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[0001] Embodiments relate to an evaporator, a coating installation and a
method for applying vapor to a substrate. Embodiments particularly relate to an
evaporator with a measurement means for measuring the coating rate of the
evaporator, a coating installation having such an evaporator and a method for

applying vapor to a substrate.
BACKGROUND OF THE INVENTION

[0002] Evaporators are needed in various technical fields. For instance, organic
evaporators are an essential tool for certain production types of organic light-
emitting diodes (OLED). OLEDs are a special type of light-emitting diodes in
which the emissive layer includes a thin-film of certain organic compounds.
Such systems can be used in television screens, computer displays, portable
system screens, and so on. OLEDs can also be used for general space
illumination. The range of colours, brightness, and viewing angle possible with
OLED displays are greater than that of traditional LCD displays because
OLED pixels directly emit light and do not require a back light. Therefore, the
energy consumption of OLED display is considerably less than that of
traditional LCD displays. Further, the fact that OLEDs can be printed onto
flexible substrates opens the door to new applications such as roll-up displays

or even displays embedded in clothing.

[0003] The performance of products manufactured using evaporators is often
influenced by the thickness of evaporated layers. For instance, 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
it is therefore important, that the coating rate at which the coating with organic

material is effected lies within a predetermined tolerance range.
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[0004] In other words, the coating rate, also called deposition rate, of
evaporators, such as an organic evaporator, has to be controlled thoroughly in

the coating process.

[0005] In order to do so, it is known in the art to use so called quartz crystal
micro balances or quartz resonators for the determination of the coating rate.
The measurement of the actual oscillating frequency of these oscillating
crystals allows the conclusion on the actual coating rate. However, these
crystals are also coated with material in the coating process. Therefore, the
crystals have to be replaced periodically because they tolerate only a limited
amount of material coating. This reduces their usability particularly in large
scale production plants with very long services lives. Furthermore, in order to
replace the oscillating crystals, interventions into the vacuum chamber are

necessary. Regenerating the vacuum is time-consuming and expensive.

[0006] Alternatively, it is known in the art that the deposited layer is analyzed
after the deposition is complete in order to determine the coating rate. In this
case, the feedback control of the deposition system is only possible with a
certain delay. In particular, this procedure can result in one or more substrates
being coated with a layer that is out of range before the control can take

corrective action.
SUMMARY

[0007] In light of the above, it is provided an evaporator according to claim 1,
a coating installation according to claim 10, and a method for applying vapor to

a substrate according to claim 11.

[0008] In one embodiment an evaporator for applying vapor to a substrate at a
coating rate is 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.
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[0009] According to another embodiment, a coating installation for coating
substrates is provided. The coating installation includes at least one evaporator
for applying vapor to a substrate at a coating rate, the evaporator including 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.

[0010] According to a further embodiment, a method for applying vapor to a
substrate is provided with the steps of providing the vapor using an evaporator
for applying vapor to a substrate at a coating rate, the evaporator including 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, applying
the vapor to the substrate, and measuring the pressure of the vapor within the

evaporator tube.

[0011] Further features and details are evident from the dependent claims, the

description and the drawings.

[0012] Embodiments are also directed to apparatuses for carrying out the
disclosed methods and including apparatus parts for performing described
method steps. Furthermore, embodiments are also directed to methods by
which the described apparatus operates or by which the described apparatus is
manufactured. They may include method steps for carrying out functions of the
apparatus or manufacturing parts of the apparatus. The method steps may be
performed by way of hardware components, firmware, software, a computer
programmed by appropriate software, by any combination thereof or in any

other manner.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the manner in which the above recited features of embodiments
can be understood in detail, a more particular description of embodiments of
the invention, briefly summarized above, may be had by reference to examples

of embodiments. The accompanying drawings relate to embodiments of the
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invention and are described in the following. Some of the above mentioned
embodiments will be described in more detail in the following description of

typical embodiments with reference to the following drawings in which:

[0014] Figs. 1A and 1B schematically show an embodiment of the evaporator,
Fig. 1A illustrating a front view on a distribution pipe of the evaporator and

Fig. 1B illustrating a side view of the evaporator;
[0015] Fig. 2 schematically illustrates another embodiment of the evaporator;
[0016] Fig. 3 schematically illustrates a further embodiment of the evaporator;

[0017] Fig. 4 shows schematically a cross sectional side view of an

embodiment of a coating installation;

[0018] Fig. 5 schematically illustrates a pressure measurement device of

embodiments described herein;

[0019] Fig. 6A schematically shows a partial cross section of the distribution

pipe of the evaporator shown in Fig. 1B;

[0020] Fig. 6B schematically illustrates an embodiment of the pressure

measurement device provided in the evaporator shown in Fig. 6A;

[0021] Fig. 7 schematically shows a pressure measurement device of an

embodiment;

[0022] Fig. 8 schematically illustrates a reference vacuum chamber of a

pressure measurement device of embodiments;

[0023] Fig. 9 schematically illustrates two ways of coating the diaphragm and

the window of an optical diaphragm gauge included in embodiments, and

[0024] Fig. 10 schematically shows a dive-in arrangement with multiple

measurement heads of a pressure measurement device of embodiments.

[0025] It is contemplated that elements of one embodiment may be

advantageously utilized in other embodiments without further recitation.

PCT/IB2010/000493
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DETAILLED DESCRIPTION OF EMBODIMENTS

[0026] Reference will now be made in detail to the various embodiments, one
ore more examples of which are illustrated in the figures. Each example is
provided by way of explanation, and is not meant as a limitation of the

invention.

