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An active matrix electro-luminescent display system, com-
prising: a display composed of an array of regions of light-
emitting elements, pixel driving circuits for independently
controlling the current to each light-emitting element, one or
more display drivers for receiving an input image signal for
data to drive the pixel driving circuits and generating a con-
verted image signal for driving the light emitting elements in
each region of the display through signals provided through
data lines and select lines, wherein the one or more display
drivers sequentially receive the input image signal for driving
the light emitting elements within each region of the array of
regions, analyzes the input image signal received for each
region to estimate the current that would result at, at least, one
point along at least one power line providing current to each
region, if employed without further modification, based upon
device architecture and material and performance character-
istics of device components, and sequentially generates a
converted image signal for driving the light emitting elements
in each region as a function of the input image signal and the
estimated currents.
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ELECTRO-LUMINESCENT DISPLAY WITH
VOLTAGE ADJUSTMENT

FIELD OF THE INVENTION

[0001] The present invention relates to actively-addressed
electro-luminescent display systems and a method for auto-
matically adjusting the behavior of an active matrix electro-
luminescent display dependent upon input image informa-
tion to compensation for voltage losses along power supply
lines.

BACKGROUND OF THE INVENTION

[0002] Emissive display technologies, including displays
based on cathode-ray tubes (CRTs) and plasma excitation of
phosphors have become very popular within many applica-
tions since these technologies natively have superior per-
formance characteristics over reflective or transmissive dis-
play 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 depen-
dent upon the signal that is input to the display device since
the typical emissive display will require 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 displays, devices constructed based on
OLEDs are emissive and have the characteristic that power
consumption is dependent upon the input signal.

[0003] It is known to control the power of an emissive
display by controlling the input signal to the display. For
example, U.S. Pat. No. 6,380,943 entitled “Color Display
Apparatus”, 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 Display Panel” all discuss
methods for controlling the power of an emissive display,
generally plasma displays, wherein 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 disclosures are to reduce the peak power requirements
of the display devices and/or to control the heat that is
generated within these display devices. However, these
disclosures do not address the fact that active matrix electro-
luminescent (EL) displays, such as OLED displays, use a
driving arrangement that is significantly different in struc-
ture than is applied in plasma displays and therefore require
a different approach to power reduction to avoid imaging
artifacts while reducing the power of the display device.
[0004] In a typical active matrix EL display, row drivers
sequentially provide a select voltage to rows of select lines
while column drivers provide a voltage to vertical rows of
data lines. A pixel driving circuit is formed at each inter-
section of these select and data lines, typically comprising a
select TFT, a capacitor, and a power TFT. This pixel driving
circuit then regulates the current provided to each EL
light-emitting element within the display device based upon
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a separate data voltage signal that is provided on the data
lines. The circuit generally also consists of a pair of power
lines, comprising a supply power line and a return power
line. By controlling the voltage between the gate and source
of a power TFT within the pixel driving circuit, the pixel
driving circuit modulates the current that flows from the
supply power line through the OLED, producing light, and
back to the return power line.

[0005] Unfortunately, the current supplied to the EL light-
emitting element by this pixel driving circuit is dependent
upon the voltage between the pair of power lines. [deally, the
voltage supplied by the power lines is constant for each pixel
driving circuit. However, current is typically provided to a
large number of EL light-emitting elements by a single pair
of power lines and because the power lines have a finite
resistance, an unintended voltage differential is produced
that is proportional to the current that is conducted through
each power line and the resistance of each power line. Since
the unintended voltage 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 an
unintended variation in the voltage supplied to each pixel
driving circuit along the power lines, and subsequent varia-
tion in both the current supplied to and therefore the lumi-
nance provided by each EL light-emitting element that is
connected in series by the power lines. The phenomenon that
produces this unintended voltage differential is commonly
referred to as “IR drop”. Further, because the resistance of
the power lines increases with length, this IR drop will result
in 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
imaging artifacts. Therefore, there is a need to avoid these
artifacts. A common method to avoid these artifacts in active
matrix displays is to orient the data and power lines verti-
cally on the display substrate as this dimension of the display
is typically shorter than the width of the display and there-
fore the power lines provide current to fewer OLEDs than if
the power lines were oriented horizontally. Additionally,
these power lines are often connected to a power source at
both ends to further reduce the IR drop across their length.

[0006] The types of and degree of these artifacts vary
based upon the overall display structure and drive charac-
teristics that are employed. For example, EL displays formed
from OLEDs are commonly constructed on large substrates
of amorphous silicon using what is termed a non-inverted
structure (i.e., a structure in which the anode is formed on
the substrate as opposed to on top of the OLED). In this
structure, the active matrix circuit controls the gate-to-
source voltage on a power TFT within the OLED structure
and this gate-to-source voltage, which is the voltage pro-
vided to drive the OLED, is determined by computing the
data voltage minus the voltage of the power line minus the
voltage across the OLED. In this configuration, because the
OLED voltage is often larger than the data voltage, the
presence of the OLED voltage in this equation helps to
reduce the effect of drops in power line voltage upon the
gate-to-source voltage. Unfortunately, the voltage that is
provided to the OLED cannot be directly computed but
requires an iterative set of calculations to provide an
adequate estimate of this entity and therefore it can be
difficult to compensate for losses in power line voltage due
to IR drop. In another example, OLEDs may also be formed
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in an inverted structure having the cathode formed on the
substrate and allowing the amorphous silicon substrate to
drive electrons into the OLED. In this configuration, the
gate-to-source voltage is dependent upon only the data
voltage and the voltage across the power lines. While the
voltage to the OLED may be computed using a single
equation in this configuration, a smaller change in power
line voltage will have a much larger effect on the gate-to-
source voltage than the same change in the voltage across
the power lines for a non-inverted OLED configuration as
the data voltage will often be significantly smaller than the
voltage across the power lines. For this reason, the construc-
tion of inverted OLEDs on amorphous silicon is generally
avoided as image artifacts commonly occur due to IR loss
along the power line.

[0007] One method to reduce the artifacts due to IR drop
is to reduce 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 increasing
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 of the device, and it is not
always possible to find materials with sufficient properties
and/or methods to produce this plane of material. Similarly,
the materials that are available to reduce resistance and the
cross-sectional area of individual power lines are often fixed
by the manufacturing technology that is available, so it is
often not cost effective to reduce the resistance of the power
lines. Finally, in larger displays, the power lines are typically
longer and there are a larger number of EL light-emitting
elements 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 EL technology.

