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7) ABSTRACT

A method for fabricating organic light-emitting diodes
(OLEDS) and OLED displays using screen-printing, where
a first electrode, at least one organic material, and a second
electrode are formed on a substrate and at least one of the
first and second electrodes and the at least one organic
material is screen printed by positioning a screen with
openings forming a pattern above a substrate and depositing
a material onto the substrate through the openings. Exem-
plary embodiments include fabricating the electrodes and/or
the at least one organic material as continuous layers or
uniform, discrete blocks on the substrate and fabricating red,
green, and blue OLEDs on the same substrate, which are
then placed in OLED displays.
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METHOD FOR FABRICATING ORGANIC
LIGHT-EMITTING DIODE AND ORGANIC
LIGHT-EMITTING DISPLAY USING SCREEN
-PRINTING

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates generally to organic
light-emitting diodes (OLEDs), OLED displays, and a
method for fabricating them.

[0003] 2. Discussion of the Background

[0004] Previously, display technology for high definition
(HD) devices, e.g., HD televisions and portable computers,
had been dominated by liquid crystal displays (LCDs).
However, the liquid crystal display is becoming less desir-
able with the development of organic light-emitting diodes
(OLEDs). OLEDs make use of thin film materials which
emit light when fed an electric current. Compared to LCDs,
OLED displays are thinner, consume less power, offer a
wider viewing angle, and have faster response time. They
are particularly useful in devices with miniature display
areas.

[0005] However, current fabrication methods of OLEDs
are expensive, time consuming, and/or limited to certain
applications. Such fabrication methods include high vacuum
evaporation, spin casting, and high vacuum thermal depo-
sition which are both expensive and time consuming. In
addition, high vacuum thermal deposition is limited to
fabrication of OLEDs with small molecules rather than
polymers.

[0006] Polymer-based OLEDs have been fabricated using
spin coating, a less expensive, but still time consuming
method, such that patterning the OLEDs on a substrate in a
single step is not possible. With larger displays, due to the
multiple step patterning, uniformity of the OLEDs on the
substrate becomes an issue. In addition, spin coating
requires substrates having flat surfaces.

[0007] Recently, an ink-jet printing method has been
developed to fabricate OLEDs using ink-jet printers which
deposit the OLED materials on a substrate at a particular
resolution similar to the method used by ink-jet printers to
deposit ink on paper. However, such methods are currently
limited to relatively low resolutions of 300 dpi, for example.
This makes the technology unattractive in the fabrication of
high definition OLED displays. Moreover, ink-jet printing
fabrication is limited to flat surfaces and is time consuming
because OLEDs are fabricated one at a time.

SUMMARY OF THE INVENTION

[0008] Accordingly, an object of the present invention is to
provide a fast, simple, and inexpensive method for fabricat-
ing OLEDs.

[0009] Another object of the present invention is to pro-
vide a method for fabricating OLEDs on various types and
shapes of substrates.

[0010] Another object of the present invention is to pro-
vide a method for fabricating OLEDs which vary in size.

[0011] Another object of the present invention is to pro-
vide a method for fabricating an OLED display which has
high definition/resolution.
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[0012] These and other objects are accomplished by a
novel method for fabricating OLEDs and OLED displays
using screen-printing, in which layers of the OLEDs are
deposited on the substrate through a screen having openings
patterned to create OLEDs at a particular resolution on the
substrate.

[0013] The method for fabricating the OLEDs includes
screen printing on the substrate at least one of a positive
electrode, an organic layer which includes positive charge
carriers, i.e., holes, an organic layer which includes negative
charge carriers, i.e., electrons, and a negative electrode.

[0014] The method for fabricating the OLED display
includes forming the OLEDs through screen printing and
connecting a voltage source to the first and second elec-
trodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by refer-
ence to the following detailed description when considered
in connection with the accompanying drawings, wherein:

[0016] FIG. 1A shows an exemplary screen used for
screen-printing in the present invention;

[0017] FIGS. 1B and 1C illustrate the screen-printing
method using the screen of FIG. 1A;

[0018] FIGS. 2A-2F show a first embodiment of the
screen-printing method of the present invention;

[0019] FIGS. 3A-3F show a second embodiment of the
screen-printing method of the present invention;

[0020] FIGS. 4A-4F show a third embodiment of the
screen-printing method of the present invention;

[0021] FIG. 5A shows an exemplary screen used for
screen-printing in the present invention;

[0022] FIGS. 5B and 5C illustrate the screen-printing
method using the screen of FIG. SA;

