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Description
FIELD OF THE INVENTION

[0001] Thepresentinventionrelates to electrolumines-
cent display systems and a method for automatically ad-
justing the behavior of an electroluminescent display de-
pendent upon input image information.

BACKGROUND OF THE INVENTION

[0002] Emissive display technologies, including dis-
plays based on cathode-ray tubes (CRTs) and plasma
excitation of phosphors have become very popular within
many applications. This is typically due to the fact that
these technologies natively have superior performance
characteristics over reflective or transmissive display
technologies, such as displays produced using liquid
crystals (LCDs). Among the superior characteristics of
these displays is higher dynamic range, wider viewing
angle, and, often, lower power consumption. The power
consumption of emissive display technologies, however,
is directly dependent upon the signal that is input to the
display device since the typical emissive display will re-
quire almost no power to produce a black image but a
significantly higher power to produce a highly luminous
white image. More recently, organic light emitting diodes
(OLEDs) have been discussed for use in displays and
other light emitting devices. Like CRTs and plasma dis-
plays, devices constructed based on OLEDs are emis-
sive and have the characteristic that power consumption
is dependent upon the input signal.

[0003] Itis known to control the power of an emissive
display by controlling the input signal to the display. For
example, US 6,380943 entitled "Color Display Appara-
tus", US 2001/0035850 entitled "Image reproducing
method, image display apparatus and picture signal com-
pensation device", US 2003/0085905 entitled "Control
apparatus and method for image display", US
2001/0000217 entitled "Display Apparatus", US
2003/0122494 entitled "Driving Device for Plasma Dis-
play Panel" all discuss methods for controlling the power
of an emissive display, generally plasma displays, where-
in the power is estimated for each field or frame of an
image signal and the data signal is scaled as a function
of some estimate of the average field or frame power to
control the overall power of the emissive display. The
primary goals of the methods described within these dis-
closures are to reduce the peak power requirements of
the display devices and/or to control the heat thatis gen-
erated within these display devices. However, these dis-
closures do not address the fact that active matrix elec-
troluminescent displays such as OLED displays use a
driving arrangement that is significantly different in struc-
ture than is applied in plasma displays and therefore re-
quire a different approach to power reduction to avoid
imaging artifacts while reducing the power of the display
device.
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[0004] In a typical voltage-driven active matrix OLED;
apixeldriving circuitis provided thatregulates the current
provided to each OLED within the display device based
upon a separate data voltage signal. The currentsupplied
to the OLED by this pixel driving circuit is also somewhat
dependent upon the voltage supplied to the circuit by a
pair of power lines, comprising a supply power line and
a return power line. Ideally, the voltage supplied by the
power lines is will be constant for each pixel driving circuit.
However, current is typically provided to a large number
of OLEDs by a single pair of power lines. Because the
power lines have a finite resistance, an unintended volt-
age differential is produced that is proportional to the cur-
rent that is conducted through each power line and the
resistance of each power line. Since the unintended volt-
age differential is positively correlated with current and
resistance, the loss of voltage along the power lines will
be larger when the lines carry high currents or when the
lines have a high resistance. This results in variation in
the voltage supplied to each pixel driving circuit along
the power lines, and subsequent variation in both the
current and luminance of each OLED supplied by the
power lines. The phenomenon that produces this unin-
tended voltage differential is commonly referred to as "IR
drop". Further, because the resistance of the power lines
increases with length, this IR drop will resultin the gradual
loss of luminance for OLEDs along the power lines as
the distance from the power source increases. This loss
of luminance has the potential to create undesirable im-
aging artifacts. Therefore, there is a need to limit unin-
tended voltage drops to avoid these artifacts. IR drop
may also occur in electroluminescent display devices
which employ other active matrix drive schemes and can
result in undesirable imaging artifacts when using these
drive schemes as well.

[0005] One method to overcome this problem is to re-
duce the resistance of the power lines as suggested in
US 2004/0004444 entitled "Light emitting panel and light
emitting apparatus having the same". Resistance can be
reduced by using more conductive materials or by in-
creasing the cross-sectional area of the power lines. In
some cases, a highly conductive plane of material can
be used in place of one or more individual power lines to
reduce the resistance, but this depends on the structure
ofthe device, anditis not always possible to find materials
with sufficient properties and/or methods to produce this
plane of material. Similarly, the materials that are avail-
able to reduce resistance and the cross-sectional area
of individual power lines are often fixed by the manufac-
turing technology that is available, so it is often not cost
effective to reduce the resistance of the power lines. Fi-
nally, in largerdisplays, the power lines are typically long-
er and there are a larger number of OLEDs connected
to each set of lines. The power lines therefore tend to
have higher resistance and tend to carry higher currents
than those on smaller displays. This often limits the size
or luminance of displays that can be produced using
OLED technology.
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[0006] It should further be noted that this effect is re-
duced when the power efficiency of the OLED display
device is improved, because less current is needed to
produce a given OLED luminance. Therefore, if methods
could be developed to reduce the artifacts that occur as
a function of IR drop, it may be possible to employ these
methods in conjunction with methods to reduce the power
of the OLED display device, such as the use of more
efficient subpixels as described in US 2004/0113875 en-
titled "Color OLED display with improved power efficien-
cy" and US 2005/0212728 also entitled "Color OLED dis-
play with improved power efficiency" to produce larger
and/or higher luminance OLED displays than can be pro-
vided using more conventional RGB technology.
[0007] It has been suggested that automatic bright-
ness limits can be imposed on OLED displays to limit
their power. US 6,690,117 entitled "Display device hav-
ing driven-by-current type emissive element" discusses
a resistor that is placed between the power source and
the power lines of an OLED display device. A current
dependent voltage drop then takes place across this re-
sistor, reducing the voltage when high currents are
present (i.e., when the display has a high relative lumi-
nance). This results in a lower data voltage at every
OLED in the display and therefore reduces the current
that is required at each OLED at the cost of lower lumi-
nance. The voltage drop across this resistor can also be
sensed and the contrast of the input signal can be mod-
ified, dependent upon the voltage drop. While this tech-
nique does reduce the peak currents that must be deliv-
ered and therefore limits the voltage drop that can occur
across the power lines due to IR drop, this technique
does not allow a predictable response at each OLED. In
fact, it can actually result in additional undesirable arti-
facts as some TFTs in the panel may be driven at a volt-
age level below their saturation region, resulting in a fur-
ther reduction, and more variability, in the current con-
ducted through the OLEDs for a given data voltage. For
this reason, the technique taught, while controlling the
power of an active matrix OLED display, can contribute
to unintended luminance non-uniformities in the display
device, reducing the quality of theimage thatis displayed.
[0008] US20050062696 entitled "Display apparatus
and method of a display device for automatically adjust-
ing the optimum brightness under limited power con-
sumption" provides a function similar to US 6,690,117 as
a resistor is attached to the cathode which also results
in reducing the voltage drop across an OLED in the pres-
ence of high currents. This approach does not, however,
solve the problems associated with the earlier disclosure
and does not provide a method for adjusting the contrast
in response to changes in display luminance.

[0009] In any digitally implemented automatic bright-
ness level scheme a significant component is the method
that is used to estimate the quantity that is to be limited.
US 6,380943 entitled "Color Display Apparatus" particu-
larly discusses a method for controlling the power con-
sumed wherein this method includes a method for esti-
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mating the power consumed by a RGB display, which
might include a "light emission diode apparatus”. Within
the power estimation method, the power consumed by
each color channel is calculated individually using differ-
ent gains and the resulting values are summed to com-
pute the total power. Generally, the method for controlling
the power is applied to the entire field or frame of data.
This disclosure does recognize that it may be desirable
to update a portion of a display device at a time to reduce
memory requirements and therefore power may be com-
puted for a sub-region within the display at a time. How-
ever, the described methods can still result in objection-
able artifact levels as this disclosure does not recognize
or propose a solution to the problem that IR drop can be
different for different power lines and that different lumi-
nance levels may result between light emitting elements
driven by neighboring power lines when high current
loads are present.

[0010] International patent application publication WO
2004/023446 discloses an active matrix electrolumines-
cent display device, in which an overall brightness level
of an image to be displayed in a frame period is deter-
mined. A drive transistor of each pixel is controlled in
dependence on an input drive signal for the pixel and on
the overall brightness level, for example using a signal
processor to vary the pixel drive signals. This arrange-
ment can control the pixels to limit the maximum currents
drawn by the pixels, thereby limiting the cross talk effects
resulting from voltage drops along row or column con-
ductors. If an image is bright, the pixel drive levels across
theimage (or atleast a part of the image) can be reduced,
so that the maximum brightness is reduced.

[0011] U.S. Patent Application Publication No.
2003/0122813 discloses a display panel driving device
and driving method for providing high quality images with-
outirregularluminance even after long-time use. The val-
ue of the light-emission drive current flowing when caus-
ing each light-emission elements bearing each pixel to
independently emit light in succession is measured, then
the luminance is corrected for each input pixel data based
on the above light-emission drive current values, asso-
ciated with the pixels corresponding to the input pixel
data. According to another aspect, the voltage value of
the drive voltage is adjusted in such a manner that one
value among each measured light-emission drive current
value becomes equal to a predetermined reference cur-
rent value. According to a further aspect, the current val-
ue is measured while an off-set current component cor-
responding to a leak current of the display panel is added
to the current outputted from the drive voltage generator
circuit and the resultant current is supplied to each of the
pixel portions.

