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Description

BACKGROUND OF THE DISCLOSURE

[0001] The present disclosure relates to a light source, and particularly a light source such as a light emitting device
including an organic light emitting diode (OLED) panel. The disclosure more particularly relates to thermal management
issues associated with large area, flexible OLED devices.
[0002] OLED devices are generally known in the art and typically include one or more organic light emitting layer(s)
disposed between electrodes. For example, the assembly includes a cathode, organic layer, and a light-transmissive
anode formed on a substrate so that the assembly emits light when current is applied across the cathode and anode.
As a result of the electric current, electrons are injected into the organic layer from the cathode and holes may be injected
into the organic layer from the anode. The electrons and holes generally travel through the organic layer until they
recombine at a luminescent center, typically an organic molecule or polymer. The recombination process results in the
emission of a light photon usually in the ultraviolet or visible region of the electromagnetic spectrum.
[0003] The layers of an OLED are typically arranged so that the organic layers are disposed between the cathode and
anode layers. As photons of light are generated and emitted, the photons move through the organic layer. Those photons
that move toward the cathode, which generally comprises a metal, may be reflected back into the organic layer. Those
photons that move through the organic layer to the light-transmissive anode, and finally to the substrate, however, may
be emitted from the OLED in the form of light energy. Some cathode materials may be light transmissive, and in some
embodiments light may be emitted from the cathode layer, and therefore from the OLED device in a multi-directional
manner. Thus, the OLED device has at least cathode, organic, and anode layers. Of course, additional, optional layers
may or may not be included in the light source structure.
[0004] Cathodes generally comprise a material having a low work function such that a relatively small voltage causes
the emission of electrons. Commonly used materials include a wide array of metals, however two commonly used
cathode materials include aluminum (Al) and silver (Ag). On the other hand, the anode layer is generally comprised of
a material having a high work function value, and these materials are known for use in the anode layer because they
are generally light transmissive. Suitable materials include, but are not limited to, transparent conductive oxides such
as indium tin oxide (ITO), aluminum doped zinc oxide (AZO), fluorine doped tin oxide (FTO), indium doped zinc oxide,
magnesium indium oxide, and nickel tungsten oxide; metals such as gold, aluminum, and nickel; conductive polymers
such as poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate) (PEDOT:PSS); and mixtures and combinations or
alloys of any two or more thereof.
[0005] Preferably, these light emitting or OLED devices are generally flexible, i.e., are capable of being bent into a
shape having a radius of curvature of less than about 10 cm. These light emitting devices are also preferably large-area,
which means the OLED devices have a dimensional area greater than or equal to about 10 cm2, and in some instances
are coupled together to form a generally flexible, generally planar OLED panel comprised of one or more OLED devices,
which has a large surface area of light emission (e.g., on the order of 70 cm2 or greater).
[0006] OLED devices operating at 1 watt or greater, but preferably less than 60 W in a large area and generally having
a thickness on the order of 800 m (i.e., flexible) or less encounter heating issues at high power. The heating unfortunately
results in fast degradation of the OLED device. Consequently, a need exists for improved thermal management in order
to increase life and performance.
[0007] Thermal management of plastic-based, flexible OLEDs is a particular challenge. It is common practice to use
solution based processing techniques for plastic substrates when creating OLED devices, and they tend to not be as
efficient as vapor-deposited, glass-substrate OLEDs. Consequently, more of the input power is lost as heat, and thus
there is a more demanding need for dissipating that heat via thermal management designs. Additionally, in order to
obtain an acceptable shelf life for plastic-based OLEDs, it is common practice to encapsulate the device in a secondary
hermetic package. With the flexible OLED structures, dual layer encapsulation is desired in order to obtain the necessary
barrier properties that protects against the adverse impact of oxygen and water vapor/moisture. Although the barrier
properties are desired, this improved encapsulation creates thermal management issues for the flexible OLEDs. This
package can trap the generated heat within the hermetic encapsulation, and so a thermal management scheme is
needed for the device as well as the hermetic panel. Lastly, the heat needs to be removed from the panel, and this can
be achieved by creating a heat sink to the fixture that contains the OLED panel. Therefore, there are three regions where
thermal management designs must be implemented, and these thermal management designs must not adversely impact
the flexible nature of the devices.
[0008] US 2005/285518 describes a bottom-emitting OLED device comprising a transparent substrate with a plurality
of OLED light emitting elements located on the substrate, each light emitting element including a first patterned transparent
electrode formed over the substrate and one or more OLED light emissive layers located over the first electrode and
emitting light through the first electrode, and a continuous second electrode metallic layer located over the plurality of
OLED light emitting elements. The second electrode metallic layer has a continuous thickness greater than 500 nm over



EP 2 751 856 B1

3

5

10

15

20

25

30

35

40

45

50

55

and between the light emitting elements. An encapsulating cover is provided located over the second electrode. JP
2006/196271 and US 2004/032209 also disclose OLED devices having a thick metal cathode and a thermal management
structure.

SUMMARY OF THE DISCLOSURE

[0009] The present invention resides in a large area, flexible organic light emitting device (OLED) assembly as defined
in claim 1.
[0010] A primary benefit of the present disclosure is the provision of a high thermal conductivity pathway for the OLED
device, through the hermetically sealed package, and into an associated fixture where the heat can be effectively
dissipated.
[0011] Another benefit is longer life for the OLED device.
[0012] Still another benefit is thermally managing the OLED panel without adversely affecting its flexible nature.
[0013] Yet another advantage relates to improved performance of the OLED device as a result of transferring heat
away from the device.
[0014] Still other benefits and advantages will become apparent to one skilled in the art upon reading and understanding
the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Figure 1 is a cross-sectional view of a large area, flexible OLED panel system.

Figure 2 is a cross-sectional view of an OLED panel.

Figure 3 is a plan view of a rear surface of the OLED assembly.