[0008] It has been suggested that automatic brightness
limits can be imposed on OLED displays to limit their
power. US. Pat. No. 6,690,117 entitled “Display device
having 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 resistor, reducing
the voltage when high currents are present (i.e., when the
display has a high relative luminance). 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 luminance. The voltage drop across this
resistor can also be sensed and the contrast of the input
signal can be modified, dependent upon the voltage drop.
While this technique does reduce the peak currents that must
be delivered and therefore limits the voltage drop that can
oceur 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 artifacts as
some TFTs in the panel may be driven at a voltage level
below their saturation region, resulting in a further reduction
in luminance, and more variability, in the current conducted
through the OLED:s for a given data voltage. For this reason,
the technique taught, while controlling the power of an
active matrix OLED display, does not necessarily reduce the
artifacts that occur as a result of IR drop to an acceptable
level.
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[0009] US20050062696 entitled “Display apparatus and
method of a display device for automatically adjusting the
optimum brightness under limited power consumption” pro-
vides a function similar to U.S. Pat. No. 6,690,117 as a
resistor is attached to the cathode which also results in
reducing the voltage drop across an OLED in the presence
of high currents. This disclosure does not, however, recog-
nize or propose a solution to the problem that IR drop can
be different for different power lines and that different
luminance levels may result between light emitting elements
driven by neighboring power lines when high current loads
are present.

[0010] Digital implementations of similar processes are
used to automatically reduce the brightness level of a display
under conditions of high power. For instance, U.S. Pat. No.
6,380,943 entitled “Color Display Apparatus” discusses a
method for controlling the power consumed wherein this
method includes a method for estimating the power con-
sumed 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 different gains and the result-
ing values are summed to compute the total power. Gener-
ally, 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 there-
fore power may be computed for a sub-region within the
display at a time. However, the described methods can still
result in objectionable 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 luminance levels may result between light emitting
elements driven by neighboring power lines when high
current loads are present. Further, this approach requires that
the computation be performed for large portions of, if not the
entire, image frame before applying compensation. To per-
form such a calculation before displaying the resulting
image, it is necessary to buffer an entire image in memory,
which requires enough memory to store an entire frame of
data, significantly increasing the cost of the overall display
system. Additionally in displays that are used in applications
that require immediacy, the use of a frame buffer can
noticeably and unacceptably delay the presentation of visual
information. For instance when such a displays is connected
to a gaming system, a user can notice the delay of one frame
when making a control movement that is expected to imme-
diately impact the video image that is presented.

[0011] Copending, commonly assigned U.S. Ser. No.
11/316,443 filed Dec. 22, 2005 describes an electrolumines-
cent display system comprising a display driver for receiv-
ing an input image signal and generating a converted image
signal for driving the light emitting elements in the display,
wherein the display driver analyzes an input image signal for
a complete image to be displayed to estimate the current that
would result at, at least, one point along at least one power
line providing current to each of a plurality of regions, and
generates a converted image signal as a function of the input
image signal and the estimated currents. Similarly as for the
automatic brightness level controlling references discussed
above, the specific examples disclosed require that conver-
sion computations be performed for the entire image frame
before applying compensation.
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[0012] U.S. Pat. No. 7,009,627 entitled “Display appara-
tus and image signal processing apparatus and drive control
apparatus for the same” describes a passive matrix EL
display in which the row electrodes are scanned and a
modulation signal is provided to the column electrodes,
wherein the signal that is provided is created by analyzing
the input image to calculate both a coefficient to adjust the
luminance of the entire image and a compensation for the
fluctuation of display luminance due to voltage drop across
the row electrodes. As with the earlier disclosures, the
calculation of the coefficient to adjust the luminance of the
image requires that the content of the entire image be
available for analysis before it is displayed. Therefore, the
implementation of this approach would require a buffer to
store the entire frame of data. Further, since this disclosure
provides only a method of compensating for IR drop in
passive matrix devices it does not discuss the effect of active
drive circuitry or associated drive electronics on the relevant
artifact avoidance methods and especially does not discuss
such methods that consider the interaction of OLED archi-
tecture with active matrix backplanes.

[0013] There is a need, therefore, for a method to reduce
apparent artifacts in active matrix electro-luminescent (EL)
displays, such as OLED displays, that can result when high
current levels are required along power lines with a finite
resistance to enable the manufacture of larger and/or
brighter displays with reduced visual artifacts in a way that
does not require substantial increases in display system cost,
such as may occur through the addition of frame memory
buffers or without requiring a substantial delay in image
presentation. Further, the implementation of such a method
should be applicable or tunable to active matrix EL displays
employing different EL architectures.

SUMMARY OF THE INVENTION

[0014] In accordance with one embodiment, the invention
is directed towards an active matrix electro-luminescent
display system, comprising:

[0015] a) a display composed of an array of regions,
wherein the current to each of the regions is provided by a
pair power lines, at least one power line oriented along a first
dimension of the display, each region including an array of
light emitting elements for emitting light;

[0016] b) pixel driving circuits for independently control-
ling the current to each light-emitting element in response to
an image signal, wherein the intensity of the light output by
the light emitting elements is dependent upon the current
provided to each light emitting element;

[0017] c) an array of select lines orientated along the first
dimension for sequentially providing a signal to the pixel
driving circuits within each of the array of regions, allowing
the pixel driving circuits within any one region to be selected
to receive a data signal at any moment in time;

[0018] d) an array of data lines oriented along a second
dimension of the display that is perpendicular to the first
dimension, wherein the data lines provide the image signal
to the pixel driving circuit for each light-emitting element;
[0019] e) one or more display drivers for receiving an
input image signal for data to drive the pixel driving circuits
and generating a converted image signal for driving the light
emitting elements in each region of the display through
signals provided through the data lines and select lines,
wherein the one or more display drivers sequentially receive
the input image signal for driving the light emitting elements
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within each region of the array of regions, analyzes the input
image signal received for each region to estimate the current
that would result at, at least, one point along at least one of
the power lines providing current to each region, if
employed without further modification, based upon device
architecture and material and performance characteristics of
device components, and sequentially generates a converted
image signal for driving the light emitting elements in each
region as a function of the input image signal and the
estimated currents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a block diagram of a display system
according to the present invention;

[0021] FIG. 2 is a schematic drawing of a portion of a
display circuit layout useful in a display system of the
present invention;

[0022] FIG. 3 is a flow chart of the primary steps of a
process in accordance with an embodiment of the invention;
[0023] FIG. 4 isa circuit diagram for a pixel control circuit
useful in controlling a non-inverted OLED in accordance
with an embodiment of the invention;

[0024] FIG. 5 is a circuit diagram depicting a region of a
display in accordance with an embodiment of the invention;
[0025] FIG. 6a is a depiction of a representative desired
display image, and FIG. 65 is a depiction of an image artifact
shown when displaying such desired image on a typical
prior art display system;

[0026] FIG. 7 is an illustration of the layers of a non-
inverted OLED element useful in the present invention;
[0027] FIG. 8 is a flow diagram depicting a detailed set of
steps for driving a display according to an embodiment of
the present invention;

[0028] FIG. 9 is an illustration of the layers of an inverted
OLED element useful in the present invention;

[0029] FIG. 10 is a circuit diagram for a pixel control
circuit useful in controlling an inverted OLED in accordance
with an embodiment of the invention;

[0030] FIG. 11 is a top view of a display useful for
practicing an embodiment of the present invention employ-
ing multiple row and column drivers; and

