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DISPLAYING SELECTED IMAGES USING AN
ORGANIC LIGHT-EMITTING DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] Reference is made to commonly-assigned U.S.
patent application Ser. No. 09/684,193 filed Oct. 6, 2000,
entitled “Organic Electroluminescent Display Device With
Preformed Tmages” by Jose Mir et al, the disclosure of
which is incorporated herein.

FIELD OF THE INVENTION

[0002] The present invention relates to organic light emit-
ting diode (OLED) display devices for displaying predeter-
mined colored images such as icons.

BACKGROUND OF THE INVENTION

[0003] Many consumer and commercial devices include
an electronic display to display information. These displays
often include predetermined images to indicate battery
charge, ring status, etc. These images typically communicate
information by whether they are on or off, and sometimes by
their color. For example, the display on a portable music
player might contain a small triangle that is on when music
is playing, and off at other times. Battery charge may be
indicated by a small picture of a battery, which appears green
if the battery is fully charged, yellow if the battery is running
low, and red if there is insufficient charge in the battery to
perform some operation. In both of these examples, the
shape of the image remains fixed.

[0004] A device with several functions may include many
such images on its display. These images might be displayed
in a wide variety of colors, either to make the display more
attractive, or because the device functionality requires it. For
example, a temperature indicator might be comprised of a
series of bars, with blue bars on one end indicating a low
temperature, red bars on the other end indicating a high
temperature, with a rainbow of bars appearing in between.
Another example display might include a company logo,
comprised of several different specific colors. It is easy to
see that a wide range of devices could utilize displays
showing multiple predetermined images, in multiple colors.

[0005] One way of producing such displays would be to
use Organic Light-Emitting Diodes (OLEDs). OLEDs offer
the advantages of bright illumination, low power consump-
tion, thin profile, and a wide viewing angle. FIGS. 1 and 2
show an example OLED known in the art that displays an
image of a hexagon. FIG. 1 shows a top view of the device
10, while FIG. 2 shows a cross-section with material
thicknesses shown exaggerated for clarity. The device 10 is
built on a substrate 12 made of a transparent material, such
as glass. Upon this glass is deposited a thin film of a
transparent conductive material, such as indium tin oxide,
which forms an anode 14 of the device 10. The anode 14 is
connected to a terminal 16. Next there is a layer of a
hole-transporting material 18, such as naphthaphenylene
benzidene. Above this is a layer of an electron-transporting
material 20, such as tris(8-hydroxyquinoline)aluminum(III).
A final conductive layer is deposited on top, forming a
cathode 22 of the device 10. This cathode 22 is connected to
a terminal 24. When a positive voltage is applied from
terminal 16 to terminal 24, current flows through the device
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10, causing holes and electrons to recombine near the
interface between hole-transporting layer 18 and electron-
transporting layer 20, emitting light 26. The combination of
hole transporting layer 18 and electron-transporting layer 20
are referred to herein as the organic emitting layer 28 of the
OLED. Light is emitted throughout the region where the
anode 14 and cathode 22 overlap, producing the visual
image of a hexagon. This design, and others that are similar,
are well-known to those skilled in the art. Red, green, and
blue-emitting OLED materials are also well known in the
art.

[0006] There are several known ways of producing a
multi-color, multi-image display using OLEDs known in the
art. One method is to use a different emitter material for each
desired color. This approach produces a device with the
desired functionality, but is complex to manufacture,
because it requires as many different emitter materials as
there are colors, each of which requires a complex manu-
facturing step, which must be executed with high precision.

[0007] A second method known in the art is to use a single
emitter material, and achieve different colors by adding
light-altering elements between the emitter and the viewer.
This approach is shown in FIG. 3. Light from the organic
emitter layer 28 passes through the light-altering element 30,
causing light of a different color 32 to emerge. The light-
altering element 30 changes the light color either through
filtration, fluorescence, or both. This approach has the dis-
advantage of reduced luminance efficiency. While this
approach avoids the need for a different emitter material for
each color, it still requires a complex manufacturing process,
since different light-altering element materials are required
for each desired color.

