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(57) Abstract: The invention relates to a device for deposit-
ing a material by pulsed laser deposition, the device compris-
ing: - a vacuum chamber; - at least one substrate holder with
a substrate, arranged inside the vacuum chamber, the sub-
strate having a first, second and third direction, each of the
three directions perpendicular to each other, wherein the sub-
strate is movable by the substrate holder in the first direction;
- a target holder with a target, arranged inside the vacuum
chamber and wherein the target extends over substantially the
full length in the second direction of the substrate and parallel
to the substrate; - at least one laser for irradiating the target,
thereby creating a plasma of material that deposits on the sub-
strate, wherein the position of incidence of the laser on the
target is moveable parallel to the second direction of the sub-
strate; and - a controller for controlling the movement of the
substrate holder and the movement of the position of incid-
ence of the laser on the target.
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Device for depositing a material by pulsed laser
deposition and a method for depositing a material with the

device

The invention relates to a device for depositing a
material by pulsed laser deposition and a method for depositing
a material with the device.

Using pulsed laser deposition, a target material is
irradiated by a laser in a vacuum chamber. Due to the
excitation, a plasma plume of material is created, with its
central axis perpendicular to the position of incidence on the
target. This plasma plume of material is directed at a
substrate, on which deposition of the particles in the plasma
plume occurs.

It would be beneficial to be able to apply pulsed laser
deposition on relatively large surface areas in a broad field op
applications. However, currently available pulsed laser
deposition methods on large surface areas have however not
allowed the production of layered structures on other than
circular surface areas, for instance for the production of large
organic light emitting displays (OLEDs). One such a method
restricted to circular substrates as currently available is
described in EP 2159300.

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

This object is achieved with a device for depositing a
material by pulsed laser deposition, the device comprising:

- a vacuum chamber;

- at least one substrate holder with a substrate,
arranged inside the vacuum chamber, the substrate having a
first, second and third direction, each of the three directions
perpendicular to each other, wherein the substrate is movable by

the substrate holder in the first direction:
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- a target holder with a target, arranged inside the
vacuum chamber and wherein the target extends over substantially
the full length in the second direction of the substrate and
parallel to the substrate;

- at least one laser for irradiating the target, thereby
creating a plasma of material that deposits on the substrate,
wherein the position of incidence of the laser on the target is
moveable parallel to the second direction of the substrate; and

- a controller for controlling the movement of the
substrate holder and the movement of the position of incidence
of the laser on the target.

In its use, the substrate is translated by the movement
of the substrate holder in the first direction while, at the
same time, the movement of the plasma plume in the second
direction perpendicular to the first direction of the plasma
plume over the surface creates a layer of target material on the
substrate.

Since the plasma plume consists of a distribution of
particles, and since the speed of the movement of the plasma
plume over the substrate in the second direction is generally
larger than the speed of the movement of the substrate in its
holder, the movement of the substrate and the position of
incidence will generally result in a homogeneous layer of target
material on the substrate.

The control of the position of incidence of the laser on
the target may be varied both by moving the laser in the second
direction and/or tilting the laser.

The composition of the target may be homogeneous in
order to deposit a layer of one target material, but may as well
be inhomogeneous if deposition of different materials in one
step on top of each other is desired. To this end, the device
may also comprise more than one target, of which the composition
may vary per target and/or within the target.

Multiple lasers may be used or and/or one laser may be
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split in various beams. In this way, multiple points of
incidence are created on the surface of the target. The length
of the target in the second direction may for instance be
distributed in segments and each of the laser beams will cover
at least one segment in the creation of a plasma plume. In that
way the amount of target material excited simultaneously may
increase and the deposition may take place at a higher rate.

Also, one or more individual points of incidence may be
created on the surface of the target which does not
substantially move in the second direction over the target
surface, such to create a line of target material on the
substrate in the first direction.

The first direction may be chosen from the length or
width direction of the substrate and the second direction will
accordingly be the other direction of the length or width.

In an embodiment of the device according to the
invention, the movement of the position of incidence of the
laser is linearly linked to the movement of the substrate
holder.

