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7) ABSTRACT

An organic light emitting device display may be compen-
sated for color variations between sub-pixels of the same
expressed color. This may be done initially upon manufac-
ture of the display and may be continued and updated in the
course of the display’s lifetime to compensate for differen-
tial effects of aging on different expressed sub-pixels. In
accordance with one embodiment of the present invention,
the display may be driven to achieve a color gamut that
substantially all of the pixels are capable of achieving.
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COMPENSATING ORGANIC LIGHT EMITTING
DEVICE DISPLAYS FOR COLOR VARIATIONS

BACKGROUND

[0001] This invention relates generally to organic light
emitting device (OLED) displays that have light emitting
layers that are semiconductive polymers or small molecules.

[0002] OLED displays use layers of light emitting mate-
rials. Unlike liquid crystal devices, the OLED displays
actually emit light, making them advantageous for many
applications.

[0003] OLED displays may use either at least one semi-
conductive conjugated polymer or a small molecule sand-
wiched between a pair of contact layers. The contact layers
produce an electric field that injects charge carriers into the
OLED layer. When the charge carriers combine in the OLED
layer, the charge carriers decay and emit radiation in the
visible range.

[0004] Tt is believed that some OLED compounds con-
taining vinyl groups tend to degrade over time and use due
to oxidation of the vinyl groups, particularly in the presence
of free electrons. Since driving the display with a current
provides the free electrons in abundance, the lifetime of the
display is a function of applied current between an anode
and cathode. Newer compounds based on fluorine have
similar degradation mechanisms that may be related to
chemical purity, although the exact mechanism is not yet
well known in the industry.

[0005] 1In general, OLED displays have a lifetime limit
related to the total integrated charge passed through the
display. Thus, the luminance of OLED displays generally
decreases with use. In order to achieve a desired luminance
for a given pixel at a given time in the course of the display’s
lifetime, the OLED luminance versus current characteristics
for a particular manufacturing process are well characterized
as a function of aging. For a given total integrated charge,
the device current needed to achieve a specific luminance is
therefore known.

[0006] A matrix display comprises many individually
addressable pixels. For a particular type of emissive display
comprising OLEDs, each pixel comprises OLED devices
addressed by rows and columns. Colors are typically imple-
mented in an OLED display by incorporating in each pixel,
individually addressable “sub-pixels” of red, green, and
blue.

[0007] The primary colors in a linear physical intensity
color space, such as the Commission Internationale de
I’Eclairage (CIE) xy (1931), form a color gamut which, in
some cases, inscribe the vertices of a triangle. Any coordi-
nate inscribed by the gamut identifies a color that can be
represented by the scaling of the intensity of each primary
color. Embodiments of the present invention are applicable
to color spaces that include three or more colors.

[0008] The human eye is sensitive to color differences.
The perceptible difference between two colors can be
described within the well known CIE “color space” which is
represented as a plane diagram in units of )-C*, where one
)-C* is the just noticeable difference (the color difference in
units of x-y which is just noticeable varies depending on the
x-y coordinates of the color).
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[0009] In the course of aging, the luminance for a given
drive current decreases non-linearly. Moreover, the nature of
the change of luminance over lifetime is more complex than
even the non-linear relationship between luminance and
drive current. In addition, individual colors change differ-
ently in the course of display lifetime. Thus, simply chang-
ing the drive current to achieve a desired characteristic
luminance may be insufficient. For example, color variations
between the many pixels may become perceptible, creating
the distracting artifact known as fixed pattern noise. Thus, if,
initially or at any time thereafter, sub-pixels of a given color
are not exactly the same, fixed pattern noise may arise.

[0010] In addition, in the course of aging, the individual
sub-pixels may change color differently as a result of aging.
If the OLED colors change during aging and all the sub-
pixels do not age in substantially the same way, a color
difference may become perceptible. This may be especially
problematic in an application where static images are dis-
played including displays utilized for signs.

[0011] Thus, there is a need for a better way to compensate
for static and dynamic changes in color from sub-pixel to
sub-pixel in OLED displays.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is an enlarged cross-sectional view of a
pixel useful in one embodiment of the present invention;

[0013] FIG. 2 is an enlarged cross-sectional view of
another embodiment of the present invention;

[0014] FIG. 3 is a schematic diagram of the drive circuitry
that may be utilized with the embodiment shown in FIG. 1;

[0015] FIG. 4 is a hypothetical CIE x-y color chart in
accordance with one embodiment of the present invention;

[0016] FIG. 5 is a flow chart in accordance with one
embodiment of the present invention; and

[0017] FIG. 6 is a block diagram of a system for imple-
menting one embodiment of the present invention.