[0008] A third method known in the art is to display the
images using a general-purpose array of small picture ele-
ments (pixels), where each pixel is individually controlled.
Pixels in the array could then be alternately colored with
primary colors such as red, green, and blue, and control
electronics are then added to drive the pixels with the
appropriate current or voltage required to produce the
desired color. This approach avoids the requirement for
different emitter or light-altering materials for each color,
but requires significantly more complex and costly conduc-
tor routing, terminal connections, and drive electronics.

[0009] Thus, there remains a need to easily create OLED
images in a full range of colors.

SUMMARY OF THE INVENTION

[0010] Tt is an object of the present invention to provide
images of selectable colors while reducing the number of
elements needed to produce such colors.

[0011] Another object of the present invention to provide
an OLED display which effectively can present predeter-
mined colored images such as icons.

[0012] Tt is a further object of the present invention to
provide an OLED display for producing colored images
which can be fabricated with reduced processing steps.

[0013] These objects are achieved in an organic light
emitting display device comprising: a first electrode having
a first shape; an organic emitting layer provided over the first
electrode, wherein the organic emitting layer comprises a



US 2003/0184218 Al

plurality of light emitting areas that emit different colored
light, which combine to provide at least one desired color;
and a second electrode having a second shape and provided
over the organic emitting layer, wherein the overlap between
the first and second electrodes defines the image area to be
displayed.

[0014] These objects are further achieved in a method for
fabricating an organic light emitting display device for
displaying selected images from a plurality of images, each
with one or more desired colors, comprising the steps of:
providing a first electrode having a first shape; providing an
organic emitting layer over the first electrode, wherein the
organic emitting layer comprises a plurality of light emitting
areas that emit different colored light, which combine to
provide at least one desired color; providing a plurality of
second electrodes each having a predefined shape over the
organic emitting layer, wherein the overlap between the first
electrode and each of the second electrodes defines each
image area to be displayed; and providing a means for
addressing the first electrode and selectively addressing each
of the second electrodes.

[0015] OLED displays made in accordance with the
present invention have the advantage of providing multiple
images of arbitrary color, while requiring a reduced number
of emitter materials, no light-altering materials, and very
simple drive electronics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a plan view of a prior art single OLED
display device;
[0017] FIG. 2 is a cross-sectional view taken along the

lines 2-2 of FIG. 1;

[0018] FIG. 3 is a cross-sectional view of a prior art
OLED device containing a light-altering element;

[0019] FIG. 4 is a plan view of an OLED display in
accordance with the present invention showing different
images in different positions;

[0020] FIG. 5 is a cross-sectional view taken along the
lines 3-5 of FIG. 4 showing a particular portion of one of the
images;

[0021] FIG. 6 shows a plan view of an image that may be
displayed in more than one color;

[0022] FIG. 7 is a cross-sectional view taken along the
lines 7-7 of FIG. 6 showing a particular portion of the
image;

[0023] FIG. 8 shows a plan view of an image that may be
displayed in more than one color; and

[0024] FIG. 9 is a cross-sectional view taken along the
lines 9-9 of FIG. 8 showing a particular portion of the
image.

