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(57) ABSTRACT

The invention relates to a method for depositing a target
material onto an organic electrically functional material. The
method includes the steps of: providing a substrate with an
organic electrically functional material, like an emissive
electroluminescent layer; creating a vapor plume of target
material by pulsed laser deposition; depositing a first layer
of target material on the organic electrically functional
material, while maintaining the maximum particle velocity
of the deposited particles below a preset value; and depos-
iting a second layer of target material on the first layer of
target material, while the maximum particle velocity of the
deposited particles is above the preset value. The invention
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also relates to an intermediate product and to an organic light
emitting diode.
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1
METHOD FOR DEPOSITING A TARGET
MATERIAL ONTO A ORGANIC
ELECTRICALLY FUNCTIONAL MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the United States national phase of
International Application No. PCT/EP2013/071429 filed
Oct. 14, 2013, and claims priority to Furopean Patent
Application No. 12188835.8 filed Oct. 17, 2012, the disclo-
sures of which are hereby incorporated in their entirety by
reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The invention relates to a method for depositing a target
material onto an organic electrically functional material.

Description of Related Art

Depositing methods, and in particular physical vapor
deposition methods, use a plume of vapor with particles,
which are bombarded onto a substrate material. This plume
of vapor is generated by exciting a target material, for
instance using ions or photons, such that particles are freed
from the target material. Due to the excitement, the particles
gain kinetic energy, which moves the particles to the sub-
strate and which energy is used for the particles to adhere to
the substrate or even penetrate the substrate material.
Depending on the substrate material and the obtained kinetic
energy, the particles will penetrate to a certain depth of the
substrate material and/or damage the material due to the
bombardment.

In the field of organic light emitting diodes (OLEDs),
efforts are made to provide transparent OLEDs. An OLED
has typically a layered structure of a glass or transparent
plastic layer, a first conducting layer, an emissive electrolu-
minescent layer and a second conducting layer. By provid-
ing a voltage to the first and second conducting layer, the
emissive electroluminescent layer is powered, such that it
will emit light.

A transparent emissive electroluminescent layer is known,
as well as transparent conducting layers. Typically a indium
tin oxide layer is used for a transparent conducting layer,
which is arranged on a substrate with a physical vapor
deposition method. However, if a known physical vapor
deposition method is used to deposit indium tin oxide, or a
similar transparent conducting oxide, to the transparent
emissive electroluminescent layer, the impact of the par-
ticles damages the emissive electroluminescent layer to the
extent, that it no longer emits light when being powered, or
its efficiency is strongly reduced due to a leakage current or
short circuiting.

A common physical vapor deposition method used for
creating OLEDs is sputtering deposition. Sputtering depo-
sition uses the principle of exciting a target material by
bombardment with ions or electrons. If the energy of these
particles is high enough, the energy will release particles
from the target material into a plasma. This plasma typically
contains UV light, reactive ions and ozone. The ions and
ozone will react with the emissive electroluminescent layer
causing damage to the emissive electroluminescent layer.
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The UV light will generate a negative reaction on the
emissive electroluminescent layer, destroying functional
bonds.

Because the particles are only released from the target
material when excited with a high enough energy, the
released particles will have at least a minimum energy. This
minimum energy of the particles already provides damage to
the electroluminescent layer, in particular with the common
target materials, such as indium tin oxide (ITO).

Furthermore, the density of the plasma generated by
sputtering deposition is low as a result of the working
principle of sputtering deposition. So, the particles may have
the tendency of arriving on the emissive electroluminescent
layer as distinct reactive ions without having contacted other
particles and spread across a relatively considerable distance
parallel to the surface of the emissive electroluminescent
layer, still having a considerable kinetic energy when reach-
ing the surface of the emissive electroluminescent layer.
This high energy, apart from the reactivity of the particles,
will cause damage to the emissive electroluminescent layer.

Kowalsky W. et al.: “See-through OLED displays”, Proc.
SPIE 6486, Light-Emitting Diodes: Research, Manufactur-
ing, and Applications XI, 64860F (Feb. 13, 2007); doi:
10.1117/12.696402 describes that with the common sputter-
ing techniques and pulsed laser deposition methods, efficient
OLED’s are not possible to manufacture. This publication
describes that it is necessary to use a barrier layer between
the emissive electroluminescent layer and the transparent
conductive top electrode. Such a barrier layer is undesirable,
since it reduces the transparency of the OLED. Thus, with
the common physical vapor deposition methods such as
sputtering deposition and pulsed laser deposition, efficient
OLED:s are not possible to manufacture.

