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plying a sealant onto the conductive strips (4) to
encapsulate the OLED device (10); and deposit-
ing a conductive protective layer (6) at least par-
tially onto each conductive strip (4) such that a
surface of a conductive strip (4) external to the
sealant is protected by the conductive protective
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AN OLED DEVI CE AND A METHOD OF MANUFACTURI NG THE SAME

FIELD OF THE INVENTION
The invention describes amethod of manufacturing an OLED device. The

invention further describes an OLED device.

BACKGROUND OF THE INVENTION

Prior art manufacturing methods for an organic light-emitting diode
(OLED), for example an OLED intended for lighting purposes, usually involve anumber
of photolithography steps for applying the various metal layers required for the electrical
connections of the device. Photolithography isvery complex and expensive, so that
alternative approaches are being sought. For example, a cost-efficient way of applying
structured metal contact pads (anode and cathode) for current distribution on a substrate
isto print astrip of metal ink onto the substrate to obtain a conductive strip with the
desired dimensions. These printed strips are then annealed to improve their conductivity.
Silver inks are very suitable for such printing techniques on account of their favourable
thermal properties and relatively high conductivity. Anode and cathode contact pads
printed using an ink can have athickness of only 300 nm to 10 wun. However, even
though the electrical properties of silver are very favourable, such thin silver layers can
suffer from corrosion when exposed to humidity and oxygen, especially under the
presence of an electrical bias, which isthe case when avoltage is applied across the
anode and cathode contact pads of an OLED device. This corrosion can ultimately
interrupt the electrical connection between the power supply and the OLED device,
resulting in device malfunction. Therefore, prior art manufacturing methods usualy use a
corrosion-resistant metal for the contact pads. Corrosion-resistant metals - for example

chromium, molybdenum, gold, etc. - have the disadvantage that they are unsuited to a
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printing process, and must therefore be applied using the more expensive and time-

consuming vacuum sputter process.

It istherefore an object of the invention to provide amore economical

way of manufacturing an OLED device with afavourably long lifetime.

SUMMARY OF THE INVENTION

This object is achieved by the method according to claim 1 of
manufacturing an OLED device, and by the OLED device of claim 8.

According to the invention, the method of manufacturing an OLED
device comprises the steps of applying anumber of conductive strips onto a substrate;
depositing an organic layer onto the substrate within aregion bounded by the conductive
strips; applying a sealant onto the conductive strips to encapsulate the OLED device; and
depositing a conductive protective layer a least partially onto each conductive strip such
that a surface of a conductive strip external to the sealant is protected by the conductive
protective layer. The conductive protective layer not only protects the conductive strips
(i.e. the contact pads) from corrosion in the critical region external to the seaant, thus
effectively isolating these regions from the harmful environment, but also acts as an
electrical conductor. Here, the expression 'external to the sealant' isto be understood to
mean on the outside of the sealant and exposed to the environment.

An obvious advantage of the method according to the invention isa
considerable saving in manufacturing cost, since cheaper highly conductive and
corrosion-prone metals can be used for the conductive strips, i.e. for the anode and
cathode contact pads surrounding the organic layer. For example, arelatively cheap
silver ink can be used, and can be applied in a straightforward and economical printing
process. The printed contact pads are then protected with a conductive protective
coating or layer of some suitable material. The conductive protective layer can be very
thin, thus requiring very little material, since it need only protect the conductive strips
from the atmosphere. Furthermore, the use of the conductive protective material isonly
required for some parts of the contact pad area and therefore only small amounts of this

material are required.
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According to the invention, the OLED device comprises a number of
conductive strips applied onto a substrate; an organic layer deposited on the substrate
within aregion bounded by the conductive strips; a conductive protective layer
deposited at least partially onto the conductive strips;, and a sealant for encapsulating the
OLED device, which sealant is applied to the conductive strips such that a surface of the
conductive strips external to the sealant is protected by the additional conductive
protective layer. Here, the sealant can be applied directly onto uncoated parts of the
conductive strips, or onto parts of the conductive strips that have previously been coated
with a conductive protective layer.

An OLED device manufactured in thisway is provided with areliable and
durable protection against corrosion in the region of the anode and cathode contact
pads, which would otherwise be exposed to the harmful effects of the environment. Such
an OLED can therefore have alonger lifetime than aprior art OLED.

The dependent claims and the subsequent description disclose particularly
advantageous embodiments and features of the invention.