[0031] FIG. 12 is a flow diagram depicting a detailed set
of steps for driving a display according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0032] The present invention provides an active matrix
electro-luminescent display system as depicted in FIG. 1,
which is comprised of a display 10 and a display driver 12.
This system will also likely be comprised of a power supply
14 to provide power to the display 10. Within this system,
the display, a portion of which is depicted in FIG. 2, will be
composed of an array of regions 20, 22, wherein the current
to each of the regions is provided by a pair power lines, at
least one power line 24, 26 oriented along a first dimension
of the display, each region 20, 22 including an array of light
emitting elements for emitting light 30, 32, 34, 36, 38, 40,
42, 44 and wherein the current to each light emitting element
is controlled by a pixel driving circuit. While only one power
line 24, 26 is depicted for each region, each region will
generally also be provided with a second power line in the
form of a common top electrode layer, such as layer 188 in
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FIG. 9 or 138 in FIG. 7 discussed below. As shown in FIG.
2, the circuit for each light emitting element is comprised of
a select TFT 46, a capacitor 48, and a power TFT 50. An
array of select lines 52, 54 are oriented along the first
dimension of the display, substantially parallel to the power
lines 24, 26 for sequentially providing a signal to the pixel
driving circuits within each of the array of regions, allowing
the pixel driving circuits within any one region to be selected
to receive a data signal at any moment in time. An array of
data lines are oriented along a second dimension of the
display that is perpendicular to the first dimension, wherein
each data line 58, 60, 62, 64 provides a data signal to a pixel
driving circuit within the selected region and wherein each
pixel driving circuit independently controls the current to
each of the light-emitting elements in response to the data
signal that is provided by the data lines and wherein the
intensity of the light output by each the light emitting
element is dependent upon the current provided to each light
emitting element 30, 32, 34, 36, 38, 40, 42. 44.

[0033] Within this system, the one or more display drivers
receive an input image signal 16 and generate a converted
data signal 18 to be provided to each of the pixel driving
circuits by the data lines to drive the light emitting elements
in the display. The process, as shown in FIG. 3, is employed
by the one or more display drivers includes; sequentially
receiving 80 the input image signal 16 for driving the light
emitting elements (e.g., 30, 32, 34, 36) within each region
20, analyzes 82 the input image signal to estimate the current
that would result at, at least, one point along at least one of
the power lines 24 providing current to each of the region 20
defined by the power line 24 during which it is assumed that
the pixel driving circuit was not influenced by voltage drops
along the power line, and then sequentially generating 84 the
converted image signal for driving the light emitting ele-
ments with each region as a function of the input image
signal and the estimated currents. Within this invention,
although it is not required, it will generally be desirable to
calculate the current at numerous, if not all of the, pixel
driving circuits along the power line 24. Since the data lines
provide a data signal to the pixel driving circuits that are
located in a region 20 defined by the power line 24 that is
substantially perpendicular to the second dimension defined
by the orientation of the data lines 58, 60, 62, 64, the input
image signals only need to be buffered for the light-emitting
elements that are located along one power line at any given
time. As such, the amount of data that must be buffered to
calculate the IR drop at each pixel driving circuit and the
time delay introduced by this buffering is reduced as com-
pared to the systems of the prior art, which require an entire
frame of data to be buffered.

[0034] The invention may be practiced in active matrix
displays having any number of pixel driving circuits and EL
light-emitting architectures for controlling the current pro-
vided to an EL light-emitting element, such as an OLED, as
are known in the art. However, one pixel driving circuit
useful for regulating the current for a non-inverted OLED
light-emitting element within the display 10 in accordance
with one embodiment of the current invention as depicted in
FIG. 2 is shown in FIG. 4. As shown in this figure, this
circuit is composed of a select line 100, a data line 102, a
select TET 46, a capacitor 48, a power TFT 50, a supply
power line 104, OLED 106, a capacitor line 108 and a return
power line 110. To drive the OLED to a desired luminance,
a signal is provided on the select line 100, activating the
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select TFT 46. The voltage provided on the data line 102 is
then used to charge the capacitor 48 to the desired voltage.
When this voltage is available to the power TFT 50, the
power TFT is activated and current is allowed to flow to the
OLED 106. The circuit is completed through the return
power line 110 to the power supply. In this embodiment the
supply power line 104 and the return power line 110 form
the pair of power lines.

[0035] This is further exemplified in FIG. 5, which shows
four of the circuits 118 of FIG. 4, which are connected by a
common supply power line 104 and a common return power
line 110. In a display having supply 104 and return 110
power lines that have similar resistance, some amount of
voltage drop will occur on each of these power lines between
each of the circuit connections. Specifically, each segment
119 of each of the power lines 104, 110 between the location
at which each circuit 118 is connected will have some
resistance. This resistance is typically similar between each
of the connection locations. Each segment 119 will typically
be required to carry some current, with the segments of the
power lines nearer the power source carrying the most
current as these segments must provide current to the OLED
in each circuit 118 while the ones near the end of the power
lines must only provide current to the circuits 118 near the
end of the power lines. The voltage drop across each
segment 119 of each power line is then equal to the resis-
tance of the power line segment multiplied by the current
that must be provided across the same power line segment.
Notice, therefore, that 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, which
are provided power by any pair of power lines.

[0036] As discussed above, only one of these power lines
is depicted in FIG. 2 as the OLED display may provide each
of these power lines on the substrate shown in FIG. 2 or may
provide one power line 24, 26 on the substrate and form a
complimentary power line as a sheet of conductive material
that is sputtered or evaporated over the entire OLED device.
In such display configurations, the resistance of the sheet of
conductive material may be much lower (e.g., an order of
magnitude lower) than the resistance of the power lines 24,
26 which is formed on the substrate and can have a negli-
gible IR drop, allowing the IR drop across this one power
line to be ignored.

[0037] To understand the following discussion, it is further
important to understand the portions of the power TFT 50
shown in FIG. 4; including the gate 112, drain 114, and
source 116. Within this drive scheme, the current provided
across the OLED 106 is ideally dependent upon only the
characteristics of the power TET 50 and the voltage provided
by the data line 102. In fact, the current provided across the
OLED 106 is dependent upon other factors, including the
voltage between the gate 112 and source 116, which is
dependent upon the voltage between the drain 114 and
source 116. Therefore, voltage variation on the supply power
line 104 and the return power line 110, due to IR drops along
these lines, can alter the current provided across the OLED
106. In the case where the power TFT 50 is an n-type
transistor, as is the case in an amorphous silicon (aSi) device,
and the OLED is formed in a non-inverted structure, any
variation in the voltage provided by the supply power line
104 results in variation of both the gate-to-source and
drain-to-source voltages across the power TFT 50. Similarly,
variations in the voltage provided by the return power line



US 2008/0100542 A1

110 results in variation of the drain-to-source voltage across
the power TFT 50. In the case where the power TFT 50 is
a p-type transistor, as is typically the case in low-tempera-
ture polysilicon (LTPS) devices, similar variation occurs
when the OLED is formed in an inverted structure.