By linking the movement of the position of incidence on
the target to the movement of the substrate by its holder, the
homogeneity of the layer deposited by the device on the
substrate is further increased. The link between the movement of
the position of incidence and the movement of the substrate
ensures that the path of the plasma plume over the surface of
the substrate will be linear. A non-linear relationship could
cause differences in layer thickness over the surface of the
substrate which could, in some applications, be a disadvantage.
In other applications, differences in layer thickness could
however be an advantage.

In a preferred embodiment of the device according to the
invention, the controller resets the position of incidence of
the laser, when viewed in the direction of movement, to the

closest edge of the substrate upon arriving at the distal edge
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of the substrate.

The closest edge of the substrate is the edge, where the
generated plasma plume starts with depositing particles on the
substrate, while the distal edge of the substrate is the edge,
where the path of the plasma plume ends. By moving the position
of incidence such that the resulting plasma plume moves from the
closest edge to the distal edge and back in a repetitive
movement, a large area of the substrate may be deposited with
target material in a continuous process.

In the case that multiple laser beams are used, each of
the laser beams may only have to reset along the segment of that
laser beam.

In an further preferred embodiment of the device
according to the invention, the device further comprises
blocking means for blocking deposition of the plasma plume on
the substrate during resetting of the position of incidence of
the laser on the target.

When the position of incidence reaches the position at
which the plume reaches the distal edge of the substrate, the
position needs to be reset such that the plume continues at the
closest edge. However, the resetting movement causes a
difference in the distance between each passage of the plasma
plume, thereby possibly negatively influencing the homogeneity
of the layer, the homogeneity of defects or the homogeneity of
the electrical properties of the resulting layer. By blocking
the laser during this resetting movement, the chance of
inhomogeneous layers, inhomogeneous damage and inhomogeneous
electrical properties is decreased.

These blocking means may for instance comprise a shield,
arranged between the target and the substrate or between the
laser source and the target or the device may comprise a second
substrate, which is deposited with target material during the
resetting procedure. The blocking means may also comprise

optical means, such as mirrors or prisms or may also comprise
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other means to block the laser during the resetting movement.
The blocking means may also comprise means to turn off the laser
during the resetting movement.

In another embodiment of the device according to the
invention, the position of incidence of the laser on the target
is also movable in the first direction along the surface of the
target.

By varying the position accordingly, the laser may hit
different areas of the target. Due to a possible difference in
composition of the target, this allows different areas of the
target to be deposited on the substrate.

In a preferred embodiment of the device according to the
invention, the target is at least partially curved, preferably
cylindrical, over the full length in the second direction of the
substrate.

When the laser hits the target, a plasma plume is
created perpendicular to the tangent of the position of
incidence. As such, when moving the position of incidence along
the first direction over the target surface, the angle of the
resulting plasma plume with respect to the substrate will wvary.
As a consequence, the distance to be travelled by the particles
before reaching the substrate changes. Since the particles in
the plasma plume will slow down during the trajectory between
the target and the substrate, variation of the position of
incidence along the curvature of the target allows tuning of the
kinetics, e.g. particle velocity, of the particles when they
reach the substrate.

Since the position of incidence will also vary in the
second direction along the surface of the target in order to
deposit the target material on a large surface area of the
substrate, it is preferred that the target has a constant cross-
section in the direction parallel to the second direction of the
substrate.

In a further preferred embodiment of the device
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according to the invention, the target is a cylindrical rod.

A cylindrical rod has a constant cross-section and can
be manufactured relatively easy.

Preferably, the target is rotatable around its axis
parallel to the second direction of the substrate.

The rotation of the cylindrical rod around the axis
allows constant and even ablation of material from the target
along its curvature, such that the target will keep its
cylindrical shape, despite substantial ablation. Non-constant
ablation could lead to unpredictable changes in the curvature of
the surface of the target over time, thereby changing the plasma
plume angle, whereas rotation of the target prevents such
changes, or at least makes these changes more predictable.

In another embodiment of the device according to the
invention, the length in the second direction of the substrate
is at least 20 centimeters.

The device according to the invention allows the coating
of relatively large surface areas, especially for substrates
having a length in the second direction of at least 20
centimeters. More preferentially, the length is at least 30
centimeters. Most preferentially, the length is at least 50
centimeters.

In yet another embodiment of the device according to the
invention, the substrate comprises a glass layer provided with a
layer of electroluminescent material.

