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(57) Abstract: The invention relates to an organic electronic device, particularly an OLED device (100), and to a method for its
manufacturing. The device (100) comprises at least one functional unit (LU1, LU2, LU3) with an organic layer (120). On top of
this functional unit (LU1, LU2, LU3), at least one inorganic encapsulation layer (140, 141) and at least one organic encapsulation
layer (150, 151) are disposed in which at least one conductive line (161, 162) is embedded. In this way an OLED with a thin film
encapsulation can be provided that can electrically be contacted at contact points (CL) on its back side.
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ORGANIC ELECTRONIC DEVICE WITH ENCAPSULATION

FIELD OF THE INVENTION
The invention relates to an organic electronic device, for example an Organic
Light Emitting Diode (OLED), comprising at least one functional unit that is encapsulated by

additional layers. Moreover, it comprises a method for the manufacturing of such a device.

BACKGROUND OF THE INVENTION

From the WO 2004/32575 Al, a light emitting display is known that
comprises a transparent substrate with an anode layer, on which an array of organic
electroluminescent units with cathode layers on top is disposed. The array is covered by an
SiN layer and a photoresist layer that are structured to provide openings for contacting the

anode and the cathodes.

SUMMARY OF THE INVENTION

Based on this background, it was an object of the present invention to provide
means for an alternative manufacturing of organic electronic devices, particularly means that
are flexible with respect to the two-dimensional shape of the devices.

This object is achieved by an organic electronic device according to claim 1 and
a method according to claim 2. Preferred embodiments are disclosed in the dependent claims.

According to a first aspect, the invention relates to an organic electronic device,
for example to an OLED device comprising at least one Organic Light Emitting Diode
("OLED") structure. The organic electronic device shall comprise the following components:

a) At least one functional unit that comprises an organic layer.

b) An inorganic "encapsulation layer" that is disposed above the
aforementioned functional unit, covering it at least partially (e.g. with the exception of
particular openings). The inorganic encapsulation layer typically serves as a water diffusion
barrier protecting the sensitive (organic) layers below it. It should be noted that the use of the
expression "above" for the location of the inorganic encapsulation layer implies a convention

according to which the direction from the functional unit to the inorganic encapsulation layer
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corresponds to the direction of "bottom to top" and fixes the meaning of the relative terms
"below", "on top" etc.

c) An organic "encapsulation layer" that is disposed on top of the
aforementioned inorganic encapsulation layer. Preferably, both the inorganic and the organic
encapsulation layers are laterally structured, i.e. they cover the functional unit completely
with the exception of dedicated openings.

e) At least one conductive line that is at least partially embedded in the
(inorganic and organic) encapsulation layers and that is accessible from the outside of the
device at, at least one contact point. Preferably, the conductive line extends at least partially
into one of the aforementioned openings in the encapsulation layers and contacts the
functional unit below. The conductive line may for example be made from a metal or a
conductive oxide like ITO or ZnO. Moreover, it may have any shape, for example that of a
line, of a grid etc.

According to a second aspect, the invention relates to a method for

manufacturing an organic electronic device, particularly a device of the kind described above.

The method comprises the following steps:

a) Producing at least one functional unit with an organic layer.

b) Depositing an inorganic encapsulation layer above of the functional
unit.

c) Depositing a structured organic encapsulation layer on top of the

inorganic encapsulation layer. Structuring of this layer can be achieved in any known way,
for example by deposition through a mask or by etching.

d) Etching the inorganic encapsulation layer to create at least one
opening.

e) Depositing at least one conductive line in said opening such that it is
at least partially embedded in the encapsulation layers and accessible from the outside at a
contact point.

It should be noted that the above steps a) to ¢) may be executed in the listed or
any other appropriate order, including as many repetitions of steps as desired.

The method can particularly be used to manufacture an organic electronic
device of the kind described above. Reference is therefore made to the above description of
this device for more information on the details of the method.