Figure 4 is a plan view of the rear surface of the OLED assembly with connector cable.

Figure 5 is an enlarged plan view of a preferred flat flexible cable.

Figure 6 is a cross-sectional of an OLED device.

Figure 7 is a plan view of a rear surface of a backsheet of a large area, flexible OLED panel.

Figures 8-9 are plan views of front and rear surfaces, respectively, of the backsheet of the OLED panel.

Figures 10-11 are plan views of front and rear surfaces, respectively, of the backsheet of the OLED panel in another
preferred arrangement.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] For purposes of the following description, particular details of a generally planar, flexible light source or OLED
device are generally known to those skilled in the art. Therefore, further description herein is deemed unnecessary to
a full and complete understanding of the present disclosure. Those details required for the present disclosure are provided
below and illustrated in the accompanying drawings. As used herein, the term "lighting assembly" refers to any assembly
of all or some of the components materials described herein, including at least a light source, which may be an OLED
device or a panel including at least one hermetically sealed OLED device, and a connector cable for providing electrical
power to the assembly. Although the preferred arrangement the light assembly is a large area, flexible light assembly,
selected aspects may find application in other lighting solutions.
[0017] Turning initially to Figure 1, there is generally shown the thermal management needs of a flexible OLED system.
First, the OLED device is hermetically sealed in a package to form the OLED hermetic panel. Therefore, as noted above,
there is a need to transfer or convey heat 50 from the OLED device to the panel. Likewise, a second area of thermal
management relates to conducting heat 60 from the panel. Last, another region to improve thermal conductivity repre-
sented by reference numeral 70 is at the fixture.
[0018] In Figure 2, there is shown a cross-sectional view of a flexible light assembly or OLED panel 100 that includes
a light source or OLED 102 that in this embodiment is covered on a light emitting side by an optical coupler layer OC
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and an ultra high barrier film UHB that is transparent and laminated on top of the OLED device. The UHB barrier film
creates a hermetic package by sealing to an impermeable backsheet B by means of barrier adhesive BA. An outcoupling
adhesive OCA also bonds an outcoupling film OP to the outer surface of the UHB. The rear surface of the OLED assembly
includes ACF strips and a supplemental bus interposed between the OLED and the backsheet B. The backsheet is
typically made of an oxygen and water vapor impermeable material, such as a lidding foil. One example of a lidding foil
is Tolas TPC-0814B, which is a multi-layer barrier material available commercially from Oliver-Tolas Healthcare Pack-
aging, although other commercially available products may be used without departing from the scope and intent of the
present disclosure. Such barrier materials generally comprise a multi-layer composite, which has a relatively thick (ap-
proximately 25 micrometers) layer of metal foil in the innermost layer. The metallic layer provides the backsheet with
excellent barrier properties, and also allows for flexible applications.
[0019] Adhesively securing the OLED 102 to the UHB and backsheet prevents the trapping of gas during the lamination
process. Without the adhesive, pockets of gas can potentially be trapped during the lamination process, and these gas
pockets can move around within the hermetic panel when in flexed applications, which leads to unwanted stresses and
potential delamination defects. It is also not aesthetically pleasing to have a gas bubble trapped in the panel. Having
adhesive disposed over the entire UHB film (internal to the package) and having adhesive over the entire backsheet
(except where electrical contact is made with the OLED) is preferred. The adhesive could be thermoplastic, thermosetting,
pressure sensitive adhesive (PSA), or a combination.
[0020] Electrical contact patches P are provided on apertures in the backsheet to allow electricity to be passed into
the hermetic panel from an external source to the OLED device. These patches P can be located either on the internal
or external surface of the backsheet. The external surface of the contact patch allows one to make an electrical connection
to an external circuit. One design includes using a flat flex cable, as described in US 2011/0147768 A1 .
[0021] With continued reference to Figure 2 and additional reference to Figures 3 - 5, the flexible light assembly or
panel 100 includes the light source supported at least in part by the back panel shown here as a first generally planar,
surface B that has a perimeter or edge 104. The perimeter edge 104 has a generally quadrilateral conformation or
rectangular conformation in which opposite edges are preferably disposed in substantially parallel relation in the illustrated
embodiment. However, the present disclosure need not necessarily be so limited. Here, edges 104a, 104b are parallel
and edges 104c, 104d are likewise parallel.
[0022] The backsheet B is preferably formed from an air and moisture impervious material. The backsheet provides
support for the light emitting device and, in one preferred embodiment, has a surface area that substantially covers one
side or surface of the light source. It is also contemplated that the impermeable backsheet B is light impermeable in the
preferred arrangement, i. e., light is emitted from the enlarged, generally planar surface opposite the backsheet B, but
one skilled in the art will recognize that in other instances the backsheet may be light transmissive and the backsheet
may therefore also be a light emitting surface.
[0023] Perimeter edges of the light source 102 and the backsheet B are preferably hermetically sealed. Thus, the
edge of the light emitting device 102 is sealed about its entire periphery by a barrier adhesive BA (Figure 2) or by an
extension of the backsheet. In some instances, the backsheet is co-terminus with the dimensions of the light emitting
surface while in other instances the backsheet has an open-centered, frame-like structure that seals about generally
annular perimeter portions as more particularly shown and described in US 2011/0175523 A1 .
[0024] At selected locations in the light panel, at least one and preferably multiple electrical feedthrough regions 120
(Figure 3) are provided for communication with the individual OLED devices that constitute a light panel. These electrical
feedthrough regions 120 are typically spaced inwardly of the perimeter. Therefore, an effective electrical connection
with an external driver circuit (not shown) is desired, and one solution is to provide a generally planar or flat, flexible
cable 122 that interconnects the external circuit with patches P that cover the feedthrough regions 120. Electrically
conductive traces 124 are provided in the flexible cable and extend from a standard connector, such as a zero-insertion
force connector 126, at or adjacent one end of the cable. The connector preferably has exposed, electrically conductive
portions 128. Suitable connection can be made with the external circuit via the connector 126 and electrical current is
thereby provided for the traces 124 to one or more electrically conductive pads 130 (Figure 4) provided in the cable.
Likewise, the flexible cable 122 has a sufficient dimension so that the connector 126 is located outside a perimeter of
the OLED panel where connection can be made with the associated external circuit. A preferred flat, flexible cable has
a thickness on the order of approximately 10 mils or less so that it does not adversely interfere with the desired flexible
nature of the OLED panel. More particular details of the flexible cable used to establish electrical connection to the OLED
device are found in US 2011/0147768 A1.
[0025] The patches P are preferably formed of a material that exhibits high bond strength to the low temperature solder
contemplated for use in desired embodiments. Aluminum is conventionally used in conjunction with silver epoxy or
double-sided conductive tape adhesives. Alternatively, silver, tin, or copper may be used as a patch material, or com-
binations of one or more of these material such as a tin-coated copper. In this manner, desired properties of one or more
materials may be advantageously combined such as a tin-coated copper patch exhibiting desired strength.
[0026] As noted above, heat generation at high current densities is believed to shorten the life of the OLED devices.
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Therefore, improved thermal management is required to transfer heat away from the device. For example, since the
cathode is typically formed of a metal, when encased in a polymer plastic, and increased current is introduced through
the cathode, the OLED generates substantial heat. Three proposed solutions for improved thermal management are
addressed here, any one of which addresses thermal management and with the understanding that any two can be
used in combination or all three may be used together. Figure 6 is a basic conceptual drawing of the OLED device 100
in which an organic layer 200 is received between the cathode 202 and anode 204, and received on a substrate 206.
[0027] With regard to the thermal management of the OLED device, a first thermal management aspect is to manipulate
the cathode 202 itself. Typically, the cathode has a thickness on the order of 100 nm. It is proposed to make the cathode
up to 500 nm thick, and possibly between 1000 - 2000 nm thick. Generally, the limit for the cathode thickness is between
500 nm and 1000 nm where the constraint regarding the thickness of this layer relates to the reality of the manufacturing
process. That is, a vapor deposition process is typically used to put down the cathode layer and applying extremely thick
materials would take a long time. For a single layer cathode, a 500 nm or greater thickness provides a means to manage
the thermals in the device. Further, thermal management is at least in part dependent on the material used to construct
the cathode, or in some instances the cathode is formed of multiple materials or metal alloys, or the cathode may have
distinct, separate layers, of varying thickness. For example, preferred metal cathode materials include the group of
silicon (Si), tin (Sn), antimony (Sb), copper (Cu), nickel (Ni), molybdenum (Mo), aluminum (Al), silver (Ag), and zinc (Zn).
In addition to the thickness of the cathode, the cathode selection may be based in part on thermal conductivity or rigidity
modulus. The following table illustrates the thermal conductivity and rigidity modulus, of cathodes that could be used in
OLED devices of large area, flexible assemblies.