DETAILED DESCRIPTION OF THE

INVENTION
[0025] Exemplary Embodiment 1
[0026] FIG. 4 shows an example embodiment of the

invention showing two selectable images, while FIG. 5
shows a cross-section with exaggerated material thickness.
The device 34 includes a transparent substrate 12, with a
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transparent anode 14 patterned onto the substrate 12 and
connected to the terminal 16. Over the anode 14 is a
patterned organic emitting layer 35, which includes a central
region 36 and a surrounding border region 38. In this
example, central region 36 contains an organic emitting
layer that emits only green light. The organic emitting layer
in border region 38 has a plurality of alternating areas that
emit red or blue light, with the blue areas twice the size of
the red arcas. The size of the individual red and blue areas
is exaggerated for clarity; typically they would be made
small enough so that the unaided human eye would not be
able to distinguish individual areas. Thus, the border region
38 would appear to the human observer as the combination
of these colors, that is, purple. The patterned emitter areas
may be produced by a variety of processes, such as vapor
deposition through masks, ink-jet application, laser thermal
deposition, and so forth. Over the organic emitting layer 35
is a cathode 40, connected to a terminal 42. The overlap
between cathode 40 and anode 14 defines the image area that
will be displayed. When a positive voltage is applied from
terminal 16 to terminal 42, all of the emitting regions 36 and
38 illuminate, producing the visual image of a green battery
surrounded by a purple border. This is accomplished by
means of an electronic control system 50 including control
logic 52, such as a microprocessor, and drive electronics 54.
Given input data 56, the control logic 52 generates control
signals 58, which are converted to drive signals 60 by drive
electronics 54 that allow a voltage to be applied selectively
between terminal 16 and terminal 42.

[0027] The device 34 also contains a second selectable
image. The anode 14 is also the anode for this image, but the
organic emitting layer 44 is now a collection of several
regions, each having a plurality of smaller emitting areas
containing organic emitting layers that emit red, green, or
blue light. Again the size of individual emitting areas is
exaggerated for clarity, and typically would be made small
enough so that the unaided human eye would not be able to
distinguish individual areas and perceive only the combined
color. Over this organic emitting layer is a cathode 46,
connected to a terminal 48. When the drive electronics 54
selectively applies a positive voltage from terminal 16 to
terminal 48, the organic emitting layer 44 illuminates, pro-
ducing the visual image of a rocket with a white body, blue
nose, cyan fins, and an orange exhaust flame with a red core.

[0028] This embodiment shows an important advantage of
the invention. The device 34 shows two selectable images
which include seven colors: green, purple, white, blue, cyan,
red, and orange. Yet this device 34 requires only three
different emitter materials (red, green, and blue), no light-
altering filters or fluorescent materials, and requires only
three terminals and simple drive electronics to control.
Arbitrary additional colors could be added without requiring
new emitter materials, by simply adding light-emitting areas
with the desired ratio of red, green and blue emitting
materials. Additional selectable images may be added,
requiring only one patterned cathode and connected terminal
for each new image.

[0029]

[0030] FIG. 6 shows another embodiment of the invention
showing one selected image, while FIG. 7 shows a cross-
section with exaggerated material thickness. The electronic
means for controlling the display and addressing selected

Exemplary Embodiment 2
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images is omitted for clarity. The device 62 includes a
transparent substrate 12, with anode 14 patterned onto the
substrate 12 and connected to a terminal 16. Provided over
the anode 14 is a patterned organic emitting layer including
alternating emitting bands 64 and 66. Each emitting band 64
includes a plurality of smaller emitting areas of red or green
organic emitter layers, and each emitting band 66 includes a
plurality of smaller emitting areas of blue or green organic
emitter layers. The size of these individual emitting areas is
exaggerated for clarity, and typically would be made small
enough so that the unaided human eye would not be able to
distinguish individual areas and perceive only the combined
color of each emitting band. Thus, emitting band 64 appears
yellow and emitting band 66 appears cyan. Patterned in
registration over emitting band 64 is a cathode 68, which is
connected to a terminal 70. Patterned in registration over
emitting band 66 1s a cathode 72, connected to a terminal 74.
The cathodes 68 and 72 are spaced apart so that each
corresponds to a different portion of the image. In this
example, these spaced-apart portions are shaped so that each
have multiple emitting bands which interdigitate so that both
cathodes 68 and 72 overlap the circular anode. In this way,
either cathode 68 or 72 may be used in conjunction with the
anode 14 to illuminate an area of emitters producing the
visual image of a circle. In this example, the interdigitated
array includes parallel linear bands. However, this invention
is not limited to this, and any shape or pattern of interdigi-
tation may be used, such as interleaved waves or nested
spirals.