The organic electronic device and the method described above have the

advantage that they provide a device with an encapsulation of the sensitive layers, wherein
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said encapsulation simultaneously embeds conductive lines that are e.g. needed to electrically
contact the functional unit(s). Moreover, it turns out that the manufacturing method is
particularly suited for a flexible production of devices (¢.g. OLEDs) with free-forms of their
two-dimensional shapes.

In the following, preferred embodiments of the invention will be described
that relate both to the organic electronic device at the method described above.

The functional unit of the organic electronic device is preferably disposed on a
substrate that provides mechanical stability and protection from the bottom side, wherein the
(inorganic and organic) encapsulation layers encapsulate (seal) the functional unit on said
substrate. The substrate may optionally be transparent, for example being composed of glass
or transparent plastic, to allow the passage of light through the bottom side (e.g. in case of an
OLED device or solar cell).

In another embodiment of the invention, a plurality of functional units is
disposed on a common substrate. In this way a plurality of functionally active areas can be
created that can, if they are individually contacted, separately be controlled. Most preferably,
such an arrangement may just constitute an intermediate product from which single devices
can be obtained by cutting the common substrate between the functional units. Thus it is for
instance possible to obtain free-form OLEDs with substantially any shape that is desired in
the application at hand.

The stacking of an inorganic and an organic layer can optionally be repeated
as often as desired, yielding a structure in which at least one additional inorganic
encapsulation layer and one additional organic encapsulation layer are disposed on the (first)
organic encapsulation layer. The additional encapsulation layers may also embed the
conductive line, or they may be located above it.

The inorganic encapsulation layer (or layers, if several of them are applied),
the organic encapsulation layer(s) and/or the conductive line(s) may optionally be deposited
by structured deposition techniques. For organic layers, these techniques may preferably
comprise evaporation (particularly evaporation through a mask), printing, plotting, and/or
slot die coating. For inorganic layers, these techniques may preferably comprise evaporation,
sputtering, atomic layer deposition and/or PECVD (plasma enhanced chemical vapor
deposition). Furthermore, lithographic steps such as (UV-)light exposure and etching might
be used to structure the organic encapsulation layer.

The inorganic encapsulation layer(s) may particularly comprise silicon nitride

(SiN), Silicon OxyNitride (SiON), SiC, AlO, SiCN, ALOs, Si0;, TiO,, and/or ZrO, etc.
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The material of the organic encapsulation layer(s) may particularly comprise
polymers, e.g. acrylates, polycarbonate, and/or polyimides. Moreover, it may comprise small
molecules which may be crosslinked on the substrate afterwards.

In order to minimize the size and weight of the final organic electronic device
and to preserve as much flexibility as possible, the thickness of the layers that are disposed
above the functional unit is preferably smaller than 200 um, most preferably smaller than
50 um. In this case it can be said that the encapsulation layers provide a "thin film
encapsulation" for the device.

Optionally an additional organic layer may be disposed between the first
inorganic encapsulation layer and the functional unit. The material of the additional organic
layer may for example be chosen from polymers like acrylates and/or polycarbonates.

The conductive line shall usually provide electrical access to the interior
components of the organic electronic device. To this end, the conductive line has the at least
one external contact point at which it can be contacted by an external (power supply and
control-) circuit. In one embodiment of the invention, at least one such external contact point
of the conductive line is disposed above the functional unit.

In another embodiment of the invention, the conductive line (or at least one of
several conductive lines, if applicable) is covered on its top side by an organic encapsulation
layer. In this case the conductive line and the functional unit contacted by it can optimally be
sealed with respect to the environment.

At least one of the contact points of the conductive line may optionally be
disposed laterally of the functional unit. This arrangement allows the encapsulation layers to
cover the whole area of the functional unit, i.e. without a breakthrough for a conductive line.
The embodiment therefore provides a highly robust encapsulation of the functional unit.

In a further development of the method for manufacturing an organic
electronic device, the functional unit provided in step a) of the method is processed, too. In
particular, the functional unit may be segmented (i.e. at least partially divided into two or
more parts) by etching it through the at least one opening that was created in the inorganic
encapsulation layer in step d) of the method. After this segmentation, the further
manufacturing may proceed as usual, i.e. by depositing at least one conductive line etc.