[0028] As is evident from the table, the cathode 202 may have a thickness of approximately 500 nm, and may range
in thickness from approximately 1000 nm to preferably no greater than approximately 2000 nm. These thicknesses are
associated with operating the OLED between a range of approximately 1 W to less than 60 W, and more preferably in
a range from approximately 1 to approximately 10 W. Further, the rigidity modulus may range from approximately 15
(tin) to approximately 110 (silicon) GPa to ensure flexibility of the OLED device. Still further, the thermal conductivity
may range from approximately 20 (antimony) to 430 (silver) W/mK.
[0029] The preferred thickness t and thermal conductivity k of the cathode 202 can be understood from the following
description of the heat dissipation from the cathode 202 to the ambient air. There are two primary heat loads. First, there
is an approximately uniform heat load due to the losses in the conversion of electrical power to light at all locations in
the organic layer(s). Second, there is a localized heat load due to ohmic losses at the electrical contact points between
the cathode 202 and the electrical patches 120 and the electrically conductive pads 130, or wherever other anomalous
losses occur locally.
[0030] The uniform heat load generally does not overheat the OLED structures. The thermal circuit from the organic
layer(s) to the ambient typically consists of two primary portions. The first portion of the thermal circuit is characterized
by thermal conduction through the solid, outwardly away from the organic layer(s), across the plane of the OLED layer(s),
for example across the thickness of the cathode 202, to the outside surface of the OLED. The second portion of the
thermal circuit is typically the dissipation of heat from the outside surface of the OLED layer(s), having surface area AO,
by convection to ambient air. Equation 1 expresses the thermal power conducted through each solid layer of the OLED. 

Metal Thermal Rigidity Modulus
Conductivity (W/mK) (GPa)

Silicon (Si) 150 110

Tin (Sn) 67 18

Antimony (Sb) 24 20

Nickel (Ni) 91 76

Molybdenum (Mb) 139 20

Zinc (Zn) 120 43

Copper (Cu) 401 48

Aluminum (Al) 236 26

Silver (Ag) 430 30
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[0031] The power density of an OLED is typically about 1 Watt per 0.01 m2, so P/AO ∼ 100 W/m2. The allowable
temperature increase ΔT of the organic layer relative to the ambient temperature is up to about 40-60 K. If some fraction
of that increase, for example 10 K, can be allocated to any single element in the thermal path, for example the cathode
202 itself, then the allowable maximum ratio of the thickness t to the thermal conductivity k of the cathode 202 can be
estimated to be t/k = 0.1 K m2/W. For a typical value of k ∼ 100 W/m-K, the allowable thickness is t < 10 m. So, indeed
the temperature rise due to the uniform heat dissipation is negligible, and does not create a limit on the thickness or
thermal conductivity of the cathode 202 or any of the other planar OLED layers having similar dimensions. Even for a
value of k ∼ 0.1 W/m-K, the allowable thickness of a layer is any t < 10 mm.
[0032] Equation 2 expresses the thermal power dissipated by free convection to ambient air. 