[0038] In a typical bottom-emitting active matrix OLED
display, several light emitting elements share a common pair
of power lines. Supply power lines often share a layer in the
back plane of the display with other components. While
typically laid out in a vertical direction and sharing a plane
with data lines in the prior art in order to minimize their
lengths, in a preferred embodiment of the invention, the
supply power lines 104 may be laid out to run in the
horizontal axis and share a plane with the select lines 100 in
a display of the present invention so as to be perpendicular
to the data lines. In either instance, these supply power lines
often provide power to a narrow region of the display. The
return power lines 110, on the other hand, are often con-
structed as a return power plane on top of the electro-
luminescent layers of the display. In some cases, the return
power plane is connected to separate return power lines,
similar 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 material
used to create the return power plane. In other cases, each
light-emitting element of the OLED display is separately
connected to a return power line on the substrate. In this later
case, the return power lines often return power from the
same narrow region of the display defined by the supply
power lines. When the return power line is constructed as a
return power plane, it is possible that the return power 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 highest resistance.

[0039] Referring again to FIG. 2, the data lines 58, 60, 62,
64 typically provide only one control signal to one of the
pixel driving circuits at any point in time, the display will
typically further have an array of select lines 52, 54 and each
of the data lines will substantially simultaneously provide a
data signal to each of the pixel driving circuits that are
further controlled by a select line which is oriented along the
first dimension (i.e., horizontal as shown in FIG. 2). That is,
when a voltage is provided on a select line 52, 54, each pixel
driving circuit, which is connected to the select line 52, 54
will receive the data signal from the data line 58, 60, 62, 64
to which it is connected. When one region is provided power
by a power line and all of the light-emitting elements within
the region are connected to exactly one select line, all of the
data will be clocked from the one or more display drivers
into the pixel driving circuits for all of the light-emitting
elements within the region.

[0040] While this embodiment refers to a specific con-
figuration of active matrix drive circuitry and subpixel
design, several variations of conventional circuits that are
known in the art can also be applied to the present invention
by those skilled in the art. For example, one variation in U.S.
Pat. No. 5,550,066 connects the capacitors directly to the
power line instead of a separate capacitor line. A variation in
U.S. Pat. No. 6,476,419 uses two capacitors disposed
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
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capacitor is fabricated between the gate conductor layer and
the second conductor layer that forms power lines and data
lines.

[0041] While the pixel drive circuit described herein
requires 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 transistors
are known and have been applied to select transistors 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 U.S. Pat. No.
6,429.599. A multi-gate transistor includes at least two gates
electrically connected together and therefore a source, a
drain, 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 U.S. Pat. No.
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 connected 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 embodi-
ment of the present invention, as shown in FIG. 2, has a
multi-gate type select transistor 46.

[0042] Also known in the art is the use of multiple parallel
transistors, which are typically applied to power transistor
50. Multiple parallel transistors are described in U.S. Pat.
No. 6,501,448. Multiple parallel transistors consist of two or
more transistors in which their sources connected together,
their drains connected together, and their gates connected
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 transis-
tors has the advantage of providing robustness against
variability and defects in the semiconductor layer manufac-
turing process. While the power transistors described in the
various embodiments of the present invention are shown as
single transistors, multiple parallel transistors can be used by
those skilled in the art and are understood to be within the
spirit of the invention.

[0043] It is important to this invention that light emitting
elements within at least two different regions 20, 22 of the
display are provided power by different power supply or
return lines 24, 26. In the embodiment depicted in FIG. 2,
light emitting elements are provided power by separate
power lines for each row of light emitting elements. For
example, light emitting elements 30, 32, 34, 46 are provided
power by supply power line 24 while light emitting elements
38, 40, 42, 44 are provided power by supply power line 26.
It should also be noted that the supply power lines 24, 26
must share the area with other components on the backplane.
For example, the supply power lines 24, 26, select lines 52,
54 and at least portions of the power TFT 50 will typically
be formed in one layer of the substrate. Further, in bottom
emitting OLED embodiments, these components are fabri-
cated on a layer that is typically between the viewable side
of the display and its light emitting layer. Since the supply
power lines 24, 26, select lines 52, 54, and power TFT
materials 50 are typically opaque, these components typi-
cally are designed so as not to overlap the emitting area.
These constraints limit the width of the power lines 24, 26
within traditional backplane designs. It is further known that
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the performance of the power TFT is directly related to its
thickness and therefore the thickness of the supply power
line 24, 26 is often constrained to match the desired thick-
ness 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 resis-
tance.

[0044] It is further understood that, due to the finite
resistance of the supply power line, voltage losses may occur
along the supply or return power lines when the power lines
are 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 proportional to
the product of the resistance and current. Therefore, 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. 4, the voltage
at the gate of the power TFT 50 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 one or both of the power
lines 104, 110 will result in lower light output for light
emitting elements connected to a common power line that
are the furthest from the point where the power 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.

[0045] Fortunately, the human visual system is relatively
insensitive to low spatial frequency changes in luminance.
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 correspond-
ing loss in display luminance with distance from the power
supply may not result in substantial image quality artifacts.
This is particularly 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 viewing many
typical images, these unintended luminance variations can
degrade local contrast and therefore reduce the overall
image quality.

[0046] FIG. 6a shows a depiction of a representative
desired image which is likely to be degraded due to IR drop,
and F1G. 65 provides a depiction of the image that will result
due to IR drop. As shown in FIG. 6a, a white area 120 and
two black areas 122, 124 are to be displayed at the left of the
image. On the right of the image is to be displayed a gray bar
125 that is orthogonal to the first three bars and which has
a uniform luminance. Although this image would be
depicted as shown if presented on an EL display without IR
drop, when IR drop is present on an EL display with the
power connector at the left hand side of the display, the
resulting image actually appears as shown in FIG. 65 when
the white area 120 is driven such that it has a high current
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draw. While the white area 120 may be higher in luminance
near the left of the display where the power lines enter the
display than near the right of the display, because this
luminance changes gradually, the human eye is typically
incapable of detecting this gradual change. However, the
appearance of the gray bar 125 in FIG. 6a is significantly
affected by the IR drop and will appear to be formed of three
bar segments 126a, 1265, and 126¢ in FIG. 65, all of which
have a different luminance even though the same input
signal is used to drive the entire right edge of the display
indicated by 125. While displayed using the same input
voltage, gray bar (inclusive of 126a, 1265, 126¢) is not
uniform in luminance due to different IR drops along the
different power lines driving the areas 126a, 1265 and 126¢
as a result of the different currents drawn in area 120 relative
to that in areas 122 and 124. In fact, the areas 1264 and 126¢,
which are driven by the same power lines as the two black
areas 122 and 124 will be significantly higher in luminance
than the area 1265, which is driven by the same power lines
as is the white area 120. Unlike the gradual change in
luminance of the white bar from the left to the right of the
display, the change in luminance across the gray bar (inclu-
sive 126a, 1265, 126¢), which is intended to be uniform, is
sudden and visible. The luminance change occurs between
neighboring OLEDs at the boundary between 126a and 1265
and the boundary between 126c¢ and 1265, due to the
resulting difference in current between neighboring power
lines. This sudden and unintended change in luminance is
very detectable to the human eye and presents a very
undesirable 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.