[0012] There is a need, therefore, for a method that
reduces apparent artifacts in an electroluminescent dis-
plays such as an OLED display that can result when driv-
ing the display such as torequire high currentlevels along
power lines with a finite resistance in order to enable the
manufacture of larger and/or brighter displays.
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SUMMARY OF THE INVENTION

[0013] In accordance with the embodiments of the
present invention, an electroluminescent display system
is described in the independent claim 1 and dependent
claims 2 to 10.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a circuit diagram showing a circuit useful in
driving a voltage-driven, active matrix display device
of an embodiment of the current invention;

Fig. 2 is a top view of a display substrate for a display
useful for practicing an embodiment of the present
invention;

Fig. 3 is a depiction of an image artifact shown on a
display driven using prior art drive methods;

Fig. 4 is a depiction of the components in a display
system of an embodiment of the present invention;
Fig. 5 is a flow diagram depicting steps of a process
for driving a display according to an embodiment of
the present invention;

Fig. 6is aflow diagram depicting steps of an alternate
process for driving a display according to another
embodiment of the present invention;

Fig. 7 is a flow diagram depicting a detailed set of
steps for driving a display according to an embodi-
ment of the present invention;

Fig. 8 is a top view of a display substrate for a display
useful for practicing an embodiment of the present
invention;

Fig. 9 is a flow diagram depicting an alternate de-
tailed set of steps for driving a display according to
anther embodiment of the present invention; and
Fig. 10is a diagram depicting a relationship between
voltage and current in a typical organic light emitting
diode useful for practicing embodiments of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention provides a display sys-
tem including a display driver that analyzes the input sig-
nal to an electroluminescent display and modifies this
signal to limit the maximum unintended difference in cur-
rentdraw among regions of the display where the regions
represent groups of light-emitting elements, such as
OLEDs, that are driven by neighboring pairs of power
lines.

[0016] More specifically an electroluminescent display
system is provided, comprising: a display composed of
an array of regions, wherein the current to each of the
regions is provided by a pair of power lines and wherein
each region includes an array of light emitting elements
for emitting light; a pixel driving circuit for independently
controlling the current to each light-emitting element in
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response to an image signal, wherein the intensity of the
light output by each light emitting element is dependent
upon the current provided to the light emitting element;
and a display driver for receiving an input image signal
and generating a converted image signal for driving the
light emitting elements in the display, wherein the display
driver analyzes the input image signal to estimate the
current that would result at, at least, one point along at
least one of the power lines providing current to each of
the regions if employed without further modification,
based upon device architecture and material and per-
formance characteristics of device components, and
generates the converted image signal as a function of
the input image signal and the estimated currents. While
it is required to estimate the current that would result at,
at least one point along at least one of the power lines
providing current to each of the regions, when both of
the power supply and return lines have a significant finite
resistance it is preferable to estimate the current at, at
least, one point along each of the power lines in the pair
of power lines providing current to each of the regions.
[0017] The invention may be practiced in active matrix
displays having any number of pixel driving circuits for
controlling the current provided to an electroluminescent
light-emitting element such as an OLED as are known in
the art. However, one driving circuit useful for regulating
the current across an OLED that forms a light emitting
element in accordance with one embodiment of the cur-
rent invention is shown in Fig. 1. As shown in this figure,
this circuit is composed of a select line 2, a data line 4,
a select TFT 6, a capacitor 8, a power TFT 10, a supply
power line 12, OLED 14, a capacitor line 16 and a return
power line 18. To drive the OLED to a desired luminance,
a signal is provided on the select line 2, activating the
select TFT 6. The voltage provided on the data line 4 is
then used to charge the capacitor 8 to the desired voltage.
When this voltage is available to the power TFT 10, the
power TFT is activated and current is allowed to flow to
the OLED 14. The circuit is completed through the return
power line 18 to the power supply.

[0018] Within this drive scheme, the current provided
across the OLED 14 is ideally dependent upon only the
characteristics of the power TFT 10 and the voltage pro-
vided by the data line 4. In fact, the current provided
across the OLED 14 is dependent upon other factors,
including the gate-to-source and drain-to-source voltag-
es across the power TFT 10. In Fig. 1, a voltage will be
present at the gate 20 of the power TFT 10. Different
voltages may be present at 22, commonly referred to as
the source for p-type TFTs and as the drain for n-type
TFTs. A third voltage may be present at 24, which is
commonly referred to as the drain for p-type TFTs and
the source for n-type TFTs. Therefore, voltage variation
on the supply power line 12 and the return power line 18,
due to IR drops along these lines, can alter the current
provided across the OLED 14. In the case where the
power TFT 10 is an n-type transistor, as is the case in
an amorphous silicon (aSi) device, any variation in the
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voltage provided by the supply power line 12 results in
variation of both the gate-to-source and drain-to-source
voltages across the power TFT 10. Similarly, variations
in the voltage provided by the return power line 18 results
in variation of the drain-to-source voltage across the pow-
er TFT 10. In the case where the power TFT 10 is a p-
type transistor, as is typically the case in a low-temper-
ature polysilicon (LTPS) devices, any variation in the volt-
age provided by the supply power line 12 results in var-
iation of drain-to-source voltage across the power TFT
10. Similarly, variations in the voltage provided by the
return power line 18 results in variation of both the gate-
to-source and drain-to-source voltages across the power
TFT 10. Further, the IR drops that cause these voltage
variations on the power lines are not constant but vary
as a function of the current required to drive the OLEDs
along the power line pairs.

[0019] In a typical active matrix OLED display, several
light emitting elements share a common pair of power
lines. The supply power lines are often laid out to run in
the horizontal or vertical axis of the display. These supply
power lines often share a layer in the back plane of the
display with other components, often the select lines.
Therefore, these supply power lines often provide power
to a narrow horizontal or vertical area of the display. The
return power lines, on the other hand, are often construct-
ed as a return power plane on top of the electrolumines-
cent layers of the display. In some cases, the return pow-
er plane is connected to separate return power lines, sim-
ilar to the supply power lines, on the backplane of the
display. The need for these return power lines on the
substrate is dependent upon the conductivity of the ma-
terial used to create the return power plane. In other cas-
es, each light emitting element of the OLED display is
separately connected to a return power line on the sub-
strate. In this later case, the return power lines often re-
turn power from a narrow horizontal or vertical area of
the display. When the return power line is constructed
as areturn power plane, it is possible that the return pow-
er line will have a significantly lower resistance than the
supply power line. Under circumstances where one of
the pair of power lines has a significantly lower resistance
than the other, it may be adequate to estimate the current
at, at least one point along the power line having the
higher resistance.

[0020] A layout diagram for the portions of the drive
circuitry used to drive four neighboring light emitting el-
ements 30, 32,34, and 36 is shown in FIG. 2. FIG. 2
shows the construction of the various circuit components
such as select transistor 6, storage capacitor 8, and pow-
er transistor 10. The drive circuitry components are fab-
ricated using conventional integrated circuit and thin film
transistor fabrication technologies. Select transistor 6 is
formed from a first semiconductor region 40 using tech-
niques well known in the art. Select transistor 6 is shown
as a double gate type transistor, however, this is not re-
quired for successful practice of the present invention
and a single gate type transistor could also be used. Sim-
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ilarly, power transistor 10 can be formed in a second sem-
iconductor region 42. The first semiconductor region 40
and second semiconductor region 42 are typically formed
in the same semiconductor layer. This semiconductor
layer is typically silicon and is preferably polycrystalline
or crystalline, but can also be amorphous. This first sem-
iconductor region 40 also forms one side of storage ca-
pacitor 8. Over the first semiconductor region 40 and sec-
ond semiconductor region 42 is an insulating layer (not
shown) that forms the gate insulator of select transistor
6, the gate insulator for power transistor 10, and the in-
sulating layer of storage capacitor 8. The gate of select
transistor 6 is formed from part of select line 2a, which
is formed in the first conductor layer. Power transistor 10
has a separate power transistor gate 44 also preferably
formed in the first conductor layer. The other electrode
of storage capacitor 8 is formed as part of capacitor line
16a, also preferably formed from the first conductive lay-
er. Power line 12a and data line 4a are preferably formed
from a second conductive layer. One or more of the signal
lines (e.g. select line 2a) frequently cross at least one or
more of the other signal lines (e.g. data line 4a), which
requires these lines to be fabricated from multiple con-
ductive layers with at least one interlayer insulating layer
(notshown) in between. Afirst electrode 46 of the organic
light emitting diode is connected to power transistor 10.
An insulating layer (not shown) is located between the
first electrode 46 and the second conductive layer.
[0021] Connections between layers are formed by
etching holes (or vias) in the insulating layers such as
via 48 connecting data line 2a to the first semiconductor
region 40. Similarly, via 50 connects the power transistor
gate 44 to first semiconductor region 40, via 54 connects
the second semiconductor region 42 to power line 12a,
and the via 52 connects the second semiconductor re-
gion 42 the first electrode 46.

