second substrate portion, said second layer including material from said second
deposition source. Therein, said film-thickness monitoring signal corresponds to a
thickness of a layer deposited over said substrate and is generated while said at least one

substrate is exposed, at least partially, to at least one of the plurality of deposition sources.
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[0010] According to a yet further embodiment, a carrier unit for carrying at least one
substrate within a deposition system including a plurality of deposition sources is provided.
The carrier unit includes an aperture for partially exposing said at least one substrate to a
deposition source of said deposition system, and an adjusting system configured to adjust a
relative position between said at least one substrate and said aperture, so that different
portions of said substrate can be exposed to different deposition sources of said deposition

system.

[0011] According to another embodiment a deposition system is provided. The
deposition system includes: at least one vacuum chamber, and a plurality of deposition
sources for coating a substrate in said at least one vacuum chamber, wherein said
deposition system is configured to operate a carrier unit, wherein the carrier unit for
carrying at least one substrate within a deposition system including a plurality of
deposition sources, includes an aperture for partially exposing said at least one substrate to
a deposition source of said deposition system, and an adjusting system configured to adjust
a relative position between said at least one substrate and said aperture, so that different
portions of said substrate can be exposed to different deposition sources of said deposition

system.

[0012] Embodiments are also directed at apparatuses for carrying out the disclosed
methods and include apparatus parts for performing each described method step. These
method steps may be performed by way of hardware components, a computer programmed
by appropriate software, by any combination of the two or in any other manner.
Furthermore, embodiments according to the invention are also directed at methods by
which the described apparatus operates. It includes method steps for carrying out every

function of the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the manner in which the above recited features of the present invention

can be understood in detail, a more particular description of the invention, briefly
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summarized above, may be had by reference to embodiments. The accompanying

drawings relate to embodiments of the invention and are described in the following:

[0014] Figs. 1A and 1B show schematic views of a carrier unit according to

embodiments described herein, which are particularly useful for tooling;

[0015] Figs. 2A and 2B show schematic views of a further carrier unit according to

embodiments described herein, which are particularly useful for tooling;

[0016] Fig. 3 illustrates a processing system adapted for a carrier unit and according to

embodiments described herein;

[0017] Fig. 4 shows a flow chart, which illustrates processes of coating a substrate
according to embodiments described herein and methods of tooling according to

embodiments described herein;

[0018] Fig. 5 shows a schematic view of a further processing system adapted for a carrier

unit and according to embodiments described herein; and

[0019] Figs. 6A and 6B show schematic views of a yet further carrier unit according to

embodiments described herein, which are particularly useful for tooling;

DETAILED DESCRIPTION OF EMBODIMENTS

[0020] Reference will now be made in detail to the various embodiments of the
invention, 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. Generally, only the differences with respect to individual embodiments are
described. Each example is provided by way of explanation of the invention and is not
meant as a limitation of the invention. 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.
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[0021] Embodiments of the present invention relate to an improved tooling, e.g.
calculation of a tooling factor, for applications with a plurality of deposition source,
wherein a signal of a deposition rate sensor can be calibrated with thickness of deposited
layers. If during operation of a deposition system a layer is deposited on a substrate, e.g. a
test substrate for tooling, a coating step for one source, loading and unloading of a
substrate and the exchange to another substrate, depending on machine layout and speed of
pumping, handling etc. can take up to 15 to 20 minutes. Generally, it is possible to save
time by coating several layers on top of each other, wherein it is beneficial to use a
measuring method and analysis software, which enables extraction of the thickness
information from a stack of several layers for each layer. However, this is complex and
might not be possible for all types of layer stacks. Accordingly, embodiments described
herein relate to a process of coating at least one substrate with a plurality of deposition
sources and a variation or adjustment of a relative position between the substrate and an

aperture.