[0047] It will be recognized that in each of the embodi-
ments of the present invention, a display will be provided, a
portion of such a display being depicted in FIG. 2, which is
composed of an array of regions, wherein the current to each
of the regions is provided by a pair power lines, at least one
power line oriented along a first dimension of the display,
each region including an array of light emitting elements for
emitting light and wherein the current to each light emitting
element is controlled by a pixel driving circuit. The display
further comprising an array of select lines oriented along the
first dimension of the display for sequentially providing a
signal to the pixel driving circuits within each of the array
of regions, allowing the pixel driving circuits within any one
region to be selected to receive a data signal at any moment
in time. The display further comprising an array of data lines
oriented along a second dimension of the display that is
perpendicular to the first dimension, wherein each data line
provides a data signal to a pixel driving circuit within the
selected region and wherein each pixel driving circuit inde-
pendently controls the current to each of the light-emitting
elements in response to the data signal that is provided by
the data lines and wherein the intensity of the light output by
each the light emitting element is dependent upon the
current provided to each light emitting element.

[0048] Further, it will be recognized that embodiments of
the present invention will employ one or more display
drivers which receive an input image signal and generate a
converted data signal to be provided to each of the pixel
driving circuits by the data lines to drive the light emitting
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elements in the display, wherein the one or more display
drivers receive the input image signal for driving the light
emitting elements within a region, 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 the pixel driving circuit was
not influenced by voltage drops along the power line, and
generates the converted image signal for driving the light
emitting elements with the region as a function of the input
image signal and the estimated currents, allowing the volt-
age drop to be computed across the region defined by the
power line without delay. However, the details of the pre-
ferred embodiments may differ substantially based upon the
exact structure of the EL unit. Herein, two separate pro-
cesses will be used for two separate EL unit configurations.
It should, however, be recognized that modifications to or
combinations of these methods may be applied to achieve
similar results.

[0049] In a first embodiment, it will be assumed that a
non-inverted OLED will be formed on an active matrix
substrate employing an n-type semi-conducting material,
such as amorphous silicon. By a non-inverted OLED, it is
implied that the anode of the OLED is located near the
substrate and the cathode of the OLED is formed opposite
the OLED materials from the anode. The typical layer
structure of such an embodiment is depicted in FIG. 7, which
depicts a substrate 130 on which is coated the active matrix
circuit elements of the display, which includes at least one
semi-conducting layer 132. The anode, 134 is then formed
in contact with the active matrix circuit and is used to inject
holes into the EL layer 136. These holes will typically be
injected into a hole injection or hole transporting sublayer
within the EL layer through which they must pass to reach
a light emitting sublayer. These holes will eventually com-
bine with electrons in the light-emitting layers to form
excitons, which may decay through florescence or phospho-
rescence to produce light emission. The cathode 138 will be
formed on top of the EL layer and electrons will be injected
into the EL layer which will combine with holes in the
light-emitting layer to form excitons and light emission.

[0050] In such an embodiment, a circuit such as shown in
FIG. 4 may be used to drive each light emitting element. In
this configuration the current that flows from the source 116
to the gate 112 of the power transistor 50 is dependent on the
voltage (V) across the gate and source of this transistor.
Further, Vgs is equal to the data voltage minus the voltage
across the source and drain power lines, minus the voltage
differential across the OLED. However, the voltage across
the source and drain power lines is equal to the voltage
across these lines as provided by the power supply minus the
reduction in voltage that occurs as a function of the resis-
tance of the power lines and the current that is required to
drive other OLEDs along the power lines. Since current and
voltage are generally nonlinearly related in these devices,
the exact solution of this problem will generally require the
solution of a family of nonlinear equations which can be
relatively complex. In such a configuration, it can therefore
be computationally less complex to simply limit the maxi-
mum current within one or more segments of the power
line(s) such as to limit the IR drop to within an acceptable
tolerance. The inventors have found that this may be accom-
plished by simply reducing the peak current of any given
line to within some limit as long as luminance along any one
region of the display is not substantially different from a
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neighboring region. Further, it is possible to take advantage
of the correlation between frames within a video sequence to
further occlude any luminance variation that occurs through
the application of such a limiting process.

[0051] One such limiting process is depicted in FIG. 8. As
shown in this figure, the one or more display drivers would
receive 140 the input image signal, which would typically be
comprised of input RGB code values. This input signal
would then be transformed 142 to linear intensity values,
typically by applying a nonlinear lookup table. The lumi-
nance of the light emitting elements corresponding to the
pixel location of each RGB intensity value would then be
determined 144 using methods that are well known in the
art, such as applying a matrix multiplication. This step may
rely on inputs from external sources such as a user lumi-
nance control, a user contrast control, an ambient illumina-
tion sensor and/or a temperature sensor. The luminance
value may be adjusted based upon the inputs from these
external sources to determine 144 the final luminance of the
light emitting elements. The efficiencies of each light emit-
ting element would then be input 146 and used to divide the
required luminance to obtain the current that is required by
each light-emitting element to calculate 148 an estimate of
the current required by each light-emitting element. Notice
that steps 142 through 148 provide an analysis of 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 the pixel driving
circuit was not influenced by voltage drops along the power
line. The current required by each light-emitting element
within a region of the display would then be summed 150
and the RGB intensity values would be buffered 152 for later
computation. Once a total current was calculated for an
entire region, a maximum allowable current for each region
would be obtained 154 and a ratio of this maximum allow-
able to the sum of the current for the region is calculated
156. If this value is greater than 1, it is set 158 to a value of
1. Alow pass filter is then applied 160 to the ratio computed
in step 158. This step ensures the value for the current line
does not change dramatically from the value for the previous
line, therefore allowing only a low frequency shift in lumi-
nance to which the human visual system is not very sensi-
tive. The resulting filtered ratio value is then applied 162 to
the linear intensity values for each region to generate the
converted image signal for driving the light emitting ele-
ments with the region as a function of the input image signal
and the estimated currents. An input intensity to drive
voltage look up table may then be input 164 and the
converted image signal may be rendered 166 through these
LUT to obtain display drive voltages, which are then pro-
duced on the appropriate data lines of the active matrix
display to display 168 the image.

[0052] Notice that in this process, a buffer the size of each
region (typically a line) is all that is necessary to generate the
final adjusted image and that the delay in image presentation
created through such a process is only the time required to
clock a line of data into the line buffer. Although such a
process can provide the necessary correction to the input
image signal, many enhancements or modifications may be
made to this process. In one such process, the ratio computed
in step 158 may be stored for each region. The minimum of
these values may then be recorded for each scene and
established as a default ratio for the subsequent image. This
default ratio may then be adjusted by calculating the ratio of
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the difference between the ratio computed for each region in
the previous image and the ratio for each region of the current
image and then adjusting this default ratio by some proportion
of this difference. As such, the changes in this proportion as a
function of location in the image may be minimized. Notice
that such a process requires a small increase in the amount of
necessary storage but image presentation is still only delayed
by the time required to input the data for a single region of the
image. Through such a process the inadvertent changes in row
to row luminance due to IR drop may be significantly
reduced. Further, this process may be combined with other
methods known inthe art for applying a limit to the maximum
current draw for an image.

