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(54) Alignment device which facilitates deposition of organic material through a deposition mask

(57) An alignment device for permitting a deposition
mask to be positioned relative to a substrate to facilitate
deposition of organic material on to the substrate which
will be part of an organic light emitting device, including
a base having a first set of alignment pins and a second
set of alignment pins; a plate secured to the base; a
frame having an opening aligned with the plate, the
frame being formed with a first set of alignment pin re-
ceiving holes corresponding to the position of the first
set of pins so that the frame is removably mounted to
the base; the deposition mask and positioned on the
plate; a transparent flat plate contacting the second set
of pins and the deposition mask and being sized to ex-
pose portions of the deposition mask; and securing the
exposed portions of the deposition mask to the frame.
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Description

[0001] The present invention relates to the deposition
of organic material through a mask onto a substrate in
the process of making an organic light emitting diode
(OLED).
[0002] In making organic light emitting devices
(OLED) there are a number of steps in which organic
layers are deposited on or over a substrate. It is essen-
tial that a deposition mask be aligned and properly
mounted so that accurate deposition takes place in the
appropriate place. The deposition mask is typically a
precision mask made of a magnetic material and is thin
and malleable. The deposition mask is lithographically
patterned and because it is thin permits the appropriate
thickness of organic material to be deposited on or over
the substrate. The deposition mask has to be properly
mounted and then aligned to the substrate. The follow-
ing is a description of a standard technique used to
mount and align the deposition mask. Prior art typically
uses a frame and manually centers the deposition mask
relative to the frame. Typically, tape is used to secure
the frame to the deposition mask. In this process, after
the tape secures one edge to the deposition mask, the
deposition mask is placed in tension and secured on its
opposite edge by tape. The frame with the mounted dep-
osition mask is then positioned in vacuum chamber rel-
ative to the substrate. An alignment camera is typically
used to provide a fine scale positioning of the frame so
that the deposition mask is properly aligned prior to dep-
osition. This is a highly time consuming process. The
process is subject to errors because there is a subjective
judgement made during the visual alignment. Another
problem is that during tensioning of the deposition mask,
ripples can be formed in such deposition mask.
[0003] It is an object of the present invention to pro-
vide an improved way of accurately positioning a depo-
sition mask on the surface of a substrate minimizing vis-
ual errors and rippling caused by tensioning.
[0004] This object is achieved by an alignment device
for permitting a deposition mask to be positioned relative
to a substrate to facilitate deposition of organic material
on to the substrate which will be part of an organic light
emitting device, comprising:

(a) a base having a first set of alignment pins and
a second set of alignment pins;
(b) a plate secured to the base;
(c) a frame having an opening aligned with the plate,
the frame being formed with a first set of alignment
pin receiving holes corresponding to the position of
the first set of pins so that the frame is removably
mounted to the base;
(d) the deposition mask and positioned on the plate;
(e) a transparent flat plate contacting the second set
of pins and the deposition mask and being sized to
expose portions of the deposition mask; and
(f) means for securing the exposed portions of the

deposition mask to the frame.

[0005] An advantage of the present invention is that
the deposition mask can accurately be positioned in
contact with the surface of the substrate preventing rip-
pling of the deposition mask thereby providing improv-
ing the yield in making organic light emitting diodes. In
one embodiment by providing magnets in the frame and
magnetic material in the deposition mask, the alignment
of the deposition mask on the frame can be closely
spaced to the organic light emitting device.

FIG. 1 is an exploded view of an alignment device
for deposition mask in accordance with the present
invention;
FIG. 2 is a top view the alignment device of FIG. 1;
FIG. 3 is a cross-sectional view taken along lines
3-3 of FIG. 2;
FIG. 4 depicts a frame of another embodiment of
the invention which includes a plurality of magnets;
and
FIG. 5 is a schematic representation of the deposi-
tion of organic material onto a substrate of an OLED
through the deposition mask which has been posi-
tioned relative to the substrate.