DETAILED DESCRIPTION

[0018] In one embodiment of the present invention, an
organic light emitting device (OLED) display may include a
pixel formed of three distinct color emitting layers. Colors
may be produced, in one embodiment, by operating more
than one of the layers to provide a “mixed” color or different
colors may be produced in a time sequenced pattern so that
one pixel may be provided with three color planes using a
single compound polymer element. A display of the type
shown in FIG. 1 is disclosed in U.S. Pat. No. 5,821,690 to
Martens et al. and assigned to Cambridge Display Technol-
ogy Limited. Other OLED display technologies may also be
utilized in connection with the present invention. Embodi-
ments of the present invention may use stacked red, green,
blue structures, or side by side red, green and blue sub-
pixels. Other color spaces may be used as well.

[0019] Referring to FIG. 1, a transparent substrate 2
supports the remaining layers and transmits the output light
from the light emitting material. A layer of transparent
conductive material such as indium tin oxide 4 may be
deposited on the substrate 2 and etched to have a reduced
size compared to the dimensions of the substrate 2. An
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emissive organic layer 6 may be deposited over the trans-
parent conductive layer 4. The layer 6 may be a semicon-
ductive conjugated polymer in one embodiment of the
invention. Other embodiments may use evaporated small
molecule films. A contact layer 8 may be deposited over the
organic layer 6 to provide the second electrode so an electric
field may be applied to the layer 6 by the electrodes 8 and
4. The electrode 8, in one embodiment of the present
invention, may be formed of calcium that may be deposited
by evaporation through a mask.

[0020] On top of the electrode layer 8, a conductive layer
10 is arranged to overlie the layer 8 so that the layers 8 and
10 overlap the layer 4. Again, the layer 10 may be defined
using evaporation through a mask. In some embodiments,
the organic layer 6 may be made up of a sequence of more
than one material, each providing a unique functionality to
the OLED structure. The particular choice of the combina-
tion of organic layers will determine the color output of the
pixel. The overall OLED structure may be covered by a
coating 1 to protect the diode from the effects of the ambient.

[0021] In the same manner as shown in FIG. 1, other
sub-pixels may be formed with other combinations of
organic materials to produce a range of colors. In one
embodiment, a pixel consists of three sub-pixels that emit
red, green and blue lights, respectively.

[0022] As shown in FIG. 2, in one embodiment, the three
sub-pixels have individual indium tin oxide (ITO) electrodes
4a, 4b, and 4¢, unique organic layers 6a, 6b, 6c, and a
common calcium/aluminum electrode 8, 10. In this case, the
sub-pixels may be separated by an isolation layer 12.

[0023] The various control electrodes 10, 4a, 4b, and 4c,
may be coupled to a drive circuit 22 as shown in FIG. 3. The
drive circuit 22, under control of the row 28 and column 30
address signals, sclectively applies positive supply voltage
24 to a selected electrode 4a, 4b or 4¢ and a lower potential
or negative potential voltage 26 to a selected electrode 10.
As a result, electrical fields may be selectively applied to the
light emitting layers 6a, 6b, or 6¢ in FIG. 2.

[0024] Referring to FIG. 5, a CIE x-y color chart for a
hypothetical display illustrates the human visual response 44
at which colors are maximally saturated. An initial color
gamut 40 is made up of the points G1, R1, and B1. During
product life, the green color G1 sub-pixels move away from
the represented gamut to the point G2. Similarly, the red
sub-pixels R1 tend to move away from the original gamut 40
to the position R2. Finally the blue pixel B1 moves into the
original gamut 40 as indicated at B2. Thus, in this hypo-
thetical representation, it is seen that generally the sub-
pixels of different colors may age in different ways from the
triangle 40 to the aged gamut 42.

[0025] A problem arises that individual sub-pixels which
should have been initially of the same color are not and
variations in color within sub-pixels designated the same
color may result in a degraded display appearance. More-
over, given sub-pixels may age at different rates and thus the
color shift between various sub-pixels designated to be the
same color may change over their lifetime. For a given
display, the color of each sub-pixel is characterized in the
factory as part of the final test before shipping. The
expressed color of each sub-pixel is set to the smallest color
gamut for the population of sub-pixels. In other words, the
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emitted color from each sub-pixel is limited to the smallest
color gamut which all of the sub-pixels of that color in the
display can achieve.