[0033] The convection coefficient h for flat surfaces in contact with air varies as a function of vertical or horizontal
orientation, surface figure, and other factors, but is typically ∼ 10 W/m2K. For the typical case of P/AO ∼ 100 W/m2, the
result of Equation 2 is ΔT ∼ 10 K, which is generally an allowable temperature increase above ambient for the OLED.
The results of Equations 1 and 2 indicate that the heating of the OLED due to uniform heat loading ∼ 100 W/m2 results
in a uniform temperature increase of the OLED relative to ambient air of ∼ 10 K, limited by free convection to ambient
air, as long as none of the OLED layers has a ratio of t/k < 0.1 K m2/W. This typically allows for thickness t up to as
much as 10 mm even for k as small as 0.1 W/m-K. The uniform heat load generally does not overheat the OLED structures.
[0034] However, the second type of heat load, the localized heat load due to ohmic losses at the electrical contact
points or other non-uniform dissipation of power, can overheat the OLED if the thermal management is not sufficient.
This type of problem can be calculated precisely in computer models, and measured in actual devices. But a simple
geometric approximation, similar to that for the uniform heat load, can provide insight into the magnitude of the problem
and the effectiveness of thermal management solutions. Equation 2 still applies, with the substitution of total OLED
power P by the local hot spot power Plocal. But Equation 1 must be replaced by Equation 3, where the limiting thermal
conduction path is no longer the thickness t across the layer(s), but rather is determined by the need to spread the heat
away from the hot spot, parallel to the OLED layer(s) along a length L.

[0035] The length L across which the heat must be conducted is much longer than the thickness t, and the cross-
sectional area AX through which the heat is conducted is much less than the surface area AO, of any given OLED
layer(s), for example the cathode 202. So, the requirement on thickness t and thermal conductivity k of the OLED layer(s)
are much more demanding than for the uniform heat load. Since the case of uniform heat load generates a temperature
increase ∼ 10 K on the OLED relative to ambient air, and since an additional temperature rise due to local heating should
be limited to an additional ∼ 10 K, or at most ∼ 50 K, then the heat from the local hot spot must be dissipated by convection
to air over a relatively large surface area AS ∼ L2. The effective cross-sectional area of the OLED layer, for example the
cathode 202, through which the heat is conducted away from the hot spot is AX ∼ t ∗ L. Then Equation (3) simplifies to
Equation (4), which is independent of L, as expected.