[0053] In asecond embodiment, it will be assumed that an
inverted OLED will be formed near an active matrix substrate
employing an n-type semi-conducting material. By an
inverted OLED, it is implied that the cathode of the OLED is
located on the semi-conducting substrate and the anode of the
OLED is formed opposite the OLED materials from the cath-
ode. The typical layer structure of such an embodiment is
depicted in FIG. 9, which depicts a substrate 180 on which is
coated the active matrix circuit elements of the display, which
includes at least one semi-conducting layer 182. The cathode,
184 is then formed in contact with the active matrix circuit
and 1is used to inject electrons into the electroluminescent
layer 186. These electrons will typically be injected into an
electron injection or electron-transporting layer and will
eventually combine with holes in a light-emitting layer to
produce light emission. The anode layer 188 will typically
inject holes into a hole injection or hole-transporting layer
through which they must pass to reach the light-emitting
layer. A circuit to drive such a device is depicted in FIG. 10,
and is nearly identical to the circuit shown in FIG. 4 with a few
notable exceptions. Note that while in FIG. 4, the electrons
flowed through the OLED 106 and then the power TFT 50,
placing the source 116 of the power TFT near the bottom of
the figure and the drain 114 of the TFT near the top of the
figure, as shown in FIG. 9 for the inverted OLED, electrons
flow through the power TFT and then the OLED 106, placing
the source of the power TFT 50 and the supply power line 104
near the top of the figure. Further, the drain 114 of the power
TFT 50 and the return power line 110 is placed near the
bottom of the figure. One of the more significant effects of this
change is that it simplifies the calculation of the gate 112 to
source 116 voltage, which is now simply the difference
between the data signal voltage and the voltage between the
source and drain power lines, theoretically making it much
easier to effect exact control upon the current to the OLED
106 and therefore the luminance produced by the light emit-
ting element. Unfortunately, this same change results in
greater sensitivity of such a display to variation in IR drop as
the gate 112 to source 116 voltage is very sensitive to changes
in the voltage between the supply 104 and return 110 power
lines due to the fact that the data signal voltage is often much
smaller than the gate to source voltage. Because ofits extreme
sensitivity to IR drop, manufacturing of such a device is
typically avoided. Accordingly, systems employing voltage
drop compensation in accordance with the invention may be
particularly desirable for use with inverted OLED elements.
[0054] The inventors have further noted that the effect of IR
drop in such an inverted OLED display configuration may
advantageously be modeled by simply solving a set of linear
equations. While it is possible to form a converted image
signal that compensates for IR drop in other OLED configu-
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rations, the fact that the gate to source voltage in an inverted
configuration is only affected by the data signal voltage and
the voltage across the power lines, makes it particularly
advantageous to form a converted image signal that compen-
sates forthe effect of IR drop, rather than attempting to simply
ameliorate its effects by avoiding high current values as dis-
cussed in the first embodiment. Further, these calculations
may be simplified such that the steps of analyzing the input
image signal 82 and generating a converted image signal 84
may be performed within the column drivers of most typical
displays while adding only a few processing steps. Such a
method will therefore be provided in detail.

[0055]

the actual voltage between the supply and return power lines

To discuss this method, it is first important to define

in terms of linear equations. As such, we will define the

following vectors:

Vi

V2

<t
1}

Vn

—~
I

Vo

Yo

=t
<
I

Yo

where ¥ is a column vector representing the actual voltage of
the power line at each circuit connection, 1 is a column vector
representing the current for each segment 119 of at least one
of the power lines (note the current for a given segment of one
power line is typically equal to the current for a corresponding
segment of the other power line in the pair of power lines ), and
¥, 1s a vector of the initial voltage values at the origins of the
power lines as provided by the power supply. Further, we will
define a symmetric matrix, A. This matrix is defined by
assigning the number of circuits 118 along a power line to a
row and a column vector, treating these arrays as indices to a
matrix and then computing each value in the matrix as the
minimum of the row and column index value at each point in

the matrix. For exa
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mple, a display having eight circuits attached to a pair of
power lines would have a matrix A as:
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This matrix would then be expanded to provide a number of
rows and columns equal to the number of circuits 118
attached to a pair of supply 104 and return 110 power lines.

[0056] Given this set of matrices and assuming the resis-
tance of each segment in each power line is constant; the array
of voltage values ¥, representing the voltage at each circuit
connection can then be computed from the equation:

=iy A7

wherer represents the resistance of each segment in one of the
power lines or, if the resistance of each segment of each of the
power lines in the pair are comparable, the sum of the resis-
tance values for the two power lines.

[0057] Having calculated the actual voltage at the connec-
tion for each circuit, one can correct for IR drop by adding the
quantities calculated from:

V=V V

to the drive voltage value for each light emitting element
when the display utilizes an inverted OLED with an n-type
semiconductor backplane. This same correction can be
applied to an OLED utilizing a non-inverted OLED with a
p-type semiconductor backplane.

[0058] This method needs to be slightly adapted if the
OLED is formed as a non-inverted OLED on an n-type semi-
conductor backplane or an inverted OLED on a p-type semi-
conductor backplane. For this later case, the IR drop can be
corrected for by a slightly different corrected voltage to the
drive voltage for each light emitting element. This value is
calculated from:

5 =b(i,—)a

where b is the slope of the power transistor curve which
relates source to drain current to source to drain voltage and a
is the slope of the transistor curve relating the source to drain
current to the gate to source voltage at the operating point.
Note however, that as pointed out before, the operating point
is the value that is being calculated. However, this operating
point may be approximated in any number of ways, including
calculating an initial value of ¥, assuming thataand b are 1 or
have an average value for the slope of the curve.

[0059] While the matrix equations that have been discussed
will allow the correction to be applied, it is important to note
that the matrix A is actually very large for most commercial-
ized displays. For instance televisions supporting HDTV
resolutions may have as many as 5760 (1920 pixels by three
colors of light emitting elements per pixel) light emitting
elements in a single row and that all of these light-emitting
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elements will ideally be provided power by a single pair of
power lines. To provide this computation for such a display,
an A matrix with over 3.3 million entries would be required.
This matrix would require an unmanageable amount of data
storage and the solution would require an unacceptable num-
ber of computations. Fortunately, this matrix computation
may be simplified by decomposing the n by n A matrix into p
by p equally sized submatrix blocks (each with q=n/p rows
and columns). To explain this simplification, the A matrix
shown earlier will be decomposed into two diagonal matrices,
a super diagonal matrix (i.e, above the diagonal) and a sub-
diagonal matrix as shown for the case of n=8, p=2, q=4.

-
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Notice that the columns of the super diagonal submatrix is
composed of four rows of numbers, each column of each row
containing the same number. Therefore, computation of the
quantity obtained by multiplying the appropriate current val-
ues by this super diagonal submatrix of A can be computed
from:

kotq-1 (Eq D

ASuperi=5 Z it

k=kq

where s is the row number in the original matrix and k is an
index that is incremented over all columns of the superdiago-
nal submatrix.