[0022] First electrode 46 serves to provide electrical
contact to the organic electroluminescent media of the
organiclightemitting elements. Over the perimeter edges
of the first electrode 46, an intersubpixel dielectric layer
(not shown) may be formed to cover the edges of said
electrodes and reduce shorting defects as described be-
low. The area of the first electrode 46, whichis in electrical
contact with the organic electroluminescent media, re-
duced by any area covered by dielectric material, defines
the emitting area of light emitting element 30. Within this
arrangement, a sheet of conductive material that is sput-
tered over the entire back of the display and acts as a
highly conductive return power line, or return power plane
(not shown).

[0023] While this embodiment refers to a specific con-
figuration of active matrix drive circuitry and subpixel de-
sign, several variations of conventional circuits that are
known in the art can also be applied to the present in-
vention by those skilled in the art. For example, one var-
iation in US 5,550,066 connects the capacitors directly
to the power line instead of a separate capacitor line. A
variation in US 6,476,419 uses two capacitors disposed
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directly over one and another, wherein the first capacitor
is fabricated between the semiconductor layer and the
gate conductor layer that forms gate conductor, and the
second capacitor is fabricated between the gate conduc-
torlayer and the second conductor layer that forms power
lines and data lines.

[0024] While the drive circuitry described herein re-
quires a select transistor and a power transistor, several
variations of these transistor designs are known in the
art. For example, single- and multi-gate versions of tran-
sistors are known and have been applied to select tran-
sistors in prior art. A single-gate transistor includes a
gate, a source and a drain. An example of the use of a
single-gate type of transistor for the select transistor is
shown in US 6,429,599. A multi-gate transistor includes
at least two gates electrically connected together and
therefore a source, adrain, and at least one intermediate
source-drain between the gates. An example of the use
of a multi-gate type of transistor for the select transistor
is shown in US 6,476,419. This type of transistor can be
represented in a circuit schematic by a single transistor
or by two or more transistors in series in which the gates
are connected and the source of one transistor is con-
nected directly to the drain of the next transistor. While
the performance of these designs can differ, both types
of transistors serve the same function in the circuit and
either type can be applied to the present invention by
those skilled in the art. The example of the preferred em-
bodiment of the present invention is shown with a multi-
gate type select transistor 6.

[0025] Also known in the art is the use of multiple par-
allel transistors, which are typically applied to power tran-
sistor 10. Multiple parallel transistors are described in US
6,501,448. Multiple parallel transistors consist of two or
more transistors in which their sources connected togeth-
er, their drains connected together, and their gates con-
nected together. The multiple transistors are separated
within the light emitting elements so as to provide multiple
parallel paths for current flow. The use of multiple parallel
transistors has the advantage of providing robustness
against variability and defects in the semiconductor layer
manufacturing process. While the power transistors de-
scribed in the various embodiments of the presentinven-
tion are shown as single transistors, multiple parallel tran-
sistors can be used by those skilled in the art.

[0026] As will be shown later, it is important to this in-
vention that some regions of light emitting elements are
provided power by different supply power lines. In the
embodiment depicted in Fig. 2, light emitting elements
are provided power by separate power lines for each col-
umn of light emitting elements. For example, light emit-
ting elements 30 and 32 are provided power by supply
power line 12a while light emitting elements 34 and 36
are provided power by supply power line 12b. It should
also be noted that the supply power lines 12 must share
the area with other components on the backplane. For
example, the supply power lines 12, select lines 2, and
at least portions of the power TFT 10 will typically be
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formed in one layer of the substrate. Further in bottom
emitting OLED embodiments, these components are fab-
ricated on a layer that is typically between the viewable
side of the display and its light emitting layer. Since the
supply power lines 12, select lines 2, and power TFT
materials 10 are typically opaque, these components typ-
ically are designed so as not to overlap the emitting area
as defined by the first electrode 46. These constraints
limit the width of the supply power line 12 within traditional
backplane designs. It is further known that the perform-
ance of the power TFT is directly related to its thickness
and therefore the thickness of the supply power line 12
is often constrained to match the desired thickness of the
power TFT, which is typically formed from the same metal
layer. For these reasons, both the width and thickness
of the power line is often constrained and the metals that
are commonly used to form this layer (e.g., Aluminum)
often have a significant, finite amount of resistance.
[0027] It is further understood that, due to the finite
resistance of the supply power line, voltage losses may
occur along the supply power line when the supply power
line is subjected to high currents and that high currents
will be required when the power lines must supply power
to a large number of light emitting elements or the light
emitting elements each require a high current to achieve
a high luminance. In fact, the voltage loss will be propor-
tional to the product of the resistance and current. There-
fore, voltage will dissipate as a function of the distance
along the power line. This dissipation will happen along
the power and the return lines. In a circuit such as shown
in Fig. 1, the voltage at the gate of the power TFT 10
directly affects the current that is provided across the
OLED and since the light output of an OLED is directly
proportional to the current that it is subjected to, a loss
in voltage along the power line 12 will result in lower light
output for light emitting elements connected to acommon
power line that are furthest from the point where the pow-
er line is connected to an external power supply, where
this loss of light output is proportional to the resistance
of the power and return lines as well as the current that
is required to display a desired input image signal.
[0028] Fortunately, the human visual system is rela-
tively insensitive to low spatial frequency changes in lu-
minance. Therefore, within a typical desktop or wall-
mounted display, the luminance may vary by as much
as 30 percent across the height or width of the display
without being observable or at least objectionable to the
human observer. Therefore, under many circumstances,
the loss in voltage and the corresponding loss in display
luminance with distance from the power supply may not
result in substantial image quality artifacts. This is par-
ticularly true when displaying flat fields and many typical
images. However, the inventors have determined that
these unintended luminance variations resulting from IR
drop along power lines can under certain circumstances
be directly observed and objectionable to users of the
display device. The inventors have also observed that
while the artifacts may not be directly observable when
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viewing many typical images, these unintended lumi-
nance variations can degrade local contrast and there-
fore reduce the overall image quality.

[0029] Fig. 3 shows a depiction of one such set of ob-
servable conditions. This figure depicts a resulting image
from a typical OLED display device having a power con-
nector at the bottom of the display. When this display is
driven using currents that are large enough to resultin a
significant voltage drop along power lines that run from
the bottom to the top of the display device, artifacts can
occur.As shownin this figure, awhite area 60 is displayed
that has a high current draw. While this white area 60
may be higherin luminance near the bottom of the display
where the power lines enter the display than near the top
of the display, because this luminance changes gradu-
ally, the human eye is incapable of detecting this gradual
change. To either side of this white area, two black areas
62 and 64 are displayed. Agray bar 66is displayed across
the entire top of the display. While displayed using the
same input voltage, gray bar 66 is not uniform in lumi-
nance due to different IR drops along the different power
lines driving the areas 66a, 66b and 66c as a result of
the different currents drawn in area 60 relative to that in
areas 62 and 64. In fact, the areas 66a and 66¢c, which
are driven by the same power lines as the two black areas
62 and 64 are significantly higher in luminance than the
area 66b, which is driven by the same power lines as is
the white area 60. Unlike the gradual change in lumi-
nance of the white bar from the bottom to the top of the
display, the change in luminance across the area 66,
which is intended to be uniform, is sudden and visible.
The luminance change occurs between neighboring
OLEDs at the boundary between 66a and 66b and the
boundary between 66¢ and 66b, due the resulting differ-
ence in current between neighboring power lines. This
sudden and unintended change in luminance is very de-
tectable to the human eye and presents a very undesir-
able display artifact. It is the intent of embodiments within
this disclosure to reduce the luminance variation that can
occur between neighboring OLEDs that are driven by
neighboring power lines when the peak luminance of the
display is such that currents are high enough to create
artifacts of this type.