As an example, the aforementioned approach can be used to provide a
segmented OLED lighting tile. Blue, green and red emitting organics could for instance be
evaporated in stripes, with an unstructured metal on top. Thereafter, the metal layer can be

structured with the method described here.
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The functional unit of the organic electronic device may particularly be a light
emitting unit. Such a light emitting unit may especially have an OLED structure, comprising
the following stack of layers: and "anode layer" (i.e. an electrically conductive layer which is
typically — but not necessarily — operated as an anode), an organic electroluminescent layer,
and a "cathode layer" (i.e. an electrically conductive layer which is typically — but not
necessarily — operated as a cathode). The mentioned layers may themselves be constituted of
several sub-layers, and the stack may comprise additional layers, too. The basic design of this
functional unit corresponds however to that of on OLED as it is well known to a person
skilled in the art.

Besides an OLED, other particular embodiments of the electronic device

comprise a solar cell or an organic memory.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiment(s) described hereinafter. These embodiments will be

described by way of example with the help of the accompanying drawings in which:

Figures 1-7  illustrate consecutive steps of the manufacturing of an OLED
device according to a first method;

Figures 8-10 illustrate in sectional views and a top view an alternative
manufacturing that may follow the stage shown in Figure 5;

Figures 11-13 illustrate in sectional views a modification of the first method,
comprising a segmentation of the light emitting unit by

etching.

Like reference numbers or numbers differing by integer multiples of 100 refer

in the Figures to identical or similar components.

DESCRIPTION OF PREFERRED EMBODIMENTS
The invention will in the following be described with respect to
Organic Light Emitting Diodes (OLEDs) as an exemplary organic electronic device.
Figure 1 schematically shows in its upper part a section through an
intermediate product that may serve as a starting point for the manufacturing method

according to the present invention. The lower part of the Figure shows a top view onto this



10

15

20

25

30

WO 2012/049594 PCT/IB2011/054407
6

product. The product comprises a flat substrate 110, e.g. a plate of glass or transparent
plastic, with a transparent anode layer 111 on top of it (e.g. ITO). Furthermore, two localized
stacks are disposed on the anode layer 111, said stacks comprising an organic
electroluminescent layer 120 and a cathode layer 130 on top of this. The anode layer 111, the
organic electroluminescent layer 120, and the cathode layer 130 constitute "functional units",
here more particularly light emitting units LU1, LU2, LU3, that are arranged on the common
substrate 110. As the top view in the right part of Figure 1 shows, that the light emitting
units LU1, LU2, LU3 can freely be shaped according to the requirements in their intended
application. The shape of the light emitting units can for instance be realized by using masks
or plasma etch process steps.

The following processing steps provide a thin film encapsulation (TFE) of the
OLED device of Figure 1. Figure 2 shows the first step in this respect, which is the
deposition of an inorganic encapsulation layer 140 (a water diffusion barrier), e.g. SiN.
Alternatively, the TFE might start with the deposition of an organic layer, followed by the
depicted inorganic layer.

According to Figure 3, this is followed by the deposition of an organic
layer 150, e.g. a polymer with no or a low water content. For a structured deposition of the
organic layer 150, a printing process can be used, e.g. ink jet printing or plotting, or a
lithographic process, ¢.g. (UV-)light exposure and etching.

As shown in Figure 4, the organic layer 150 can be used as a mask to structure
the inorganic layer 140 below and to open contacts to the anode layer 111 and the cathode
layer 130 during plasma etch process.

The process sequence of Figures 2—4 (inorganic layer deposition, organic layer
deposition, etch process) can optionally be repeated several times (not shown).

Figure 5 shows the next (optional) process step, which is the application of
conductive metal lines 161 and 162 as bus bars and/or contact lines, for example by printing
or evaporation. Bus bars can be printed at the end of the manufacturing as well. They may
have more elaborate shapes than contact lines, for example closed structures like a grid.