[0036] Again, considering the case of a 1W OLED, where the heat generated in the local hot spot is 0.1% of the total
heat generated in the entire OLED, or 0.001 W, and the allowable ΔT is ∼ 10 K, then t∗k > 0.0001 W/K is required. For
example, if k ∼ 100 W/m-K, then t > 10-6 m = 1 micron is required. Although the above estimates are precise only within
about an order of magnitude, it is demonstrated that the value of k should be ∼ 100 W/m-K or greater, or a significant
fraction of 100 W/m-K, and the value of t should be ∼ 1 micron, or greater, or a significant fraction of 1 micron, in order
to limit the additional heating at a local hot spot to ∼ 10 K, or at most ∼ 50 K, for the case where the non-uniformity of
the heating is ∼ 0.1% of the total OLED power, which might represent a typical ohmic loss at the electrical contacts, for
example.
[0037] In a preferred embodiment, the cathode 202 is constructed in a bi-layer fashion (as represented by the dashed
line 210 in Figure 6. The layer closest to the functional organic layers 200 within the OLED 100 is constructed of a thin,
preferably <50nm layer, Al or Ag, and the remainder of the cathode, up to 2000nm but more preferably around 450 nm,
is constructed from a different material from the table. By having a bilayer cathode, one is able to maximize the electron
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injection properties and/or reflective properties by choosing a compatible material for the thin inner layer, in addition to
being able to separately tailor the thermal conductivity and flex capabilities of the cathode with the thick outer layer.
[0038] In some instances it is beneficial to cover the majority of the cathode of the OLED device with a protective
cover. This protective cover prevents handling damage and can also provide an additional oxygen and moisture barrier.
If a protective cover is utilized, it is also beneficial to ensure that the generated heat in the OLED device can be transferred
through that layer as well. This can be accomplished by choosing to make the protective cover out of materials that have
high thermal conductivity. Preferably the protective cover is an electrical insulator, exhibits thermal conductivities greater
than 5 W/(mk), and has a thickness of less than 75 micrometers.
[0039] It is foreseen to encase or hermetically seal the OLED assembly. Of course, this only contributes to trapping
heat within the device and therefore other thermal management considerations are desirable. Figure 7 illustrates one
manner of directing heat transfer to a perimeter by way of a heat dissipation trace. More specifically, the backside of the
OLED panel illustrates electrical feedthroughs 120 that are used with the flexible cable 122 (removed for ease of illustration
in Figure 7) and that interconnect with an associated drive circuit. Electrically isolated, and preferably dimensionally
spaced from the electrical feedthroughs are additional feedthroughs referred to as thermal sink feedthroughs 150. The
thermal feedthroughs are preferably spaced inwardly of the perimeter and are formed of a thermally conductive material
in order to convey heat from a central portion of the backside of the OLED panel via traces 152 that interconnect the
thermal sink feedthroughs 150 with a perimeter heat dissipation trace 154. The representation in Figure 5 is just one
preferred arrangement of the thermal sink feedthroughs, interconnecting traces, and heat dissipation traces. That is,
one skilled in the art will recognize that other designs can be used without departing from the scope and intent of the
present disclosure. The heat dissipation traces are preferably located along the perimeter of the OLED panel where the
traces are in thermally conductive relation with an associated fixture (not shown) to convey away as much heat as
possible that is generated by operation of the OLED device. The traces form a pathway to convey heat from the central
portion of the panel and into the fixture where the heat is effectively dissipated by convection to the surrounding envi-
ronment or the large thermal mass of the fixture will be sufficient to serve as an effective heat sink.
[0040] A preferred material to assist with thermal conduction is a high thermal conductivity adhesive, for example,
commercially available adhesives that exhibit a thermal conductivity of approximately 1.0 - 5.0 W/mK. The adhesive
may be utilized to more effectively transfer heat out of the system where adhesive bonding is necessary. Examples of
where the adhesive may be located include, but are not limited to, between the light emitting device and the thermal
feedthroughs 150, between the thermal feedthroughs 150 and the trace 152, and between the traces 152/154 and the
thermal sink fixture. The number, size, and location of thermal feedthroughs can be optimized based on the device or
the end use/application. The traces shown in Figure 5 transfer the heat away from the OLED device, toward the edge
seal region. Again, the trace dimensions and designs can also be optimized for the device/application. It is even con-
templated that traces may not be needed if the OLED panel can be effectively heat sinked to the fixture itself via the
thermal feedthroughs. However, at least in some applications, it would likely be advantageous to simply move the heat
toward the edges the panel and away from the OLED devices.
[0041] The high thermal conductivity of the adhesive on the backside of the OLED device effectively transfers the heat
away from the device to the metal patch thermal feedthroughs. The adhesive has a thermal conductivity that is about
an order of magnitude higher than that of typical polymers, and so the adhesive should effectively transfer the heat to
the thermal feedthroughs.
[0042] Since the adhesive is thin (on the order of approximately 10-100 mm) and flexible, the use of the thermally
conductive adhesive does not adversely impact on the desire to provide a flexible, thin OLED panel. Further, it is preferable
that the OLED devices are adhered to the backsheet for mechanical reasons. For example, air pockets are not desirable
in the OLED assembly. Therefore, the adhesive can serve the added function of mechanically adhering the OLED device
to the backsheet for those designs that do not already have an adhesive on the backsheet.
[0043] The traces illustrated in Figure 7 are also preferably made of thin, thermally conductive material, such as those
presented in the Table. The thickness range is from approximately 10-100 mm, and the traces are adhered to the external
surface of the backsheet using conventional adhesives. The width of the traces can vary depending on the size and
power of the OLED, but widths of 1-15 mm are common. These material and geometry characteristics will allow effective
heat dissipation without inhibiting the flexibility of the device.
[0044] Embodiments illustrated in Figures 8-9 and 10-11 show two more thermally managed backsheet designs for
the OLED assembly. For example, the thermal contact patches 160 shown in Figures8-9 illustrate how the thermal
contact patches can be substantially enlarged to provide support for substantially the entire backside of the OLED. This
enlarged patch eliminates stress concentrations that arise in designs where electrical patches only are provided to
electrically connect the OLED panel through the backside as taught in US 2011/0147768 A1. More importantly, this
large metallic surface that is coupled to the OLED device with thermally conductive adhesive is also exposed on the
external surface. This allows a large surface area for convection to dissipate heat generated in the panel, as a large
area pathway of thermally conductive material is incorporated from the device to the outside environment. For effective
thermal management the exposed metal on the backside should be at least 30% of the area of the light emitting device
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that is internal to the panel. Again, thin, thermally conductive materials will preferably be utilized as previously described
in the application. There is still a need to electrically isolate the electrical feedthrough patches from the thermal contact
pads 160 as evidenced by the spacing between the structures in Figure 8-9. This prevents the OLED device from shorting
to the thermal patch, which is only thermally conductive, but oftentimes is formed from a material that is electrically
conductive also.
[0045] In Figures 10-11, in an alternative arrangement, the electrical feedthroughs are enlarged for use as thermal
sinks while still supporting the majority of the OLED panel. Thus, a combined electrical/thermal patch 170 is provided
and shown here as a pair of patches that are dimensionally spaced or electrically isolated from one another. The combined
electrical/thermal patches cover a substantial portion of the surface area of the OLED panel. This provides the desired
mechanical support, and also serves as an enlarged heat sink. It is contemplated that there may be multiple openings
in the backsheet to connect and transfer heat or provide electrical continuity as required by the design.
[0046] As shown in Figure 1, a third area of thermal management is achieved with heat sinking to a fixture/plate 180.
Once heat is removed from the panel via the above described arrangements, convection on the external surface, or
preferably a heat sink is provided such as fixture 180, such that conduction into a large thermal mass and convection
are enhanced. Preferred fixture/plate materials are shown in the Table. The required thermal mass and exposed surface
area of the fixture/plate to dissipate the generated heat is highly dependent on the application, and can be determined
by considering numerous factors such as the number of light emitting devices, the operational power of the devices, the
efficiency of the devices, the thermal conductivity of the fixture/plate, and the efficiency of the specific device thermal
management and panel thermal management schemes utilized.
[0047] The present disclosure has been described with reference to the preferred embodiments. Obviously, modifi-
cations and alterations will occur to others upon reading and understanding the preceding detailed description. It is
intended that the disclosure be construed as including all such modifications and alterations.

Claims

1. A large area, flexible, organic light emitting device (OLED) assembly (100) comprising:

a large area, flexible OLED (102) encased in a barrier over front and rear surfaces of the OLED (102); and
a thermal management arrangement for the OLED (102) including a feedthrough patch extending through the
barrier from the rear surface of the OLED (102) and formed from a material having a thermal conductivity greater
than the barrier on the rear surface, wherein a thermal heat sink trace (152, 154) that leads from a central region
of the OLED (102) toward a perimeter region thereof to a fixture that receives the OLED assembly,
wherein the thermal management arrangement for the OLED (102) includes a metal cathode (202) having a
thickness of at least 500nm.