[0022] Generally, the term “tooling” as used herein relates to thin-film thickness
monitors, deposition rate controllers, deposition rate detectors, deposition rate sensors, or
the like, which can be e.g. used in high and ultra-high vacuum systems. These terms: thin-
film thickness monitors, deposition rate controllers, deposition rate detectors, deposition
rate sensors are used synonymously herein. Such detectors, monitors, controllers and/or
sensor can measure the thickness of a thin film, not only after it has been made, but while it
is still being deposited, and by utilizing such a measurement device one can control either
the final thickness of the film, the rate at which it is deposited, or both. Typically, the rate
at which material is deposited on the sensor may not equal the rate at which the material is
deposited on the sample. The ratio of the two rates can be defined as the "tooling factor”.
Alternatively, the tooling factor can be defined by ratio of the actually deposited layer
thickness and a layer thickness measured by sensor. For careful work, the tooling factor
should be checked by measuring the amount of material deposited on some samples and
comparing it to what the thickness monitor measured. Accordingly, “tooling” refers to a

calibration of the inline measurement device for online measurement of the layer thickness.
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[0023] For example, such sensor can, e.g., use aquartz crystal. Alternatively or
additionally optical measurements can be used. Some of these sensors can for example
measure the amount of material deposited on the sensor. Examples of thickness correlated
measurements are described in patent application EP 2230326 A1, filed on March 16, 2009
entitled "Evaporator, coating installation, and method for use thereof” and EP patent
application 10196882.4, filed on December 23, 2010, entitled “Evaporation system with
measurement unit”, both of which are incorporated herein by reference to the extent that
the applications are not inconsistent with this disclosure. Therein, an evaporation system
for applying vapor to a substrate in a vacuum chamber at a coating rate is provided. The
system including a distribution pipe having an inlet for receiving the vapor; an evaporation
section having a first outlet for applying the vapor to a substrate, the evaporation section
defining a first fluidal path for the vapor to go from the inlet to the first outlet; a
measurement section having a second outlet for displacing the vapor from the
measurement section, the measurement section defining a second fluidal path for the vapor
to go from the inlet to the second outlet; and a light sensitive detector for measuring at
least one characteristic property of the vapor in the measurement section. Further, an
evaporator for applying vapor to a substrate at a coating rate can be provided. The
evaporator includes an evaporator tube having a distribution pipe with at least one nozzle
outlet, and wherein the evaporator tube includes a pressure measurement device, the

pressure measurement device including an optical diaphragm gauge.

[0024] Figure 1A illustrates a carrier unit 110 according to embodiments described
herein. The carrier unit 110 includes a carrier frame 128. Typically, the carrier unit is
configured for holding or supporting a substrate during deposition. The carrier unit
according to embodiments described herein is further configured for tooling, i.e.
calibration, of a deposition source and the corresponding measurement unit, such as the
deposition rate monitor. Within the carrier frame 128 a substrate support area 114 is
provided. Figure 1A shows substrate 112 being supported on the substrate support.
Typically, the substrate has a first portion 112a and the second portion 112b. According to

some embodiments, which can be combined with other embodiments described herein, at
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least one substrate with a first substrate portion and a second substrate portion is provided.
Thereby, the first substrate portion and the second substrate portion can be provided on one

substrate or alternatively on different substrates of the at least one substrate.

[0025] Figure 1A further shows an adjusting system 124 which is configured to move the
substrate 112 relative to the aperture 122. The aperture 122 thereby can have an aperture
opening being configured for exposing one portion of the substrate to evaporated material
or the like. Further, the aperture blocks a portion of material to be deposited by the

deposition source.

[0026] Figure 1A further illustrates the deposition source 118 from which material,
which is to be deposited on the substrate, is directed towards a deposition area, in which
the carrier unit is provided. As can be seen in figure 1A, the aperture 122 exposes the first
portion 112a of the substrate 112 for deposition with the material from the deposition
source. The adjusting system 124, which is illustrated in figure 1A, can be an actuator for
moving the substrate 112 relative to the aperture 122. As shown in figure 1B, the substrate
112 1s moved by a translation to the right-hand side such that the second substrate portion
112b is positioned below the opening of the aperture 122. Accordingly, it is possible by
utilizing the carrier unit 110 to deposit layers of material from the deposition source

adjacent or next to each other.