[0027] Without limiting the scope, in the following the examples and
embodiments are described referring to vacuum deposition of organic coatings
and to an evaporator for applying organic vapor, also called herein organic
evaporator. Typically, embodiments of the evaporator include vacuum-
compatible materials and the coating installation is a vacuum coating
installation. Typical applications of embodiments described herein are for
example deposition applications, e.g. deposition of organic coatings, in the .
production of displays such as LCD, TFT displays and OLED (Organic Light
Emitting Diode), in solar wafer manufacturing and in semiconductor device

production

[0028] Within the following description of the drawings, the same reference
numbers refer to the same components. Generally, only the differences with

respect to the individual embodiments are described.

[0029] According to one embodiment, an evaporator for applying vapor, also
called herein gas or evaporated material, to a substrate at a coating rate is
provided. The evaporator has 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 (ODG). The ODG is also referred to herein as sensor
or ODG sensor. The evaporator may be a linear evaporation source having an
elongated distribution pipe, such as shown in Figs. 1A and 1B. Alternatively,
the evaporator of embodiments described herein may be an area evaporation

source.

[0030] The rate of the evaporator, also referred to herein as the deposition rate

or coating rate, depends on the pressure of the evaporated material filling the
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evaporator tube, e.g. filling the distribution pipe. This pressure corresponds to
the vapor pressure of the material. In e.g. linear evaporation sources, a
homogeneous deposition rate is achieved by generating in the tube, e.g. in the
distribution pipe, a pressure higher than outside of the tube. The pressure
difference is correlated to the material flux from the source and therefore to the
deposition rate. Higher pressure results in a higher rate. The tube and/or the
distribution pipe typically have a high temperature, e.g. up to about 500°C for
organic material, to prevent condensation of the evaporated material.
Moreover, if a pressure sensor used for measuring the pressure adjacent to or in
the evaporator is too hot, it could affect or damage the evaporated material in

case that organic material is used.

[0031] With the evaporator of embodiments described herein an optical
diaphragm gauge is used for measuring the pressure of the evaporated material
within the evaporator tube. The optical diaphragm gauge according to
embodiments may be used in a high temperature and/or high EMI (Electro
Magnetic Interference) surrounding, and may in addition be corrosion resistant.
Hence, the pressure measuring device of embodiments sustains the high
temperatures and other conditions inside of the evaporation tube. Further, the
pressure measuring device of embodiments does not damage the evaporation
material, since the optical diaphragm gauge does not require high working
temperatures. Therefore, a reliable and convenient pressure measurement can
be conducted during evaporation directly inside of the evaporator tube, e.g.
during evaporation of organic coating material in the manufacture of OLED

devices.

[0032] A deposition rate control using embodiments described herein is fast,
has substantially no dependence on the type of evaporated material and has no
limitation in measuring time. In particular, the deposition rate control using
embodiments described herein is a direct pressure measurement, which is
substantially gas type or vapor type independent, utilizing the direct force of
the pressure. Hence, the pressure measurement is not based on indirect gas
properties such as conductivity or ionization. Therefore, gas conversion factors,

which are not gas dependent, may be used for deposition control. The
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deposition rate measurement can be performed continuously over days and
weeks, which allows a convenient structure and programming of a deposition

rate controller.

[0033] Typically, the evaporator tube of embodiments is made of vacuum-
compatible material, such as stainless steel. In the evaporator according to
some embodiments, the optical diaphragm gauge includes a measuring section
including a membrane, also called herein a diaphragm. In some embodiments,
which can be combined with any other embodiment described herein, the
membrane is made of at least one element selected from the group of a ceramic
material, an Al,O; material and Al,Os; from the type sapphire. In some
embodiments, which can be combined with any other embodiment described
herein, the optical diaphragm gauge is adapted to optically measure the
pressure dependent deflection of the membrane. According to further
embodiments, which can be combined with any other embodiment described
herein, the membrane of the optical diaphragm gauge is provided between or
separates a measurement vacuum chamber and a reference vacuum chamber. In
some embodiments, which can be combined with any other embodiment
described herein, the reference vacuum chamber may be fluidly connected to or
may be a processing vacuum chamber, e.g. a coating chamber, in which the
evaporator is provided for evaporation. Thereby, the pressure or the vacuum,
respectively, in the processing chamber is or provides the reference pressure or

reference vacuum, respectively, for operating the optical diaphragm gauge.

[0034] In typical embodiments, the evaporator further includes an analyzer,
also called herein controller, that is linked to the pressure measurement device,
e.g. by a data connection to a detector. The analyzer typically determines the
coating rate based on the information supplied by the pressure measurement
device. Further, typically, the analyzer has access to a memory. Data on typical
coating rates of the vapor may be stored on the memory. For instance, the
analyzer can include a personal computer, and the memory can be the hard
drive of the personal computer or the like. The analyzer may have an input
unit, such as a keyboard or a mouse to allow the operator to have influence on

the actions of the analyzer and the units connected to the analyzer such as a
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controllable seat valve. Further, the analyzer may have an output unit, such as a
screen or a plotter, for showing the operator information such as values
received from the detector and/or calculation results calculated from these
values. The data values measured and the data values stored in the memory
may be jointly processed, e.g. compared, in order to determine the actual

coating rate.

[0035] A gauging step may be performed in the method according to
embodiments prior to the application of the vapor to the substrate. Generally,
the correlation of the deposition rate and the pressure in the evaporator tube is
gauged at the beginning of the coating. A gauging step can be repeated during
evaporation e.g. in specific time intervals or constantly. It is also possible that
gauging is undertaken during substrate coating. For instance, the coating
thickness of the coated substrates can be examined directly after the coating
step and be correlated to the pressure measured at the time of coating the

respective substrate.