2. The OLED assembly of claim 1, wherein the thickness of the cathode (202) is no greater than 2000 nm.

3. The OLED assembly of claim 2, wherein the thickness of the cathode (202) is 1000 nm.

4. The OLED assembly of claim 1, wherein the OLED (102) operates between a range of 1 watt to less than 60 watts,
wherein, preferably, the operating power ranges from 1 watt to 10 watts.

5. The OLED assembly of claim 1, wherein:

the metal cathode (202) has a rigidity modulus of less than 110 GPa (silicon);
the metal cathode (202) has a rigidity modulus that ranges from approximately 15 (tin) to 110 (silicon) GPa; or
a thermal conductivity that ranges from approximately 20 (antimony) to 430 (silver) W/(mK).

6. The OLED assembly of claim 1, wherein the metal cathode (202) includes metal selected from the group of silicon
(Si), tin (Sn), antimony (Sb), nickel (Ni), molybdenum (Mo), copper (Cu), aluminum (Al), silver (Ag), zinc (Zn), or
mixtures, combinations, or alloys thereof.

7. The OLED assembly of claim 1 wherein the cathode (202) includes multiple materials.

8. The OLED assembly of claim 7, wherein the cathode (202) comprises a bi-layer structure in which a first layer has
a thickness of approximately 50 nm or less, and the thickness of the thermally conductive second layer is approxi-
mately 450 nm or greater, where the combined thicknesses of the two layers is approximately 500 nm or greater.
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9. The OLED assembly of claim 7 or 8, wherein the first layer is one of aluminum or silver, and the second layer is the
other of aluminum or silver, or one of silicon (Si), tin (Sn), antimony (Sb), nickel (Ni), molybdenum (Mo), copper
(Cu), zinc (Zn), or mixtures, combinations, or alloys thereof.

10. The OLED assembly of claim 1, wherein the feedthrough patch includes a metal.

11. The OLED assembly of claim 1, wherein the thermal management arrangement includes a high thermal conductivity
adhesive and wherein at least one of:

the adhesive has a thermal conductivity ranging from approximately 1.0 W/(mK) to approximately 5.0 W/(mK); or
the adhesive has a thickness of approximately 10-100 microns.

12. The OLED assembly of claim 11, wherein the adhesive is for at least one of connecting the OLED (102) to the
feedthrough patch extending through the barrier from the rear surface of the OLED (102), connecting the thermal
heat sink trace (152, 154) leading from a central region of the OLED (102) toward a perimeter region thereof to the
feedthrough patch, or connecting the trace to a heat dissipating fixture.

13. The OLED assembly of claim 1, wherein the trace (152, 154) includes a thin layer of metal and wherein the thin
layer metal trace is selected from one of:

the group of silicon (Si), tin (Sn), antimony (Sb), nickel (Ni), molybdenum (Mo), copper (Cu), aluminum (Al),
silver (Ag), zinc (Zn), or mixtures, combinations, or alloys thereof, and has a thickness on the order of approx-
imately 10-100 microns;
at least one of graphite, graphene oxide ITO, halogenated tin oxide, and ZnO ;
at least one of graphite, graphene oxide ITO, halogenated tin oxide, ZnO and composite polystyrene; or
at least one of graphite, graphene oxide ITO, halogenated tin oxide, ZnO and composite polystyrene located
adjacent to the metal trace.

14. The OLED assembly of claim 1, wherein the thermal management arrangement includes a thin, flexible plate (180)
exposed along a rear surface of the hermetically sealed OLED (102).

15. The OLED assembly of claim 14, wherein at least one of:

the plate (180) includes a metal, preferably selected from the group of silicon (Si), tin (Sn), antimony (Sb), nickel
(Ni), molybdenum (Mo), copper (Cu), aluminum (Al), silver (Ag), zinc (Zn), or mixtures, combinations, or alloys
thereof, and has a thickness of the order of 10-100 microns; or
the plate (180) has an exposed surface area that is at least 30% of the light emitting area.

Patentansprüche

1. Großflächige, flexible Baugruppe (100) mit organischer lichtemittierender Vorrichtung (OLED) mit:

einer großflächigen, flexiblen OLED (102), die in eine Sperrschicht über Vorder- und Rückoberflächen der OLED
(102) eingehüllt ist; und
einer thermischen Managementanordnung für die OLED (102) aufweisend einen Durchführungsfeld, das sich
durch die Sperrschicht von der Rückoberfläche der OLED (102) erstreckt und aus einem Material gebildet ist,
das eine thermische Leitfähigkeit größer als die der Sperrschicht auf der Rückoberfläche aufweist, wobei eine
thermische Wärmeableitspur (152, 154), die von einer Zentralregion der OLED (102) auf eine Umfangsregion
davon zuführt, zu einer Befestigung, die die OLED-Baugruppe aufnimmt, führt,
wobei die thermische Managementanordnung für die OLED (102) eine Metallkathode (202) mit einer Dicke von
wenigstens 500 nm aufweist.

2. OLED-Baugruppe gemäß Anspruch 1, wobei die Dicke der Kathode (202) nicht größer als 2000 nm ist.

3. OLED-Baugruppe gemäß Anspruch 2, wobei die Dicke der Kathode (202) 1000 nm ist.

4. OLED-Baugruppe gemäß Anspruch 1, wobei die OLED (102) in einem Bereich von einem Watt bis weniger als 60
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Watt arbeitet, wobei bevorzugt die Betriebsleistung in einem Bereich von einem Watt bis 10 Watt liegt.

5. OLED-Baugruppe gemäß Anspruch 1, wobei:

die Metallkathode (202) ein Schubmodul von weniger als 110 GPa (Silizium) aufweist;
die Metallkathode (202) ein Schubmodul in einem Bereich von näherungsweise 15 (Zinn) bis 110 (Silizium)
GPa aufweist; oder
die thermische Leitfähigkeit, in einem Bereich von näherungsweise 20 (Antimon) bis 430 (Silber) W/(mK) liegt.