[0027] According to some embodiments, which can be combined with other
embodiments described herein, a layer, e.g. a coating layer, is formed by a coating process
with the coating source or deposition source, respectively. Thereby, typically the layers can
be deposited to be substantially coplanar to each other, to be in direct contact with the
substrate, and/or not to be provided as a layer stack, i.e., one layer is not provided on
another layer or at least only partially provided on another layer. Thereby, the layers
deposited are each provided on the substrate without any other layer being deposited above

or below the respective coated layer.

[0028] Figures 2A and 2B illustrate yet further embodiments of carrier units as described
herein and being suitable for processes and deposition systems according to embodiments

described herein. The carrier unit 110 shown in figure 2A includes the carrier frame 128,
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the substrate support portion 114, and further shows the substrate 112 provided on the
substrate support. The adjusting system 124 for adjusting the relative position between the
aperture 122 and a substrate portion of the substrate 112 is connected to the aperture 122.
Thereby, as can be seen from a comparison of figure 2A and 2B, the aperture 122 can be
moved relative to the substrate 112 in order to expose different substrate portions to

material to be deposited.

[0029] According to some embodiments, which can be combined with other
embodiments described herein, the adjusting system can be an actuator, a motor, e.g. an
electrically driven motor, or a drive and/or can be configured to adjust the aperture
substrate relative position by linear translation, by rotation or a combination thereof.
According to typical implementations, the adjusting system can either be configured for
moving the substrate on a substrate support, can be connected to the aperture for

movement of the aperture, or a combination thereof.

[0030] According to typical embodiments, a carrier unit as described herein includes an
aperture for partially exposing one or more substrates to material from the deposition
sources in the deposition system. An adjusting system adapted to adjust the relative
position between said aperture and the location, on which the substrate is supported, is
provided. Thereby, different portions of the one or more substrates can be exposed

subsequently.

[0031] Accordingly, embodiments described herein can provide and/or use a special
measuring carrier, which is provided with the movement unit for moving an aperture plate
in front of one or more substrates, e.g. fixed substrates, for moving the one or more
substrates relative to the fixed aperture plate, or for moving both elements relative to each
other. Thereby, after deposition for calibration is conducted for one source of a deposition
system, the movement enables deposition or coating of another substrate or another portion
of the substrate with a second source while the previously coated layer is protected from
additional deposition. This process can be repeated a plurality of times until all sources in
the deposition system have deposited one layer on the one or more substrates. According to

embodiments described herein, this is possible without loading or unloading of the carrier.
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[0032] After all sources to be calibrated have coated one portion of the one or more
substrates, the carrier can be provided to a measurement unit and the layer thicknesses of
layers corresponding to the respective sources can be measured. In light of the fact that the
layers, which have been deposited by the individual sources, are provided next to each
other, e.g. co-planar to each other, the measurement of the layer thicknesses can be done as
if one single layer would be deposited on one substrate after the other. Accordingly, a
thickness measurement is possible similar to individually coated layers and calibration or
tooling of the sources or the rate monitors, respectively, can be conducted for all sources in
the deposition system. Thereby, the carrier unit needs to be loaded only once in the

deposition system having a plurality of sources.

[0033] Figure 3 illustrates a deposition system 116 according to embodiments described
herein. The deposition system 116 includes a first vacuum chamber 120a and the second
vacuum chamber 120b. According to typical embodiments, the vacuum chambers can be
evacuated individually or a common evacuation system can be provided for the chambers,
i.e. the chambers 120a and 120b can be sub-chambers of one vacuum chamber. Typically,
the deposition processes referred herein are conducted at a reduced pressure of 1 Pa or
below. However, the principal of the tooling described herein can also be applied for

deposition processes under other pressure conditions, such as normal pressure.

[0034] The deposition system 116 includes transport system 310, which can, for
example, be provided with rollers 312. For easier illustration the deposition system shown
in figure 3 is a horizontal deposition system, wherein the carrier 110 and the respective
substrates are transported horizontally. However, if figure 3 would be interpreted as the top
view, it is apparent that also vertical deposition systems can similarly implement the

processes as described herein and can utilize the carrier units as described herein.