[0036] Fig. 1A shows a front view of a distribution pipe 100 of an embodiment
of the evaporator. The distribution pipe 100 of the evaporator includes a
multitude of nozzle outlets 110. The diameter of a typical distribution pipe
according to embodiments is between 1 cm and 10 cm, more typically between
4 cm and 6 cm. When evaporating a substrate with organic material, the
pressure within the distribution pipe, which is larger than the pressure outside,
causes the organic vapor to stream out of the distribution pipe towards a
substrate (not shown). In the view shown in Fig. 1A, the substrate would be
positioned above the paper plane. In typical methods for coating a substrate,
the organic vapor is applied to the substrate in a vacuum atmosphere. The term
vacuum shall refer to a pressure of 10 mbar and below. Typically, the nozzle
outlets are shaped and arranged such that the flow of vapor of one nozzle outlet
overlaps with the flow of vapor of a next neighbour nozzle outlet on the

substrate surface, in order to optimize the layer uniformity.

[0037] Fig. 1B illustrates a side view of the evaporator shown in Fig. 1A. In

order to control the coating rate, the organic evaporator according to the
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embodiment shown in Figs. 1A and 1B includes a measurement device 10 for
acquiring pressure data of the organic vapor within the distribution pipe 100.
The measurement device 10 is in the present embodiment adapted to acquire
pressure data of the organic vapor within the distribution pipe. Therefore, the
measurement device 10 may. be provided at a wall of the distribution pipe, e.g.

it may be positioned in or fill an opening of a wall of the distribution pipe.

[0038] Generally, the distribution pipe of embodiments can be a hollow body
having at least one nozzle outlet 110. The distribution pipe 100 is typically
connected with a feeding unit such as a crucible 300 for feeding the
distribution pipe with organic vapor. In the present embodiment the
distribution pipe is connected to the crucible via a supply tube 310. Typically,
the distribution pipe includes between 15 and 100, typically between 20 and 30
nozzle outlets. The diameter of the nozzle outlets is typically between 0.1 mm
and 5 mm, more particular between 1 mm and 2 mm. The distribution pipe can
be shaped as tube or the like. In other embodiments, the distribution pipe is a

shower head.

[0039] If the numbers of nozzles and their respective area of openings are
small in comparison to the total size/volume of the distribution pipe, the pipe is
considered to be a closed distribution pipe. Then, the pressure within the pipe
is more stable and results. in better coating processes and pressure

measurements.

[0040] The embodiment shown in Fig. 2 is similar to the embodiment shown in
Figs. 1A and 1B with the difference that the pressure measuring device 10 is

positioned in the supply tube 310 of the organic evaporator.

[0041] It is further possible to arrange a seat valve somewhere between the
crucible and the distribution pipe. This is exemplarily shown in the
embodiment of Fig. 2, where the valve 330 is positioned between the vertical
part of the supply tube 310 and its horizontal part. In the embodiment shown,
the crucible is connected to the distribution pipe via the seat valve. The seat
valve 330 is manually or automatically controllable. For instance, the seat
valve may be completely closed if the deposition of organic material is to be

9
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temporarily stopped. In general, it can be controlled in order to control the
organic material density within the organic evaporator. That is, the seat valve
can be used for controlling the coating rate of the organic evaporator.
Typically, the seat valve can be linked to and be controlled by the analyzer
mentioned above. It is also possible that there are more than one seat valves
installed in the organic evaporator according to embodiments. For instance, one
seat valve could be controlled manually, and another seat valve could be

controlled by the analyzer.

[0042] Fig. 3 shows a further embodiment of the organic evaporator, in which
the pressure measurement device including an optical diaphragm gauge of
embodiments described herein is provided in the crucible, for instance near the

aperture of the crucible 300, which is connected to the supply tube 310.

[0043] In some embodiments, the organic evaporator includes the crucible 300
and one or more supply tubes 310. The crucible 300 can be filled with the
organic material in solid or liquid form. The crucible is then heated to a
temperature at which the material partly changes its state of aggregation into

vapor.

[0044] Typically, the evaporator has a closed geometry. That is, the holes 110
are the only openings for the vapor to exit the organic evaporator. Due to the
higher pressure within the organic evaporator in comparison to the pressure in
the surrounding atmosphere, the vapor streams out of the distribution pipe onto
a substrate 320. Typically, the pressure within the closed geometry of the
organic evaporator corresponds to the vapor pressure of the organic material.
This pressure is typically in the 10”2 mbar range, for instance between about 2 x
10% to 4 x 10 mbar. Thereto in contrast, the pressure outside the organic

evaporator may be between about 10" mbar and 107 mbar.

[0045] Fig. 4 is a cross sectional side view on an embodiment of a coating
installation. Fig. 4 shows the organic evaporator of embodiments within a
coating chamber 500 that is typically evacuated by one or more vacuum pumps

(not shown) during operation.

10
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[0046] Typically, the coating installation according to embodiments includes
further process chambers which are positioned before and/or after the organic
evaporator. The organic evaporator of embodiments is typically used as a
vertical linear organic evaporator. Typically, the substrates are processed in-
line. That is, the organic material is horizontally evaporated onto a substrate
that is vertically oriented. The substrate is typically continuously transported
by an assembly line with different process chambers being positioned in a row.
In typical embodiments, the time interval needed for coating is in the range of
between 10 seconds and 4 minutes, more typically between 30 sec and 90 sec
for one substrate. The coating frequency refers to the number of substrates

being coated in the time specified.

[0047] According to embodiments described herein, the coating installation
may include several organic evaporators. The process chambers of the coating
installation may have different levels of vacuum. Typically, the substrate to be
coated undergoes one or more cleaning process steps before entering the
chamber for organic evaporating. It is further typical that the substrate is coated
with an inorganic layer after the deposition of one or more organic layers. This
is due to the fact that organic materials are sensitive to oxygen. Therefore, a

cap layer will protect the organic material layer in many embodiments.