6. OLED-Baugruppe gemäß Anspruch 1, wobei die Metallkathode (202) ein Metall aufweist, das ausgewählt ist aus
der Gruppe aus Silizium (Si), Zinn (Sn), Antimon (Sb), Nickel (Ni), Molybdän (Mo), Kupfer (Cu), Aluminium (Al),
Silber (Ag), Zink (Zn) oder Mischungen, Kombinationen oder Legierungen davon.

7. OLED-Baugruppe gemäß Anspruch 1, wobei die Kathode (202) mehrere Materialien aufweist.

8. OLED-Baugruppe gemäß Anspruch 7, wobei die Kathode (202) eine Bi-SchichtStruktur aufweist, in der eine erste
Schicht eine Dicke von ungefähr 50 nm oder weniger aufweist, und die Dicke der thermisch leitfähigen zweiten
Schicht ungefähr 450 nm oder größer ist, wobei die kombinierte Dicke der zwei Schichten näherungsweise 500 nm
oder größer ist.

9. OLED-Baugruppe gemäß Anspruch 7 oder 8, wobei die erste Schicht das eine aus Aluminium oder Silber ist, und
die zweite Schicht das andere aus Aluminium oder Silber ist, oder eine aus Silizium (Si), Zinn (Sn), Antimon (Sb),
Nickel (Ni), Molybdän (Mo), Kupfer (Cu), Zink (Zn) oder Mischungen, Kombinationen oder Legierungen davon ist.

10. OLED-Baugruppe gemäß Anspruch 1, wobei das Durchführungsfeld ein Metall aufweist.

11. OLED-Baugruppe gemäß Anspruch 1, wobei die thermische Managementanordnung einen hochthermischen leit-
fähigen Kleber und wenigstens eines aufweist von:

der Kleber eine thermische Leitfähigkeit im Bereich von näherungsweise 1.0 W/(mK) bis ungefähr 5.0 W/(mK)
aufweist; oder
der Kleber eine Dicke von näherungsweise 10-100 Micron aufweist.

12. OLED-Baugruppe gemäß Anspruch 11, wobei der Kleber für wenigstens eines ist von Verbinden der OLED (102)
mit dem Durchführungsfeld, das sich durch die Sperrschicht von der Rückoberfläche der OLED (102) erstreckt,
Verbinden der thermischen Wärmeableitspur (152, 154), die von einer Zentralregion der OLED (102) in Richtung
einer Umfangregion davon zu dem Durchführungsfeld führt, oder Verbinden der Spur mit einer Wärmeleitungsbe-
festigung.

13. OLED-Baugruppe gemäß Anspruch 1, wobei die Spur (152, 154) aufweist eine dünne Schicht aus Metall und wobei
die Dünnschichtmetallspur ausgewählt ist aus einem von:

der Gruppe aus Silizium (Si), Zinn (Sn), Antimon (Sb), Nickel (Ni), Molybdän (Mo), Kupfer (Cu), Aluminium (Al),
Silber (Ag), Zink (Zn), oder Mischungen, Kombinationen oder Legierungen davon, und eine Dicke in der Grö-
ßenordnung von ungefähr 10-100 Micron aufweist;
wenigstens eines aus Graphit, Graphenoxid ITO, halogeniertes Zinnoxid, und ZnO;
wenigstens eines von Graphit, Graphenoxid ITO, halogeniertes Zinnoxid, ZnO und Kompositpolystyren; oder
wenigstens eines von Graphit, Graphenoxid ITO, halogeniertes Zinnoxid, ZnO und Kompositpolystyren, das
sich benachbart zu der Metallspur befindet.

14. OLED-Baugruppe gemäß Anspruch 1, wobei die thermische Managementanordnung eine dünne, flexible Platte
(180) aufweist, die längs einer Rückoberfläche der hermetisch versiegelten OLED (102) freigelegt ist.

15. OLED-Baugruppe gemäß Anspruch 14, wobei wenigstens eines von:

die Platte (180) ein Metall aufweist, das bevorzugt ausgewählt ist aus der Gruppe aus Silizium (Si), Zinn (Sn),
Antimon (Sb), Nickel (Ni), Molybdän (Mo), Kupfer (Cu), Aluminium (Al), Silber (Ag), Zink (Zn), oder Mischungen,
Kombinationen oder Legierungen davon, und eine Dicke in der Größenordnung von 10-100 Micron aufweist; oder
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die Platte (180) einen freiliegenden Oberflächenbereich aufweist, der wenigstens 30% der lichtemittierenden
Oberfläche beträgt.

Revendications

1. Ensemble de dispositif électroluminescent organique (OLED) souple de surface importante (100) comprenant :

une diode électroluminescente organique/OLED souple de surface importante (102) qui est enchâssée dans
une barrière au-dessus de surfaces avant et arrière de l’OLED (102) ; et
un agencement de gestion thermique pour l’OLED (102) qui inclut un patch d’alimentation traversante qui
s’étend au travers de la barrière depuis la surface arrière de l’OLED (102) et qui est formé à partir d’un matériau
qui présente une conductivité thermique qui est plus grande que celle de la barrière sur la surface arrière, dans
lequel une empreinte sous forme de trace électronique de dissipateur thermique (152, 154) chemine depuis
une région centrale de l’OLED (102) en direction de sa région de périmètre jusqu’à un moyen de fixation qui
reçoit l’ensemble d’OLED ; dans lequel :
l’agencement de gestion thermique pour l’OLED (102) inclut une cathode en métal (202) qui présente une
épaisseur d’au moins 500 nm.

2. Ensemble d’OLED selon la revendication 1, dans lequel l’épaisseur de la cathode en métal (202) n’est pas plus
grande que 2000 nm.