[0030] Toovercome this artifact,an OLED display sys-
tem 70 is provided as shown in Fig. 4. This OLED display
system 70 includes a power supply 72, which provides
power to the display 74, and a display driver 76 for re-
ceiving an inputimage signal and generating a converted
image signal for driving the light emitting elements in the
display 74. The display 74, a portion of which is depicted
in Fig. 2, contains an array of power lines 78 for providing
current to an array of regions (in this embodiment col-
umns) on the display 74 wherein each region includes
an array of light emitting elements 82 and pixel driving
circuitry for responding to the converted image signal to
control the currentto each light emitting element. It should
once again be noted that the power supply 72 is a con-
ventional power supply as is known in the art and the
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display is any display having current driven light emitting
elements wherein the current to the light emitting ele-
ments are actively controlled using a pixel driving circuit.
[0031] To avoid the artifacts as were shown in Fig. 3
the display driver will generate a converted image signal
that limits or reduces the unintended variation in current
draw and therefore luminance output from light emitting
elements within neighboring regions of the display 74. In
one embodiment, the display driver limits the unintended
variation in current supplied to light-emitting elements in
neighboring regions of a display by generating the con-
verted image signal as a function of one or more normal-
ization constants based on the relative values of the es-
timated current values and a reference value. Such cor-
rection may be achieved, e.g., by applying a method com-
prised of the following steps shown in Fig. 5: 1) deter-
mining 90 the light emitting elements in the display device
that receive current from each power line, 2) receiving
92 an inputimage signal, 3) estimating 94 the current at,
atleast, one point along each power line if the inputimage
signal were to be displayed, 4) determining 96 one or
more correction factors based upon the estimated current
to be provided by a power line where the one or more
correction factors is compared to a reference current val-
ue, 5) applying 98 the one or more correction factors to
the image signal to generate a converted image signal,
this converted image signal producing final image with
reduced unintended current variations between light-
emitting elements in neighboring regions of the display
device, and 6) displaying 100 the converted image signal.
[0032] In one specific embodiment, the display driver
may estimate peak currents for each power line and com-
pute a normalization constant based on the ratio of the
maximum estimated peak current to the reference value,
and apply the normalization constant to the input image
signal to generate the converted image signal. The dis-
play driver may in an alternative embodiment generate
the converted image signal by computing modified nor-
malization constants for each region of the display as a
filtered version of an initial set of normalization constants
computed for neighboring regions. In either of such em-
bodiments, the display driver may further generate con-
verted image signals for individual input image signals in
a temporal image sequence by computing modified nor-
malization constants for the multiple input image signals
as afiltered version of an initial set of normalization con-
stants computed for individual images in the sequence.
[0033] Withinembodiments ofFig. 5, the reference cur-
rent value will generally be a maximum current value that
is established such that for the given resistance of the
power and return lines, the maximum voltage drop across
the length of the power line is small enough that the max-
imum unintended variation in current between light emit-
ting elements within neighboring regions is acceptable.
Within applications, such as graphical displays, that tend
to use large areas of uniform color, this maximum voltage
drop may be such that the luminance difference between
neighboring regions (e.g., 66a and 66b) when displaying
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a target similar to the one shown in Fig. 3 is less than 5
percent and preferably less than 2 percent, which is near
the threshold of visibility for the human eye. In imaging
applications where the absence of large areas of nearly
uniform color may hide this artifact to some degree, this
maximum voltage drop may be such that the resulting
luminance difference between neighboring regions is 10
percent or less but preferably less than 2 percent.
[0034] The correction factor or factors may be used to
decrease the current used to drive one or more light-
emitting elements within adisplay device and to therefore
reduce the power required to drive the display device. In
some embodiments of the present invention, the correc-
tion factor or factors may be used to increase the current
used to drive one or more of the OLEDs of an OLED
electroluminescent display device. When the correction
factor(s) are used to increase the current of one or more
of the OLEDs, this increase in current will increase the
power required to drive the display device but may also
result in a display device having an increased peak lu-
minance and therefore an increased perceived bright-
ness. However, in all embodiments, the resulting image
that is displayed will have a reduced level of unintended
luminance variation for a given peak luminance level.
[0035] Inasecond embodiment, the display driver lim-
its the unintended variation in currentdraw between light-
emitting elements in neighboring regions of a display de-
vice by increasing the data value within regions of the
display where the loss of voltage is likely to produce a
loss of luminance. This method may comprise the follow-
ing steps shown in Fig. 6 (e.g., when employed for an
OLED display): 1) determining 110 the light emitting el-
ements in the display device in each region, 2) receiving
112 an input image signal, 3) estimating 114 the current
that each power line will provide at one or more OLEDs
along the power line, 4) estimating 116 the voltage loss
at the power supply and return connections of at least
one pixel driving circuit due to IR drop along each power
line, 5) determining 118 one or more correction factors
based on the voltage loss, 6) applying 120 the one or
more correction factors to the image signal to reduce
unintended current variations for neighboring OLEDs
within different regions, and 7) displaying 122 the cor-
rected image signal.

[0036] Once again, a perfect correction is not required
but the luminance difference between neighboring re-
gions, when displaying a target such as the one shown
in Fig. 3, should be less than 10 percent for imaging dis-
plays, less than 5 percent for graphical displays, and pref-
erably less than 2 percent for the maximum voltage drop.
This method also allows the luminance loss within a re-
gion to be corrected and ideally, this luminance loss will
be less than 2 percent for any neighboring pixels and
less than 20 percent along the entire length of the power
line.

[0037] These embodiments may each be further de-
scribed and will be dependent upon the characteristics
of the display device on which they are implemented. In
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one preferred embodiment, the display may consist of
rows or columns of red, green and blue light emitting
elements, each row or column being driven by an indi-
vidual power line. Within this embodiment, the IR drop
may be different for the differently colored light emitting
elements. Therefore, it is not only possible to have non-
uniformities in image luminance but to also have color
errors as the IR drop may be higher for one region of light
emitting elements having a first color than for a neigh-
boring region of light emitting elements having a second
color.

[0038] In such an embodiment, the display driver may
utilize a process as depicted in Fig. 5. One possible ver-
sion of this process, providing a more detailed implemen-
tation, is shown in Fig. 7. As shown in Fig. 7, the light
emitting elements in each region are determined 130.
This determination will be stored or encoded within the
display driver. The display driver will then receive 132 an
input image signal, which may be encoded into any color
space, including for example in sRGB color space.
[0039] In an optional step, the primary coordinates of
the display and white point may be input 134 and used
to transform 136 the input RGB signal to linear intensity.
This transformation to linear intensity will often involve a
look-up table to transform the input values, which are
often in a gamma-encoded color space, to values that
are linear with the desired luminance output of the dis-
play. This transform may also include a matrix rotation
to account for differences between the assumed chro-
maticity coordinates of the display primaries and the
chromaticity coordinates of the actual display primaries.
It should be noted that performing these optional steps
is preferred for OLED displays as the current used to
drive an OLED is approximately linearly related to the
output luminance of the display so the transformation of
the input image to a color space that is linear with output
display luminance improves the accuracy or simplifies
the estimation of the aim current to each OLED. Other
optional steps, such as additional color or spatial
processing of the linear intensity values may also be per-
formed such that the resulting values are as represent-
ative of the values that are to be displayed.

[0040] To estimate currents, it is then necessary to
convert the linear intensity values to luminance values.
To accomplish this, the peak white point of the display is
determined 138. This value may be stored within the dis-
play driver. This value may then be scaled 140 according
to other influences such as a user control, an ambient
light sensor, or a temperature sensor that may be used
to provide scale values to this peak white luminance of
the display. Knowing the final peak white point of the
display, the chromaticity coordinates of the display pri-
maries and the white point of the display may be used to
compute 142 the peak luminance value for each color
channel using techniques known in the art. Fill factors
are then input 144 for each color of light emitting element.
These values represent the proportion of the total display
area that emits each color of light. The peak luminance
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values for each color channel obtained in step 142 are
then adjusted 146 based upon the fill factors for color of
light emitting element that were obtained in step 144. As
an example of this adjustment, if only 10% of the light
emitting area of the display emits light of a given color,
then the peak luminance of light emitting elements of that
given color must be 10 times the luminance computed in
step 142 to achieve the desired peak luminance value
when averaged across the entire display panel. The de-
sired luminance intensity for each light emitting element
may then be determined 148 by multiplying the linear
intensity values by the peak luminance values for each
light emitting element of a given color.

[0041] To calculate the current required, the efficien-
cies are then input 150. These efficiencies relate current
to peak luminance values. Since the relationship be-
tween current and luminance are approximately linearly
related, these efficiency values may be single scalars for
each color of light emitting element but may be modeled
using more complex formula, such as a scalar and an
offset or even a nonlinear function relating current to lu-
minance. These input efficiencies are then applied to cal-
culate 152 the current required to obtain the luminance
intensity values as computed in step 148. It should be
further noted that while this set of computations appear
relatively complex, many simplifications may be made in
practice. For example, some or all of the steps 138, 142,
144,146, and 150, may be combined to compute a single
value that can be scaled according to step 140 and the
resulting value may be used to calculate 152 current from
the intensity values determined in step 148. This combi-
nation process may be done during design of the product
and the final value stored within the display driver 78.
[0042] Once the current is calculated for each point,
the current is summed 154 for each spatial region. The
maximum of these sums are then determined 156. A
maximum allowable region current is then obtained 158.
This value represents the maximum current that a power
line may supply while still having maximum voltage loss
thatwhen compared to the voltage loss of the neighboring
region will not create objectionable image artifacts. This
value maybe a theoretical value, determined, for exam-
ple, by assuming that one region consisted of a high cur-
rent region nearer the power line connector than a lower
current region, where the lower current region draws as
little current as possible and determining that the result-
ing change in luminance between a uniform region dis-
played at the maximum distance from the power connec-
tor and bridging the two regions is within the limits men-
tioned earlier. Using this value, a ratio is then computed
160 between this maximum region current and the max-
imum allowable region current. This ratio is then subject-
ed to smoothing operation such as computing 162 a time
weighted ratio of this value with a plurality of the most
recentvalues that were calculated for the respective most
recently displayed images. This time weighted ratio is
then applied 164 to the linear intensity values computed
in step 136. Finally, in a voltage driven system, look-up-
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tables areinput 168 that provide a conversion fromimage
intensity to a metric that is linear with the voltage values
that are used to drive the final display. The values ob-
tained in step 164 are then rendered 170 using these
look-up-tables and displayed 172.

