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(57) ABSTRACT

A method of compensating uniformity of an EL device, hav-
ing a plurality of light-emitting elements, including providing
the EL display; and measuring the performance of one or
more light-emitting elements at three or more different code
values. At least two different groups of code values are
formed from the three or more code values, while calculating
a linear transformation for converting an input signal to a
compensated signal from the performance measurements for
each of the groups. Subsequently, the difference between the
measured performance and compensated signal is calculated
over the range of code values for each of the groups; while the
linear transformation, having a preferred difference, is
selected. Additionally an input signal is received and
employed with the selected linear transformation to calculate
a compensated signal to drive the EL display.
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METHOD AND APPARATUS FOR
UNIFORMITY COMPENSATION IN AN
ELECTROLUMINESCENT DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation-In-Part of application Ser.
No. 11/556,323, filed Nov. 3, 2006, entitled “METHOD
AND APPARATUS FOR UNIFORMITY COMPENSA-
TION IN AN OLED DISPLAY,” by Ronald 8. Cok et al.

FIELD OF THE INVENTION

[0002] The present invention relates to electroluminescent
displays having a plurality of light-emitting elements and,
more particularly, to compensating for non-uniformity of the
light-emitting elements in the display.

BACKGROUND OF THE INVENTION

[0003] Electroluminescent (EL) devices are a promising
technology for flat-panel displays and area illumination
lamps. For example, Organic Light Emitting Diodes
(OLEDs) have been known for some years and have been
recently used in commercial display devices. EL, devices
rely upon thin-film layers of materials coated upon a sub-
strate, and include organic, inorganic and hybrid inorganic-
organic light-emitting diodes (LEDs). The thin-film layers of
materials can include, for example, organic materials, quan-
tum dots, fused inorganic nano-particles, electrodes, con-
ductors, and silicon electronic components as are known and
taught in the LED art. Such EL devices employ both
active-matrix and passive-matrix control schemes and can
employ a plurality of light-emitting elements. The light-
emitting elements are typically arranged in two-dimensional
arrays with a row and a column address for each light-
emitting element, and are driven by a data value associated
with each light-emitting element to emit light at a brightness
corresponding to the associated data value. However, such
displays suffer from a variety of defects that limit the quality
of the displays. In particular, LED displays suffer from
non-uniformities in the light-emitting elements. These non-
uniformities can be attributed to both the light emitting
materials in the display and, for active-matrix displays, to
variability in the thin-film transistors used to drive the light
emitting elements.

[0004] It is known in the prior art to measure the perfor-
mance of each pixel in a display and then to correct for the
performance of the pixel to provide a more uniform output
across the display. U.S. Pat. No. 6,081,073 entitled, “Matrix
Display with Matched Solid-State Pixels” by Salam, issued
Jun. 27, 2000, describes a display matrix with a process and
control means for reducing brightness variations in the
pixels. This patent describes the use of a linear scaling
method for each pixel based on a ratio between the bright-
ness of the weakest pixel in the display and the brightness of
each pixel. However, this approach will lead to an overall
reduction in the dynamic range and brightness of the display,
and a reduction and variation in the bit depth at which the
pixels can be operated.

[0005] U.S. Pat. No. 6,473,065, entitled “Methods Of
Improving Display Uniformity Of Organic Light Emitting
Displays By Calibrating Individual Pixel” by Fan, issued
Oct. 29, 2002, describes methods of improving the display
uniformity of an OLED. In order to improve the display
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uniformity of an OLED, the display characteristics of all
organic-light-emitting-elements are measured, and calibra-
tion parameters for each organic-light-emitting-element are
obtained from the measured display characteristics of the
corresponding organic-light-emitting-element. The calibra-
tion parameters of each organic-light-emitting-element are
stored in a calibration memory. The technique uses a com-
bination of look-up tables and calculation circuitry to imple-
ment uniformity correction. However, the described
approaches require either a lookup table providing a com-
plete characterization for each pixel, or extensive computa-
tional circuitry within a device controller. This is likely to be
expensive and impractical in most applications. In particu-
lar, the memory required to store compensation information
can be costly. Hence, it is useful to minimize this cost.
[0006] One simple technique for compensating AM-LED
displays may be to measure the output of all of the pixels at
two pre-determined code values corresponding to presumed
luminance output levels. The output can be used to deter-
mine a common gain and offset for all of the pixels.
However, this technique provides only a global adjustment
for the pixels and does not address differences between the
pixels. A more complex method is to measure the output of
each of the pixels at the same, common pre-determined
levels. The output measured for each pixel can be used to
provide a custom offset and gain forming a linear approxi-
mation of the response of each pixel. However, this second
technique may not provide the optimum custom offset and
gain, since the response of the pixels may not be linear and
a linear approximation will, therefore, create errors at vari-
ous light levels.