At least the deposition of the top layer of the layered
structure can be built by a device according to the invention.
If a relatively large substrate area is chosen, for instance
with a second direction of at least 50 centimeters, the device
allows the manufacture of large surface area displays.

The object of the invention is further achieved with a
method for depositing a material by pulsed laser deposition with
a device according to the invention, the method comprising the

repetitive steps of:
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- moving the substrate in the first direction at a
constant speed;

- moving the position of incidence of the laser on the
target in the second direction at a constant speed, when viewed
in the second direction, from the closest edge of the substrate
towards the distal edge of the substrate and

- moving the position of incidence of the laser back,
when viewed in the second direction, from the distal edge of the
substrate to the closest edge of the substrate, inhibiting
deposition of particles on the substrate.

By moving the plasma plume over the substrate from the
closest edge to the distal edge and back in a repetitive
movement in the second direction in a constant speed that is
generally larger than the constant speed of the movement of the
substrate, the method will generally result in a homogeneous
layer of target material on the substrate.

When the plasma plume would be moved accordingly without
inhibiting deposition of particles from the plasma plume, these
movements will create an endless V-movement over the substrate
surface. Because of this movement, the time between the passage
of a plasma plume, e.g. its central axis, will vary in the
second direction of the substrate. In the first place, this may
lead to inhomogeneity of the layer on the substrate. More
importantly, it is especially found that such variation causes a
difference in the amount of damage or difference in the
electrical properties obtained on the substrate. In order to
prevent this, the deposition of the particles from the plasma
plume on the substrate is inhibited during the back movement of
the position of incidence.

By varying the pattern of deposition of the plasma plume
over the surface, it is also possible to vary the thickness of
the layered structure if required. This may also be achieved by
at least temporarily making the movement of the substrate in the

first direction non-linear to the movement of the point of
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incidence in the second direction.

In general, the use of the device according to the
invention may for instance be an advantage in the production of
various structures, and especially large surface organic light
emitting displays (OLEDs) or TFTs. OLEDs also encompasses
transparent OLEDs or top-emitting OLEDs.

An OLED comprises a substrate, preferably made of glass,
on which two conducting layers are deposited with an emissive
electroluminescent layer between those layers. OLEDs are built
in layers and the deposition of the second conducting layer on
top of the emissive electroluminescent layer may damage the
latter, thereby increasing the chance of malfunction of the
resulting device, e.g. due to leakage current or short
circuiting. Application of currently available pulsed laser
deposition methods as such increases the chance of such damages,
whereas the current device allows tuning of the particle
velocity by variation of the position of incidence. The
application of the current device especially in building OLEDs
decreases the chance of inhomogeneous damage to the
electroluminescent layer. At least the deposition of the top
layer of the layered structure can be built by a device
according to the invention. If a relatively large substrate area
is chosen, for instance with a second direction of at least 50
centimeters, the device allows the manufacture of large surface
area displays.

In the production of active thin film transistors
(TFTs), the device can be used to apply a high-mobility material
such as IGZ0O (indium gallium zinc oxide), ZTO (zinc tin oxide)
or ZnON (zinc oxynitride). The application of the current device
in building TFTs especially decreases the chance of
inhomogeneous electrical properties of the resulting product.

The controller may comprise means for controlling one or
more substrate holders, one or more target holders, laser(s) and

which may be programmed to execute an automated deposition
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program.

These and other features of the invention will be
elucidates in conjunction with the accompanying drawings.

Figure 1 shows a schematic view of an embodiment of the
device according to the invention.

Figure 2A and 2B show a top view of an embodiment of the
device according to the invention with a variation of the
position of incidence along the curvature of the target.

Figure 3 shows a deposition pattern on a substrate
according to the invention.

In figure 1, a device 1 is shown comprising a laser 2, a
target 3 in the shape of a cylindrical rod and a substrate 4. By
hitting the target 3 with the laser 2, a plasma plume 5 of
particles with a center 6 is created directed at the substrate
4. The substrate 4 is at least movable in the first direction A,
whereas the position of incidence 7 of the laser on the target 3
may be changed in the second direction B. The substrate 4 may
additionally be rotated around its axis 8 in direction C. By the
movement of the substrate 4 in direction A and the simultaneous
movement of the position of incidence 7 of the laser 2 over the
surface of the target 3 in direction B, the plasma plume 5 is
moved in a repeating pattern over the substrate 4.