[0035] The deposition system shown in figure 3 includes the first deposition source 118a
and the first deposition rate measurement system 130a. Considering a transport direction as
indicated by arrow 3 for substrates or carrier units, respectively, the carrier unit 110 has
passed the deposition source 118a when being positioned as shown in figure 3.

Accordingly, the first layer 126a has already been deposited on the substrate within the

10
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carrier unit 110. The further vacuum chamber 120b includes a further deposition source
118b and a further deposition rate measurement system 130b. As shown in figure 3, the
second layer 126b has been deposited on the substrate. Thereby, the first layer 126a and
the second layer 126b are provided next to each other with respect to the surface of the
substrate, e.g., they can be essentially coplanar as described above. Thus, after deposition
of the first layer 126a and the second layer 126b, the layer thicknesses of the first layer and

the second layer can be measured individually.

[0036] Figure 3 illustrates the deposition system 116 with two deposition sources. Yet it
is to be understood that this is for illustrative purposes only. According to further
embodiments, which can be combined with other embodiments described herein, the
deposition systems and processes can include, for example, five or more sources or even
10 or more sources. Thereby, in light of the fact that deposition systems and deposition
processes for organic materials might include a particularly high number of deposition
sources, the embodiments described herein can be particularly useful for applications

including evaporation of organic materials.

[0037] According to yet further embodiments, which can be combined with other
embodiments described herein, the controller 360, can be connected to the deposition
source 118 and to the deposition rate monitor 130b. For example, the controller 360 can
control the evaporation rate of the deposition source. Further, it can receive that deposition

rate signal from the deposition rate monitor 130b.

[0038] Tooling or calibration of the deposition rate signal can be conducted by receiving
a further signal 362 from a thickness measurement, for example, a direct thickness
measurement, which can be conducted, for example, off-line from the deposition system
116. Figure 3 illustrates the controller 360 to be connected to the deposition source 118b
and the deposition rate monitor 130b. It is to be understood that according to further
embodiments, the controller 360 can also be provided for more than one deposition source
and more than one rate measuring sensor. Alternatively controllers can be provided for

each deposition rate and deposition rate sensor, respectively.

11
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[0039] Figure 4 illustrates a process of coating at least one substrate, particularly for
tooling. Therein, the layer is deposited on the first portion of one or more substrates from a
first deposition source in step 402. Thereafter, the relative position between an aperture for
blocking a portion of the material to be deposited, i.e., for exposing a portion of the one or
more substrates, and the substrate holder or substrate, respectively is changed in step 404.
Thereafter, material can be deposited on the second portion of the one or more substrates
from the second source in step 406. Accordingly, embodiments described herein relate to
exposing the first substrate portion to the first deposition source through an aperture of the
carrier unit, depositing a first layer on said first substrate portion, varying a relative
position between said one or more substrate and said aperture for exposing the second
substrate portion to the second deposition source and depositing the second layer over the
second substrate portion. Typically, said first substrate portion and said second substrate
portion can be portions of the single substrates or can be portions of a plurality of

substrates.

[0040] According to yet further embodiments, the process of coating at least one
substrate with a plurality of deposition sources can further be utilized for method of tooling
the film-thickness monitoring signal. Therein, the film-thickness monitoring signal
corresponds to the thickness of the layer deposited in the corresponding portion of the one
or more substrates. Typically, the layer thicknesses can be measured individually and can
be used for calibration of the corresponding film-thickness monitoring signal of the film-
thickness monitors, sensors or detectors, which are provided for the respective deposition
sources. For example, the first monitoring signal from the deposition of said first layer on
said first substrate portion can be generated, the second film-thickness monitoring signal
from said deposition of said second layer on said second substrate portion can be
generated, thickness measurements of said first layer and the second layer can be
performed and the first and second monitoring signals can be cooled or calibrated by the

thickness measurements.

[0041] According to some embodiments, the thickness measurements, i.e., the direct
thickness measurements, can be conducted with methods like interferometric

measurements, XRF measurements, measurements of the optical density of the layer, i.e.