[0007] One technique that can minimize the error is to
employ a complete look-up table providing a correction for
every code value of each pixel. However, such a solution
requires a large, expensive memory. Alternatively, a correc-
tion curve may be estimated by employing a series of linear
correction values defining a series of line segments. Such an
approach reduces the memory storage somewhat, and may
provide approximate corrections, but the memory require-
ments are still large and complex control circuitry may be
required to select the appropriate line segment, increasing
Costs.

[0008] There is a need, therefore, for an improved method
of providing uniformity in an electroluminescent display
that overcomes these objections.

SUMMARY OF THE INVENTION

[0009] In accordance with one embodiment, the invention
is directed towards a method of compensating uniformity of
an electroluminescent (EL) device that has a plurality of
light-emitting elements, including the steps of:

[0010] a) providing an EL display having one or more
light-emitting elements, each light-emitting element com-
prising a first electrode and a second electrode and at least
one light-emitting layer formed between the electrodes
responsive to a current passing through the electrodes and an
electronic circuit responsive to an external controller caus-
ing a current to pass through the electrodes and the light-
emitting layer to emit light;

[0011] b) measuring the performance of the one or more
light-emitting elements at three or more different code
values;

[0012] c) forming at least two different groups of code
values from the three or more code values, calculating a
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linear transformation converting an input signal to a com-
pensated signal from the performance measurements for
each of the groups:

[0013] d) calculating the difference between the measured
performance and compensated signal over the range of code
values for each of the groups;

[0014] e) selecting the linear transformation having a
preferred difference; and

[0015] f) receiving an input signal and employing the
selected linear transformation to calculate a compensated
signal to drive the EL display.

ADVANTAGES

[0016] In accordance with various embodiments, the
present invention may provide the advantage of improved
uniformity in a display that reduces the complexity of
calculations, minimizes the amount of data that must be
stored, improves the yields of the manufacturing process,
and reduces the electronic circuitry needed to implement the
uniformity calculations and transformations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1is a flow diagram illustrating the method of
the present invention;

[0018] FIG. 2 is a schematic diagram illustrating an
embodiment of the present invention.

[0019] FIG. 3 isa graph illustrating response curves useful
in understanding the present invention;

[0020] FIG. 4 is a more detailed flow diagram illustrating
a portion of the method of the present invention;

[0021] FIG.5is a graph illustrating a response curves and
a first approximation according to the present invention;
[0022] FIG. 6 is a graph illustrating a response curve and
a second approximation having a smaller error according to
the present invention;

[0023] FIG. 7 is a schematic diagram according to an
embodiment of the present invention; and

[0024] FIG. 8 is a graph illustrating the performance of an
EL device as described in the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] Referring to FIG. 1, the present invention is
directed to a method and an apparatus for the compensation
uniformity variations in EL displays, comprising several
steps, such as step 100 of providing an EL display, having
one or more light-emitting elements, each light-emitting
element comprising a first electrode and a second electrode
and at least one light-emitting layer formed between the
electrodes responsive to a current passing through the elec-
trodes and an electronic circuit responsive to an external
controller causing a current to pass through the electrodes
and the light-emitting layer to emit light. Step 105 measures
the performance of the one or more of light-emitting ele-
ments at three or more different code values. Step 110 forms
at least two different groups of code values from the three or
more code values, while step 115 calculates a linear trans-
formation for converting an input signal to a compensated
signal from the performance measurements for each of the
groups. Step 120 calculates the difference between the
measured performance and the input signal over the range of
code values for each of the groups, until all desired groups
are tested in step 122; and step 125 selects the linear
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transformation having a preferred difference. During step
130, an input signal is received. Step 135 employs the
selected linear transformation to calculate a compensated
signal for driving the EL display in step 140.