[0043] It will be recognized, that numerous modifica-
tions can be made to the process shown in Fig. 7 while
fulfilling the more general steps shown in Fig. 5. For in-
stance, it might be noted that by completing steps 156
through 164 the maximum unintended variation between
any of the regions is constrained. However, as noted be-
fore, this is not a necessary condition as the unintended
variation may be larger if spread over a large portion of
the display rather than occurring within a localized area
of the display. Therefore, the maximum difference in cur-
rent between two neighboring regions is less than the
maximum difference in current between regions that are
separated by a large spatial expanse. This fact may be
utilized by replacing steps 156 through 164 with steps
that involve applying a low pass filter to the currents for
each spatial region, normalizing the peak of the resulting
function to the maximum region current and then deter-
mining the ratio of the resulting values to the maximum
allowable region current. The resulting values may be
normalized by the maximum allowable region current.
These values, or some time-weighted version of these
values may then be applied to the linear intensities within
each region before rendering 170 them.

[0044] The process in Fig. 7 normalizes the three dif-
ferently colored light emitting elements equally. It is also
possible that one may wish to calculate the maximum
current for any of the color channels and use these indi-
vidual values to apply different normalizations to the three
different color channels. It should be noted that localized
color biases may be present if these different normaliza-
tion constants are used. However, users may find some
level of these color errors acceptable and by applying
different weightings the perceived brightness of the im-
age may be increased without introducing objectionable
color errors.

[0045] The display device shown in Fig. 2 may be a
monochrome, a multicolor, or full color display device. A
full color display device may be a three-color display de-
vice, employing, for example red, green, and blue light
emitting elements. However, the display device may pro-
vide more than three colored light emitting elements. The
light emitting elements may for example include red,
green, or blue light emitting elements in addition to yellow,
cyan, magenta, or white light emitting elements. One em-
bodiment employing more than three color of light emit-
ting elements is shown in Fig. 8. As shown in this figure,
the display may be comprised of red 180, blue 182, green
184, and white 186 light emitting elements. As shown in
Fig. 8, the display elements are each configured similarly
to the display device as shownin Fig. 2 with each element
is driven by a select line 2a or 2b, a data line 4a or 4b,
aselect TFT 6, a capacitor 8, a power TFT 10, a supply
power line 12, OLED 14, a capacitor line 16a or 16b and
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aretum power line 18 (not shown) which provides a con-
nection to ground. The supply power line 12 is shared
between each of the four or more colored elements in
the embodiment of Fig. 8, a feature that is beneficial to,
but not required by the present invention.

[0046] Itis important to note that the process shown in
Fig. 7 must be modified when it is to be used in conjunc-
tion with a display device having more than three colors
of light emitting elements as the device will typically re-
ceive an RGB signal that must be converted to a signal
to drive four or more color light emitting elements. To
implement such a conversion process, an additional set
of processing is preferably inserted between step 136
wherein the input signal is converted to an RGB linear
intensities and step 148 wherein the luminance is deter-
mined for each light emitting diode. Any number of three
to four color conversion processes may be employed be-
tween these two processing steps; including those dis-
cussed in US Patent 6,897,876, entitled "Method for
transforming three colors input signals to four or more
output signals for a color display”, US Patent 6,885,380,
entitled "Method for transforming three colors input sig-
nals to four or more output signals for a color display”,
and US 2005/0212728 entitled "Color OLED display with
improved power efficiency”, which are herein included
by reference.

[0047] In a specific embodiment, display systems of
the invention accordingly may contain more than three
different colors of light emitting elements, and the display
driver transforms a three-color input image signal to a
four or more color image input signal, and generates the
converted image signal for driving the light emitting ele-
ments in the display as a function of the four or more
color input image signal and estimated currents that
would result at, at least, one point along each power line
if employed without further modification of the four or
more color input image signal. The display may contain
light emitting elements having colors to form atleast three
gamut defining primaries and at least one additional
colored light emitting element that provides an in-gamut
color. Alternatively, the display may contain light emitting
elements having colors to form at least three gamut de-
fining primaries and at least one additional colored light
emitting element that provides a gamut expanding color.
[0048] While any color conversion process may be em-
ployed within such a display device, it is desirable that
the color conversion process for a display device having
red, green, and blue light emitting elements with at least
one additional color light emitting element be performed
such that a proportion of the red, green, or blue linear
intensity values are subtracted from the input red, green,
and blue linear intensity values and added to the linear
intensity values for the at least one additional color light
emitting element. Note that in the case that the at least
one additional color light emitting element is more effi-
cient than one or more of the red, green, and blue light
emitting elements, less current will typically be required
to display an image using the modified linear intensity
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values as discussed in US 2005/0212728 entitled "Color
OLED display with improved power efficiency" and US
2004/0113875 entitled "Color OLED display with im-
proved power efficiency". As such, the use of four or more
light emitting elements in the display device may reduce
the overall current demand of the display device and re-
duce the ratio of the maximum current to the sum that is
computed in step 160 of Fig. 7, reducing the magnitude
of the difference in the converted image signal.

[0049] The embodiments that have been described
thus far employed the method as depicted in Fig. 5. How-
ever, as noted.before, an alternative embodiment may
be employed in which the display driver limits the unin-
tended variation in current draw between light-emitting
elements in neighboring regions of the display device by
increasing the data value within regions of the display
where the loss of voltage is likely to produce a loss of
luminance as shown in Fig. 6. One specific embodiment
of this second method is more fully depicted in Fig. 9 for
the display device depicted in Fig. 8. As shown in Fig. 9,
the light emitting elements in each region are determined
190. This determination will be stored or encoded within
the display driver. The display driver will then receive 192
an input image signal, which may be encoded into any
color space, including for example in sSRGB color space.
[0050] In an optional step, the primary coordinates of
the display and white point may be input 194 and used
to transform 196 the input RGB signal to linear intensity.
This transformation to linear intensity will often involve a
look-up table to transform the input values, which are
often in a gamma-encoded color space, to values that
are linear with the desired luminance output of the dis-
play. This transform may also include a matrix rotation
to account for differences between the assumed chro-
maticity coordinates of the display primaries and the
chromaticity coordinates of the actual display primaries.
These optional steps are preferred for OLED displays as
the current used to drive an OLED is approximately lin-
early related to the output luminance of the display so
the transformation of the input image to a color space
that is linear with output display luminance improves the
accuracy or simplifies the estimation of the aim current
to each OLED. Other optional steps, such as additional
color or spatial processing of the linear intensity values
may also be performed such that the resulting values are
as representative of the values that are to be displayed.
For the display shown in Fig. 8, it is necessary to convert
208 the RGB linear intensity values into RGBW linear
intensity values. This may be accomplished as discussed
earlier but will generally entail determining the minimum
of the RGB linear intensity values for each pixel, sub-
tracting a portion of this value from each or the RGB linear
intensity values, and creating a white value that is com-
posed of a proportion of the minimum of the RGB linear
intensity values.

[0051] To estimate currents, it is then necessary to
convert the linear intensity values to luminance values.
To accomplish this, the peak white point of the display is
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determined 198. This value may be stored within the dis-
play driver. This value may then be scaled 200 according
to other influences such as a user control, an ambient
light sensor, or a temperature sensor that may be used
to provide scale values to this peak white luminance of
the display. Knowing the final peak white point of the
display, the chromaticity coordinates of the display pri-
maries and the white point of the display may be used to
compute 202 the peak luminance value for each color
channel using techniques known in the art. Fill factors
are then input 204 for each color of light emitting element.
These values represent the proportion of the total display
area that emits each color of light. The peak luminance
values for each color channel obtained in step 202 are
then adjusted 206 based upon the fill factors for color of
light emitting element that were obtained in step 204. As
an example of this adjustment, if only 10% of the light
emitting area of the display emits light of a given color,
then the peak luminance of light emitting elements of that
given color must be 10 times the luminance computed in
step 202 to achieve the desired peak luminance value
when averaged across the entire display panel.

[0052] The desired luminance intensity for each light
emitting element may then be determined 210 by multi-
plying the linear intensity values for the RGB values by
the peak luminance values for each light emitting element
of a given color and multiplying the linear intensity value
for the W channel by the sum of the RGB peak luminance
values.