12
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transmission ~ measurements,  ellipsometry =~ measurements,  photoluminescence
measurements, and combinations thereof. According to yet further embodiments, such
measurements can be conducted after the substrate is removed from the measurement
carrier unit or within the measurement carrier unit. In the latter case, the movement of the
adjusting system for moving a relative position between the aperture and the substrate can
be repeated or conducted in an opposite direction such that all coating positions can be
subsequently exposed to the measurement system for directly measuring the layer

thicknesses.

[0042] Figure 5 illustrates yet further embodiments of deposition systems, wherein a
measurement carrier unit 510 is provided. Accordingly, the deposition system 116 is
configured for handling and/or operating a measurement carrier unit according to
embodiments described herein. The deposition system 116 shown in figure 5 includes a
plurality of vacuum chambers 120a, 120b and 120c. Deposition sources 118a, 118b, and
118c are provided in the respective chambers. However, it is to be understood that also
more than one deposition source can be provided within one vacuum chamber. The first
vacuum chamber 120a includes an opening 502 for insertion of the carrier unit 510 in the
deposition system. The opening 502 can typically be sealed with the vacuum valve or can
be connected to the load lock chamber for inserting and/or removing substrates or carriers,
respectively. Further openings 503 are provided between the respective vacuum chambers.
Depending on the processes to be conducted within the individual chambers, the openings
503 can either be closed by valve units during the deposition, or gas separation units in the
form of slits having a sufficient resistance for gas traveling from one vacuum chamber in
another vacuum chamber can be provided. A further opening 502 is provided at the
opposing end of the deposition system 116 for feeding or removing carriers for substrates,
respectively. The carrier unit 510, which is illustrated in figure 5, includes a rotation
adjusting system as indicated by arrow 53. Corresponding embodiments are described with

respect to figures 6A and 6B.

[0043] The carrier unit 510, which is shown in figure 6A includes substrate support
portion 114 wherein a plurality of substrates 112 a, 112b are provided. The substrate
support portion 114 can be rotated around axis 501 indicated by arrow 53. The substrate

13
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support portion 114 is connected to an electrical motor 540 via shaft 542. The rotation of
the portions of the one or more substrates below the one or more apertures 122a and 122b
can be controlled by a controller 550. For example, the controller can include a battery 552
or another remote energy source for driving an actuator or motor electrically. Further, the
controller can be connected to an antenna 554 or another means for receiving the radio
signal. Thereby, the carrier unit 510 can be controlled while being provided within the

deposition system.

[0044]  As shown in figure 6B, a plurality of substrates 112a, b, c, etc. can be provided on
the substrate support portion. Accordingly, the substrate portions for depositing the
individual layers thereon can be provided on different substrates. According to yet further
embodiments, an aperture arrangement can include a single opening as described with

respect to, for example, figures 1A to 2B.

[0045] As shown in figures 6A and 6B also a plurality of openings 122a and 122b can be
provided. For example, the two or more openings can be provided at different positions of
the carrier frame 128 in order to have layers deposited in different regions of the carrier.
Thereby, for example, an average layer thickness measurement can be conducted for

tooling.

[0046] According to yet further embodiments, which can be combined with other
embodiments described herein, it is further possible that an aperture arrangement with a
plurality of aperture openings is provided, wherein the aperture openings can be
individually opened and closed with shutter units. Accordingly, it is also possible to
control the exposed substrate portions with an adjusting system connected to the plurality
of shutter systems such that, for example, one or two substrate portions are exposed for
deposition with one deposition source, respectively. Thereafter, another one or two
openings can be opened with respective shutters for depositing a second layer next to the

first layer, e.g., being substantially coplanar to the first layer.