[0026] While this approach sacrifices the potential color
gamut possible with a given display, it assumes substantial
uniformity. In some embodiments, some color variation may
be tolerated. In such case, instead of using the smallest
gamut that is achievable by all of the pixels, a slightly larger
gamut may be utilized. For example, a gamut having an area
of 10%-20% larger than the smallest gamut may be utilized
in some embodiments where some color variation is toler-
able.

[0027] The color aging behavior of a given OLED tech-
nology manufacturing process may be statistically well
characterized. For processes where there is significant color
aging, the color triangle may be set at any time during the
lifetime of the display at either the smallest color set that can
be achieved by all or substantially all of the sub-pixels at any
time during the expected display lifetime. In this way, even
if the colors for a particular set of sub-pixels age differen-
tially, and those sub-pixels are used faster than other sub-
pixels, the display still appears to be relatively uniform in
color.

[0028] Fractional components of the other sub-pixel col-
ors may be utilized to bring the color of the expressed
sub-pixel to a relatively small color gamut that all or
substantially all of the sub-pixels can achieve. Thus, for
example, red and/or blue may be utilized to alter the
expressed color of the green sub-pixel. The same may be
done to the red and blue sub-pixels. As a result, the sub-
pixels of a tricolor space such as red, green, and blue color
space may each generate a three component vector resulting
in a three by three matrix for each pixel that calibrates the
initial color of the smallest color gamut. If the colors of the
sub-pixels change with age, compensation for that aging
may involve taking each of nine components of the three by
three matrix and treating each as time dependent, with that
time being a function of the measure of aging of each
sub-pixel.

[0029] The components of the matrix may be color mixing
ratios. These components may be calculated through tech-
niques well known in the art. The ratios may be based on the
characterized color aging behavior of each sub-pixel. How-
ever, algorithmically, the aging of the pixels is then tracked.
The color correction fraction is the sub-pixel colors needed
to maintain a given expressed pixel color relatively constant
at the smallest or at least a relatively small color gamut.

[0030] Throughout the display’s lifetime, to achieve a
specific color, the drive current to each sub-pixel within a
given pixel may be multiplied by the mixing matrix. In
addition, other possible adjustment factors related to the
transfer function between drive current and color as a
function of aging may be applied as well.

[0031] Referring to FIG. 6, the display may include an
electrical system 200 that may be part of a computer system,
for example, or part of a stand-alone system. In particular,
the electrical system 200 may include a Video Electronic
Standard Association (VESA) interface 202 to receive ana-
log signals. Other interfaces may be used as well. The VESA
standard is further described in the Computer Display Tim-
ing Specification, V.1, Rev. 0.8 (1995). These analog signals
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indicate images to be formed on the display and may be
generated by a graphics card of a computer, for example.
The analog signals are converted into digital signals by an
analog-to-digital (A/D) converter 204, and the digital signals
may be stored in a frame buffer 206. A timing generator 212
and an address generator 214 may be coupled to the frame
buffer 206 to regulate a frame rate by which images are
formed on the screen. A processor 220 may be coupled to the
frame buffer 206 via a bus 208.

[0032] The storage 216 may store the software 50 that is
responsible for achieving the color compensation algorithm
described previously. Thus, the processor 220 in one
embodiment may execute software to implement the color
compensation. In other embodiments, hardware compensa-
tion may be utilized.

[0033] Referring to FIG. 4, in one embodiment the color
compensation algorithm 50 begins by finding the smallest
color gamut that all of the sub-pixels of an expressed color
gamut may achieve as indicated in block 52. In other
embodiments, a relatively small color gamut that can be
achieved by a large percentage (e.g., 80 to 90%) of the
sub-pixels of the expressed color gamut may be chosen. In
such case, a given extent of color variation may be tolerated.
The smallest (or smaller) gamut may be assigned to all of the
sub-pixels as indicated in block 54. The drive current may
then be adjusted to achieve the desired mix. In other words,
the drive current may be adjusted to compensate for aging
and to adjust the current within the given sub-pixels to
achieve the color mix that results in a relatively constant
color gamut.

[0034] In some embodiments, the actions set forth in
blocks 52 and 54 can be done during manufacturing. In
blocks 56 and 58 may be done in the field. In such embodi-
ments, the flow may loop back from block 58 to block 56.