[0023] FIGS. 6A-61 show a fourth embodiment of the
screen-printing method of the present invention;

[0024] FIGS. 7A-7I show a fifth embodiment of the
screen-printing method of the present invention in which
red, blue, and green OLEDs are fabricated in the present
invention;

[0025] FIGS. 8A-8E show a sixth embodiment of the
screen-printing method of the present invention using a
single layer of organic material; and

[0026] FIGS. 9A and 9B show an embodiment of an
OLED display of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0027] Referring now to the drawings, wherein like ref-
erence numerals designate identical or corresponding parts
throughout the several views,

[0028] FIG. 1 A shows an example of a screen-printing
screen 1 used in OLED fabrication. The screen 1 includes
wires 3 which may be made from metal, plastic, or cloth
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such as polyester, silk, or nylon, for example. The wires 3
partition the screen 1 into small openings 5 through which
OLED material is deposited onto a substrate. The spacing
and size of the wires 3 determine the pattern of the OLEDs
fabricated and hence, the resolution of the device within
which the OLEDs are placed. For example, the size of the
fabricated OLEDs is determined by the size of the openings
5 which is, in turn, determined by the spacing of the wires
3. And the spacing between the fabricated OLEDs is deter-
mined by the width of the wires 3.

[0029] As such, the desired OLED pattern may be created
easily by varying the spacing and width of the wires 3 to
produce a desired HD display resolution. For example, given
a specific display size, the screen 1 with the wires 3 spaced
farther apart creates larger OLEDs and lower display reso-
lution. Conversely, the screen 1 with the wires 3 spaced
closer together creates smaller OLEDs and higher display
resolution. Exemplary OLEDs fabricated by screen-printing
may be at least as small as 20umx110um, easily patterned
into a resolution of 2560 dpi in an HD display.

[0030] In addition, the screen 1 can be used to deposit
OLED material onto any kind of substrate surface since the
screen 1 is portable and not integral to the substrate. And the
screen 1 may be flexible such that it can be shaped to either
flat or curved substrate surfaces. Additionally, material
deposited by screen-printing may be either too viscous to
run and/or held in place by the wires 3 of the screen 1 until
the material solidifies such that the separate OLED blocks
created by screen-printing do not run together, particularly
on non-flat substrate surfaces. The viscosity of the material
may vary and is determined by the type and amount of
dopants in the material. The flexibility and adaptibility of the
screen 1 makes screen-printing in fabricating OLEDs advan-
tageous over other OLED fabrication methods.

[0031] FIGS. 1B and 1C show an exemplary screen-
printing deposition using the screen 1 of FIG. 1A. First, as
shown in FIG. 1B, the screen 1 is positioned above the
substrate 10. The openings 5 in the screen 1 are separated by
a spacing which corresponds to the width of the wires 3. The
material 8 is deposited evenly through the openings 5 by a
screen-printing supplier. The supplier may be a squeegee, a
roller, a press, or a painting device, for example, to deposit
the material 8 onto the substrate 10. The supplier may
deposit the material 8 concurrently through all, some, or one
of the openings 5. When the screen 1 is absent, the supplier
deposits a continuous layer of the material onto all or
portions of the substrate 10 concurrently.

[0032] As recognized by the inventors, an advantage of
using the screen-printing method is that the material 8 may
be deposited through multiple openings 5 concurrently or
directly onto all or portions of the substrate 10 concurrently
in order to fabricate the OLEDs fast and simply. In addition,
in order to vary the size of the OLEDs formed, one screen
may simply be replaced by another screen with different size
openings, making the fabrication inexpensive compared to
other methods which may require replacing suppliers, etc.

[0033] After the material 8 is deposited, the screen 1 is
removed as shown in FIG. 1C. The material 8 dries on the
substrate 10, resulting in the material 8 evenly deposited on
the substrate 10 in uniform discrete blocks. If the screen is
absent, the material 8 is evenly deposited to form a con-
tinuous layer on the substrate 10.
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[0034] It is to be understood that the screen 1 of FIG. 1 A
and the screen-printing suppliers of FIGS. 1B and 1C are
for exemplary purposes only, as many variations of the
specific hardware used to implement the present invention
will be readily apparent to one having ordinary skill in the
art. For example, the wires 3 may be diagonally arranged in
the screen 1.

[0035] The screen-printing method of FIGS. 1B and 1C
is used to fabricate OLEDs. Electrodes and organic material
that form the OLEDs are deposited onto a substrate in like
manner.