[0031] The device 62 could be, for example, a burner
indicator for an electrical stove. Applying a positive voltage
from terminal 16 to terminal 70 would illuminate the circle
in yellow, indicating that the burner is hot, while applying a
positive voltage from terminal 16 to 74 would illuminate the
circle in cyan, indicating that the burner is cool. The circle
may be illuminated with any color in a continuous range
between cyan and yellow by either applying different volt-
ages to terminals 70 and 74 simultaneously, or by applying
a voltage to each terminal separately in pulses and adjusting
the relative length of each pulse. Alternatively, one set of
emitting bands could be a single color, for example, emitting
band 66 could be blue. In this way, the circle can be
illuminated with any color in a continuous range from blue
to yellow, including white.

[0032] This example shows how the invention could be
used to easily produce a selectable image that can be
selectively displayed in either of two arbitrary colors or in a
range of colors varying between two arbitrary colors, with-
out requiring a special emitter material for each color. For
example, the device 62 could be combined with the device
34 to produce a new device that provides three selectable
images with the additional color yellow and the ability to
display the circle image in a range of colors, while still only
requiring red, green, and blue emitter materials and no
light-altering elements. The resulting device would have
only four terminals, and would be simple to control.

[0033]

[0034] FIG. 8 shows another embodiment of the invention
showing one selected image, while FIG. 9 shows a cross-
section with exaggerated material thickness. The electronic
means for controlling the display and addressing selected
images is omitted for clarity. The device 76 includes sub-

Exemplary Embodiment 3
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strate 12, with two transparent anodes 78 and 82 patterned
onto the substrate 12 and connected to terminals 80 and 84,
respectively. Provided over these anodes 78 and 82 is a
patterned organic emitting layer including alternating emit-
ting bands 64 and 66. As in exemplary embodiment 2, each
emitting band 64 includes a plurality of smaller emitting
areas of red or green organic emitter layers, and cach
emitting band 66 includes a plurality of smaller emitting
areas of blue or green organic emitter layers. Patterned over
emitting bands 64 and 66 is a circular cathode 86, which is
connected to a terminal 88. The anodes 78 and 82 are spaced
apart so that each corresponds to a different portion of the
image. In this example, these spaced-apart portions are
shaped so that each have multiple emitting bands which
interdigitate so that both anodes 78 and 82 overlap the
circular cathode 86. In this way, either anode 78 or 82 may
be used in conjunction with the cathode 86 to illuminate an
area of emitters producing the visual image of a circle. In
this example, the interdigitated array includes parallel linear
bands. However, this invention is not limited to this, and any
shape or pattern of interdigitation may be used, such as
interleaved waves or nested spirals.

[0035] Applying a positive voltage from terminal 80 to
terminal 88 would illuminate the circle in yellow, indicating
that the burner is hot, while applying a positive voltage from
terminal 84 to 88 would illuminate the circle in cyan,
indicating that the burner is cool. The circle may be illumi-
nated with any color in a continuous range between cyan and
yellow by either applying different voltages to terminals 80
and 84 simultanecously, or by applying a voltage to each
terminal separately in pulses and adjusting the relative
length of each pulse. Alternatively, one set of emitting bands
could be a single color, for example, emitting band 66 could
be blue. In this way, the circle can be illuminated with any
color in a continuous range from blue to yellow, including
white.