[0047] As described herein, depositing of individual layers by individual sources can be
provided next to each other, i.e. not on top of each other, in order to enable direct layer

thickness measurements of layers originating from the different deposition sources without
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the necessity for loading and unloading of a plurality of substrates or carriers, respectively.
The embodiments described herein can be utilized for all kinds of deposition processes
which require the tooling or calibration between a measuring unit, a deposition source
and/or a real or actual deposition rate. The embodiments are particularly time-saving for
applications having a plurality of deposition sources, for example, deposition processes of
organic materials. According to yet further embodiments, which can be combined with
other embodiments described herein, the processes can be utilized for an initial calibration
for tooling. However, it is further possible to utilize the processes and the measuring

carrier unit for process control, e.g. during maintenance and the like.

[0048] In light of the above, a plurality of embodiments is described. According to one
embodiment, a process of coating at least one substrate with a plurality of deposition
sources 1s provided. The process includes exposing a first substrate portion of said at least
one substrate to a first deposition source through an aperture of a carrier unit, depositing a
first layer over the first substrate portion, said first layer including material from said first
deposition source, varying a relative position between said at least one substrate and said
aperture for exposing a second substrate portion of said at least one substrate, or another
substrate, to a second deposition source, and depositing a second layer over the second
substrate portion, said second layer including material from said second deposition source.
According to a typical modification thereof, said first substrate portion and said second
substrate portion form part of said at least one substrate, €.g. one substrate or two or more
substrates. According to yet further embodiments, which can be combined with other
embodiments described herein, varying the aperture-substrate relative position can include
changing the relative position between said aperture and a vacuum chamber enclosing said
carrier unit, varying the aperture-substrate relative position can include moving the at least
one substrate; and/or said first layer and said second layer can be deposited such that they

are substantially coplanar to each other.

[0049] According to another embodiment, a method of tooling a film-thickness
monitoring signal is provided. The method includes the process of coating at least one
substrate with a plurality of deposition sources. The process includes exposing a first

substrate portion of said at least one substrate to a first deposition source through an
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aperture of a carrier unit, depositing a first layer over the first substrate portion, said first
layer including material from said first deposition source, varying a relative position
between said at least one substrate and said aperture for exposing a second substrate
portion of said at least one substrate, or another substrate, to a second deposition source,
and depositing a second layer over the second substrate portion, said second layer
including material from said second deposition source. Therein, said film-thickness
monitoring signal corresponds to a thickness of a layer deposited over said substrate and is
generated while said at least one substrate is exposed, at least partially, to at least one of
the plurality of deposition sources. For example, the method can include: generating a first
film-thickness monitoring signal associated to said first layer while said first substrate
portion is exposed to said first deposition source, generating a second film-thickness
monitoring signal associated to said second layer while said second substrate portion is
exposed to said second deposition source, performing a direct thickness measurement of
said first layer and said second layer, and tooling said first film-thickness monitoring signal
and said second film-thickness monitoring signal based on said direct thickness

measurement.

[0050] According to a yet further embodiment, a carrier unit for carrying at least one
substrate within a deposition system including a plurality of deposition sources is provided.
The carrier unit includes an aperture for partially exposing said at least one substrate to a
deposition source of said deposition system, and an adjusting system configured to adjust a
relative position between said at least one substrate and said aperture, so that different
portions of said substrate can be exposed to different deposition sources of said deposition
system. According to typical embodiments, one or more of the following additional or
alternative modifications can be implemented: said adjusting system can be configured to
adjust the aperture-substrate relative position by linearly translating and/or rotating at least
one of: a) the aperture; or b) the at least one substrate, relative to each other; the carrier
unit can further include a carrier frame, wherein said adjusting system is configured to
adjust the aperture-substrate relative position by changing the relative position between
said aperture and the carrier frame; an said adjusting system can be configured to adjust the

aperture-substrate relative position by moving the at least one substrate.
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[0051] According to an even further embodiment, a deposition system is provided. The
deposition system includes at least one vacuum chamber, a plurality of deposition sources
for coating a substrate in said at least one vacuum chamber, wherein said deposition
system is configured to operate a carrier unit. The carrier unit includes an aperture for
partially exposing said at least one substrate to a deposition source of said deposition
system, and an adjusting system configured to adjust a relative position between said at
least one substrate and said aperture, so that different portions of said substrate can be
exposed to different deposition sources of said deposition system. According to typical
embodiments, one or more of the following additional or alternative modifications can be
implemented: the system can further include one or more deposition rate measurement
systems configured to generate a rate signal corresponding to a thickness of a film
deposited on said at least one substrate, said rate signal being generated during deposition
of said film; the system can further include at least one thickness measuring unit
configured to generate a thickness signal corresponding to a direct measurement of the
thickness of a film deposited on said at least one substrate; the system can further include a

control circuit configured for tooling said rate signal based on said thickness signal.