[0053] To calculate the current required, the efficien-
cies are then input 212. These efficiencies relate current
directly to peak luminance values. Since the relationship
between current and luminance are approximately line-
arlyrelated, these efficiency values may be single scalars
for each color of light emitting element but may be mod-
eled using more complex formula, such as a scalar and
an offset or even a nonlinear function relating current to
luminance. These input efficiencies are then applied to
calculate 214 the currentrequired to obtain the luminance
intensity values as computed in step 210. It should be
further noted that while this set of computations appear
relatively complex, many simplifications may be made in
practice. For example, some or all of the steps 198, 200,
202,204, and 206, may be combined to compute a single
value that can be scaled according to step 210 and the
resulting value may be used to calculate 214 current from
the intensity values determined in step 208. This combi-
nation process may be done during design of the product
and the final value stored within the display driver 78.
[0054] Once the current is calculated for each point,
the current is summed 216 for numerous points along
the power line. Note that ideally this calculation would be
performed by summing the current for each light emitting
element that proceeds the point of calculation along the
power line. That is, for the light emitting element closest
to the power supply, the currents for all of the light emitting
elements would be summed. For the next light emitting
element, the values for all except the first light emitting
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element would be summed, etc. This step provides an
estimate of the current at each point along the power line.
The next step is to determine 218 the voltage loss due
to IR drop along the power line. This may be accom-
plished by computing the summed current at each light
emitting element by the resistance of the power line be-
tween any two light emitting elements. This provides an
estimate of voltage loss between any two points along
the power line. To determine the voltage loss from the
beginning of the power line to each light emitting element,
the voltage loss is summed across all light emitting ele-
ments that precede the light emitting element of interest
along the power line. A voltage adjustment is then deter-
mined 220. One such adjustment is to determine an ad-
justment value that is equal to the voltage loss. While this
willimprove uniformity, it may not completely remove any
uniformity bias since increasing the voltage at each
OLED will increase the current that each OLED will re-
quire. The relationship 230 between voltage and current
draw across a typical OLED is shown in Fig. 10. As this
figure shows, increases in voltage will generally increase
the current demand of the OLED, which will further in-
crease the voltage loss across the bus. While itis possible
to perform an optimization procedure to correct for this
interdependent relationship, it can also be noted that the
ideal solution will tend towards higher voltages, and
therefore a value greater than the voltage loss may be
used as the voltage adjustment.

[0055] Returningto Fig. 9, the RGBW linear intensities
converted in step 208 are then rendered through LUTs
to convert them to a quantity that is linear with data volt-
age for each light emitting element. The rendered values
are then adjusted 224 based upon the voltage adjustment
values determined in step 220. The resulting adjusted
rendered values are then used to display 226 the image.
Notice that in this procedure the voltage loss will be larg-
est at the point furthest from the power supply and when
the currents along the power line are large. The adjust-
ment will be smaller when the currents along the power
line are small. In this way, this procedure can be used to
improve the uniformity of the resulting images.

[0056] While the methods shown in Figs. 5 and 6 are
shown as two separate alternatives, it should be noted
thatitis also possible to combine these methods as they
each require that the current be estimated at one or more
points along the power line, and that the input signal be
modified based upon this current estimate before it is
displayed.

[0057] The embodiments provided have described ap-
plication with voltage driving methods. Similar embodi-
ments can be described for devices employing other ac-
tive matrix circuits including pulse width modulated, volt-
age driven circuits and current driven circuits. Current
driven circuits have been described by Date et al. in a
paper entitled "Development of Source Driver LSI for
AMOLED Displays Using Current Driving Method" pub-
lished in the 2003 Proceedings of the Society for Infor-
mation Display Conference. As described by this paper,
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the circuit generally provides a constant current to the
OLED. Therefore the imaging artifacts present when this
designis used are significantly different. In a current driv-
en device, a reference current is provided to each light
emitting element as long as the power line is able to sup-
ply the necessary current. However, the higher the cur-
rent that must be provided within this circuit, the higher
the voltage necessary for each power line. Further, the
higher the current, the larger the IR drop and therefore
the higher the voltage necessary for each power line. If
the resistance of the power line is high enough, the power
supply 72 will be incapable of providing the voltage nec-
essary to support the current that is necessary to drive
all of the light emitting elements within each power line.
In this case, without applying the methods provided within
this disclosure, the power line will not carry adequate
current and therefore sufficient current will not be provid-
ed to at least some of the light emitting elements, provid-
ing dimmer or darker pixels than desired. In such a case,
the display driver may implement the process as shown
in Fig. 5 to limit the total current to a power line. This will
result in a lower luminance image than is desired but will
avoid imaging artifacts where some light emitting ele-
ments are less luminous than desired while others are
as luminous as desired. It is also possible to calculate
the maximum current that can be provided with a maxi-
mum voltage and to alter the inputimage signal such that
the voltage for any power line does not exceed the max-
imum.

[0058] Although this disclosure has been primarily de-
scribed in detail with particular reference to OLED dis-
plays, it will be understood that the same technology can
be applied to any active matrix electroluminescent dis-
play device that produces light as a function of the current
provided to the light emitting elements of the display.
Within such devices IR drop may occur along a power
line that is used to drive a plurality of such light emitting
elements. For example, this disclosure may apply to elec-
troluminescent display devices employing coatable inor-
ganic materials, such as described by Mattoussi et al. in
the paper entitled "Electroluminescence from heter-
ostructures of poly(phenylene vinylene) and inorganic
CdSe nanocrystals" as described in the Journal of Ap-
plied Physics Vol. 83, No. 12 on June 15, 1998, or to
displays formed from other combinations of organic and
inorganic materials which exhibit electroluminescence
and that can be driven by an active matrix pixel driving
circuit.

[0059] It should be further noted that while the system
and method described herein corrects for image non-
uniformity produced by IR drop along a power line, the
severity of these artifacts will vary significantly with
changes in the input image signal. Other sources of non-
uniformity may also exist in OLED and other electrolumi-
nescent displays. For example, variation in thin film tran-
sistor response may produce spatially stable non-uni-
formities that do not vary as a function of the inputimage
signal. Methods for correcting these artifacts have been
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discussed in detail in US 2006/0017669, 2006/0221326,
and 2006/0227084. It should be acknowledged that sys-
tems of the present invention may additionally employ
the methods described within these copending applica-
tions to correct the spatially stable non-uniformities pro-
duced by TFT variation in addition to the input image
signal dependent non-uniformities that are addressed
within the current disclosure. Although the order of ap-
plication of these correction methods may not be partic-
ularly important, applications of the methods discussed
within the current disclosure prior to employing other cor-
rection masks may be computationally less complex.

PARTS LIST

[0060]

2,2a,2b select line

4, 4a, 4b data line

6 select TFT

8 capacitor

10 power TFT

12, 12a, 12b supply power line

14 OLED

16, 16a, 16b capacitor line

18 return power line

20 gate

22 source in a p-type TFT or drain in a n-
type TFT

24 drain in a p-type TFT or source in a p-
type TFT

30 light emitting element

32 light emitting element

34 light emitting element

36 light emitting element

40 semiconductor region

42 second semiconductor region

44 power transistor gate

46 first electrode

48 via

50 via

52 via

54 via

60 white area

62 black area

64 black area

66a, 66b, 66¢c  gray area

70 display system

72 power supply

74 display

76 display driver

78 power lines

82 light emitting elements

90 determining light emitting elements
step

92 receiving input image signal step

94 estimating current step

96 determining correction factor step
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applying correction factor step
display converted image step
determining light emitting elements
step

receiving input image signal step
estimating current step

estimating voltage loss step
determining correction factors step
applying correction factor step
displaying corrected image step
determining light emitting elements
step

receive image input signal step

input step

transform input to linear intensity step
determine peak white point step
scale value step

compute peak luminance step

input fill factor step

adjust peak luminance values step
determine desired luminance intensity
step

input efficiencies step

calculate input efficiencies step

sum current step

determine sum step

obtain allowable current step
compute ratio step

compute smoothed value step

apply ratio step

input look-up-tables step

render step

display step

red light emitting element

blue light emitting element

green light emitting element

white light emitting element
determine light emitting element step
receive input image signal

input step

transform step

determine white point step

scale value step

compute peak luminance step

input fill factor step

adjust peak luminance values step
convert to RGBW linear intensity val-
ues step

determine luminance intensity step
input efficiencies step

calculate current step

sum current step

determine voltage loss step

adjust rendered values step

display image step

current v. voltage curve
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1. An electroluminescent display system, comprising:

a) a power supply (72);
b) a display (74) including:

i. an array of regions, each region repre-
senting group of light emitting elements (82)
in columns for emitting light;

ii. two or more power lines (78), each for
supplying current from the power supply
(72) respectively to said array of regions;
iii. a pixel driving circuit (10) for independ-
ently controlling the current from one of the
power lines (12a, 12b) to each correspond-
ing light-emitting element (14) in response
to an image signal, wherein the intensity of
the light output by the light emitting ele-
ments is dependent upon the current pro-
vided to each light emitting element (14);

c) a display driver (76) for receiving an input im-
age signal and generating a converted image
signal for driving the pixel driving circuits (10)
for the light emitting elements (82) in the display
(74);

d) wherein said electroluminescent display sys-
tem is characterized in that :

i) the light-emitting elements (82) are organ-
ized in an array of regions, a first region in-
cludes a first portion of the light emitting el-
ements (82) associated with a first power
line (12a) and a second region includes a
second, different, portion of the light emit-
ting elements (82) associated with a sec-
ond, different, power line (12b);

ii) the display driver (76) is adapted to de-
termine the current at, at least, one point
along the respective power lines (78) in
each of the regions based upon the input
image signal and the resistance of the re-
spective power line (78); and

iii) the display driver (76) is further adapted
to generate the converted image signal as
a function of the input image signal and the
determined currents at at least one point
along the respective power line (78) within
each region.