[0036] The invention has been described in detail with
particular reference to certain examples, but it will be
understood that variations and modifications can be effected
within the spirit and scope of the invention. For example, the
designs described above employ red, green, and blue emit-
ting materials, but any choices of emitter colors may be used
within the spirit of the invention. The designs listed above
describe a transparent anode on the substrate, followed by an
organic emitter layer and an uppermost cathode. However,
the cathode may instead be deposited on the substrate and
the anode over the organic emitting layer. Thus, this inven-
tion can be described generically using the terms first
electrode and second electrode, where the first electrode is
provided on the substrate and the second electrode is pro-
vided over the organic emitting layer. The image area is still
defined by the overlap between the first electrode with a first
shape and the second electrode having a second shape. There
may be a plurality of second electrodes yielding images of
different color, different shapes, or both. The plurality of
second electrodes can be interdigitated and provided in
registration with a patterned organic emitting layer to pro-
vide images with different colors. The shape of the images
to a viewer may appear the same or different, depending
upon the application. It should also be appreciated that there
may be a plurality of first electrodes and a common second
electrode, and the invention will operate in the same manner
as described above for a plurality of second electrodes and
a common first electrode.
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[0037] The shape of the first electrode may be produced by
patterned deposition of conductive material, for example,
through a mask. Alternatively, a uniform layer of the first
electrode conductive material may be applied and the pattern
can be achieved by patterned etching using well-known
photolithographic methods. Alternatively, a patterned insu-
lating layer such as photosensitive polyimide may be per-
manently imaged onto the uniformly deposited first elec-
trode thereby exposing only the desired conductive areas for
device fabrication. Patterning of the second electrode may
likewise be done through a variety of methods, such as
deposition through a shadow mask, or by employing an
integral shadow mask as described in U.S. Pat. No. 5,276,
380

[0038] This invention may be used in conjunction with a
light diffusing layer to aid the mixing of colors as desired.
This invention may also employ a polarizer, an antireflection
layer, or an antiglare overcoat.

[0039] The organic emitter layer of this invention may
include either small-molecule OLED materials or polymeric
light-emitting materials, or a combination thereof.

PARTS LIST
[0040] 10 device
[0041] 12 substrate
[0042] 14 anode
[0043] 16 terminal
[0044] 18 hole-transporting layer
[0045] 20 electron-transporting layer
[0046] 22 cathode
[0047] 24 terminal
[0048] 26 light
[0049] 28 organic emitting layer
[0050] 30 light-altering element
[0051] 32 light of a different color
[0052] 34 device
[0053] 35 organic emitting layer
[0054] 36 central region
[0055] 38 border region
[0056] 40 cathode
[0057] 42 terminal
[0058] 44 organic emitting layer
[0059] 46 cathode
[0060] 48 terminal
[0061] 50 electronic control system
[0062] 52 control logic
[0063] 54 drive electronics
[0064] 56 input data
[0065] 58 control signals
[0066] 60 drive signals
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[0067] 62 device

[0068] 64 emitting band
[0069] 66 emitting band
[0070] 68 cathode

[0071] Parts List cont’d

[0072] 70 terminal
[0073] 72 cathode
[0074] 74 terminal
[0075] 76 device

[0076] 78 anode

[0077] 80 terminal
[0078] 78 anode

[0079] 76 terminal
[0080] 86 cathode
[0081] 88 terminal

What is claimed is:
1. An organic light emitting display device for displaying
an image, comprising:

(2) a first electrode having a first shape;

(b) an organic emitting layer provided over the first
electrode, wherein the organic emitting layer comprises
a plurality of light emitting areas that emit different
colored light, which combine to provide at least one
desired color; and

(c) a second electrode having a second shape and pro-
vided over the organic emitting layer, wherein the
overlap between the first and second electrodes defines
the image area to be displayed.

2. An organic light emitting display device for displaying

selected images from a plurality of images, comprising:

(a) a first electrode having a first shape;

(b) an organic emitting layer provided over the first
electrode, wherein the organic emitting layer comprises
a plurality of light emitting areas that emit different
colored light, which combine to provide at least one
desired color;

(c) a plurality of second electrodes each having a pre-
defined shape and provided over the organic emitting
layer, wherein the overlap between the first electrode
and each of the second electrodes defines each image
area to be displayed; and

(d) means for addressing the first electrode and selectively

addressing each of the second electrodes.