[0048] Further, as the organic material can hardly be etched in a wet chemical
etching process, it is typical that the substrates are structured with the help of
shadow masks during the coating. The shadow mask is typically aligned to the
substrate. Typically, a metal mask with a high local precision is aligned in

relation to the substrate. The substrate is then coated.

[0049] According to embodiments described herein, the pressure measurement
device of the evaporator includes an optical diaphragm gauge 10. In some
embodiments, the optical diaphragm gauge 10 is a vacuum measuring cell
which in one example includes a first housing body 1 made of an AlO;
material, a membrane 2 made of an Al,O; material and being arranged adjacent
to the first housing body in a vacuum tight manner such that a reference

vacuum chamber is created between the first housing body and the membrane.
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The vacuum measuring cell may include a second housing body 4 made of an
AlOs; material and provided opposite the membrane 2 in a vacuum tight
manner such that a measurement vacuum chamber 26 is created between said
second housing body and the membrane, said second housing body including a
port 5 for connécting the measurement vacuum chamber to the interior of the
evaporator tube. In the central area of the first housing body an optical
transparent window 33 may be formed and at least in the central region of the
membrane a surface of the membrane, which is located facing the optical
transparent window, may be formed optically reflecting. Outside of the
reference vacuum chamber in opposition to and at a distance from the window
33, a light feeding means, e.g one or more optical fibres 37, 37°, may be
arranged for feeding in and out light onto the surface 31 of the membrane 2.
Further, a lens device 35 may be placed between the light feeding means 37,
37’ and the window 33, also referred to herein as optical window, for optical
linking to the surface 31, e.g. a mirror or a mirror coating, of the membrane 2.
Thereby, the arrangement is forming a measuring section for determining the
level of deflection of the membrane 2, e.g. using the Fabry-Perot interferometer

principle by creating a Fabry-Perot Interferometer.

[0050] In another embodiment, which can be combined with any other
embodiments described herein, the pressure measuring device includes a plug,
the optical diaphragm gauge is provided in the plug, and the plug is mounted in
an opening of the evaporator tube such that the measurement vacuum chamber
of the optical diaphragm gauge is connected to the interior of the evaporator

tube, the plug optionally consisting of quartz and being cone-shaped.

[0051] One example of a pressure measuring device is shown in Fig. 5,
illustrating the optical diaphragm gauge 10. Figs. 6A and 6B show, as further
examples of an embodiment, a pressure measurement device 12 including a
plug 14 in which the optical diaphragm gauge 10 is provided. As shown in the
example of Fig. 6B, the optical diaphragm gauge 10 may operably be provided
within the plug 14. In one example, as illustrated in Fig. 6A, the pressure
measuring device 12 is provided to detect the pressure within the distribution

pipe 100 of the evaporator. The plug 14 may be provided in or fill an opening

12
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in the wall of the distribution pipe, such that the measuring vacuum chamber
26 of the optical diaphragm gauge 10 has access to the interior of the
distribution pipe 100.

[0052] The plug 14 may for instance be formed of quartz. The plug 14 may in
some examples be cone shaped and centrally enclose the optical diaphragm
gauge 10. The plug 14 serves for mounting the pressure measurement device
12 operably in for instance the distribution pipe as shown in Fig. 1B. The cone
shaped form further allows for mounting the pressure measurement device 12
by pushing it into an opening of the evaporator tube, in the present example an
opening 101 of the distribution pipe 100. To this end, the material of the plug
14 may be chosen such that a tight seal, for instance a vacuum tight seal,
between the plug 14 and the wall of the evaporator tube is provided when
pushing the plug into the opening. Moreover, because of the plug 14, the

pressure measurement device 12 is easily exchangeable.

[0053] In a further embodiment, which may be combined with any other
embodiment described herein, the light feeding means 37, 37 of the optical
diaphragm gauge 10 is connected to the analyser of the evaporator. The
analyser of one example includes an interferometer, a spectrometer and a lamp,
as illustrated in Fig. 7. Thereby, light can be fed into and out of the optical
diaphragm gauge 10 and analysed.

[0054] One embodiment of an ODG (Optical Diaphragm Gauge) measuring
cell made of Al,O; with a structure essentially symmetrical about the
membrane is illustrated in Fig. 5. An ODG measuring cell of this type is
described and depicted in US 7305888 B2, which is incorporated herein by
reference. The first housing 1 consists of a ceramic plate made of Al,O3 which
along its edges is tightly bonded at a distance of about 2 pm to about 50 pm
relative to the membrane 2, thereby forming a reference vacuum chamber 25.
Typically, the distance between the two surfaces of the ceramic plate 1 and the
membrane 2 is established directly during the assembly by means of sealing
material 3, 3' located between the membrane edge and the housing 1. In this

way a completely plane housing plate 1 can be used. In the same way a

13
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measurement vacuum chamber 26 is formed in a second housing 4 on the
opposite membrane side. The vacuum chamber 26 is accessible for the media

to be measured via a connecting port 5 through an opening in the housing 4.

[0055] The seal 3, 3' on both sides of the membrane 2 defines, as mentioned
above, the distance of the two housings 1 and 4. This seal consists, for
example, of glass paste that is easy to handle and can, for example, be applied
by means of screen printing. The prefusing or sintering temperature of this
glass paste is e.g. in the range of about 675 °C to about 715 °C. And the sealing
temperature is e.g. in the range of about 600 to about 630 °C. The seal 3, 3’

may be formed of vacuum compatible material.