[0026] Referring to FIG. 2, according to the present inven-
tion, an EL display device has a display 10, having one or
more light-emitting elements 18, and an external controller
12 for driving the display in response to an input signal 14.
Because the EL display 10 does not have a desired response
to the input signal 14, the external controller 12 transforms
the input signal 14 to form a compensated signal 16, using
circuitry 13, so that the output of the display 10 more closely
conforms to a desired response. Such circuitry is known in
the art and may comprise, for example, digital memory and
logic circuits. EL displays are also known.

[0027] A variety of groups of code values may be selected
to form various linear approximations of the light-emitting
element performance and corresponding linear transforma-
tions. In one embodiment of the present invention, the
groups are pairs of code values that define a line. In another
embodiment, groups having three or more code values may
be employed with a least-squares fit to define the line. Other
methods known in the mathematical art to determine a line
from a plurality of points may be employed.

[0028] The input signal 14 typically has a range of values,
for example, eight bits, defining a digital signal, having code
values from 0 to 255. Other ranges and numbers of bits may
be employed with the current invention, as well as conven-
tional analog signals. Referring to FIG. 3, an input signal
with a desired response is illustrated with curve 200. Note
that transformations into and out of one imaging space, for
example, logarithmic, into another imaging space, for
example, linear, may be employed to provide a desired
imaging space for the compensation step, or for driving the
display itself. Such transforms are known in the art. In one
embodiment, the compensation is performed in a linear
imaging space.

[0029] Still referring to FIG. 3, a sample curve 202
showing a more realistic response curve of an EL display is
illustrated. Note that, because active-matrix display devices
incorporate thin-film circuitry having a non-zero turn-on
voltage, a minimum code value greater than zero, applied to
a digital-to-analog converter to drive the display may be
necessary to emit light. Moreover, the response of the
sample curve 202 increases in code values may not provide
the desired increase in light output. For example, the
response may not be linear and may not have the desired
slope. The present invention provides a means to compen-
sate the input signal 14 having a desired response 200 to a
compensated signal 16 that will cause an actual response, for
example, the sample curve 202, to approximate the desired
response. This is done by employing a linear transformation
to convert the input signal 14 to a compensated signal 16. A
linear transformation is employed, because the storage and
computation requirements for computing the transformation
are reduced. The linear transformation is found by approxi-
mating the actual performance of each light-emitting ele-
ment 18 in the display 10 with a line characterizing the
performance, and employing the characterization to form the
linear transformation. However, because the actual perfor-
mance may not be linear, the response of the display 10 to
input signals 14 that are compensated using this simplified
representation of actual performance may have some error.
According to the present invention, a plurality of actual
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performance characterizations are employed to form a cor-
responding plurality of optional linear transformations and
the error computed for each of the plurality of options. The
linear transformation having the best performance and pre-
ferred error (typically the minimum error) is selected to form
the compensated signals 18, stored in the controller 12 and
transformation circuitry 13, and employed to compensate
the input signal 14 to form the compensated signal 16.