It is also known to use a silver deposition on the emissive
electroluminescent layer. Silver has the advantage that it can
be deposited under such conditions, that it will not damage
the emissive electroluminescent layer. However, the trans-
parency of a silver layer is also restricted. Typically, an
OLED with a silver layer as one of the conductive layers can
have a transparency of up to 40%.

Another disadvantage of the known methods, in particular
laser deposition methods, is that they use ultraviolet light.
Ultraviolet light damages the materials, which are typically
used for OLED production. UV light in combination with
the bombardment of particles is typically damaging for
organic materials used for OLED production.

A possibility would be to arrange a protective layer of
another material, which blocks ultraviolet light. However,
such layers are often not transparent and in the case when an
electrically conducting layer is to be arranged, the protective
layer will isolate the electrically conducting layer from the
emissive electroluminescent layer.

It is therefore an object of the invention to provide a
method, in which the above mentioned disadvantages are
reduced or even prevented.

SUMMARY OF THE INVENTION

This object is achieved with a method which comprises
the steps of:
providing a substrate with an organic electrically functional
material, like an emissive electroluminescent layer;
creating a vapor plume of target material by pulsed laser
deposition;
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depositing a first layer of target material on the organic
electrically functional material, while maintaining the
maximum particle velocity of the deposited particles
below a preset value; and

depositing a second layer of target material on the first layer
of target material, while the maximum patrticle velocity of
the deposited particles is above the preset value.

By organic electrically functional material an organic
material is understood, which provides some function when
powered, such as an organic emissive electroluminescent
layer which will emit light when powered. Such organic
electrically functional materials are typically damaged by
known physical vapor deposition methods to such an extent,
that the functionality of the material is lost or significantly
reduced. With an organic emissive electroluminescent, this
results in a reduced amount of produced light when powered
or even complete failure.

With the method according to the invention, a first layer
of target material is arranged on the organic electrically
functional material without destroying the material. This is
achieved by ensuring that the maximum particle velocity is
maintained below a preset value. When the particle velocity,
and thus the kinetic energy, of the particles is below a preset
value, the particles will attach to the organic electrically
functional material, but will not penetrate and/or damage the
organic material, which could negatively affect the organic
material.

By using pulsed laser deposition, the disadvantages of the
prior art are overcome. Pulsed laser deposition uses photons
instead of ions in order to excite the target material. As a
result particles can be freed from the target material at a
lower energy, such that the particles generally will have a
lower kinetic energy compared to methods such as sputter-
ing deposition.

Furthermore, in pulsed laser deposition, the created
plasma plume is supersaturated, i.e. the particles are packed
close to each other. Any ions created at the target, will have
a larger probability to get in contact with each other in the
supersaturated plasma and react to less harmful particles.
This reduces the chance of damaging the organic electrically
functional material.

When using pulsed laser deposition to deposit the target
material, it is easier to control the maximum particle velocity
while still maintaining an acceptable deposition rate com-
pared to other physical vapor deposition methods.

Determination of the optimal process parameters is a
process known to a person skilled in the art, but requires the
understanding that each physical vapor deposition method
may have its own optimal parameters and limitations. For
example, when using sputtering deposition, it will typically
not be possible to provide a plasma with particles having a
Kkinetic energy, which does not cause damage to the organic
electrically functional material.

In case a UV laser is used for creating the vapor plume,
the first layer could also provide a UV protection for the
organic electrically functional material, such that a higher
UV intensity can be used during deposition of the second
layer. In an embodiment of the invention the distance
between the target material and the substrate is increased
during depositing the first layer and said distance is
decreased during depositing the second layer. This results in
alower maximum particle velocity on impact of the particles
on the substrate and also a lower UV intensity on the
substrate when the first layer is deposited.

Then the second layer is deposited on the first layer. The
already deposited layer provides a protective layer for the
organic electrically functional material, so the target mate-
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rial particles for the second layer can have a higher velocity
during depositing than the target material particles used for
the first layer.

With the method according to the invention, it is, because
of the first layer, thus possible to deposit the target material
in a conventional way on an organic electrically functional
material, which would otherwise damage the organic mate-
rial.