[0006] FIG. 1 depicts an exploded view of an align-
ment device 10 for a deposition mask 12. On the depo-
sition mask 12 there are cutout portions 12a which are
aligned with engraved alignment lines 19 on frame 22
when the disposition mask 12 is positioned. The align-
ment device 10 permits the deposition mask 12 to be
positioned relative to a substrate of an OLED device to
facilitate deposition. The alignment device 10 includes
abase 14 having a first set of alignment pins 16 and a
second set of alignment pins 18. The alignment pins 16
as shown include two pins disposed on opposite sides
of the base 14. The base 14 is generally rectangular and
the second set of alignment pins 18 are disposed in
three corners of the base 14. As shown, in one of the
corners there are two alignment pins 18a and 18b but
in the remaining two corners there is a single alignment
pin 18.
[0007] A plate 20 is secured to the base 14 by any
convenient means. As shown, the plate 20 is fastened
by screws to the base 14. Although the screws are not
shown for convenience of illustration are depicted by
holes 15. The plate 20 is preferably made of aluminum
and provides a top flat surface on which the deposition
mask 12 is to be positioned. A frame 22, generally rec-
tangular in shape, has a central opening 24. Around
each of the four corners of the frame 22 there are cutout
portions 26. In three of the cutout portions 26, the align-
ment pins 18 project therethrough (see FIG. 2.)
[0008] The purpose of these cutout portions 26 is to
facilitate positioning of the alignment device 10 in a vac-
uum chamber which permits the engagement of a mech-
anism in the vacuum chamber as well understood in the
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art. The frame 22 is removably mounted to the base 14
using alignment pins 16. The alignment pins 16 pass
through holes 17a and 17b in the frame 22. The hole
17a has a circular cross-section and hole 17b has an
oblong shape to permit proper alignment. A transparent
flat plate 28 is positioned to contact the second set of
alignment pins 18 and deposition mask 12 and is sized
to expose edge portions of the deposition mask 12 when
it is properly positioned. The transparent flat plate 28
includes fiducial marks 21 which are electroplated. The
fiducial marks 21 are cross lines which are shown larger
than they actually are. The fiducial marks 21 are used
to permit a visual alignment with fiducial marks 23 on
the deposition mask 12. The exposed portions of the
deposition mask 12 is secured to the frame 22. It can
be secured by adhesive or magnetic material.
[0009] Turning now to FIGS. 2 and 3 which respec-
tively show a top view of the alignment device 10 and a
cross-sectional view taken along lines 3-3. In particular
with reference to FIG. 3, the base 14, plate 20, the dep-
osition mask 12 and the transparent flat plate 28 are
shown stacked one on top of the other. The frame 22 is
shown to have the same width as plate 20. The pins 16
and 18 are not shown for clarity of illustration. One of
the pins 18 is shown in its alignment position.
[0010] The alignment of the deposition mask 12 in the
alignment device 10 will now be described. The frame
22 is mounted on base 14 using alignment pins 16. The
alignment pins 16 are located on the base 14 in such a
manner that frame 22 can be mounted in one orientation
only. The frame 22 when mounted on base 14 is to be
positioned in a manner that aligns plate 20 top surface
is at the same identical height as frame 22. The depo-
sition mask 12 is visually aligned on top of plate 20 and
frame 22 using engraved alignment lines 19 on frame
22 for initial alignment as shown in FIG. 1. The trans-
parent flat plate 28 is placed on top of deposition mask
12 and against alignment pins 18, 18a, and 18b. The
deposition mask 12 is manually aligned using the elec-
troplated fiducial 23 and corresponding fiducial 21 locat-
ed on transparent flat plate 28. The relationship of trans-
parent flat plate 28 and alignment pins 18,18a, and 18b
must remain against the alignment pins 18a and 18b
during the alignment process.
[0011] Deposition mask 12 is then attached to frame
22 using one of two methods. In the first method adhe-
sive strips 25 secure the deposition mask 12 the frame
22. Only one of the adhesive strips 25 is shown although
typically there will be two for each edge and they secure
the deposition mask 12 to frame 22.
[0012] In the second method which is depicted in FIG.
4, the alignment device 10 is the same as in FIGS. 1-3
with the exception that a plurality of magnets 30 are de-
posed around the periphery of the frame 22. For con-
venience of illustration other portions of the frame have
not been shown. In the second method, the deposition
mask is made to include magnetic material for example
ferrous metals such as nickel cobalt as well other ma-