2. Thedisplaysystem ofclaim 1, wherein the light-emit-
ting elements (30) are OLEDs.

3. Thedisplay system of claim 1, wherein the pixel driv-
ing circuit (10,6) is an active matrix circuit including
a plurality of thin film transistors (10,6).
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The display system of claim 1, wherein each pixel
driving circuit (10) controls the voltage that is provid-
ed to the corresponding light-emitting element (14).

The display system of claim 1, wherein :

when i) the input image signal includes a target
area (66a, 66b, 66¢) of desired uniform lumi-
nance that spans the first and the second re-
gions and ii) the average input image signal for
light emitting elements outside the target area
(66a, 66b, 66¢) in the first region is significantly
higher than the average inputimage signal used
to drive the light emitting elements outside the
target area (66a, 66b, 66¢) in the second region.
the display driver (76) is adapted to generate
the converted image signal as a function of the
input image signal so that the average input im-
age signal for light emitting elements (14) out-
side the target area (66a, 66b, 66c) and within
the first region is reduced or the input image sig-
nal for light-emitting elements (14) within the tar-
get area (66a, 66b, 66c) and within the first re-
gion is increased, and,

so that the luminance pattern that results from
controlling the light-emitting elements (14) using
the converted image signal is more uniform in
the target area (66a, 66b, 66¢) than when con-
trolling the light-emitting elements using the in-
put image signal.

The display system of claim 1, wherein the display
driver (76) is adapted to generate the converted im-
age signal as a function of one or more normalization
constants which are based on the relative values of
the determined current values and a selected refer-
ence value.

The display system of claim 6, wherein the display
driver (76) is adapted to determine respective peak
currents for each power line (12a, 12b), for the input
image signal, to compute one of the normalization
constants based on the ratio of the largest of the
determined peak currents to the reference value, and
to apply the normalization constant to the input im-
age signal to generate the converted image signal.

The display system according to claim 6, wherein
each region has a respective normalization constant
and the display driver is adapted to generate the nor-
malization constants for multiple regions by filtering
the normalization constant(s) of one or more neigh-
boring regions.

The display system according to claim 6, further
comprising receiving a plurality of input image sig-
nals in a temporal image sequence,

wherein the converted image signal for each input
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image signal is generated as a function of a respec-
tive normalization constant,
and the display driver (76) is further adapted to:

i) compute an initial normalization constant for
each input image signal; and

ii) compute each respective normalization con-
stant by filtering the initial normalization con-
stants of a plurality of input image signals.

The display system according to claim 1, wherein
the display contains more than three different colors
of light emitting elements (30, 32, 34, 36), each color
of light-emitting element having a different lumi-
nance efficiency, and the display driver (76) is adapt-
ed to transform a three-color input image signal to a
four or more color image input signal, to determine
the current at, at least, one point along each power
line (12a, 12b) based upon the four or more color
image input signal, the resistance of a power line
and the efficiency of each color of light-emitting ele-
ment, and to generate the converted image signal
for driving the light emitting elements (30) in the dis-
play as a function of the four or more color input
image signal and the determined current.

Patentanspriiche

1.

Elektrolumineszentes Anzeigesystem, umfassend:

a) eine Stromversorgung (72);
b) eine Anzeige (74), die umfasst:

i. ein Array von Bereichen, wobei jeder Be-
reich eine Gruppe von Licht emittierenden
Elementen (82) in Spalten zum Emittieren
von Licht darstellt;

ii. zwei oder mehr Stromleitungen (78), die
jeweils zum Zuflihren von Strom aus der
Stromversorgung (72) jeweils zu dem Array
von Bereichen dienen;

iii. eine Pixelansteuerschaltung (10) zum
unabhangigen Steuern des Stroms aus ei-
ner der Stromleitungen (12a, 12b) zu jedem
entsprechenden Licht emittierenden Ele-
ment (14) in Antwort auf ein Bildsignal, wo-
bei die Intensitat des durch die Licht emit-
tierenden Elemente ausgegebenen Lichts
von dem Strom abhangt, der jedem Licht
emittierenden Element (14) bereitgestellt
wird,

c) eine Anzeigeansteuereinrichtung (76) zum
Empfangen eines eingegebenen Bildsignals
und zum Erzeugen eines umgewandelten Bild-
signals zum Ansteuern der Pixelansteuerschal-
tungen (10) fir die Licht emittierenden Elemente
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(82) in der Anzeige (74);
d) wobei das elektrolumineszente Anzeigesys-
tem dadurch gekennzeichnet ist, dass:

i) die Licht emittierenden Elemente (82) in
einem Array von Bereichen organisiert sind,
ein erster Bereich einen ersten Abschnitt
der Licht emittierenden Elemente (82) um-
fasst, die mit einer ersten Stromleitung
(12a) assoziiert sind, und ein zweiter Be-
reich einen zweiten, unterschiedlichen Ab-
schnitt der Licht emittierenden Elemente
(82) umfasst, die mit einer zweiten, unter-
schiedlichen Stromleitung (12b) assoziiert
sind;

ii) die Anzeigeansteuereinrichtung (76) ein-
gerichtet ist, um den Strom bei zumindest
einem Punkt entlang der jeweiligen Strom-
leitungen (78) in jedem der Bereiche auf der
Grundlage des eingegebenen Bildsignals
und des Widerstands der jeweiligen Strom-
leitung (78) zu bestimmen; und

iii) die Anzeigeansteuereinrichtung (76)
weiterhin eingerichtet ist, um das umge-
wandelte Bildsignal als eine Funktion des
eingegebenen Bildsignals und des be-
stimmten Stroms bei zumindest einem
Punkt entlang der jeweiligen Stromleitung
(78) innerhalb jedes Bereichs zu erzeugen.

Anzeigesystem gemaf Anspruch 1, wobei die Licht
emittierenden Elemente (30) OLEDs sind.

Anzeigesystem gemal Anspruch 1, wobei die Pi-
xelansteuerschaltung (10,6) eine aktive Matrixschal-
tung ist, die eine Vielzahl von Dinnfilmtransistoren
(10,6) umfasst.

Anzeigesystem gemafl Anspruch 1, wobei jede Pi-
xelansteuerschaltung (10) die Spannung steuert, die
dem entsprechenden Licht emittierenden Element
(14) bereitgestellt ist.

Anzeigesystem gemaf Anspruch 1, wobei:

wenn i) das eingegebene Bildsignal einen Ziel-
bereich (66a, 66b, 66¢) einer gewlinschten uni-
formen Luminanz umfasst, die (iber den ersten
und den zweiten Bereich hinweg reicht und ii)
das mittlere eingegebene Bildsignal fiir Licht
emittierende Elemente aulerhalb des Zielbe-
reichs (66a, 66b, 66c) in dem ersten Bereich
deutlich héher als das mittlere eingegebene
Bildsignal ist, das verwendet wird, um die Licht
emittierenden Elemente auerhalb des Zielbe-
reichs (66a, 66b, 66c) in dem zweiten Bereich
anzusteuern,

die Anzeigeansteuereinrichtung (76) eingerich-
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tetist, um das umgewandelte Bildsignal als eine
Funktion des eingegebenen Bildsignals derart
zu erzeugen, dass das mittlere eingegebene
Bildsignal fir Licht emittierende Elemente (14)
aulierhalb des Zielbereichs (66a, 66b, 66¢) und
innerhalb des ersten Bereichs verringert wird
oder das eingegebene Bildsignal fur Licht emit-
tierende Elemente (14) innerhalb des Zielbe-
reichs (66a, 66b, 66¢) und innerhalb des ersten
Bereichs erhoht wird, und

derart, dass das Luminanzmuster, das aus dem
Steuern der Licht emittierenden Elemente (14)
unter Verwendung des umgewandelten Bildsi-
gnals resultiert, ein héheres MaR an Uniformitat
in dem Zielbereich (66a, 66b, 66¢c) aufweist, als
wenn die Licht emittierenden Elemente unter
Verwendung des eingegebenen Bildsignals ge-
steuert werden.

Anzeigesystem gemaf Anspruch 1, wobei die An-
zeigeansteuereinrichtung (76) eingerichtet ist, um
das umgewandelte Bildsignal als eine Funktion von
einer oder mehreren Normalisierungskonstanten zu
erzeugen, die aufdenrelativen Werten der bestimm-
ten Stromwerte und einem ausgewahlten Referenz-
wert basieren.

Anzeigesystem gemaf Anspruch 6, wobei die An-
zeigeansteuereinrichtung (76) eingerichtet ist, um
jeweilige Spitzenstréme fir jede Stromleitung (12a,
12b) flr das eingegebene Bildsignal zu bestimmen,
um eine der Normalisierungskonstanten auf der
Grundlage des Verhéltnisses des grofiten der be-
stimmten Spitzenstrome zu dem Referenzwert zu
berechnen, und um die Normalisierungskonstante
auf das eingegebene Bildsignal anzuwenden, um
das umgewandelte Bildsignal zu erzeugen.