[0056] In a typical measuring cell with an external diameter of about 5 mm to
about 50 mm, typically about 38 mm, and a free internal membrane diameter of
about 4 mm to about 45 mm, typically of about 30 mm, the distance between
the first and the second housing is approx. about 2 to 50 pm, typically about 12
to 35 um. In this example the first housing 1 has a thickness of about 2 to 10
mm, the second housing 4 has the same thickness. The first housing 1 and the
second housing 2 are typically made of materials having similar expansion
coefficients as the used diaphragm materials. Very suitable combinations are
high purity alumina ceramics (purity >96, typically >99.5%), sapphal ceramics
(alumina having a purity above 99.9%) and sapphire (single crystal high purity
alumina, artificial corundum). The inner area of the second housing 4 is
typically designed with an approx. 0.5 mm deep recess, in order to enlarge the

measurement vacuum chamber 26.

[0057] On the reference vacuum side the membrane 2 is coated with a
reflecting film forming a mirror coating 31. There are two ways of coating the
diaphragm 2 and the window or the first housing to create a Fabry-Perot
Interferometer. The principle ideas of coatings that can be used in the Fabry-
Perot Interferometer are well described in the literature (see Vaughan JM, The
Fabry-Perot Interferometer, Adam Hilger Bristol and Philadelphia, 2002). In

Fig. 9 both principle ways are schematically shown. Either a mainly metallic or
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a dielectric system may be chosen. The metallic coatings can be protected by

dielectric coatings for easier further processing.

[0058] The mirror is in one embodiment a metallic mirror designed as a fully
reflective film. The mirror coating 31 can, for example, be painted on, printed
on, sprayed on, or be deposited by means of a vacuum process. In one example,
the mirror coating 31 contains mainly gold and is deposited by printing and is

thickness is in the range of about 0.3 um to about 10 um.

[0059] In some embodiments, an evacuation line 14 leads through the first
housing plate 1. This arrangement ensures accurate functioning of the
measuring cell over a long period of time, since the reference vacuum chamber
thereby has a high-quality vacuum with long-time stability. In the embodiment
shown in Fig. 5 the evacuation line may connect the reference vacuum
chamber 25 with a getter chamber 13 where a getter arrangement is placed
which is not shown in Fig. 5. After evacuation a getter should be provided that
is typically arranged in a small volume on the first housing and communicates
with the reference vacuum chamber. This getter ensures that the reference
vacuum pressure is lower, typically by at least one decade, than the pressure to
be measured. To prevent contaminations of the internal measuring cell space a
getter type that is not evaporating should be chosen. According to another
embodiment, which can be combined with any other embodiment described
herein, the evacuation line 14 connects the reference vacuum chamber 25 with
a processing vacuum chamber, e.g. a coating chamber, in which the evaporator
10 including the ODG is provided for evaporation. In this case, the evacuation
line 14 may be connected to the processing vacuum chamber instead of being
connected to getter chamber 13 indicated in Fig. 5. Thereby, the reference
vacuum inside of the reference vacuum chamber 25 substantially corresponds
to the pressure or vacuum, respectively, provided in the processing vacuum

chamber.

[0060] The first housing body 1 can be made fully of optical transparent
material or include in the centre a transparent area forming an inserted optical

window 33. An optical system is arranged directly or in distance behind the
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transparent housing 1 or the window 33 for coupling the Fabry-Perot
interferometer to the reflecting surface of the moving membrane to be able to
measure the deflection of the membrane 2 depending on the pressure to be
measured. The light and the optical signal are fed from the interferometer to the
measuring cell and from the measuring cell to the interferometer, respectively,
by a least one glass fibre 37, 37'. In some examples, the inner surface 34 of the
transparent housing 1 or of the window 33 inside of the reference vacuum
chamber in opposition to the mirror 31 of the membrane 2 is coated with a
partly transparent film, typically with a semitransparent film. This coating must
withstand the backing temperature of several hundred °C when the measuring
cell is mounted. In some embodiments, sapphire is used as transparent housing
1 or window 33 because of the optical behavior and the precision which can be
reached. However this material is expensive and the use of an inserted window
33 is cheaper and the angle can be adjusted and optimized for good signal
quality of the measuring system. If an inserted window 33 is used then it must
be sealed by a seal 32 from the same type as already described above for
sealing the membrane 2 with the seals 3, 3'. The seal material may consist of

baked glass paste formed by heating up the paste on several hundred °C.

[0061] The measuring cell of the embodiment as shown in Fig. 5 is
surrounded by a holder 28 and a heater 30. With this heater 30 the cell can be
heated above the condensation temperature of the involved substances of the
vacuum process to be measured. The temperature of the cell lays typically at
least 10 °C above the condensation temperature. A typical temperature is in the
range of 100 °C to 600 °C. The chemical substances used are often very
aggressive and heating is an effective measure to keep them away from
sensitive parts of the measuring cell. These measures ensure that the cell is
working with high accuracy and high reproducibility during a long term of the

executed processes.

[0062] In the heated measuring cell arrangement it is important that the optical
system like the glass fibre becomes not to hot that it will not be destroyed and
that the optical accuracy of the system is not badly influenced. As shown in

Fig. 5 this problem can be solved while setting the fibre 37, 37" with its
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connector in a distance far away enough ﬁoﬁ the hot measuring cell that at the
fibre the temperature is lower than 100 °C. For example the fibre can be in a
distance of some cm away from the cell hold by a holder 28' like a tube from
stainless steel to reduce the temperature. In this case a lens device, e.g. a lens,
35 is arranged between the fibre and the housing 1 or the window 33 for

optimal coupling the optical signal to the membrane.

[0063] The whole measuring cell arrangement can be protected with a cover 29
surrounding it. In some examples, the measuring port 5 with the measuring
vacuum chamber 26 and its membrane 2 is not directly exposed to the
evaporation tube where aggressive conditions exist. In this case the port 5 is
connected to a flange 40 with the interior of the evaporator tube by a baffle
cavity 42 including a protection plate 41 as a baffle.