[0030] Referring to FIGS. 5 and 6, the simplified repre-
sentations 204a, 2045, respectively, are linear functions and
may be defined by two values. The first value of the
simplified representations 204a, 2045 may be an offset value
representing the maximum code value at which the light-
emitting element emits less than a minimum amount of light.
This point corresponds to the maximum input signal value
that has no response, i.e. the point at which the response
curve crosses the zero point of the ordinate of a graph
plotting the luminance versus the input signal value. The
second value of the simplified representations 204a, 2045
may be gain values, representing the slope of a line that
represents the ratio between changes in code value and
changes in response. However, because the actual perfor-
mance of a light-emitting element is not linear and the
performance may not correspond to any particular offset and
gain value, the offset and gain value best matching the
individual characteristics of each light-emitting element or
group of elements is chosen. This is done by calculating the
difference (error) between actual performance over a range
of input values (e.g. digital code values), and the compen-
sated signal. By selecting the optimum gain and offset value
having the least error, the error is minimized and the
performance of each light-emitting elements or group of
elements is optimized. Since a very simple representation
having only two values is stored, both the memory and the
computing requirements are minimized, usefully reducing
the cost of the EL device.

[0031] Referring to FIG. 4, the measurement and calcu-
lation steps are described in more detail. According to an
embodiment of this invention, the light output for each
light-emitting element (pixel or sub-pixel), or groups of
elements, may be measured in step 150 at a plurality of
levels. A group of measurements may be selected in step 155
and used in step 160 to calculate a different offset and gain.
Each offset and gain pair in step 165 may be used to
calculate the error between the representation of the perfor-
mance and actual performance. The process is repeated in
step 122, until the error from a plurality of groups has been
determined. The offset and gain pair defining the linear
transformation having the lowest overall difference (error) is
selected in step 125 and stored in a controller for compen-
sating input signals. The selection of the linear transforma-
tion having the lowest error improves the quality of the pixel
response without requiring a greater amount of memory or
computation in use. Although additional computation is
necessary to determine the desired, optimum, linear trans-
formation, this additional computation can be performed in
a manufacturing calibration step.

[0032] The error computation may be adapted to optimize
the visual quality of the display. For example, one can
employ different error weightings for different brightness
levels or colors. Alternatively, it may be recognized that
many small errors are relatively unimportant, while a few
large errors are noticeable and the weighting may be depen-
dent on the magnitude of the error.
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[0033] Referring to FIG. 5, a desired curve 200 and an
actual performance curve 202 are illustrated. The desired,
corrected curve 200 typically runs from 0 to 255 (for an 8-bit
system, 10- or 12-bit systems may be employed and gener-
ally any number of bits may be used depending on the EL
device application) and has a linear response in some useful
light output space so that increases in the driving signal, for
example, code values, result in corresponding increases in
light output across the entire range of code values. The linear
curve 204¢ approximates the actual performance 202. The
compensation curve 204a is formed from the measured
performance at the pair of points 220a, 2205. Employing
measurements at points 220a, 2205, the linear curve 204a
defines a linear transformation having an offset value of 50
with the illustrated gain (slope of the line). The offset and
gain values are intended to provide a simple means to
calculate a correction to an input signal to form the desired
output for each light-emitting element or group of elements.
Graphically, the desired input value, e.g. code value 50, is
desired to drive a luminance output, shown as 50 for
simplicity. However, because the response of the light-
emitter (curve 202) does not correspond to the desired
response curve 200, the actual luminance output will be 20,
as indicated at response value point 222q. Using this com-
pensation curve, an input code value of 50 is intended to
provide an output of 50 with a code value of 80. However,
as can be seen from the actual performance curve 202, a
code value of 80 will drive an output luminance that is about
75 (point 222b). This may be somewhat improved over an
output of 20, but the desired output of 50 is not achieved.
Hence, we can conclude that the compensation curve 204a
is inaccurate and has an error of 25=75—50 at an input code
value of 50 and a compensated code value of 80.

[0034] Mathematically, the linear transformation may be
computed as shown in equation 1, where the input code
value 1 is multiplied by the gain ratio of the desired curve
200 and the approximate representation of the performance
curve 204. The offset value is calculated by subtracting the
y-intercept of the approximation 204 from the y-intercept of
the desired curve 200, then dividing that difference by the
slope of the approximation 200.

Ourput,(i XGainRatio) +Offset

[0035]
as:

Equation 1

The error between the desired curves can be written

i=max Equation 2
Errorg, = ) |(M; = P)

i=min

Where the input signal ranges from min to max (e.g. 0 to
255), the simplified representative values at each input
signal value i is M, and the actual performance value is P,
corresponding to the offset and gain values derived from the
linear curve formed from code values a and b. It is also
possible to combine two or more performance measure-
ments to calculate a linear transformation.