terials. The amount of ferrous metals is such that the
field exerted by the magnets 30 causes the deposition
mask 12 to be secured to the frame 22 and held in a
planar fashion. The second method is particularly suit-
able when it is not desirable to use adhesives. Both the
first and second methods can however be simultane-
ously used in certain applications.
[0013] Turning now to FIG. 5, is a schematic repre-
sentation of the deposition of organic material onto a
substrate 32 of an OLED device through the deposition
mask 12. After the alignment device 10 has been as-
sembled with the deposition mask 12, the transparent
flat plate 28 is removed. The assembled deposition
mask 12 and frame 22 are removed from base 14. It is
the assembled deposition mask 12 and frame 22 are
placed in an evacuation chamber (not shown). The sub-
strate 32 is positioned on the deposition mask 12. A flat
plate magnet 34 is placed on the substrate 32 and exerts
a magnetic field which pulls the deposition mask 12 into
the substrate 32. At this point a deposition source ap-
plies heat to organic material which is evaporated and
deposited through the deposition mask 12 onto the sub-
strate 32.

Claims

1. An alignment device for permitting a deposition
mask to be positioned relative to a substrate to fa-
cilitate deposition of organic material on to the sub-
strate which will be part of an organic light emitting
device, comprising:

(a) a base having a first set of alignment pins
and a second set of alignment pins;
(b) a plate secured to the base;
(c) a frame having an opening aligned with the
plate, the frame being formed with a first set of
alignment pin receiving holes corresponding to
the position of the first set of pins so that the
frame is removably mounted to the base;
(d) the deposition mask positioned on the plate;
(e) a transparent flat plate contacting the sec-
ond set of pins and the deposition mask and
being sized to expose portions of the deposition
mask; and
(f) means for securing the exposed portions of
the deposition mask to the frame.

2. The device of claim 1 where in the first set of align-
ment pins include two spaced apart pins positioned
to align the frame relative to the base and plate.

3. The devise of claim 2 where in the frame includes
four spaced cut out portions and the second set of
pins extend beyond the surface of the frame in three
of the four cut out portions to engage the plate and
wherein at least two of the pins of the second set of
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pins are positioned in one cut out portion to engage
two separate edges of the plate.

4. The device of claim 3 wherein the frame includes
alignment lines for positioning the edges of the dep-
osition mask to properly align such deposition mask
on the plate

5. The device of claim 4 wherein the transparent plate
and the mask include fiducial marks which also
when aligned facilitate proper alignment of the
mask to the frame.

6. The alignment device of claim 1 further including a
plurality of magnets provided in the frame and
wherein the deposition mask includes magnetic ma-
terial.

7. A method of depositing organic material onto a sub-
strate using the alignment device of claim 1, com-
prising the steps of:

(a) sequentially removing the transparent plate
and the frame from the device so that the frame
has the deposition mask disposed in the open-
ing;
(b) positioning the frame so that the deposition
mask contacts the substrate and providing a
magnetic plate that applies a field to the depo-
sition mask to secure it to the substrate; and
(c) depositing organic material through the dep-
osition mask onto the substrate.

8. A method of depositing organic material onto a sub-
strate using the alignment device of claim 5, com-
prising the steps of:

(a) sequentially removing the transparent plate
and the frame from the device so that the frame
has the deposition mask disposed in the open-
ing;
(b) positioning the frame so that the deposition
mask contacts the substrate and applying a
magnetic field to the deposition mask to secure
it to the substrate; and
(c) depositing organic material through the dep-
osition mask onto the substrate.
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