The conductive strips referred to in the context of the invention may
generally be the anode and cathode contact pads, which are usually applied in relatively
wide bands around the perimeter of the OLED device and are connected to the positive
and negative poles of apower supply. A relatively large contact pad area ensures a
homogenous current flow through the organic layer and a correspondingly homogenous
light output. Therefore, in the following but without restricting the invention in any way,
the terms 'conductive strips and 'contact pads' may be used interchangeably.

The sealant used in the encapsulation of the OLED can be a line of
adhesive (applied along a sealing path around the organic layer and aong the contact
pads) and a cover lid (usually ametal or glass lid) that is pressed onto the adhesive.
Alternatively, the sealant can be one or more sealing layers deposited onto the organic
light-emitting layer and part of the contact pads to form a hermetic seal, protecting the
organic light-emitting layer from moisture in the environment. The parts of the contact
pads protected by the conductive protective layer are external to the sealant, i.e. on the

outside of an adhesive/cover lid combination or on the outside of a deposited sealant

layer.
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The conductive protective layer is applied & least partially onto a
conductive strip, whereby the conductive protective layer can coat or abut any surface or
edge of the conductive strip. The conductive protective layer can be applied in any
suitable process. For example the conductive protective layer could be applied by
pressing avery thin sheet of a suitable metal onto the areas of the contact pads that are
to be protected. However, because the sheet is preferably very thin, and the areas to be
coated may be very narrow, it may be somewhat difficult to apply the protective layer
precisely using this approach. Therefore, in aparticularly preferred embodiment of the
invention, the step of applying an isolating layer comprises transferring part of atransfer
layer or a sequence of transfer layers from a carrier. For example, a carrier can be
prepared with athin layer of the transfer material, and this might be pressed onto the
contact pads such that parts of the transfer layer adhere to specific parts of the contact
pads. For example, the transfer material may have adhesive qualities, and pressure
applied selectively to the carrier layer can act to cause the corresponding parts of the
transfer layer to adhere to the contact pads.

The carrier can comprise any suitable material to which a homogenous
coating of atransfer material can be applied. For example, a carrier layer can comprise a
sheet of glass, which has the advantage of reusability. However, to facilitate the
transferral of the transfer material from the carrier layer onto the contact pads, the
carrier is preferably made of aflexible material. Therefore, in apreferred embodiment of
the invention, the carrier comprises aplastic foil such as polyethylene. A transfer layer
can easlly be printed to coat the foil, and the coated foil can be conveniently suppliedin
the form of aroll.

Releasing the transfer material from the carrier layer using pressure may
be less precise than desired. Therefore, in aparticularly preferred embodiment of the
invention, the step of depositing a conductive protective layer onto a contact pad
comprises performing laser mass transfer (LMT) to transfer part of the transfer layer
from the carrier onto the conductive strip. For such an LMT procedure, the carrier foil
can be coated with avery thin coating of basically any metal or even combinations of
different metals, allowing an optimal match between the metal used for the

anode/cathode and the material used for the power connection. For example, the transfer
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material can favourably comprise ametal such as chromium, molybdenum, gold, etc. In
the known LMT techniques, the item to be coated is placed underneath the transfer
layer, and the carrier layer faces upwards. Laser energy causes selected parts of the
transfer layer to melt and to drop downwards onto the part to be coated, in this case a
contact pad. If the carrier layer comprises a sheet of glass, alaser beam can be directed
at apoint in the glass to heat the glass and melt the underlying metal, so that a droplet of
molten metal can then fall or be forcefully gected away from the carrier onto the contact
pad.

However, in apreferred embodiment of the invention, the step of
performing laser mass transfer comprises depositing energy at a specific location in the
transfer layer to cause the transfer layer to be at least partially transferred onto the
conductive strip. The energy deposition causes alocal build-up of pressure to 'gect’ the
transfer layer from the carrier and onto the conductive strip. In this way, the amount or
shape of transfer material that istransferred onto the conductive strip can be controlled
very precisely. This has the advantage that the amount of metal deposited onto the
contact pads can be kept to a minimum, making the procedure quite economical, even if
expensive metal such as gold or molybdenum is used as the transfer metal.

When a small region of the transfer metal is heated by the laser energy, it
melts, and may also vaporise at the interface between the metal and the carrier foil
(which does not melt), causing alocal build-up of pressure. This can result in amolten
metal droplet being forcefully ejected outward from the carrier, and may 'splatter’ onto
the item to be coated. In the case of apartially completed OLED, aTCO layer or an
organic layer within the sealing path should be kept free of any such splatters, since these
may detract from the visual appearance of the finished product. Therefore, in afurther
preferred embodiment of the invention, the carrier and transfer layers are positioned such
that the transfer layer isin direct contact with the region bounded by the sealing path.
Then, sections of the transfer material can be selectively transferred in an LMT process
onto corresponding regions of the contact pads, while the transfer metal, gjected from
the carrier layer with some force, is prevented from splattering the organic surface. For
example, only outer regions of the contact pad can be coated. An adhesive can then be

applied along the border of the transfer metal, so that, once the cover lid isin place, only
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those surfaces of the contact pads that lie outside the sealant are covered by the transfer
metal.