[0052] While the foregoing is directed to embodiments of the invention, other and further
embodiments of the invention may be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.

17



10

15

20

WO 2012/146479 PCT/EP2012/056542

CLAIMS

1. A process of coating at least one substrate (112) with a plurality of deposition

sources (118a, 118b), the process comprising:

exposing a first substrate portion (112a) of said at least one substrate (112) to a first

deposition source (118a) through an aperture (122) of a carrier unit (110; 510);

depositing a first layer (126a) over the first substrate portion (112a), said first layer

(126a) including material from said first deposition source (118a);

varying a relative position between said at least one substrate (112) and said
aperture (122) for exposing a second substrate portion (112b) of said at least one substrate

(112), or another substrate, to a second deposition source (118b); and

depositing a second layer (126b) over the second substrate portion (112b), said

second layer (126b) including material from said second deposition source (118b).

2. The process according to claim 1, wherein said first substrate portion (112a) and

said second substrate portion form part of said at least one substrate (112).

3. The process according to claim 1 or 2, wherein varying the aperture-substrate
relative position includes changing the relative position between said aperture (122) and a

vacuum chamber enclosing said carrier unit (110; 510).

4. The process according to any of claims 1 to 3, wherein varying the aperture-

substrate relative position includes moving the at least one substrate.
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5. The process according to any of claims 1 to 4, wherein said first layer (126a) and
said second layer (126b) are deposited such that they are substantially coplanar to each

other.

6. A method of tooling a film-thickness monitoring signal including the process
according to claims 1 to 5, wherein said film-thickness monitoring signal corresponds to a
thickness of a layer deposited over said substrate and is generated while said at least one

substrate is exposed, at least partially, to at least one of the plurality of deposition sources.

7. The method according to claim 6, further including:

generating a first film-thickness monitoring signal associated to said first layer
(126a) while said first substrate portion (112a) is exposed to said first deposition source

(118a);

generating a second film-thickness monitoring signal associated to said second
layer (126b) while said second substrate portion (112b) is exposed to said second

deposition source (118b);

performing a direct thickness measurement of said first layer (126a) and said

second layer (126b); and

tooling said first film-thickness monitoring signal and said second film-thickness

monitoring signal based on said direct thickness measurement.

8. A carrier unit (110; 510) for carrying at least one substrate (112) within a
deposition system (116) including a plurality of deposition sources (118a, 118b), said

carrier unit (110; 510) comprising:

an aperture (122) for partially exposing said at least one substrate (112) to a
deposition source (118a, 118b) of said deposition system (116); and
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an adjusting system (124) configured to adjust a relative position between said at
least one substrate (112) and said aperture (122), so that different portions of said substrate
can be exposed to different deposition sources (118a, 118b) of said deposition system

(116).

9. A carrier unit (110; 510) according to claim 8, wherein said adjusting system (124)
is configured to adjust the aperture-substrate relative position by linearly translating and/or
rotating at least one of: a) the aperture; or b) the at least one substrate, relative to each

other.

10. A carrier unit (110; 510) according to claim 8 or 9, further including a carrier frame
(128), wherein said adjusting system (124) is configured to adjust the aperture-substrate
relative position by changing the relative position between said aperture (122) and the

carrier frame (128).

11. A carrier unit (110; 510) according to any of claims 8 to 10, wherein said adjusting
system (124) is configured to adjust the aperture-substrate relative position by moving the

at least one substrate.