3. Ensemble d’OLED selon la revendication 2, dans lequel l’épaisseur de la cathode en métal (202) est égale à 1000 nm.

4. Ensemble d’OLED selon la revendication 1, dans lequel l’OLED (102) fonctionne à l’intérieur d’une plage qui va de
1 watt à moins de 60 watts, dans lequel, de préférence, la puissance de fonctionnement s’inscrit à l’intérieur d’une
plage qui va de 1 watt à 10 watts.

5. Ensemble d’OLED selon la revendication 1, dans lequel :

la cathode en métal (202) présente un module de rigidité qui est inférieur à 110 GPa (silicium) ;
la cathode en métal (202) présente un module de rigidité qui s’inscrit à l’intérieur de la plage qui va d’approxi-
mativement 15 GPa (étain) à 110 GPa (silicium) ; ou
la cathode en métal (202) présente une conductivité thermique qui s’inscrit à l’intérieur de la plage qui va
d’approximativement 20 W/(mK) (antimoine) à 430 W/(mK) (argent).

6. Ensemble d’OLED selon la revendication 1, dans lequel la cathode en métal (202) inclut un métal qui est sélectionné
parmi le groupe qui est constitué par le silicium (Si), l’étain (Sn), l’antimoine (Sb), le nickel (Ni), le molybdène (Mo),
le cuivre (Cu), l’aluminium (Al), l’argent (Ag), le zinc (Zn) ou des mélanges, des combinaisons ou des alliages de
ceux-ci.

7. Ensemble d’OLED selon la revendication 1, dans lequel la cathode en métal (202) inclut de multiples matériaux.

8. Ensemble d’OLED selon la revendication 7, dans lequel la cathode en métal (202) comprend une structure bicouche
selon laquelle une première couche présente une épaisseur d’approximativement 50 nm ou moins, et l’épaisseur
de la seconde couche thermiquement conductrice est d’approximativement 450 nm ou plus, dans lequel l’épaisseur
combinée des deux couches est d’approximativement 500 nm ou plus.

9. Ensemble d’OLED selon la revendication 7 ou 8, dans lequel la première couche est soit une couche en aluminium,
soit une couche en argent, et la seconde couche est une couche en l’autre matériau pris parmi l’aluminium et l’argent
ou est une couche en un matériau qui est sélectionné parmi le groupe qui est constitué par le silicium (Si), l’étain
(Sn), l’antimoine (Sb), le nickel (Ni), le molybdène (Mo), le cuivre (Cu), le zinc (Zn) ou des mélanges, des combinaisons
ou des alliages de ceux-ci.

10. Ensemble d’OLED selon la revendication 1, dans lequel le patch d’alimentation traversante inclut un métal.

11. Ensemble d’OLED selon la revendication 1, dans lequel l’agencement de gestion thermique inclut un adhésif de
conductivité thermique élevée et dans lequel au moins l’une des assertions qui suivent est satisfaite :
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l’adhésif présente une conductivité thermique qui s’inscrit à l’intérieur de la plage qui va d’approximativement
1,0 W/(mK) à approximativement 5,0 W/(mK) ; et
l’adhésif présente une épaisseur d’approximativement 10 à 100 micromètres.

12. Ensemble d’OLED selon la revendication 11, dans lequel l’adhésif a pour fonction au moins une connexion prise
parmi la connexion de l’OLED (102) sur le patch d’alimentation traversante qui s’étend au travers de la barrière
depuis la surface arrière de l’OLED (102), la connexion de l’empreinte sous forme de trace électronique de dissipateur
thermique (152, 154) qui chemine depuis une région centrale de l’OLED (102) en direction de sa région de périmètre
sur le patch d’alimentation traversante et la connexion de l’empreinte sous forme de trace électronique sur un moyen
de fixation de dissipation thermique.

13. Ensemble d’OLED selon la revendication 1, dans lequel l’empreinte sous forme de trace électronique (152, 154)
inclut une couche mince en un métal et dans lequel l’empreinte sous forme de trace électronique en couche mince
est sélectionnée au sein de l’un des groupes qui suivent :

le groupe qui est constitué par le silicium (Si), l’étain (Sn), l’antimoine (Sb), le nickel (Ni), le molybdène (Mo),
le cuivre (Cu), l’aluminium (Al), l’argent (Ag), le zinc (Zn) ou des mélanges, des combinaisons ou des alliages
de ceux-ci, et elle présente une épaisseur de l’ordre d’approximativement 10 à 100 micromètres ;
au moins un matériau pris parmi le graphite, l’oxyde de graphène ITO, l’oxyde d’étain halogéné et le ZnO ;
au moins un matériau pris parmi le graphite, l’oxyde de graphène ITO, l’oxyde d’étain halogéné, le ZnO et un
polystyrène composite ; et
au moins un matériau pris parmi le graphite, l’oxyde de graphène ITO, l’oxyde d’étain halogéné, le ZnO et un
polystyrène composite qui est localisé de sorte qu’il soit adjacent à l’empreinte sous forme de trace électronique
en métal.

14. Ensemble d’OLED selon la revendication 1, dans lequel l’agencement de gestion thermique inclut une plaque souple
mince (180) qui est exposée le long d’une surface arrière de l’OLED scellée hermétiquement (102).

15. Ensemble d’OLED selon la revendication 14, dans lequel au moins l’une des assertions qui suivent est satisfaite :

la plaque (180) inclut un métal, de préférence sélectionné parmi le groupe qui est constitué par le silicium (Si),
l’étain (Sn), l’antimoine (Sb), le nickel (Ni), le molybdène (Mo), le cuivre (Cu), l’aluminium (Al), l’argent (Ag), le
zinc (Zn) ou des mélanges, des combinaisons ou des alliages de ceux-ci, et elle présente une épaisseur de
l’ordre de 10 à 100 micromètres ; et
la plaque (180) présente une aire surfacique exposée qui est égale à au moins 30 % de l’aire électroluminescente.
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