Of course, the application of a conductive protective layer can be carried
out for afinished OLED device in order to prolong its active life. However, the step of
depositing the conductive protective layer onto the contact pads preferably precedes the
step of encapsulating the OLED device, particularly if the sealant comprises a cover lid
pressed onto aline of adhesive, since the transfer metal can be optimally transferred onto
the contact pad if the carrier and transfer layers are in close contact with the contact
pads and the organic layer, for the reasons given above.

The transfer metal applied to the contact pads isnot limited to asingle
layer of aone kind of metal. In apreferred embodiment of the invention, the conductive
protective layer comprises a layer of & |least one essentially non-corrosive metal such as
molybdenum, chromium, gold, etc. For example, it may be desired to have layers of
different metals to coat the contact pads. A first layer can be applied in afirst LMT step,
and a second layer can subsequently be applied in asecond LMT step. Preferably, in a
more efficient approach, the carrier foil can be coated in advance with two or more
layers of different metals or amixture of metals, and these can be applied in asingle
LMT step.

A thin metal transfer layer is easier to transfer in an LMT process than a
thick layer, since small metal droplets will form more readily. Furthermore, a conductive
protective layer can be very thin, since the corrosion protection presented by athin,
uniform layer of the materials mentioned above isjust as effective asthat of athicker
layer. Therefore, the conductive protective layer preferably has athickness of a most 1.0
pin, more preferably a most 0.3 pin, and most preferably a most 100 nm.

The contact pads of atypical OLED can be 300 pun to 30 mm in width. If
the conductive protective layer isto be applied only the regions that will be exposed
after encapsulation, the width of the conductive protective layer can be as little as
100 pun to 3mm. If an LMT process isused, the laser is preferably controlled precisely
in order to obtain the desired transfer width. In apreferred embodiment of the invention,

a conductive protective layer essentially completely covers a conductive strip. For
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example, the contact pads can be completely coated with atransfer metal layer. This may
be the ssimplest and most cost-effective approach. Even if the transfer metal is arelatively
poor conductor, it will not detract from the conductivity of the contact pads. However,
if the transfer metal is a good conductor, the conductive protective layer then not only
serves to protect the regions of the contact pads which would otherwise be exposed to
the environment, but has the additional advantage of also contributing to the overall
conductivity of the contact pads.

In another embodiment of the invention, the conductive protective layer is
applied not to coat a contact pad, but is applied directly adjacent to the contact pad so
that the conductive protective layer abuts onto an edge of the adjacent contact pad. In
this way, an electrical contact is established between the conductive protective layer and
the contact pad. In this case, the substrate can be pre-treated with a conductive
protective layer pattern. For example, an LMT process can be carried out to apply a
'border' of transfer metal - for example a corrosion-resistant metal with good
conductivity - to the outer regions of the substrate corresponding to an outer anode
region and an outer cathode region. In afollowing step, the remainder of the anode and
cathode contact pads can be printed using a suitable metal such as asilver ink to lie
within the transfer metal regions and adjacent to (or abutting) these. Alternatively, the
silver ink can be printed first - in narrower bands than would otherwise be printed - and
a conductive protective layer of transfer metal can then be deposited in an LMT process
at the outer edges of the printed regions. Once the organic layer isin place, the sealant is
applied at the boundary between the conductive protective layer and the contact pads, to
encapsulate the OLED. For example, this boundary can bethe sealing path for an
adhesive line, which is applied along this boundary before subsequently putting a cover
lid in place. Alternatively, layers of sealant can be deposited onto the organic light-
emitting layer, up to the boundary. In such an embodiment, a good conductor is
preferably used as the transfer metal, for example gold or molybdenum. Even though
these metals are expensive, the very thin layers that can be achieved in the LMT process
can still make such OLEDs economical to realise.