[0064] The membrane of some embodiments may be made as follows. Some
ways to make a part of the reference vacuum side of the membrane reflective to
optical light are: One method is to attach a small, thin reflective plate 31 on the
alumina membrane. Another method is to evaporate a gold mirror 31 on a
sapphire membrane. A chromium layer is placed between the sapphire and the
gold to improve the adhesion of gold on sapphire. A further method is to paint
it on, print it on or spray it on. The dielectric coatings are put instead or on top

of the metallic layers in similar ways onto the membranes.

[0065] In further embodiments described herein, the membrane 2, also called
herein diaphragm 2, is typically made of sapphire. Sapphire is in one
embodiment a single crystal aluminum oxide (Al,Os; artificial corundum) with
a definite crystal orientation. Therefore many physical parameters are

dependent on direction.

[0066] This material choice has the following properties: It is corrosion
resistant to process gases used in the semiconductor industry such as fluorides
(NF3, CHyF,, SFg, CF4, CHF3) and chloride (e.g. Cly, HCI), bromides (e.g.
HBr) gases or water vapor. Since it is monocrystalline it has a smoother surface
than poly-crystalline alumina ceramic. This allows for smoother mirror
surfaces. In addition a smooth monocrystalline surface reduces the number of
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thin film nucleation sites on the surface. This leads to reduced thin film
deposition on the process side of the membrane 2 and therefore to less sensor
drift due to slower membrane thin film stress build-up. It has a high flexural
strength. This allows achieving larger deflections with thinner membranes 2,
thereby allowing to extend the measurement range of the gauge and to achieve

higher accuracy in the very low pressure range.

[0067] In some embodiments, the sapphire membrane 2 has a thickness below
150 pm. Thereby a higher deflection can be achieved than with AlO3 up to the
twice.

[0068] According to other embodiments, the membrane 2 is cut out of the
sapphire crystal such that the membrane is typically perpendicular to the C-axis
(structural index 0001). This orientation is to allow the greater thermal
expansion coefficient to be perpendicular to the diaphragm instead of being
perpendicular to it. This choice of axis orientation leads to increased thermal
expansion in the vertical deflection and higher sensor drift as function of
temperature. Thereby, it is intended to reduce buckling of the thin membrane.
The sapphire membrane 2 of examples of embodiments has a diameter of about
5 to 80 mm with a typical range of about 5 to 40 mm and is about 0.04 to 0.76
mm thick with typical values of about 0.07 to 1.0 mm to avoid problems with
buckling. The top and bottom plane should be parallel to 0.005 mm or better
and have a surface roughness of N4 or Ra 0.35 or better in the area of the

mirror 31.

[0069] In a further embodiment, as the mirror 31, a total reflection mirror may
be used. Then, the mirror 31 on the reference vacuum side of the membrane 2
may be made of noble metals, typically gold. A chromium layer may be added
to improve the adhesion of gold on sapphire. The sintering temperature for the
noble metal coating like gold or silver is up to 850 °C. A single chromium
layer might sometimes also be sufficient. An alternative solution consists out of

a single or multilayer dielectric mirror.

[0070] The first housing body 1 can be made of alumina ceramic or sapphire.

Use of a sapphire base results in a match of the thermal expansion coefficient

18



WO 2010/106410

10

15

20

25

of the base with the membrane. Due to cost reasons a first housing body made
of alumina ceramic may be used. According to one example, in the housing
body, a hole is drilled into which a semitransparent mirror as the window 33 is

mounted as well as attachment pieces for the optical fibre.

[0071] In some embodiments, as the window 33 a semitransparent mitror may
be used, e.g. as shown in Figs. 5, 8 and 9. The semitransparent mirror, also
referred to herein as semireflective mirror, is in some embodiments made of
chromium evaporated on a clear sapphire window surface 34. The chromium
layer for instance has a thickness of about 5 nm. In order to further improve
protection of the chromium layer from oxidation, optionally a protective
tantalum pentoxide (Ta,Os) can be added on top of the chromium layer as

protective layer.

[0072] The sapphire window 33 may be mounted e.g. with baked glass seals to
the housing body in the same way as described before for mounting the

membrane.

[0073] Good sensitivity of the pressure measuring device is achieved, when the
mirror 31 on the membrane 2 and the semitransparent mirror 34 in the housing
body 1 are substantially or precisely parallel. In some examples, a maximal
tolerated tilt [o]+[B1H[y] is 0.05 mrad, as shown in Fig. 8. Thereby, a
substantial parallelism of the ODG cavity may be achieved.

[0074] In some embodiments, a baffle 41 is mounted in front of the sensor
head and serves at least two purposes as shown in Fig. 5. First, it assures that
there is no direct line of sight with the sensitive membrane 2. Gas particles
therefore make at least two hits with other gauge surfaces before reaching the
membrane 2. Easily condensing gases are typically deposited on the baffle
surface before they condense on the membrane surface. This reduces the sensor
drift and extends the life time of the sensor. The baffle also serves to convert a
plasma into gas of a low charge state, typically neutral charge state, because of

the necessary wall hit.
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[0075] One embodiment includes a dive-in-sensor. The ODG sensor concept
can also be used in a dive-in arrangement, an example of which is shown in
Fig. 10. In this embodiment, the sensor cell is not retracted from the interior of
the evaporator tube. The sensor head can be mounted directly on a flange 40,
40' of the evaporation tube 300, 310, 100. The sensor is then immersed in the
interior of the evaporator tube. Membrane and sensor housing may be made of

corrosion resistive materials.