[0036] FIGS. 2A-2F show a first embodiment of the
fabrication of OLEDs using screen-printing. FIG. 2A shows
the deposition of a metallic layer 12 onto a substrate 10. The
metallic layer is capable of transporting charge. Exemplary
metallic layers include indium tin oxide (ITO). The metallic
layer 12 forms a continuous layer on the substrate 10. The
metallic layer 12 is then cleaned with an ultrasonic bath of
acetone, followed by isopropyl alcohol, followed by metha-
nol, for example.

[0037] Next, as shown in FIG. 2B, the screen 1 is placed
above the metallic layer 12. The openings through which
organic material will be deposited onto the metallic layer 12
are shown.

[0038] A p-type organic material which is capable of
transporting holes is deposited onto the metallic layer 12
through the screen 1. Prior to deposition, an organic material
is doped with a p-type dopant to form the p-type organic
material. Exemplary organic material includes polymers
and/or small organic molecules capable of transporting
charge and emitting light, such as polyphenylene vinylene
(PPV). The p-type organic material forms p-type organic
blocks 14 on the metallic layer 12, as shown in FIG. 2C. The
size and spacing of the p-type organic blocks 14 correspond
to the size of the openings and the width of the wires,
respectively, in the screen 1.

[0039] After the p-type organic blocks 14 form, the screen
1 is repositioned and aligned above the p-type organic
blocks 14 and n-type organic blocks 16 are formed, as shown
in FIG. 2D. The n-type organic blocks 16 are formed from
an n-type organic material which is capable of transporting
electrons and deposited on the p-type organic blocks 14.
Prior to deposition, an organic material is doped with an
n-type dopant to form the n-type organic material. Exem-
plary organic material includes polymers and/or small
organic molecules capable of transporting charge and emit-
ting light, such as polyphenylene vinylene (PPV). The size
and spacing of the n-type organic blocks 16 are the same as
that of the p-type organic blocks 14.

[0040] The screen 1 is again repositioned and aligned
above the n-type organic blocks 16 and metallic blocks 18
are formed, as shown in FIG. 2E. . Exemplary metallic
layers include indium tin oxide (ITO). The metallic layer 12
serves as a positive electrode and the metallic blocks 18
serve as negative electrodes. The size and spacing of the
metallic blocks 18 are the same as that of the p-type and
n-type organic blocks 14 and 16.

[0041] In FIG. 2F, the screen 1 is removed after the
metallic blocks 18 form, resulting in the OLEDs fabricated
by the screen-printing method.
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[0042] Ttis to be understood that the sizes of the blocks 14,
16, and 18 may be different in this embodiment. In this case,
different screens may be used to fabricate each set of the
blocks 14, 16, and 18, where the openings in the screens are
different sizes. In this case, the different screens are aligned
such that the openings in the screens are centered over the
previously formed blocks. For example, suppose a screen
used to form the blocks 16 has smaller openings than the
screen that formed the blocks 14. Prior to forming the blocks
16, the screen with the smaller openings is positioned above
the blocks 14 such the screen’s openings are centered and
within the area of the blocks 14. In order for the different
screens to be aligned, the number of openings are the same,
but the widths of the wires are different for each screen.

[0043] FIGS. 3A-3F show a second embodiment of the
fabrication of OLEDs using screen-printing. In this embodi-
ment, the screen 1 is placed above the substrate 10 such that
metallic blocks 12 are formed, rather than a continuous layer
as in the first embodiment. FIG. 3A shows the screen 1
positioned above the substrate 10. FIG. 3B shows the
metallic blocks 12 deposited on the substrate 10 through the
openings of the screen 1. The screen 1 is then temporarily
removed to clean the metallic blocks 12 with an ultrasonic
bath of acetone, followed by isopropyl alcohol, followed by
methanol, for example.

[0044] Similar to the method of FIGS. 2C through 2F,
the p-type organic blocks 14, the n-type organic blocks 16,
and the metallic blocks 18 are formed, as shown in FIGS.
3C through 3F. The result is the OLEDs fabricated by
screen-printing as shown in FIG. 3F. The sizes of the blocks
12, 14, 16, and 18 arc the same.

[0045] However, it is to be understood that the sizes of the
blocks 12, 14, 16, and 18 may be different in this embodi-
ment. In this case, different screens may be used to fabricate
each set of the blocks 12, 14, 16, and 18, where the openings
in the screens are different sizes. The alignment of the
different screens may be as previously described.