[0036] After the error associated with the offset and gain
of the first group of code values is calculated, a second group
of code values is chosen and the error measurement
repeated. The process continues for as many groups as is
desired, and the gain and offset values having the preferred
error (typically the minimum) is chosen.
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[0037] Referring to FIG. 6, a different pair of points, 220¢
and 2204 is employed to form the compensation curve 2045.
In this case, the offset value is approximately at input code
value 5 and an input code value of 50 is linearly transformed
into a code value of 60 that drives an actual performance of
50 (point 222c¢), eliminating the error at that point. Hence,
compensation curve 2045 is superior to compensation curve
204a and may be chosen in preference to it. In general, the
actual response is compared to the approximation curve and
the error at each code value for the entire range of code
values employed for the display is calculated and summed,
rather than at only a single point in the example shown in
FIGS. 5 and 6. The error in the curve and associated linear
transformation are then compared with the error of other
curves to select the preferred group of points defining a
compensation curve and linear transformation. The total
error may be graphically shown as the area between the two
curves 202 and 2044 (shown in FIG. 5) or between the two
curves 202 and 204) (shown in FIG. 6). Referring to FIG.
8, a graph illustrates actual performance as measured and
approximated by Applicant.

[0038] A variety of methods may be employed to choose
the groups. One method, for example, may be to choose one
of a pair of code values from a first set of several code values
below a mean code value and a second of the pair of code
values from a second set of several code values above a
mean code value. The central code value of the second set
may be chosen together with the minimum (or maximum)
code value of the first set and the total error computed. The
next larger or smaller code value of the first set is then
selected and the process repeated until a minimum is found.
Employing the code value in the first set having the mini-
mum error, a similar series of calculations may be performed
with a series of code values from the second set. The code
values having the resulting minimum found as a result of the
second series may be employed as the preferred pair of code
values and the corresponding offset and gain values used to
perform the correction for the light-emitter or group of light
emitters.

[0039] It may be true, however, that some errors at some
code values are less objectionable than errors at other code
values. For example, applicants have noted that errors at low
code values are more noticeable than errors at relatively
higher code values. Hence the error at lower code values
may be weighted more strongly, for example, by multiplying
them by a number greater than one, such as 1.5 before they
are summed as shown in Equation 3, where W, represents the
weighting value associated with each code value 1.

i=max Equation 3
Errorg, = ) Wix|(M; = Py

i=min

[0040] Likewise, a few errors having a large magnitude
may be more objectionable than relatively more errors
having a smaller magnitude, even though the sum of the
errors may be similar. In this case, a non-linear function may
be employed as a weighting factor, for example a power
function, and applied to the error values at each code value
before summing, as shown in Equation 4 where W(e)
represents the weighting function associated difference
value e.
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i—max Equation 4
Error,p, = Z W(|(M; - P)I)

i=min

[0041] In various embodiments of the present invention,
other means of measuring the error may be employed. For
example, root mean square error may be employed. It is also
possible to form a linear estimation and transformation
based on more than two data points, for example, a least
squares fit may be employed.

[0042] In one embodiment of the present invention, the
same code values may be chosen for all of the light-emitting
elements in a plurality of EL devices. In practice, it is often
the case that different EL devices may have different overall
characteristics. In such cases, a different set of pre-deter-
mined code values may be used to measure the performance
of the different devices.

[0043] Referring to FIG. 7, a digital linear transformation
circuit is illustrated showing an input signal value 14 option-
ally converted into a linear image space using, for example,
a lookup table 30 and applied to a lookup table 32 compris-
ing gain ratio and offset values that are applied to the image
space converted input signal 34. The converted input signal
34 is multiplied by the gain ratio value 36 with multiplier 38
and then the offset value 40 is added using adder 42 to form
a compensated signal 16 that is applied to the display 10. An
additional imaging space conversion may be employed (not
shown) before the compensated signal 16 is applied to the
display 10.