Anzeigesystem gemaf Anspruch 6, wobei jeder Be-
reich eine jeweilige Normalisierungskonstante auf-
weist und die Anzeigeansteuereinrichtung einge-
richtet ist, um die Normalisierungskonstante fur
mehrere Bereiche durch Filtern der Normalisie-
rungskonstante(n) von einem oder mehreren be-
nachbarten Bereichen zu erzeugen.

Anzeigesystem gemafl Anspruch 6, weiterhin um-
fassend Empfangen einer Vielzahl von eingegebe-
nen Bildsignalen in einer zeitlichen Bildsequenz,
wobei das umgewandelte Bildsignal fur jedes einge-
gebene Bildsignal als eine Funktion einer jeweiligen
Normalisierungskonstante erzeugt wird,

und die Anzeigeansteuereinrichtung (76) weiterhin
eingerichtet ist, um:

i) eine Initialnormalisierungskonstante fir jedes
eingegebene Bildsignal zu berechnen; und
i) jede jeweilige Normalisierungskonstante
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durch Filtern der Initialnormalisierungskonstan-
ten einer Vielzahl von eingegebenen Bildsigna-
len zu berechnen.

10. Anzeigesystem gemaR Anspruch 1, wobei die An-

zeige mehr als drei unterschiedliche Farben von
Licht emittierenden Elementen (30, 32, 34, 36) um-
fasst, wobei jede Farbe des Licht emittierenden Ele-
ments eine unterschiedliche Luminanzeffizienz auf-
weist, und die Anzeigeansteuereinrichtung (76) ein-
gerichtetist, um ein dreifarbiges eingegebenes Bild-
signal in ein vier- oder mehrfarbiges eingegebenes
Bildsignal zu transformieren, um den Strom bei zu-
mindest einem Punkt entlang jeder Stromleitung
(12a, 12b) auf der Grundlage des vier- oder mehr-
farbigen eingegebenen Bildsignals, des Wider-
stands einer Stromleitung und der Effizienz von jeder
Farbe eines Lichtemittierenden Elements zu bestim-
men, und um das umgewandelte Bildsignal zum An-
steuern der Licht emittierenden Elemente (30) in der
Anzeige als eine Funktion des vier- oder mehrfarbi-
gen eingegebenen Bildsignals und des bestimmten
Stroms zu erzeugen.

Revendications

Systeme électroluminescent,

comprenant :

d’affichage

a) une alimentation (72) ;
b) un affichage (74) comprenant :

i. un réseau de régions, chaque région re-
présentant un groupe d’éléments a émis-
sion de lumiére (82) en colonnes destinés
a émettre de la lumiére ;

ii. deux ou plus lignes d’alimentation (78),
chacune étant destinée a délivrer du cou-
rant de l'alimentation (72) audit réseau de
régions, respectivement ;

iii. un circuit d’attaque de pixel (10) destiné
a commander indépendamment le courant
allant de l'une des lignes d’alimentation
(12a, 12b) a chaque élément a émission de
lumiére correspondant (14) en réponse a
un signal d’image, dans lequel I'intensité de
la lumiére délivrée en sortie par les élé-
ments a émission de lumiére dépend du
courant délivré vers chaque élément a
émission de lumiere (14) ;

c) un pilote d’affichage (76) destiné a recevoir
unsignald’'image d’entrée eta générer un signal
d'image converti destiné a piloter les circuits
d’attaque de pixel (10) pour les éléments a émis-
sion de lumiére (82) dans l'affichage (74) ;

d) dans lequel ledit systeme d’affichage électro-
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luminescent est caractérisé en ce que :

i) les éléments a émission de lumiére (82)
sont organisés en un réseau de régions,
une premiere région comprend une premie-
re partie des éléments a émission de lumie-
re (82) associés a une premiere ligne d’ali-
mentation (12a) et une deuxiéme région
comprend une deuxiéme partie différente
des éléments a émission de lumiere (82)
associés a une deuxieme ligne d’alimenta-
tion différente (12b) ;

ii) le pilote d’affichage (76) est adapté pour
déterminer le courant au moins au niveau
d’un point le long des lignes d’alimentation
respectives (78) dans chacune des régions
sur la base du signal d'image d’entrée et de
la résistance de la ligne d’alimentation res-
pective (78) ; et

ii) le pilote d’affichage (76) est en outre
adapté pour générer le signal d'image con-
verti comme une fonction du signal d'image
d’entrée et des courants déterminés au
moins au niveau d’un pointle longde laligne
d’alimentation respective (78) a l'intérieur
de chaque région.

Systéme d’affichage selon la revendication 1, dans
lequel les éléments a émission de lumiére (30) sont
des diodes électroluminescentes organiques.

Systéme d’affichage selon la revendication 1, dans
lequel le circuit d’attaque de pixel (10, 6) est un circuit
a matrice active incluant une pluralité de transistors
a film mince (10, 6).

Systéme d’affichage selon la revendication 1, dans
lequel chaque circuit d’attaque de pixel (10) com-
mande la tension qui est délivrée vers I'élément a
émission de lumiére correspondant (14).

Systéme d’affichage selon la revendication 1, dans
lequel :

lorsque i) le signal d'image d’entrée comprend
une zone cible (66a, 66b, 66¢) d’'une luminosité
uniforme souhaitée qui couvre les premiére et
deuxieme régions et ii) le signal d’'image d’en-
trée moyen pour les éléments a émission de lu-
miére a I'extérieur de la zone cible (66a, 66b,
66¢) dans la premiére région est significative-
ment supérieur au signal d'image d’entrée
moyen utilisé pour piloter les éléments a émis-
sion de lumiére a I'extérieur de la zone cible
(66a, 66b, 66¢) dans la deuxieéme région,

le pilote d’affichage (76) estadapté pour générer
le signal d'image converti comme une fonction
du signal d'image d’entrée de sorte que le signal
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d'image d’entrée moyen pour les éléments a
émission de lumiere (14) a I'extérieur de la zone
cible (66a, 66b, 66¢) et a I'intérieur de la premié-
re région est réduit ou le signal d'image d’entrée
pour les éléments a émission de lumiére (14) a
l'intérieur de la zone cible (66a, 66b, 66¢c) et a
l'intérieur de la premiéere région est augmenté,
et,

de sorte que le modeéle de luminosité qui résulte
de la commande des éléments a émission de
lumiére (14) utilisant le signal d’image converti
est plus uniforme dans la zone cible (66a, 66b,
66¢c) que lors de la commande des éléments a
émission de lumiére utilisant le signal d'image
d’entrée.

Systeme d’affichage selon la revendication 1, dans
lequel le pilote d’affichage (76) est adapté pour gé-
nérer le signal d'image converti comme une fonction
d’'une ou de plusieurs constantes de normalisation
qui sont basées sur les valeurs relatives des valeurs
de courant déterminées et d’'une valeur de référence
sélectionnée.

Systeme d’affichage selon la revendication 6, dans
lequel le pilote d’affichage (76) est adapté pour dé-
terminer des courants de créte respectifs pour cha-
que ligne d’alimentation (12a, 12b), pour le signal
d’'image d’entrée, pour calculer 'une des constantes
de normalisation sur la base du rapport du plus im-
portantdes courants de créte déterminés par rapport
a la valeur de référence, et pour appliquer la cons-
tante de normalisation au signal d’image d’entrée
pour générer le signal d'image converti.

Systeme d’affichage selon la revendication 6, dans
lequel chaque région présente une constante de nor-
malisation respective et le pilote d’'affichage est
adapté pour générer les constantes de normalisation
pour de multiples régions en filtrant la ou les cons-
tante(s) de normalisation d’'une ou de plusieurs reé-
gions voisines.

Systeme d’affichage selon la revendication 6, com-
prenant en outre I'étape consistant a recevoir une
pluralité de signaux d'image d’entrée dans une sé-
quence d'images temporelle,

dans lequel le signal d'image converti pour chaque
signal d'image d’entrée est généré comme une fonc-
tion d’'une constante de normalisation respective,
et le pilote d’affichage (76) est en outre adapté pour

i) calculer une constante de normalisation initia-
le pour chaque signal d'image d’entrée ; et

i) calculer chaque constante de normalisation
respective en filtrant les constantes de norma-
lisation initiales d’une pluralité de signauxd’ima-
ge d’entrée.
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10. Systeme d’affichage selon la revendication 1, dans

lequel I'affichage contient plus de trois couleurs dif-
férentes parmi les éléments a émission de lumiére
(30, 32, 34, 36), chaque couleur d’élément a émis-
sion de lumiére ayant une efficacité de luminosité
différente, et le pilote d’affichage (76) est adapté
pour transformer un signal d'image d’entrée tricolore
en un signal d’entrée d’image a quatre couleurs ou
plus, pour déterminer le courant au moins au niveau
d’'un point le long de chaque ligne d’alimentation
(12a, 12b) sur la base du signal d’entrée d'image a
quatre couleurs ou plus, de la résistance d’une ligne
d’alimentation et de l'efficacité de chaque couleur
d’élément a émission de lumiére, et pour générer le
signal d'image converti pour piloter les éléments a
émission de lumiére (30) dans I'affichage comme
une fonction du signal d'image d’entrée a quatre cou-
leurs ou plus et du courant déterminé.
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