[0035] Thus, referring to FIG. 5, the aging effect on colors
is shown indicating that the original color gamut 40 may
move to the position shown at 42. In accordance with some
embodiments of the present invention, the colors may be
compensated to avoid the color shift and maintain the
original color gamuts 40, 42 constant. Thus, the original
color gamut 40, in one embodiment, may be the smallest
color gamut that all of the sub-pixels can achieve. The
tendency of that color gamut 40 to shift with aging can be
resisted and the gamut 40 may be maintained substantially
constant by appropriate color mixing over the lifetime of the
display in accordance with one embodiment. In other
embodiments, some shifting may be tolerated but the color
gamut at any given time is maintained in accordance with
the smallest gamut or a relatively small color gamut that all
pixels can achieve. Thus, as indicated in block 58 of FIG. 4,
the display is compensated for color aging in terms of total
integrated charge as well as for the variation of sub-pixel
colors with aging.

[0036] While the present invention has been described
with respect to a limited number of embodiments, those
skilled in the art will appreciate numerous modifications and
variations therefrom. It is intended that the appended claims
cover all such modifications and variations as fall within the
true spirit and scope of this present invention.
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What is claimed is:
1. A method comprising:

determining a color gamut that a substantial portion of the
sub-pixels of an expressed color of an organic light
emitting device display are able to achieve; and

adjusting the drive current to the sub-pixels to achieve

that color gamut.

2. The method of claim 1 including determining a color
gamut that all of the subpixels of an expressed color gamut
can achieve and adjusting the device current to achieve that
color gamut.

3. The method of claim 1 including maintaining said
gamut substantially constant over the lifetime of said dis-
play.

4. The method of claim 1 including maintaining said
gamut substantially constant by mixing a first or second
subpixel color with an expressed color pixel to adjust the
color of the expressed color pixel.

5. The method of claim 1 including mixing colors of a
tricolor color space to achieve said color gamut.

6. An article comprising a medium storing instructions
that enable a processor-based system to:

determine a color gamut that a substantial portion of the
sub-pixels of an expressed color of an organic light
emitting device display are able to achieve; and

adjust the drive current to the sub-pixels to achieve that

color gamut.

7. The article of claim 6 further storing instructions that
enable the processor-based system to determine a color
gamut that all of the sub-pixels of an expressed color gamut
can achieve and adjust the drive current to achieve that color
gamut.

8. The article of claim 6 further storing instructions that
enable the processor-based system to maintain said gamut
substantially constant over the lifetime of said display.

9. The article of claim 6 further storing instructions that
enable the processor-based system to maintain said gamut
substantially constant by mixing a first or second sub-pixel
color with an expressed color pixel to adjust the color of the
expressed color pixel.

10. The article of claim 6 further storing instructions that
enable the processor-based system to mix colors of a tri-
color space to achieve said color gamut.

11. An electrical system for an organic light emitting
device display comprising:

a drive circuit to drive the pixels of said display;

a processor coupled to said drive circuit; and

a storage coupled to said processor, said storage storing
instructions that enable the processor to determine a
color gamut that a substantial portion of the sub-pixel
of an expressed color gamut of an organic light emitting
device display are able to achieve and adjust the drive
current to the sub-pixels to achieve that color gamut.

12. The system of claim 11 wherein said storage stores
instructions that enable the system to determine a color
gamut that all of the sub-pixels of an expressed color gamut
can achieve and adjust the drive current to achieve that color
gamut.

13. The system of claim 11 wherein said storage stores
instructions that enable the system to maintain said color
triangles substantially constant over the lifetime of the
display.
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14. The system of claim 11 wherein said storage stores
instructions that enable the system to maintain the gamut
substantially constant by mixing a first or second sub-pixel
color with an expressed color pixel to adjust the color of the
expressed color pixel.

15. The system of claim 10 wherein said storage stores
instructions that enable the system to mix colors of a
tri-color color space to achieve said color gamut.

16. A display comprising:

a plurality of organic light emitting sub-pixels of at least
three colors;

adrive circuit for driving said sub-pixels to emit light; and

a controller to control said drive current to determine a
color gamut that a substantial portion of the sub-pixels
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of an expressed color gamut of said display are able to
achieve and adjust the drive current to the sub-pixels to
achieve that color gamut.

17. The display of claim 16 wherein said sub-pixels
include conjugated polymers.

18. The display of claim 16 wherein said sub-pixels
include a film including small molecules.

19. The display of claim 16 wherein said display includes
sub-pixels in the form of a stacked layer.

20. The display of claim 16 including a substrate wherein
said sub-pixels are distributed side-by-side across said sub-
strate.

21. The display of claim 16 wherein said controller
determines a color gamut that all of the sub-pixels of an
expressed color gamut can achieve and adjusts the drive
current to achieve that color gamut.
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