[0046] FIGS. 4A-4F show a third embodiment of the
fabrication of OLEDs using screen-printing. In this embodi-
ment, the screen 1 is placed above the substrate 10 such that
metallic blocks 12 are formed, rather than a continuous layer
as in the first embodiment. FIG. 4A shows the screen 1
positioned above the substrate 10. And FIG. 4B shows the
metallic blocks 12 deposited on the substrate 10 through the
openings of the screen 1. The screen 1 is then temporarily
removed to clean the metallic blocks 12 with an ultrasonic
bath of acetone, followed by isopropyl alcohol, followed by
methanol, for example.

[0047] In FIG. 4C, the screen 1 is either removed or
replaced by another screen with large openings such that the
p-type organic material is deposited to form a continuous
layer, a p-type organic layer 14, on the surface of the
substrate, covering the metallic blocks 12.

[0048] After the p-type organic layer 14 forms, the screen
1 is placed above the p-type organic layer 14 and an n-type
organic layer 16 is formed, as shown in FIG. 4D. The n-type
organic layer 16 is formed from the n-type organic material.

[0049] In FIG. 4E, the screen 1 is repositioned above the
n-type organic layer 16 and the metallic blocks 18 are
formed. The metallic blocks 12 serve as positive electrodes
and the metallic blocks 18 serve as negative electrodes. The
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size and spacing of the metallic blocks 18 are the same as
that of the metallic blocks 12.

[0050] In FIG. 4F, the screen 1 is removed after the
metallic blocks 18 form, resulting in the OLEDs fabricated
by the screen-printing method.

[0051] It is to be understood that the sizes of the metallic
blocks 12 and 18 may be different in this embodiment. In
this case, different screens may be used to fabricate each set
of the blocks 12 and 18, where the openings in the screens
are different sizes. The alignment of the different screens
may be as previously described. In addition, either of the
organic layers 14 and 16 may be replaced with blocks
formed by a screen.

[0052] FIG. 5A shows another example of a screen-
printing screen 2 used for OLED fabrication. In screen 2,
single columns of openings 5 are separated by solid regions
7 that are wider that the openings 5. The wires 3 partition the
openings horizontally in the columns and separate the open-
ings 5 from the solid regions 7. The OLED material is
deposited onto a substrate through the openings 5. Using the
screen 2, deposited material is widely spaced horizontally.
The desired OLED pattern may be created easily by varying
the spacing and width of the wires 3 to produce a desired HD
display resolution. The screen 2 is particularly useful when
depositing different types of materials on the same substrate,
e.g. materials for red, green, and blue OLEDs.

[0053] FIGS. 5B and 5C show an exemplary screen-
printing deposition using the screen 2 of FIG. 5A. In FIG.
5B, the screen 2 is positioned above the substrate 10. The
openings in the screen 2 are separated by a spacing which
corresponds to the width of the solid regions 7. The material
8 is deposited evenly through the openings 5 by the screen-
printing supplier. As such, the resulting deposition looks like
that of FIG. 5C where the organic material 8 after drying is
deposited in discrete amount on the substrate 10. When the
screen 1 is absent, the supplier deposits a continuous layer
of the material onto all or portions of the substrate 10
concurrently.

[0054] After the material 8 is deposited, the screen 2 is
removed as shown in FIG. 5C. The material 8 dries on the
substrate 10, resulting in the material 8 deposited on the
substrate 10 in uniform discrete blocks corresponding to the
openings 5 in the screen 2. If the screen is absent, the result
would be the material 8 evenly deposited to form a continu-
ous layer on the substrate 10.

[0055] It is to be understood that the screen 2 of FIG. 5A
is for exemplary purposes only, as many variations of the
specific hardware used to implement the present invention
will be readily apparent to one having ordinary skill in the
art. For example, the wires 3, openings 5, and solid regions
7 may be diagonally arranged in the screen 2.

[0056] The screen-printing method of FIGS. 5B and 5C
is used to fabricate OLEDs. Electrodes and organic material
that form the OLEDs are deposited onto a substrate in like
manner.

[0057] FIGS. 6A-6I illustrate a fourth embodiment of the
fabrication of OLEDs using screen-printing. The screen 2 of
FIG. 5A is exemplary in this embodiment. FIG. 6A shows
the deposition of the metallic layer 12 onto the substrate 10
as a continuous layer. The metallic layer 12 is then cleaned
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with an ultrasonic bath of acetone, followed by isopropyl
alcohol, followed by methanol, for example. The screen 2 is
positioned above the metallic layer 12. In this embodiment,
the opening 5 to the left and the solid region 7 with no
openings to the right is indicative of half of the screen 2
shown in FIG. 5A.