The movement of the position of incidence 7 of the laser
2 on the target 3 is shown in figures 2A and 2B. In figure 24,
the position of incidence 7 of the laser 2 is chosen such that
the resulting plasma plume 5, perpendicular to the tangent 9%9a of
the surface of the target 3 will have a relatively short
distance 10a to the substrate 4 compared to figure 2B. In this
figure, the position of incidence 7 is chosen more towards the
side of the target 3 and as a consequence, the resulting plasma
plume 5, also being perpendicular to the tangent 9b of the
surface of the target 3, will have a longer distance 10b to the
substrate 4. Because of this longer distance 10b, the speed of

the particles of the plasma plume 5 hitting the surface of the
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substrate 4 will have a lower speed, decreasing the chance of
damage to the substrate 4.

Figure 3 shows a pattern of the movement of the center 6
of the plasma plume 5 on a part of the surface of the substrate
4 in an enlarged view for clarity reasons. In this movement, the
plasma plume 5 is moved repetitively between a first edge 11
towards a second edge 12 in a trajectory 13 while moving the
substrate 4 in a first direction A. On the part 13a of the
trajectory from the first edge towards the second edge 12,
deposition from the plasma plume 5 takes place on the substrate
4, whereas on the return path 13b, shown in dashed lines,
deposition on the substrate 4 will be inhibited. Since the
movement of the substrate 4 is constant, the time and distance
between subsequent passages l4a,b,c of the plasma plume 5 will
be both the same in the second direction B and the first
direction A of the substrate 4, thereby reducing the chances of
inhomogeneous deposition but, more importantly, inhomogeneous
damage to or inhomogeneous electrical properties in the

substrate 4.
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Claims

1. Device for depositing a material by pulsed laser
deposition, the device comprising:

- a vacuum chamber;

- at least one substrate holder with a substrate,
arranged inside the vacuum chamber, the substrate having a
first, second and third direction, each of the three directions
perpendicular to each other, wherein the substrate is movable by
the substrate holder in the first direction;

- a target holder with a target, arranged inside the
vacuum chamber and wherein the target extends over substantially
the full length in the second direction of the substrate and
parallel to the substrate;

- at least one laser for irradiating the target, thereby
creating a plasma of material that deposits on the substrate,
wherein the position of incidence of the laser on the target is
moveable parallel to the second direction of the substrate; and

- a controller for controlling the movement of the
substrate holder and the movement of the position of incidence
of the laser on the target.

2. Device according to claim 1, wherein the movement of
the position of incidence of the laser is linearly linked to the
movement of the substrate holder.

3. Device according to claim 2, wherein the controller
resets the position of incidence of the laser, when viewed in
the direction of movement, to the closest edge of the substrate
upon arriving at the distal edge of the substrate.

4. Device according to claim 3, further comprising
blocking means for blocking deposition of the plasma plume on
the substrate during resetting of the position of incidence of
the laser on the target.

5. Device according to any of the claims, wherein the

position of incidence of the laser on the target is also movable
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in the first direction along the surface of the target.

6. Device according to claim 5, wherein the target is at
least partially curved, preferably cylindrical, over the full
length in the second direction of the substrate.

7. Device according to claim 6, wherein the target is a
cylindrical rod.

8. Device according to claim 7, wherein the target is
rotatable around its axis parallel to the second direction of
the substrate.

9. Device according to any of the preceding claims,
wherein the length in the second direction of the substrate is
at least 20 centimeters.

10. Device according to any of the preceding claims,
wherein the substrate comprises a glass layer provided with a
layer of electroluminescent material.

11. Method for depositing a material by pulsed laser
deposition with a device according to any of the preceding
claims, the method comprising the repetitive steps of:

- moving the substrate in the first direction at a
constant speed;

- moving the position of incidence of the laser on the
target in the second direction at a constant speed, when viewed
in the second direction, from the closest edge of the substrate
towards the distal edge of the substrate and

- moving the position of incidence of the laser back,
when viewed in the second direction, from the distal edge of the
substrate to the closest edge of the substrate, inhibiting

deposition of particles on the substrate.
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