Figure 6 shows the application of another inorganic layer 141 (e.g. a SiN
layer), and Figure 7 the application of another organic layer 151 as a Topcoat printing. If
needed, another SiN etch can follow to open contact points CT to the metal lines 161, 162,
yielding the final OLED device 100.

In Figures 8, 9 and 10, an alternative OLED device 200 is shown in a sectional

view (Figures 8, 9) and a top view (Figure 10). This OLED device 200 comprises a structure
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for embedding metal contact lines and may be obtained by alternative processing steps
following the stage of Figure 5. In particular, the metal lines 261 and 262 may first be
completely embedded (besides at lateral contact points CL) in an organic encapsulation
layer 250, as illustrated in the sectional view of Figure 8. This organic encapsulation

layer 250 may then further be covered by an additional inorganic layer 241 and an additional
organic layer 251.

Figures 11 to 13 illustrate a variant that may replace the steps of
Figures 1 to 4. According to Figure 10, this variant starts with a substrate 310 having a
(transparent) anode layer 311 and a light emitting unit LU on top. The light emitting unit LU
is composed of two stripes 320a and 320b of different organic electroluminescent materials
(c.g. emitting red and blue), carrying a cathode layer 330 on top. Of course more than two
stripes (of different color) could be used as well.

According to Figure 12, an unstructured inorganic layer 340 and a structured
organic layer 350 are then deposited on the light emitting unit LU. This step is similar to
what is shown in Figures 2 and 3.

In the step shown in Figure 13, the inorganic layer 340, the cathode layer 330,
and the organic electroluminescent layers 320a, 320b have been etched, using the top organic
layer 350 as a mask. In this way several light emitting segments S1, S2 are generated on the
substrate 310. Of course further openings may be created in this way (not shown), too,
particularly for providing access to the electrode layers. Moreover, the further processing
may proceed as illustrated in Figures 5 to 10, i.e. by connecting the electrode layers to
conductive lines and by encapsulating the segments S1, S2. As a result of the described
procedure, a segmented OLED lighting tile 300 is provided.

In summary, the preferred embodiments of the invention described above
comprise the following features:

- a combination of a free form OLED with a free form thin film
encapsulation;

- "back-side" contacting of a thin film encapsulated OLED (wherein
the term "back-side" refers to the non-light emitting side of the OLED);

- free form contact pattern by plasma etching of inorganic layers;

- use of organic interlayers as etch protection for the inorganic layers;

- organic layers become larger in each deposition sequence, so side

leakage is prevented;
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- alternative process flow: more reliable thin film encapsulation due to
embedding the contact lines into the organic layer (i.e. no disturbances of the SiN layer due
to edges etc).

The invention can for instance be applied in OLED lighting, organic
photovoltaics, or organic memories (MEMs).

Finally it is pointed out that in the present application the term "comprising”
does not exclude other elements or steps, that "a" or "an" does not exclude a plurality, and
that a single processor or other unit may fulfill the functions of several means. The invention
resides in each and every novel characteristic feature and each and every combination of

characteristic features. Moreover, reference signs in the claims shall not be construed as

emitting their scope.
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CLAIMS
1. An organic electronic device (100, 200, 300), comprising:
a) at least one functional unit (LU, LU1, LU2, LU3) comprising an
organic layer (120, 220, 320);
b) an inorganic encapsulation layer (140, 240, 340) that is disposed

above the functional unit (LU, LU1, LU2, LU3);

c) an organic encapsulation layer (150, 250, 350) that is disposed on top
of the inorganic encapsulation layer (140, 240, 340);

d) at least one conductive line (161, 162, 261, 262) that is at least
partially embedded in the encapsulation layers (140, 240, 150, 250, 340, 350) and accessible

from outside at an external contact point (CT, CL).