3. The organic light emitting display device of claim 2
wherein the organic emitting layer comprises a plurality of
emitting bands, at least one band comprises a plurality of
light emitting areas that emit different colored light, which
combine to provide a band of a desired color, and wherein
at least one band produces light of a different color than the
other bands; and

wherein the plurality of second electrodes are interdigi-
tated and provided in registration over the plurality of
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bands such that selection of one second electrode yields
an image that is different in color from that of another
second electrode.

4. A method for fabricating an organic light emitting
display device for displaying selected images from a plu-
rality of images, each with one or more desired colors,
comprising the steps of:

(a) providing a first electrode having a first shape;

(b) providing an organic emitting layer over the first
electrode, wherein the organic emitting layer comprises
a plurality of light emitting areas that emit different
colored light, which combine to provide at least one
desired color;

(c) providing a plurality of second electrodes each having
a predefined shape over the organic emitting layer,
wherein the overlap between the first electrode and
each of the second electrodes defines each image area
to be displayed; and

(d) providing a means for addressing the first electrode
and selectively addressing each of the second elec-
trodes.

5. The method of claim 4 wherein the organic emitting
layer comprises a plurality of emitting bands, wherein at
least one band comprises a plurality of light emitting areas
that emit different colored light, which combine to provide
a desired color, and wherein at least one band produces light
of a different color than the other bands; and

wherein the plurality of second electrodes are interdigi-
tated and provided in registration over the plurality of
bands such that selection of one second electrode yields
an image that is different in color from that of another
second electrode.
6. The method of claim 5 wherein the shape of each image
is the same or a different image.
7. An organic light emitting display device for displaying
selected images from a plurality of images, comprising:

(a) a plurality of first electrodes each having a predefined
shape;

(b) an organic emitting layer provided over the first
electrodes, wherein the organic emitting layer com-
prises a plurality of light emitting areas that emit
different colored light, which combine to provide at
least one desired color;

() a second electrode having a second shape and pro-
vided over the organic emitting layer, wherein the
overlap between each of the first electrodes and the
common second electrode defines each image area to
be displayed; and
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(d) means for addressing the second electrode and selec-
tively addressing each of the first electrodes.

8. The organic light emitting display device of claim 7
wherein the organic emitting layer comprises a plurality of
emitting bands, at least one band comprises a plurality of
light emitting areas that emit different colored light, which
combine to provide a band of a desired color, and wherein
at least one band produces light of a different color than the
other bands; and

wherein the plurality of first electrodes are interdigitated
and provided in registration beneath the plurality of
emitting bands such that selection of one first electrode
vields an image that is different in color from that of
another first electrode.

9. A method for fabricating an organic light emitting
display device for displaying selected images from a plu-
rality of images, each with one or more desired colors,
comprising the steps of:

(2) providing a plurality of first electrodes each having a
predefined shape;

(b) providing an organic emitting layer over the first
electrodes, wherein the organic emitting layer com-
prises a plurality of light emitting areas that emit
different colored light, which combine to provide at
least one desired color;

(c) providing a common second electrode having a second
shape over the organic emitting layer, wherein the
overlap between each of the first electrodes and the
second electrode defines each image area to be dis-
played; and

(d) providing means for addressing the second electrode
and selectively addressing each of the first electrodes.

10. The method of claim 9 wherein the organic emitting
layer comprises a plurality of emitting bands, wherein at
least one band comprises a plurality of light emitting areas
that emit different colored light, which combine to provide
a desired color, and wherein at least one band produces light
of a different color than the other bands; and

wherein the plurality of first electrodes are interdigitated
and provided in registration beneath the plurality of
bands such that selection of one first electrode yields an
image that is different in color from that of another first
electrode.
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