[0058] In FIG. 6B, a p-type organic material which is
capable of transporting holes is deposited onto the metallic
layer 12 through the screen 2. The p-type organic material
forms p-type organic blocks 14. A column of the p-type
organic blocks 14 are formed on the metallic layer 12 with
the size and spacing corresponding to the size of the open-
ings and the width of the wires in the columns, respectively,
in the screen 2 as shown in FIG. 5A.

[0059] After the column of p-type organic blocks 14
forms, the screen 2 is repositioned and aligned laterally to
the column of p-type organic blocks 14 and above the
metallic layer 12, as shown in FIG. 6C. A second column of
p-type organic blocks 14 is then formed as shown in FIG.
6D from the p-type organic material.

[0060] InFIG. 6E, the screen 2 is repositioned and aligned
laterally to the second column of p-type organic blocks 14
and above the metallic layer 12, as shown in FIG. 6E. A
third column of p-type organic blocks 14 is then formed as
shown in FIG. 6F from the p-type organic material.

[0061] The depositions are repeated for the n-type organic
material which are capable of transporting electrons to form
the n-type organic blocks 16, as shown in FIG. 6G. The size
and spacing of the n-type organic blocks 16 are the same as
the size and spacing of the p-type organic blocks 14.

[0062] The screen 2 is removed and another screen 1 is
positioned and aligned above the n-type organic blocks 16.
The metallic blocks 18 are then formed, as shown in FIG.
6H. The metallic layer 12 serves as a positive electrode and
the metallic blocks 18 serve as negative electrodes. The size
and spacing of the metallic blocks 18 are the same as that of
the p-type and n-type organic blocks 14 and 16.

[0063] In FIG. 61, the screen 1 is removed after the
metallic blocks 18 form, resulting in the OLEDs on the
substrate 10 fabricated by the screen-printing method. The
structures of the OLEDs of FIGS. 3A-3F may be formed
similarly for the OLEDs.

[0064] Tt is to be understood that the sizes of the p-type,
n-type, and metallic blocks 14, 16, and 18 may be different
in this embodiment. In this case, different screens may be
used to fabricate each set of the blocks, where the openings
in the screens are different sizes. The alignment of the
different screens may be as previously described.

[0065] FIGS. 7A-7I illustrate a fifth embodiment of the
fabrication of OLEDs in which red, green, and blue OLEDs
are fabricated on the same substrate. Three different types of
organic material are used to fabricate the OLEDs to emit red,
green, and blue light. Exemplary organic material includes
polymers and/or small organic molecules capable of trans-
porting charge and emitting light, such as polyphenylene
vinylene (PPV). The different dopants in the organic mate-
rial determine the color of light emitted. The screen 2 of
FIG. 5A is exemplary in this embodiment. FIG. 7A shows
the deposition of the metallic layer 12 onto the substrate 10
as a continuous layer. The metallic layer 12 is then cleaned
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with an ultrasonic bath of acetone, followed by isopropyl
alcohol, followed by methanol, for example. The screen 2 is
positioned above the metallic layer 12. In this embodiment,
the opening 5 to the left and the solid region 7 with no
openings to the right is indicative of half of the screen 2
shown in FIG. 5A.

[0066] In FIG. 7B, a p-type organic material which is
capable of transporting holes and emitting red light is
deposited onto the metallic layer 12 through the screen 2.
The p-type organic material forms red p-type organic blocks
20. A column of the red p-type organic blocks 20 are formed
on the metallic layer 12 with the size and spacing corre-
sponding to the size of the openings and the width of the
wires in the columns, respectively, in the screen 2 as shown
in FIG. 5A.

[0067] After the red p-type organic blocks 20 form, the
screen 2 is repositioned and aligned laterally to the red
p-type organic blocks 20 and above the metallic layer 12, as
shown in FIG. 7C. Green p-type organic blocks 22 are then
formed as shown in FIG. 7D from a p-type organic material
which is capable of transporting holes and emitting green
light.

[0068] InFIG. 7E, the screen 2 is repositioned and aligned
laterally to the green p-type organic blocks 22 and above the
metallic layer 12, as shown in FIG. 7E. Blue p-type organic
blocks 24 are then formed as shown in FIG. 7F from a
p-type organic material which is capable of transporting
holes and emitting blue light. The result is the red, green, and
blue p-type organic materials 20, 22, and 24 respectively,
formed on the same substrate.