12. A deposition system (116) comprising:
at least one vacuum chamber (120a, 120b);

a plurality of deposition sources (118a, 118b) for coating a substrate in said

at least one vacuum chamber (120a, 120b),

wherein said deposition system (116) is configured to operate a carrier unit

(1105 510) according to any of claims 8 to 11.
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13. A deposition system (116) according to claim 12 further comprising a deposition
rate measurement system (130a, 130b) configured to generate a rate signal corresponding
to a thickness of a film deposited on said at least one substrate (112), said rate signal being

generated during deposition of said film.

14. A deposition system (116) according to claim 12 or 13 further comprising at least
one thickness measuring unit configured to generate a thickness signal corresponding to a

direct measurement of the thickness of a film deposited on said at least one substrate (112).

15. A deposition system (116) according to any of claims 12 to 14 further comprising a

control circuit (360) configured for tooling said rate signal based on said thickness signal.

21



WO 2012/146479 PCT/EP2012/056542

1/6

118

l’ :. .= *
§ For %
VA S
& H H LY
F T Y
& H H Y
& Qg s ®
£ H H °

112b

124 112a
110 \1 _, 5/112

128—_]

FIG. 1A

128~

o 124 \\/112a

FIG. 1B



WO 2012/146479 PCT/EP2012/056542

128~
112
110 | \ |
114
FIG. 2A
122
14 _/_
128—~_ ]
112
110 | \ |
114

FIG. 2B



PCT/EP2012/056542

WO 2012/146479

3/6

€ 'O
(\wﬁm mﬁm
0000000000000 0000A0

or=| 5—x __llf A.m

e9¢T q9¢1

NN pocT NN

09¢ qocT

]
qs8TT e0ZT
) /A
Nom)/H QONH\\




WO 2012/146479 PCT/EP2012/056542

4/6

Deposit on first

pprtion from ™N—402
first source

Change relative
position of substrate |
holder to aperture ~ [-404

Deposit on second
portion from

second source 406

FIG. 4



WO 2012/146479

5/6

PCT/EP2012/056542

502

120a 120b 120c
/ I/ {)
118a 118b 118c
) Z
130a 130b 130c

et

= :
T

{_ fa 503

[ 537

510

FIG. 5



WO 2012/146479 PCT/EP2012/056542

6/6

510
~CS01 122 /
I,——i—‘ I/ r—ij\l_\—128
o
1
114
SK;—S‘/ (@F)
Co\
— 53
4 FIG. 6A
............... 112c
N 112b 128
-~ N501|1%

Ol

o 05

FIG. 6B




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/056542

A. CLASSIFICATION OF SUBJECT MATTER

INV. C23C14/12 C23C14/54
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

€23C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A the whole document

cited in the application
A the whole document

the whole document

the whole document

X WO 2005/093875 Al (EASTMAN KODAK CO [US];
WINTERS DUSTIN LEE [US]; RICKS MICHELLE
LEE [US) 6 October 2005 (2005-10-06)

X EP 2 230 326 Al (APPLIED MATERIALS INC
[US]) 22 September 2010 (2010-09-22)

12-15

1-11
12-15

1-11

A US 2005/244570 Al (TANASE KENJI [JP] ET 1-15
AL) 3 November 2005 (2005-11-03)

A WO 2010/027178 A2 (SNU PREC CO LTD [KR]; 1-15
KANG CHANG HO [KR]; KWON HYUN GOO [KR];
NAMGOONG) 11 March 2010 (2010-03-11)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

30 April 2012

Date of mailing of the international search report

10/05/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Swiatek, Ryszard

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2012/056542
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2005093875 Al 06-10-2005 US 2005208698 Al 22-09-2005
WO 2005093875 Al 06-10-2005
EP 2230326 Al 22-09-2010  NONE
US 2005244570 Al 03-11-2005 CN 1674729 A 28-09-2005
KR 20060043310 A 15-05-2006
TW 1299758 B 11-08-2008
US 2005244570 Al 03-11-2005
WO 2010027178 A2 11-03-2010  CN 102217038 A 12-10-2011
JP 2012502177 A 26-01-2012
KR 20100028836 A 15-03-2010
TW 201024656 A 01-07-2010
WO 2010027178 A2 11-03-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