[0076] In some examples of embodiments, multiplexed sensor heads may be
provided. Optical read-out also allows for multiple sensor heads to be read out
by a single spectrometer. This is achieved either using separate fibers which
are stacked in parallel at the entrance slit of the spectrometer or by using
bifurcated fibers or by fiber switches. The sensor heads can be at a location of
the evaporator and, in addition, at different locations of the evaporator, of
further evaporators, and of the coating installation. In some embodiments,
several sensor heads may be placed next to each other on the same flange 40,
40'. This is shown in Fig. 10 schematically as a dive-in sensor with multiple
heads. The heads can either be of the same type to allow redundancy or can be
made of different types to cover overlapping or adjacent pressure ranges. This
allows covering a larger range while using only one flange site at the

evaporator.

[0077] When mounting several sensors on one flange 40, 40' with holding
means 43, each individual sensor head may be adapted for a different pressure
range by changing membrane dimensions. Thereby, one can measure the same
and/or different pressure ranges, while using only one port at the evaporator
tube. This is a cost reduction, since less time is needed for mounting and less

time at interfacing sensors with his data acquisition system.

[0078] According to one embodiment, a method for applying vapor to a
substrate includes: providing the vapor using an evaporator of any of above
mentioned embodiments, applying the vapor to the substrate, and measuring
the pressure of the vapor within the evaporator tube. According to

embodiments, the evaporator includes an evaporator for applying vapor to a
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substrate at a coating rate, the evaporator including 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.

[0079] The evaporator, the coating installation and the method of embodiments
described herein allow for a determination of the deposition rate by a pressure
measurement device included in the eVaporator tube. According to
embodiments described herein, the pressure measurement device includes an
optical diaphragm gauge which is corrosion resistant and/or may be used in a
high temperature and/or high EMI (Electro Magnetic Interference)

surrounding.

[0080] According to one embodiment, an evaporator for applying vapor to a
substrate at a coating rate is provided, the evaporator including 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.

[0081] In one embodiment, which can be combined with any other
embodiment described herein, the pressure measurement device is provided in

the distribution pipe.

[0082] In one embodiment, which can be combined with any other
embodiment described herein, the evaporator tube further includes a crucible
and a supply tube connecting the crucible and the distribution pipe, the
pressure measurement device being provided in one element selected from the

group consisting of the supply tube and the crucible.

[0083] In one embodiment, which can be combined with any other
embodiment described herein, the optical diaphragm gauge is a vacuum
measuring cell, the vacuum measuring cell including a first housing body made
of an Al,O3 material, a membrane made of an Al,O; material, arranged
adjacent to the first housing body in a vacuum tight manner such that a

reference vacuum chamber is created between the first housing body and the
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membrane, a second housing body made of an Al,Os material and provided
opposite the membrane in a vacuum tight manner such that a measurement
vacuum chamber is created between said second housing body and the
membrane, said second housing body including a port for connecting the
measurement vacuum chamber to the interior of the evaporator tube, wherein
in the central area of the first housing body an optical transparent window is
formed and at least in the central region of the membrane a surface of the
membrane, which is located facing the optical transparent window, is formed
optically reflecting, and wherein, outside of the reference vacuum chamber in
opposition to and at a distance from the window, a light feeding device is
arranged for feeding in and out light onto the surface of the membrane, and
wherein a lens device is placed between the optical fibre and the window for
optical linking to the surface of the membrane, such that the arrangement is
forming a measuring section for determining the level of deflection of the
membrane, e.g. using a Fabry-Perot Interferometer principle. In one

embodiment, the arrangement is formed as a Fabry-Perot Interferometer.

[0084] In one embodiment, which can be combined with any other
embodiment described herein, the pressure measuring device includes a plug,
the optical diaphragm gauge is provided in the plug, and the plug is provided in

an opening of the evaporator tube.

[0085] In one embodiment, which can be combined with any other

embodiment described herein, the plug consists of quartz.

[0086] In one embodiment, which can be combined with any other

embodiment described herein, the plug is cone-shaped.

[0087] In one embodiment, which can be combined with any other
embodiment described herein, the pressure measuring device includes a plug,
the optical diaphragm gauge is provided in the plug, and the plug is provided in
an opening of the evaporator tube such that the measurement vacuum chamber
of the optical diaphragm gauge is connected to the interior of the evaporator

tube.
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[0088] In one embodiment, which can be combined with any other
embodiment described herein, said membrane of the vacuum measuring cell is

made of Al,Os from the type sapphire.

[0089] In one embodiment, which can be combined with any other
embodiment described herein, said first housing body of the vacuum measuring
cell consists at least partially of Al,O3 from the type sapphire and this part is

placed in the central area for forming an optically transparent window.

[0090] In one embodiment, which can be combined with any other
embodiment described herein, the optically transparent window is formed as a
single insertion part made of sapphire and is mounted in a vacuum tight

manner to the first housing body.

[0091] In one embodiment, which can be combined with any other
embodiment described herein, the evaporator is an organic evaporator for

applying organic vapor to a substrate at a coating rate.

[0092] According to a further embodiment, a coating installation for coating
substrates is provided, with at least one evaporator for applying vapor to a
substrate at a coating rate, the evaporator including 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.

[0093] According to a yet further embodiment, a method for applying vapor to
a substrate is provided, the method including: providing the vapor using an
evaporator for applying vapor to a substrate at a coating rate, the evaporator
including 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, applying the vapor to the substrate, and measuring the pressure of the

vapor within the evaporator tube.
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[0094] In one embodiment, which can be combined with any other
embodiment described herein, the vapor is provided within the distribution

pipe and the pressure of the vapor is measured within the distribution pipe.