2. A method for manufacturing an organic electronic device (100, 200, 300), said
method comprising the following steps:

a) producing at least one functional unit (LU, LU1, LU2, LU3)
comprising an organic layer (120, 220, 320);

b) depositing an inorganic encapsulation layer (140, 240, 340) above the
functional unit (LU, LU1, LU2, LU3);

c) depositing a structured organic encapsulation layer (150, 250, 350) on
top of the inorganic encapsulation layer (140, 240, 340);

d) etching the inorganic encapsulation layer (140, 240, 340) to create at
least one opening;

e) depositing at least one conductive line (161, 162, 261, 262) in said
opening such that it is at least partially embedded in the encapsulation layers (140, 240, 150,
250, 340, 350) and accessible from outside at an external contact point (CT, CL).
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3. The organic electronic device (100, 200, 300) according to claim 1 or the
method according to claim 2,

characterized in that the functional unit (LU, LU1, LU2, LU3) is disposed on a
substrate (110, 210), and that the encapsulation layers (140, 240, 150, 250, 340, 350)

encapsulate the functional unit on said substrate.

4. The organic electronic device (100, 200, 300) according to claim 1 or the
method according to claim 2,
characterized in that a plurality of functional units (LU, LU1, LU2, LU3) is

disposed on a common substrate (110, 210).

5. The organic electronic device (100, 200, 300) according to claim 1 or the
method according to claim 2,

characterized in that at least one additional inorganic encapsulation layer (141,
241) and additional organic encapsulation layer (151, 251) are disposed on the organic

encapsulation layer (150, 250, 350).

6. The organic electronic device (100, 200, 300) according to claim 1 or the
method according to claim 2,

characterized in that the inorganic encapsulation layer (140, 141, 240, 241,
340), the organic encapsulation layer (150, 151, 250, 251, 350), and/or the conductive
line (161, 162, 261, 262) is deposited by printing, plotting, slot die coating, evaporation,
sputtering, atomic layer deposition and/or PECVD.

7. The organic electronic device (100, 200, 300) according to claim 1 or the
method according to claim 2,
characterized in that the material of the inorganic encapsulation layer (140,

141, 240, 241, 340) comprises SiN, SiON, SiC, AlO, SiCN, Al,Os, Si0O,, TiO,, and/or ZrO,.

8. The organic electronic device (100, 200, 300) according to claim 1 or the
method according to claim 2,

characterized in that the material of the organic encapsulation layer (150, 151,
250, 251, 350) comprises at least one polymer, for example an acrylate, polycarbonate, or

polyimide, and/or crosslinked small molecules.
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9. The organic electronic device (100, 200, 300) according to claim 1 or the
method according to claim 2,

characterized in that the thickness of the layers (140, 150, 141, 151, 240, 250,
241, 251, 340, 350) disposed above the functional unit (LU, LU1, LU2, LU3) is smaller than
about 200 um, preferably smaller than about 50 pm.

10. The organic electronic device (100, 200, 300) according to claim 1 or the
method according to claim 2,
characterized in that an additional organic layer is disposed between the

inorganic encapsulation layer (140, 240, 340) and the functional unit (LU, LU1, LU2, LU3).

11. The organic electronic device (100, 200) according to claim 1 or the method
according to claim 2,

characterized in that at least one external contact point (CT) is located above
the functional unit (LU, LU1, LU2, LU3), or that at least one external contact point (CL) is
located laterally of the functional unit (LU, LU1, LU2, LU3).

12. The organic electronic device (200) according to claim 1 or the method
according to claim 2,
characterized in that at least one conductive line (261, 262) is covered on its

top side by an organic encapsulation layer (250).

13. The method according to claim 2,
characterized in that the functional unit (LU) is segmented by etching through

the at least one opening that was created in the inorganic encapsulation layer (340).

14. The organic electronic device (100, 200, 300) according to claim 1 or the
method according to claim 2,

characterized in that the functional unit is a light emitting unit (LU, LU1, LU2,
LU3).

15. The organic electronic device (100, 200, 300) according to claim 1 or the
method according to claim 2,
characterized in that the electronic device is an OLED (100, 200, 300), a solar

cell, or an organic memory.
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