[0069] The depositions are repeated for n-type organic
materials which are capable of transporting electrons and
emitting red, green, and blue light to form, respectively, red,
green, and blue n-type organic blocks 26, 28, and 30, as
shown in FIG. 7G. The red n-type organic blocks 26 are
formed onto the red p-type organic blocks 20. Similarly, the
green and blue n-type organic blocks 28 and 30 are formed
onto the green and blue p-type organic blocks 22 and 24. The
size and spacing of the n-type organic blocks 26, 28, and 30
are the same as the size and spacing of the p-type organic
blocks 20, 22, and 24.

[0070] The screen 2 is removed and another screen 1 is
positioned and aligned above the n-type organic blocks 26,
28, and 20. The metallic blocks 18 are then formed, as
shown in FIG. 7H. The metallic layer 12 serves as a positive
electrode and the metallic blocks 18 serve as negative
electrodes. The size and spacing of the metallic blocks 18 are
the same as that of the p-type and n-type organic blocks 20,
22, 24, 26, 28, and 30.

[0071] In FIG. 71, the screen 1 is removed after the
metallic blocks 18 form, resulting in the red, green, and blue
OLEDs on the same substrate 10 fabricated by the screen-
printing method. The structures of the OLEDs of FIGS.
3A-3F may be formed similarly for the red, green, and blue
OLEDs.

[0072] It is to be understood that the sizes of the p-type,
n-type, and metallic blocks 20, 22, 24, 26, 28, 30, and 18
may be different in this embodiment. In this case, different
screens may be used to fabricate each set of the blocks,
where the openings in the screens are different sizes. The
alignment of the different screens may be as previously
described.
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[0073] FIGS. 8A-8E show a sixth embodiment of the
fabrication of OLEDs using screen-printing in which one
layer of organic material is used. FIG. 8A shows the
deposition of a metallic layer 12 onto a substrate 10.
Exemplary metallic layers include indium tin oxide (ITO).
The metallic layer 12 forms a continuous layer on the
substrate 10. The metallic layer 12 is then cleaned with an
ultrasonic bath of acetone, followed by isopropyl alcohol,
followed by methanol, for example.

[0074] Next, as shown in FIG. 8B, the screen 1 is placed
above the metallic layer 12. The openings through which
organic material will be deposited onto the metallic layer 12
are shown.

[0075] An organic material which is capable of transport-
ing holes and electrons is deposited onto the metallic layer
12 through the screen 1. Prior to deposition, the organic
material is doped with a p-type dopant and an n-type dopant.
Exemplary organic material includes polymers and/or small
organic molecules capable of transporting charge and emit-
ting light, such as polyphenylene vinylene (PPV). The
organic material forms organic blocks 32 on the metallic
layer 12, as shown in FIG. 8C. The size and spacing of the
organic blocks 32 correspond to the size of the openings and
the width of the wires, respectively, in the screen

[0076] After the organic blocks 32 form, the screen 1 is
repositioned and aligned above the organic blocks 32 and
metallic blocks 18 are formed, as shown in FIG. 8D. The
metallic layer 12 serves as a positive electrode and the
metallic blocks 18 serve as negative electrodes. The size and
spacing of the metallic blocks 18 are the same as that of the
organic blocks 32.

[0077] In FIG. 8E, the screen 1 is removed after the
metallic blocks 18 form, resulting in the OLEDs fabricated
by the screen-printing method.

[0078] It is to be understood that the sizes of the blocks 32
and 18 may be different in this embodiment. In this case,
different screens may be used to fabricate each set of the
blocks 32 and 18, where the openings in the screens are
different sizes. The alignment of the different screens may be
as previously described.

[0079] The OLEDs fabricated by the screen-printing
methods of the present invention may be used in HD
devices. FIGS. 9A and 9B show an embodiment of the
fabrication of an OLED display using screen-printing. FIG.
9A shows the OLEDs of FIG. 2F. After the OLEDs are
formed, a battery 40 is connected to the metallic layer 12,
which is the positive electrode, and in parallel to the metallic
blocks 18, which are the negative electrodes. Light is
emitted from the OLEDs upon the annihilation of some of
the electron-hole pairs in the p- and n-type organic materials
that result from recombination of some of the charge carriers
in the blocks 14 and 16 when a forward-bias voltage is
applied to the OLEDs. The electron-hole pairs are recom-
bined when some negative charge carriers diffuse from the
n-type organic material into the p-type organic material and
combine with some of the positive charge carriers, mutually
annihilating both carriers, and when some positive charge
carriers from the p-type organic material diffuse into the
n-type organic material and combine with some of the
negative charge carriers, also mutually annihilating both
carriers.
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[0080] It is to be understood that the OLED display of the
present invention may be made using any of the previously
described fabricated OLEDs.