Other objects and features of the present invention will become apparent

from the following detailed descriptions considered in conjunction with the
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accompanying drawings. It isto be understood, however, that the drawings are designed

solely for the purposes of illustration and not as a definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1shows aplan view of aprior art OLED device;

Fig. 2 shows a cross-section of the prior art OLED device of Fig. 1;

Fig. 3 illustrates the application of a conductive protective layer to a
contact pad using the method according to the invention;

Fig. 4 shows a cross-section of an OLED device obtained using the
method according to afirst embodiment of the invention;

Fig. 5 shows a cross-section of an OLED device obtained using the
method according to a second embodiment of the invention;

Fig. 6 shows a cross-section of an OLED device obtained using the
method according to athird embodiment of the invention;

Fig. 7 shows aplan view of an OLED device manufactured using the

method according to the invention.

In the diagrams, like numbers refer to like objects throughout. Elements
of the diagrams are not necessarily drawn to scale, particularly the OLED device layer

thicknesses and the thicknesses of the contact pads and conductive protective layers.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Fig. 1shows aplan view of aprior art OLED device 8. Contact pads 4
for an anode and cathode are applied - for example as printed metal lines - around the
perimeter of a substrate 1. The anode and cathode contact pads can cover the same area,
or one of the contact pads can cover more area than the other, as shown here, depending
on the realisation of the OLED. A line of adhesive 5 isused to attach a cover lid 3to
protect an organic layer 2 from any moisture. The contact pads 4 are partly within the
adhesive 5 and partly outside. The parts of the contact pads 4 within the adhesive line 5
are protected from moisture and oxygen and are therefore not affected by corrosion. The

parts of the contact pads 4 outside the encapsulation, i.e. outside or external to the
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adhesive line 5, are exposed to the environment and are therefore liable to suffer from
corrosion, which can occur when the positive and negative poles of apower supply 7 are
connected to the anode and cathode contact pads 4.

Fig. 2 shows a cross-section of the prior art OLED device of Fig. 1,
showing in more detail a contact pad 4 applied to a substrate 1, the organic layer 2, an
adhesive 5, and the cover lid 3. Anything within the adhesive 5 is protected from the
environment, while anything outside the adhesive 5 is exposed the corrosive effects of
the atmosphere.

Fig. 3illustrates the application of a conductive protective layer to a
contact pad using the method according to the invention. The contact pad 4 can have
been applied by printing aband or strip of silver ink, and may have awidth of about
0.5 win - 20 wn. Here, an organic layer 2 has been applied to partially cover the contact
pad 4. A polyethylene carrier foil 62 ispositioned above the contact pad 4 such that a
transfer layer 60 - for example athin coating of chromium or molybdenum - isfacing
towards the contact pad 4 and the organic light-emitting layer 2. In fact, the carrier foil is
preferably positioned so that the transfer layer 60 isin direct contact with the organic
layer 2, but for the sake of clarity, they are shown at adistance from each other in this
diagram. The transfer layer 60 can have a coating thickness of only a few micrometers. A
pulsed laser system, for example ananosecond UV laser is controlled so that abeam of
laser light L is directed through the carrier foil 62 so that it locally heats the metal of the
transfer layer 60 at a specific location above the contact pad 4. At this point at the
interface between the carrier foil 62 and the transfer layer 60, the metal vapourises, a
local pressure builds up between the carrier foil 62 and the molten metal. Due to the
expansion of gas, ametal droplet 61 is accelerated and ejected towards to land on the
contact pad 4 beneath. When the metal droplet 61 hits the contact pad 4 it adheres to its
surface. This process isrepeated to obtain ametal line from a series of individual metal
droplets for the desired coverage of the contact pad 4. Typical layer thicknesses are in
the order of afew micrometers down to some hundred nanometers. The achievable
conductivities are typically greater by afactor of seven than the bulk resistivity of the
bulk material used.
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Fig. 4 shows a cross-section of an outer region of an OLED device
obtained using the method according to afirst embodiment of the invention, in which the
conductive protective layer 6 is applied on the outer region of the contact pad 4. To
encapsulate the OLED, an adhesive 5is applied along the border between the conductive
protective layer 6 and the exposed contact pad 4. Of course, the adhesive 5 could be
applied to liejust inside the edge of the conductive protective layer 6, without touching
the contact pad surface. The cover lid 3isthen put into place and the exposed contact
pad 4, i.e. the surface not covered by the conductive protective layer 6, is effectively
protected from the corrosive effects of the atmosphere.

Fig. 5 shows a cross-section of an outer region of an OLED device
obtained using the method according to a second embodiment of the invention, in which
the conductive protective layer 6 is applied to cover the entire contact pad 4, and the
adhesive is applied onto the conductive protective layer 6.