The preset value will have to be determined by experi-
ment as the preset value will at least depend on the material
of the target material, the physical vapor deposition method,
the chosen deposition parameters and the organic electri-
cally functional material. This will be within the common
practice of the skilled person.

In a preferred embodiment of the method according to the
invention the first layer is deposited while using a first
pressure regime, the second layer is deposited while using a
second pressure regime and the second pressure is lower
than the first pressure.

With a physical depositing method a near vacuum envi-
ronment is created in which the depositing is performed. By
controlling the vacuum or the pressure in this environment,
the impact velocity of the particles can be controlled. When
a higher pressure regime is used, the particles of the target
material in the vapor plume are slowed down more, such that
the impact on the substrate is less violent and the sensitive
material is no longer affected. With a higher pressure regime,
the particles have a ‘soft landing” on the organic electrically
fanctional material.

As soon as the first layer is deposited with the target
material, the pressure regime can be lowered, such that the
particles can keep their speed and impact with full energy on
the first layer, without damaging the underlying organic
electrically functional material.

Although it would be most common to deposit the first
and second layer with the same material, it will also be
possible to change the target material before depositing the
second layer. By using two different target materials, spe-
cific properties can be achieved for the layer deposited on
the organic electrically functional material.

In a further preferred embodiment of the method accord-
ing to the invention the vapor plume is moved over the
surface of the organic electrically functional material and the
vapor plume is controlled such, that the maximum velocity
of the particles in the core of the plume is above the preset
value and the maximum velocity of the particles around the
core is below the preset value.

When a vapor plume is generated by exciting a target
material with for example a laser beam, the vapor plume will
have a core with a high concentration of particles having a
high velocity. This core is surrounded with an envelope with
a lower concentration of particles. The particles in the
envelope will have a lower velocity.

By moving the vapor plume over the surface of the
organic electrically functional material, the envelope with
lower concentration of particles will deposit first on the
organic electrically functional material. This provides the
organic electrically functional material with the first layer of
target material along the path of the plume. While the plume
moves further, the core will pass over the material already
deposited by the envelope of the plume. The particles within
the core of the plume will then deposit the second layer of
target material.

Preferably, the movement of the vapor plume starts out-
side of the surface of the organic electrically functional
material. This ensures, that both the first layer and second
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layer of target material extend to the full surface of the

organic electrically functional material.

When the vapor plume is moved over the surface of the
organic electrically functional material it is necessary that
the maximum velocity of the particles in the core of the
plume is above the preset value and the maximum velocity
of the particles around the core is below the preset value.
Due to the way a vapor plume is generated, there is already
a difference in particle velocity of the particles in the core
and the particles enveloping the core. Choosing a suitable
pressure regime, will ensure that the maximum particle
velocity of the particles in the envelope is below the preset
value, while the maximum velocity in the core is higher.

In a further embodiment of the method according to the
invention, the combined first and second layer is a transpar-
ent conducting oxide, in particular indium tin oxide.

A transparent conducting oxide is a typical material,
which could not be arranged on an organic electrically
functional material, like an emissive electroluminescent
layer, without the method according to the invention.

The invention also relates to an intermediate product
manufactured with the method according to the invention,
wherein the product comprises:

a substrate with an organic electrically functional material,
like an emissive electroluminescent layer;

a first layer of target material deposited on the organic
electrically functional material, wherein the deposited
particles have marginally penetrated and/or damaged the
organic electrically functional material.

With the intermediate product of the invention, a first
layer of target material is arranged on the substrate with an
organic electrically functional material. The deposited par-
ticles have marginally penetrated the organic material, such
that the organic electrically functional material is not
affected. The particles are arranged on the organic electri-
cally functional material and have not, or only slightly,
penetrated the organic electrically functional material.

The invention also relates to an organic light emitting
diode comprising:

a substrate layer;

a first electric conducting layer arranged on the substrate
layer;

an emissive electroluminescent layer arranged on the first
electric conducting layer; and

a second electric conducting layer arranged on the emissive
electroluminescent layer;
wherein the second electric conducting layer is arranged

using the method according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will be eluci-
dated in conjunction with the accompanying drawings.

FIGS. 1A and 1B show two steps of a first embodiment
according to the invention;

FIG. 2 shows a second embodiment of the method accord-
ing to the invention; and

FIG. 3 shows a cross sectional view of an embodiment of
the organic light emitting diode according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1A shows a first step of a first embodiment of the
method according to the invention. A substrate 1 is provided
with a layer of organic electrically functional material 2. A
vapor plume 3 with particles of a target material is generated
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6

with a pulsed laser deposition method. This vapor plume 3
has a core 4 and an envelope 5.