[0081] Numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It is therefore to be understood that within the scope of
the appended claims, the invention may be practiced other-
wise than as specifically described herein.

What is claimed as new and desired to be secured by Letters
patent of United States is:

1. In a method for fabricating an organic light-emitting
diode in which a first electrode, a first organic material
including at least one positive charge carrier, a second
organic material including at least one negative charge
carrier, and a sccond electrode are formed as successive
layers on a substrate, the improvement comprising:

screen-printing at least one of the first and second elec-
trodes and the first and second organic materials.
2. The method of claim 1, further comprising:

depositing the first electrode as a continuous layer on a
substrate; and

the screen-printing step including
positioning a screen above the first electrode,

depositing the first organic material through openings
in the screen onto the first electrode, the first organic
material forming uniform, discrete blocks,

repositioning the screen above the first organic mate-
rial,

depositing the second organic material through the
openings in the screen onto the first organic material,
the second organic material forming uniform, dis-
crete blocks,

repositioning the screen above the second organic
material, and

depositing the second electrode through the openings in

the screen onto the second organic material, the

second electrode forming uniform, discrete blocks.

3. The method of claim 2, wherein the screen-printing step

comprises using a screen made of at least one of metal,
plastic, and cloth.

4. The method of claim 1, wherein the screen-printing step

includes

positioning a screen above a substrate;

depositing the first electrode through openings in the
screen onto the substrate, the first electrode forming
uniform, discrete blocks;

repositioning the screen above the first electrode;

depositing the first organic material through the openings
in the screen onto the first electrode, the first organic
material forming uniform, discrete blocks,

repositioning the screen above the first organic material,

depositing the second organic material through the open-
ings in the screen onto the first organic material, the
second organic material forming uniform, discrete
blocks;
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repositioning the screen above the second organic mate-
rial; and

depositing the second electrode through the openings in
the screen onto the second organic material, the second
electrode forming uniform, discrete blocks.

5. The method of claim 4, wherein the screen-printing step
comprises using a screen made of at least one of metal,
plastic, and cloth.

6. The method of claim 1, further comprising:

depositing the first organic material as a continuous layer
on the first electrode; and

the screen-printing step including
positioning a screen above a substrate,

depositing the first electrode through openings in the
screen onto the substrate, the first electrode forming
uniform, discrete blocks,

repositioning the screen above the first organic mate-
rial,

depositing the second organic material through the
openings in the screen onto the first organic material,
the second organic material forming uniform, dis-
crete blocks,

repositioning the screen above the second organic
material, and

depositing the second electrode through the openings in
the screen onto the second organic material, the
second electrode forming uniform, discrete blocks.
7. The method of claim 6, wherein the screen-printing step
comprises using a screen made of at least one of metal,
plastic, and cloth.
8. The method of claim 1, further comprising:

depositing the first electrode as a continuous layer on a
substrate; and

the screen-printing step including
positioning a screen above the first electrode,

depositing the first organic material through openings
in the screen onto the first electrode, the first organic
material forming first uniform, discrete blocks,

repositioning the screen above the first electrode such
that the openings in the screen are adjacent to the first
uniform, discrete blocks, and

depositing the first organic material through the open-
ings in the screen onto the first electrode, the first
organic material forming second uniform, discrete
blocks.
9. The method of claim 8, the screen-printing step further
comprising:

repositioning the openings of the screen above the first
uniform, discrete blocks;

depositing the second organic material through the open-
ings in the screen onto the first uniform, discrete
blocks, the second organic material forming third uni-
form, discrete blocks;

repositioning the openings of the screen above the second
uniform, discrete blocks; and
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depositing the second organic material through the open-
ings in the screen onto the second uniform, discrete
blocks, the second organic material forming fourth
uniform, discrete blocks.
10. The method of claim 9, the screen-printing step further
comprising:

positioning another screen above the second organic
material; and

depositing the second electrode through openings in the
another screen onto the third and fourth uniform, dis-
crete blocks, the second electrode forming fifth uni-
form, discrete blocks.

11. The method of claim 8, wherein the screen-printing
step comprises using a screen made of at least one of metal,
plastic, and cloth.