Fig. 6 shows a cross-section of an outer region of an OLED device
obtained using the method according to athird embodiment of the invention, in which
the contact pad 4 isnarrower than in the realisations described above. Here, the
conductive protective layer 6 is applied adjacent to the narrow contact pad 4, and the
adhesive 5 is applied aong the border between the conductive protective layer 6 and the
contact pad 4.

The contact pads can beisolated using any combination of the techniques
described above. For example, the realisation of Fig. 4 could be used for the larger
contact pad (often the cathode), while the shorter contact pad could berealised as
shown in Fig. 6. The realisation shown in Fig, 5 might be preferred on account of its
straightforwardness. The realisation of Fig. 4 might be preferred since it combines alow
material consumption with an optimal isolation from the harmful effects of the
environment and in no way detracts from the conductivity of the contact pads.

Fig. 7 shows aplan view of an OLED device 10 manufactured using the
method according to the invention described in Fig. 4 or Fig. 6 above. Contact pads 4
for an anode and cathode are applied - for example as printed metal lines - around the
perimeter of a substrate 1. A thin conductive protective layer 6is appliedin an LMT

process to coat the parts of the contact pads 4 that would lie outside an adhesive line 5,
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or to lie adjacent to narrower contact pads 4. A cover lid 3isplaced on top of the
adhesive line 5, which together act as a sealant to encapsulate the OLED 10 and protect
the organic layer 2. The contact pads 4 are protected from corrosion by the conductive
protective layer 6.

While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description are to be
considered illustrative or exemplary and not restrictive; the invention is not limited to the
disclosed embodiments. Other variations to the disclosed embodiments can be
understood and effected by those skilled in the art from a study of the drawings, the
disclosure, and the appended claims. For the sake of clarity, it isto be understood that
the use of "a" or "an" throughout this application does not exclude aplurality, and
"comprising” does not exclude other steps or elements. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage. Any reference signsin the

claims should not be construed as limiting the scope.
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CLAIMS:
1 A method of manufacturing an OLED device (10), which method
comprises

- applying anumber of conductive strips (4) onto a substrate (1);

- depositing an organic layer (2) onto the substrate (1) within aregion
bounded by the conductive strips (4);

- applying a sealant onto the conductive strips (4) to encapsulate the
OLED device (10); and

- depositing a conductive protective layer (6) at least partially onto each
conductive strip (4) such that a surface of a conductive strip (4) external to the sealant is

protected by the conductive protective layer (6).

2. A method according to claim 1, wherein the step of applying a conductive
protective layer (6) comprises transferring part of atransfer layer (60) or a sequence of

transfer layers (60) from a carrier (62).

3. A method according to claim 2, wherein the carrier (62) comprises a
plastic foil (62).
4. A method according to claim 2, wherein the step of depositing a

conductive protective layer (6) onto a conductive strip (4) comprises performing laser
mass transfer to transfer part of the transfer layer (60) from the carrier (62) onto the

conductive strip (4).
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5. A method according to claim 4, wherein the step of performing laser mass
transfer comprises depositing energy a a specific location in the transfer layer (60) to

cause the transfer layer (60) to be at least partially transferred onto the conductive strip
(4):

6. A method according to any of claims 2to 5, wherein the carrier (62) is
positioned with respect to the organic layer (2) such that the transfer layer (60) isin

direct contact with the organic layer (2).

7. A method according to any of claims 1to 5, wherein the step of
depositing a conductive protective layer (6) onto a conductive strip (4) precedes the step
of encapsulating the OLED device (10).

8. An OLED device (10), comprising

- anumber of conductive strips (4) applied onto a substrate (1);

- an organic layer (2) deposited on the substrate (1) within aregion
bounded by the conductive strips (4);

- aconductive protective layer (6) deposited & least partially onto the
conductive strips (4); and

- asedlant for encapsulating the OLED device (10), which sealant is
applied to the conductive strips (4) such that a surface of the conductive strips (4)
external to the sealant is protected by the conductive protective layer (6).

9. An OLED device according to claim 8, wherein the conductive protective

layer (6) comprises alayer (6) of at least one corrosion-resistant metal.

10. An OLED device according to claim 8, wherein the conductive protective
layer (6) has athickness of & most 1.0 pun, more preferably a most 0.3 pin, most
preferably a most 100 nm.
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11. An OLED device according to any of claims 8to 10, wherein a

conductive protective layer (6) essentially completely covers a conductive strip (4).

12. An OLED device according to any of claims 8to 10, comprising a
conductive protective layer (6) applied to abut the conductive strip (4) such that an
electrical contact is established between the conductive protective layer and the
conductive strip (4), and the sealant is applied a aboundary between the conductive

protective layer (6) and the conductive strip (4).
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