By controlling the pressure regime in which the vapor
plume 3 is generated, the reach of the plume 3 and the
impact of the particles within the plume 3 can be controlled.
In the step shown in FIG. 1A, the pressure is relative high,
such that the kinetic energy of the particles within the plume
3 is reduced and the particles have a ‘soft landing’ on the
surface of the organic electrically functional material and
form a first layer of target material 6.

In the step shown in FIG. 1B, the pressure is reduced, such
that the particles within the plume 3 keep their kinetic
energy and are deposited on top of the first layer of target
material 6 in the conventional way to form the second layer
of target material. Because the first layer 6 is already
arranged on top of the organic electrically functional mate-
rial 2, protecting this layer 2 and enabling conventional
deposition of a second layer.

FIG. 2 shows a second embodiment of the method accord-
ing to the invention. A substrate 10 is provided with a layer
11 of a organic electrically functional material. Furthermore,
a vapor plume 12 is generated. This vapor plume 12 has a
core 13 with particles having a relatively high velocity, and
an envelope 14 around the core 13 with particles with a
relatively low velocity.

The plume 12 is moved over the surface of the organic
electrically functional material 11. The envelope 14 deposits
first a first layer 15 of target material of the organic material
11. The trailing core 13 then deposits a second layer 16 on
the already deposited first layer 15. As the first layer 15 and
second layer 16 are deposited with the same target material
particles, a virtually homogeneous layer of target material on
top of the organic material 11 is created.

FIG. 3 shows an embodiment 20 of an organic light
emitting diode (OLED). This OLED 20 has a substrate layer
21, like a glass layer. A first conductive layer 22 is deposited
with a conventional physical vapor deposition method on
this substrate layer 21. Then an emissive electroluminescent
layer 23 is provided on top of the conductive layer 22.

With the method according to the invention a second
conductive layer 24, 25 is arranged on top of the sensitive,
emissive electroluminescent layer 23. The first layer 24 of
transparent conductive material is first deposited, after
which the second layer 25 of transparent conductive material
is deposited. Because both layers 24, 25 are subsequently
deposited, a homogeneous layer is provide on the emissive
electroluminescent layer 23.

When a voltage is applied to the two conductive layers 22
and 24, 25 the emissive electroluminescent layer 23 will
emit light. As both conductive layers can be made transpar-
ent using for example indium tin oxide, a fully transparent
OLED is obtained.

The invention claimed is:

1. A method for depositing a target material onto an
organic electrically functional material, which method com-
prises the steps of:

(a) providing a substrate with an organic electrically

functional material;

(b) creating a vapor plume of target material by pulsed
laser deposition;

(c) depositing a first layer of target material on the organic
electrically functional material from a first part of the
vapor plume around the core of the plume, while
controlling a first maximum particle velocity of the
deposited particles within the first part of the vapor
plume below a preset value, wherein the preset value is
a particle velocity at which particles penetrate and/or
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damage the organic electrically functional material
during deposition of the first layer of target material
such that all particles deposited in the first layer of
target material are deposited at a velocity below the
preset value, and attach to the organic electrically
functional material, but do not damage and/or penetrate
the organic electrically functional material; and

(d) depositing a second layer of target material on the first
layer of target material from a second part of the vapor
plume in the core of the plume, while controlling a
second maximum particle velocity of the deposited
particles within the second part of the vapor plume
above the preset value such that at least some of the
particles deposited in the second layer of target material
are deposited at a velocity above the preset value,

wherein the preset value is between the first and the
second maximum particle velocities, and

8

wherein the vapor plume is moved over the surface of the
organic electrically functional material and the vapor
plume is controlled such that the maximum velocity of
the particles in the core of the plume is above the preset
value and the maximum velocity of the particles around
the core is below the preset value.

2. The method according to claim 1, wherein the move-
ment of the vapor plume starts outside of the surface of the
organic electrically functional material.

3. The method according to claim 1, wherein the com-
bined first and second layer is a transparent conducting
oxide.

4. The method according to claim 3, wherein the trans-
parent conducting oxide comprises indium tin oxide.

5. The method according to claim 1, wherein the organic
electrically functional material comprises an emissive elec-
troluminescent layer.
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