[0060] Additionally, each of the columns of the subdiago-
nal submatrix also contain the same number and therefore
computation of these elements can also be simplified to:

kg1 ky+g-1 ko+g-1

Agub7= Z ik = Z ik—ko+ D+ (ko= 1) Z i,

k=ky k=ky k=ko

(Eq 2)

where k is the column number in the original matrix and is
incremented over all columns in the subdiagonal submatrix.
Note that the matrix multiplication of the currents and the A
matrix in the sub-diagonal and super-diagonal submatrices
only involves sums of the form:

and

Si= itk —ko+1)

k=kg
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which are constant for all corrections ¥_=V,—¥ within a sub-
matrix, except for an integer multiplier which varies with row
number.

[0061] To compute the full matrix, it is then only necessary
to perform the additional matrix multiplications for the sub-
matrices on the diagonal of the original matrix. Further, this
operation may be performed at any scale. For example, a
display with 3 million horizontal light emitting elements, the
A matrix may be decomposed into a very large number (p) of
submatrices and the off diagonal matrices may each be cal-
culated using these relatively simple equations and then
summed together.

[0062] Note that the exact correction for voltage artifacts is
given using these same simple sums (S, and S)) for first and
last rows of the diagonal submatrix blocks. It is only the
interior rows of the diagonal submatricies that require unique
summations for each row.

[0063] Ifsmall errorsin the correction can be tolerated, it is
possible to determine the correction for the interior rows of
each sub-matrix block by interpolation from the first and last
row (since these corrections are calculated exactly from the
sub-matrix and supermatrix sums). If the accuracy of the
correction is to be improved, the diagonal matrix itself can be
subdivided into smaller submatrices (super diagonal, sub
diagonal, and diagonal) and the same process repeated until
the desired accuracy is achieved for the rows inside the small-
est submatrices.

[0064] Note that these computations may be computed
within a single processor but because S, and S, can be com-
puted within any submatrix without knowledge of the values
in other submatrices, many of the computations may be per-
formed in parallel by multiple processors. In most active
matrix displays numerous row drivers 204a, 2045 and column
drivers 202a, 2025, 202¢ are either formed on or bonded to the
edges of the display 10 as shown in FIG. 11. Data is then
delivered to the row drivers 204a, 2045 and column drivers
202a, 2025, 202¢ by a display controller 200. The column
drivers 202a, 2025, 202¢ deliver the drive voltage to the data
lines 58, 60, 62, 64 of the display 10 while the row drivers
204a, 2045 deliver select signals to the select lines 52, 54.
[0065] Therefore, in a preferred embodiment, employing
the method that has just been described and the display sys-
tem depicted in FIG. 11, the one or more display drivers for
receiving an input image signal for data to drive the pixel
driving circuits and generating a converted image signal 16
for driving the light emitting elements in the display 10 may
include at least one display controller 200 and one or more
column drivers 202a, 2025, 202¢, which employ the process
shown in FIG. 12. As shown in F1G. 12, the display controller
200 would receive 210 the input image signal, which would
typically be comprised of input RGB code values. This input
signal would then be transformed 212 to linear intensity val-
ues, typically by applying a nonlinear lookup table and matrix
multiplication. The luminance of the light emitting elements
corresponding to the pixel location of each RGB intensity
value would then be determined 214 using methods that are
well known in the art. This step may rely on inputs from
external sources such as a user luminance control, a user
contrast control, an ambient illumination sensor and/or a
temperature sensor. The luminance value may be adjusted
based upon the inputs from these external sources to deter-
mine 214 the final luminance of the light emitting elements.
The efficiencies of each light emitting element would then be
input 216 and used to divide the required luminance to obtain
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the current that is required by each light-emitting element to
calculate 218 an estimate of the current required by each
light-emitting element. Notice that steps 212 through 218
provide an analysis of 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 the pixel driving circuit was not influenced by voltage drops
along the power line. These current values would then be
transmitted 220 to the column drivers 202a, 2025, 202¢ with
each column driver receiving current values for the light
emitting elements to which it must provide a signal for driv-
ing. The column drivers may then calculate 222 S, and S, for
the submatrix corresponding to light emitting elements to
which they must provide a data signal through the drive lines
58, 60, 62, 64. Each of the column drivers 202a, 2025, 202¢
may then transmit 224 the computed values of S| and S to the
other column drivers. The voltage correction value V_ is then
computed 226 for each light emitting element. The column
drivers then obtain 228 look up tables to convert from current
to voltage and render 230 the current values through the LUTs
to obtain drive voltage values. A converted image signal is
then formed by adding 232 the voltage correction value Vc to
the drive voltage values to form the converted image signal
for driving the light emitting elements in the display. The
resulting voltage values are then converted to an analog signal
and provided on the data lines to drive the light emitting
elements of the display and to therefore display 234 the cor-
rected image.

[0066] It should also be noted that the display controller
200 must also provide a synchronization signal to the row
drivers and some delay may be introduced by either the dis-
play controller or the row drivers, which will allow the col-
umn drivers to perform the necessary calculations before
providing the corrected voltage values to the data lines. It
should also be noted that it is possible that some of the
corrected voltage values may potentially be out of range of the
voltage values that may be provided by the column drivers. In
this instance, one may take any number of measures, includ-
ing clipping the values to the highest available values, scaling
each of the correction values for the line or some combination
of these mechanisms.

[0067] The invention has been described in detail with par-
ticular reference to certain preferred embodiments thereof,
butit will be understood that variations and modifications can
be effected within the spirit and scope of the invention.

PARTS LIST
[0068] 10 display
[0069] 12 display driver
[0070] 14 power supply
[0071] 16 input image signal
[0072] 18 converted data signal
[0073] 20 first region
[0074] 22 second region
[0075] 24 first power line
[0076] 26 second power line
[0077] 30 light emitting element
[0078] 32 light emitting element
[0079] 34 light emitting element
[0080] 36 light emitting element
[0081] 38 light emitting element
[0082] 40 light emitting element
[0083] 42 light emitting element
[0084] 44 light emitting element
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[0085]
[0086]
[0087]
[0088]
[0089]
[0090]
[0091]
[0092]
[0093]
[0094]
[0095]
[0096]
[0097]
[0098]
[0099]
[0100]
[0101]
[0102]
[0103]
[0104]
[0105]
[0106]
[0107]
[0108]
[0109]
[0110]
[0111]
[0112]
[0113]
[0114]
[0115]
[0116]
[0117]
[0118]
[0119]
[0120]
[0121]
[0122]
[0123]
[0124]
[0125]
[0126]
[0127]
[0128]
[0129]
[0130]
[0131]
[0132]
[0133]
[0134]
[0135]
[0136]
[0137]
[0138]
[0139]
[0140]
[0141]
[0142]
[0143]
[0144]
[0145]
[0146]
[0147]
[0148]

46 select TFT

48 capacitor

50 power TFT

52 select line

54 select line

58 data line

60 data line

62 data line

64 data line

80 receive input image signal step
82 analyzes the input image signal step

84 generating the converted image signal step

100 select line

102 data line

104 supply power line

106 OLED

108 capacitor line

110 return power line

112 gate

114 drain

116 source

118 pixel driving circuit

119 power line segment

120 white area

122 black area

124 black area

125 uniform luminance gray bar
1264 high luminance portion of gray bar
1266 low luminance portion of gray bar
126¢ high luminance portion of gray bar
130 substrate