12. The method of claim 8, wherein the screen-printing
step comprises using a first color of the first organic material
to form the first uniform, discrete blocks and a second color
of the first organic material to form the second uniform,
discrete blocks.

13. The method of claim 9, wherein the screen-printing
step comprises using a first color of the second organic
material to form the third uniform, discrete blocks and a
second color of the second organic material to form the
fourth uniform, discrete blocks.

14. The method of claim 9, wherein the screen-printing
step comprises using a screen made of at least one of metal,
plastic, and cloth.

15. The method of claim 1, further comprising;:

cleaning the first electrode with an ultrasonic bath after
forming the first electrode on the substrate.
16. The method of claim 15, comprising:

using the ultrasonic bath including at least one of acetone,
isopropyl alcohol, and methanol.
17. The method of claim 1, further comprising;:

doping the first organic material with the at least one
positive charge carrier.
18. The method of claim 1, further comprising:

doping the second organic material with the at least one

negative charge carrier.

19. The method of claim 1, wherein the first electrode
includes indium tin oxide.

20. The method of claim 1, wherein the first organic
material includes at least one of a polymer and small organic
molecules.

21. The method of claim 1, wherein the second organic
material includes at least one of a polymer and small organic
molecules.

22. A method of claim 1, wherein the second electrode
includes indium tin oxide.

23. The method of claim 1, wherein the first and second
electrodes and the first and second organic materials of the
organic light-emitting diode each have lateral dimensions of
at least 20 umx110 um.

24. A method for forming a pattern of organic material on
a substrate, comprising:

positioning above the substrate a screen including open-
ings that form the pattern; and

depositing the organic material on the substrate through
the openings in the screen.
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25. The method of claim 24, comprising:

using a screen made of at least one of metal, plastic, and

cloth.

26. The method of claim 24, wherein the organic material
includes at least one of a polymer and small organic mol-
ecules.

27. In a method for fabricating an organic light-emitting
diode in which a first electrode, an organic material includ-
ing at least one positive charge carrier and at least one
negative carrier, and a second electrode are formed as
successive layers on a substrate, the improvement compris-
ing:

screen-printing at least one of the first and second elec-
trodes and the organic material.
28. The method of claim 27, further comprising:

depositing the first electrode as a continuous layer on a
substrate; and

the screen-printing step including
positioning a screen above the first electrode,

depositing the organic material through openings in the
screen onto the first electrode, the organic material
forming uniform, discrete blocks,

repositioning the screen above the organic material,
and

depositing the second electrode through the openings in
the screen onto the organic material, the second
electrode forming uniform, discrete blocks.

29. The method of claim 28, wherein the screen-printing
step comprises using a screen made of at least one of metal,
plastic, and cloth.

30. The method of claim 27, further comprising:

cleaning the first electrode with an ultrasonic bath after
forming the first electrode on the substrate.
31. The method of claim 30, comprising:

using the ultrasonic bath including at least one of acetone,
isopropyl alcohol, and methanol.
32. The method of claim 27, further comprising:

doping the organic material with the at least one positive
charge carrier; and

doping the organic material with the at least one negative

charge carrier.

33. In a method for fabricating an organic light-emitting
diode display in which a first electrode, a first organic
material including at least one positive charge carrier, a
second organic material including at least one negative
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charge carrier, and a second electrode are formed as suc-
cessive layers on a substrate and a voltage source connects
the first and second electrodes, the improvement compris-
ing:
screen-printing at least one of the first and second elec-
trodes and the first and second organic materials.
34. The method of claim 33, further comprising:

depositing the first electrode as a continuous layer on a
substrate; and

the screen-printing step including
positioning a screen above the first electrode,

depositing the first organic material through openings
in the screen onto the first electrode, the first organic
material forming uniform, discrete blocks,

repositioning the screen above the first organic mate-
rial,

depositing the second organic material through the
openings in the screen onto the first organic material,
the second organic material forming uniform, dis-
crete blocks,

repositioning the screen above the second organic
material, and

depositing the second electrode through the openings in
the screen onto the second organic material, the
second electrode forming uniform, discrete blocks.

35. An organic light-emitting diode display, comprising:

a voltage source;

a substrate; and

an organic light-emitting diode including
a first electrode,

a first organic material including at least one positive
charge carrier,

a second organic material including at least one nega-
tive charge carrier, and

a second electrode,

wherein at least one of the first and second electrodes
and the first and second organic materials are formed
by screen-printing.
36. The display of claim 35, wherein the display has a
resolution of 2560 dpi.
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