[0095] In one embodiment, which can be combined with any other
embodiment described herein, the providing of the vapor includes the step of
producing the vapor by heating material with the material being provided as a

granulate material or as a material wire.

[0096] In one embodiment, which can be combined with any other
embodiment described herein, the method further includes the step of

structuring the substrate by means of a shadow mask.

[0097] In one embodiment, which can be combined with any other
embodiment described herein, the vapor is an organic vapor, the method
optionally further including the step of applying a non-organic cover coating to

the substrate.

[0098] In one embodiment, which can be combined with any other
embodiment described herein, the vapor is provided within the distribution
pipe and the pressure of the vapor within the distribution pipe is adjusted

between 2x10™'2 mbar and 4x107 mbar.

[0099] In one embodiment, which can be combined with any other
embodiment described herein, the optical diaphragm gauge includes a
measuring section including a membrane made of at least one element selected
from the group of a ceramic material, an Al,O3; material and Al;O3 from the
type sapphire. In some embodiments, which can be combined with any other
embodiment described herein, the optical diaphragm gauge is adapted to

measure the deflection of the diaphragm or of the membrane, respectively.

[00100] The written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to
make and use the invention. While the invention has been described in terms of

various specific embodiments, those skilled in the art will recognize that the
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invention can be practiced with modifications within the spirit and scope of the
claims. Especially, mutually non-exclusive features of the examples of
embodiments and embodiments or modifications thereof described above may
be combined with each other. The patentable scope of the invention is defined
by the claims, and may include other examples that occur to those skilled in the

art. Such other examples are intended to be within the scope of the claims.

[00101] 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 foliow.
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CLAIMS

An evaporator for applying vapor to a substrate at a coating rate, the
evaporator comprising

an evaporator tube (300, 310, 100) having a distribution pipe (100) with
at least one nozzle outlet (110), and

wherein the evaporator tube includes a pressure measurement device
(10, 12), the pressure measurement device comprising an optical

diaphragm gauge (10).

The evaporator according to claim 1, wherein the pressure measurement

device (10) is provided in the distribution pipe (100).

The evaporator according to any of the preceding claims, the evaporator
tube further comprising a crucible (300) and a supply tube (310)
connecting the crucible and the distribution pipe, the pressure
measurement device being provided in one element selected from the

group consisting of the supply tube and the crucible.

The evaporator according to any of the preceding claims, wherein the
optical diaphragm gauge comprises a measuring section including a
membrane made of at least one element selected from the group of a

ceramic material, an Al,O3 material and Al,O3 from the type sapphire.

The evaporator according to any of the preceding claims, wherein the
optical diaphragm gauge is a vacuum measuring cell, the vacuum
measuring cell comprising

a first housing body (1) made of an Al,O3 material,

a membrane (2) made of an Al,O3 material, arranged adjacent to the
first housing body in a vacuum tight manner such that a reference
vacuum chamber is created between the first housing body and the
membrane,

a second housing body (4) made of an Al,Os; material and provided

opposite the membrane (2) in a vacuum tight manner such that a
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measurement vacuum chamber (26) is created between said second
housing body and the membrane, said second housing body including a
port (5) for connecting the measurement vacuum chamber to the interior
of the evaporator tube,

wherein in the central area of the first housing body an optical
transparent window (33) is formed and at least in the central region of
the membrane a surface of the membrane, which is located facing the
optical transparent window, is formed optically reflecting, and

wherein, outside of the reference vacuum chamber in opposition to and
at a distance from the window (33), an light feeding means (37. 37°) is
arranged for feeding in and out light onto the surface (31) of the
membrane (2), and

wherein a lens device (35) is placed between the optical fibre (37) and
the window (33) for optical linking to the surface (31) of the membrane
(2), such that the arrangement is forming a measuring section for

determining the level of deflection of the membrane (2).

The evaporator according to any of the preceding claims, wherein the
pressure measuring device includes a plug, the optical diaphragm gauge
is provided in the plug, and the plug is provided in an opening of the
evaporator tube such that the measurement vacuum chamber of the
optical diaphragm gauge is connected to the interior of the evaporator

tube, the plug optionally consisting of quartz and being cone-shaped.

The evaporator according to any of the preceding claims, wherein said
membrane (2) of the vacuum measuring cell is made of Al,O3 from the

type sapphire.

The evaporator according to any of the preceding claims, wherein said
first housing body (1) of the vacuum measuring cell consists at least
partially of Al,Os3 from the type sapphire and this part is placed in the
central area for forming an optically transparent window (33), and/or

wherein the optically transparent window (33) is formed as a single
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11.

12.

13.

14.

15.

insertion part made of sapphire and is mounted in a vacuum tight

manner to the first housing body (1).

The evaporator according to any of the preceding claims, wherein the
evaporator is an organic evaporator for applying organic vapor to a

substrate at a coating rate.

A coating installation for coating substrates, with at least one

evaporator according to any of the preceding claims.

A method for applying vapor to a substrate comprising:

providing the vapor using an evaporator according to any of claims 1 to
9,

applying the vapor to the substrate, and

measuring the pressure of the vapor within the evaporator tube.

The method according to claim 11, wherein the vapor is provided
within the distribution pipe and the pressure of the vapor is measured

within the distribution pipe.

The method according to claim 11 or 12, wherein the providing of the
vapor comprises the step of producing the vapor by heating material
with the material being provided as a granulate material or as a material

wire.

The method according to any of claims 11 to 13, wherein the vapor is
an organic vapor, the method optionally further comprising the step of

applying a non-organic cover coating to the substrate.

A method according to any of claims 11 to 14, wherein the vapor is
provided within the distribution pipe and the pressure of the vapor
within the distribution pipe is adjusted between 2x10? mbar and 4x107

mbar.
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