132 semi-conducting layer

134 anode

136 EL layer

138 cathode

140 receive input image signal step
142 transform to linear intensity step
144 determine luminance step

146 input efficiencies step

148 calculate current estimate step
150 sum current step

152 buffer intensity values step

154 obtain maximum allowable current step
156 calculate ratio step

158 set ratio

160 apply low pass filter step

162 apply filtered ratio value step
164 input look up table step

166 render step

168 display step

180 substrate

182 semi-conducting layer

184 cathode

186 electroluminescent layer

188 anode layer

200 display controller

202a column driver

202b column driver

202¢ column driver

204a row driver

204b row driver

210 receive input image signal step
212 transform to linear intensity step
214 determine luminance step

11

May 1, 2008
[0149] 216 input efficiencies step
[0150] 218 calculate current estimate step
[0151] 220 transmit current value step
[0152] 222 calculate S, S, step
[0153] 224 transmit step
[0154] 226 compute voltage correction step
[0155] 228 obtain look up table step
[0156] 230 render step
[0157] 232 add voltage correction step
[0158] 234 display step
1. An active matrix electro-luminescent display system,
comprising:

a) a display composed of an array of regions, wherein the
current to each of the regions is provided by a pair power
lines, at least one power line oriented along a first dimen-
sion of the display, each region including an array of
light emitting elements for emitting light;

b) pixel driving circuits for independently controlling the
current to each light-emitting element in response to an
image signal, wherein the intensity of the light output by
thelight emitting elements is dependent upon the current
provided to each light emitting element;

¢)an array of select lines oriented along the first dimension
for sequentially providing a signal to the pixel driving
circuits within each of the array of regions, allowing the
pixel driving circuits within any one region to be
selected to receive a data signal at any moment in time;

d) an array of data lines oriented along a second dimension
of the display that is perpendicular to the first dimension,
wherein the data lines provide the image signal to the
pixel driving circuit for each light-emitting element;

e) one or more display drivers for receiving an input image
signal for data to drive the pixel driving circuits and
generating a converted image signal for driving the light
emitting elements in each region of the display through
signals provided through the data lines and select lines,
wherein the one or more display drivers sequentially
receives the input image signal for driving the light
emitting elements within each region of the array of
regions, analyzes the input image signal received for
each region to estimate the current that would result at, at
least, one point along at least one of the power lines
providing current to each region, if employed without
further modification, based upon device architecture and
material and performance characteristics of device com-
ponents, and sequentially generates a converted image
signal for driving the light emitting elements in each
region as a function of the input image signal and the
estimated currents.

2. The display system according to claim 1, wherein the

light-emitting elements comprise OLEDs.

3. The display system according to claim 2, wherein the
pixel driving circuits control the voltage that is provided to the
light-emitting elements, indirectly controlling the current
supplied to each light-emitting element within each region.

4. The display system according to claim 3, wherein the
one or more display drivers estimate the voltage drop across
at least one portion of at least one of the pair of power lines
based on the estimated current at, at least, one point along the
power line and the resistance of the power line and generates
the converted image signal based on the estimated voltage
drop.

5. The display system according to claim 4, wherein the
light-emitting elements are comprised of an inverted light-
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emitting structure and wherein the voltage provided to the
light-emitting elements is corrected by adding the estimated
voltage drop to an original voltage for driving the circuit.

6. The display system according to claim 5, wherein the
one or more display drivers sequentially generate a converted
image signal for driving the light emitting elements in each
region by

a. computing a sum of estimated current values along at
least one of the power lines at multiple points corre-
sponding to pixel driving circuit connections and a sum
of the estimated current values at the multiple points
multiplied by index values;

b. estimating voltage drops at each of the multiple points
along the power lines based upon the sum of the esti-
mated current values multiplied by a resistance value,
and the sum of the estimated current values multiplied
by index values multiplied by a resistance value;

c. computing initial drive voltages for each of the pixel
driving circuits in each region from the input image
signal; and

d. calculating corrected drive voltages for each of the pixel
driving circuits based upon the sum of the estimated
voltage drop at the pixel driving circuit connection and
the computed initial drive voltage.

7. The display system according to claim 4, wherein the
light-emitting elements are comprised of a non-inverted light-
emitting structure and wherein the voltage provided to the
light-emitting elements is corrected by determining the cur-
rent drop that would occur as a result of the voltage drop and
wherein a relative current value is corrected by adding the
current drop to an original current estimate and a corrected
voltage is computed by converting the current value to a drive
voltage signal for providing a voltage for driving the pixel
driving circuit.

8. The display system according to claim 1, wherein the
one or more display drivers modify the input image signal
such that when 1) the input image signal includes a target area
of desired uniform luminance that spans two or more regions
and 1i) the average input image signal used to drive the light
emitting elements outside the target within one of the two or
more regions is significantly higher than the average input
image signal used to drive the light emitting elements outside
the target within an other of the two or more regions, the
luminance pattern that results from displaying the image is
more uniform in the target area when the converted image
signal is used for driving the light emitting elements of the
display than if the input image signal were to be used for
driving the light emitting elements.

9. The display system according to claim 1, wherein the
one or more display drivers generate the converted image
signal as a function of one or more normalization constants
based on the relative values of the estimated currents and a
reference value.

10. The display system according to claim 9, wherein the
one or more display drivers estimate peak currents for each
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power line and compute a normalization constant based on
the ratio of the maximum estimated peak current to the ref-
erence value, and applies the normalization constant to the
input image signal to generate the converted image signal.

11. The display according to claim 9, wherein the one or
more display drivers store a value for each of the array of
regions and computes one or more normalization constants
for a region as a function of the difference between the esti-
mated currents and the stored value for the region to generate
the converted image signal.

12. The display system according to claim 9, wherein the
one or more display drivers generate the converted image
signal by computing modified normalization constants for
each region as a filtered version of an initial set of normaliza-
tion constants previously computed for neighboring regions.

13. The display system according to claim 9, wherein the
one or more display drivers generate converted image signals
for individual input image signals in a temporal image
sequence by computing modified normalization constants for
the multiple input image signals as a filtered version of an
initial set of normalization constants computed for previous
images in the sequence.

14. The display system according to claim 1, wherein at
least one of the regions contains differently colored light
emitting elements than at least a second of the regions.

15. The display system according to claim 1, wherein at
least one of the regions contains more than one color of light
emitting element.

16. The display system according to claim 1, wherein the
display contains 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 elements 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.

17. The display system according to claim 1, wherein the
display driver additionally modifies the input image signal as
a function of one or more of the set including, a user lumi-
nance control, a user contrast control, an ambient illumina-
tion sensor and/or a temperature sensor.

18. The display system according to claim 1, wherein the
display contains at least four differently-colored light-emit-
ting elements and wherein each region contains all colors of
light-emitting elements.

19. The display system according to claim 1, wherein the
pixel driving circuits are comprised of amorphous silicon thin
film transistors.

20. The display system according to claim 1, wherein the
one or more display drivers include one or more display
column drivers.
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