[0044] In order to minimize the number of code value
groups that are analyzed to find the group having the
preferred difference, it may be useful to select pairs of code
values wherein at least one code value of the three or more
code values is less than the average code value over the
range and at least one second code value of the three or more
code values is greater than the average code value over the
range. Thus, code values that are well separated and are
more likely to accurately represent the actual performance of
the EL device may be selected. It may also be possible to
select one code value from one set of different pairs of code
values and then including one of the code values of the pair
having the preferred difference in a second set and finding a
second preferred difference. More specifically, the first set
may include one code value in one half of the range and a
plurality of code values in the second half of the range and
the second set may include one value in the second half of
the range and a plurality of code values in the first half of the
range. For example, in an eight-bit system with a median
code value of 128, one code value of 192 may be paired with
a series of code values from 0 to 127. The pair having the
lowest error may specify the preferred code value between
0 and 127 (inclusive). That preferred code value may then be
paired with a series of code values from 128 to 255. The pair
having the lowest error may then be selected. In this way, all
possible pair combinations might not be selected, thereby
reducing the computational burden of selecting the preferred
pair of code values and associated linear transformations.
[0045] The different code values may be predetermined
and may be the same for each of a plurality of active-matrix
EL devices, particularly if it is known that the average
performance of the plurality of EL devices is similar. How-
ever, if the average performance of the plurality of EL
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devices is different, it may be useful to use different pre-
determined code values selected on the basis of the overall
EL device performance.

[0046] In various embodiments of the present invention,
the EL display may be a color display comprising light-
emitting elements of multiple, different colors and wherein
the white point of the display is adjusted by adjusting the
linear transformation for each light-emitting element to
modify the average brightness of the display for each color
of light. The linear transformation for each light-emitting
element may also be adjusted to modify the average bright-
ness of the display or the linear transformation for each
light-emitting element may be adjusted over time to com-
pensate for decreasing display brightness.

[0047] According to various exemplary embodiments of
the present invention, the compensation method may be
applied to either active-matrix or passive-matrix EL devices.
Likewise, the metric employed to measure the performance
of one or more light-emitting elements of an EL device may
be the light output of the light-emitting elements in response
to input signals or the current resulting from the application
of an input signal to the light-emitting elements. The per-
formance measurements may be made, for example, by
employing an optical measurement device (for example, a
digital camera) for measuring the light output of the EL
device in response to the multi-valued input signal. Alter-
natively, an ammeter may be employed to measure the
current.

[0048] In another exemplary embodiment of the present
invention, an EL device, having a plurality of light-emitting
elements, includes an EL display having one or more light-
emitting elements. Each light-emitting element includes a
first and second electrodes and at least one light-emitting
layer formed between the electrodes responsive to a current
passing through the electrodes. An electronic circuit is
responsive to an external controller that causes a current to
pass through the electrodes and the light-emitting layer. The
external controller is configured to:

[0049] 1) measure the performance of one or more of the
light-emitting elements with three or more different drive
signals;

[0050] ii) form at least two different groups of code values
from the three or more code values and calculate a linear
transformation that converts an input signal to a compen-
sated signal from the performance measurements for each of
the groups;

[0051] 1iii) calculate the difference between the measured
performance and the compensated signal over the range of
code values for each of the groups;

[0052] iv) select the linear transformation with a preferred
difference; and
[0053] v) receive an input signal, and employ the linear

transformation to calculate a compensated signal to drive the
EL display.

[0054] In further embodiments of the present invention,
the linear transformation may comprise a multiplier for
multiplying the input signal by a gain value, and an adder for
adding an offset value.

[0055] To reduce the storage requirements within the
circuit 13, the offset and gain ratio values for each light-
emitting element may be stored together at single address
locations of the lookup table. Alternatively, the offset values
for each light-emitting element may be stored with a first
number of bits and the gain ratio values may be stored at a
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second number of bits, and the first and second number of
bits may be different. In another embodiment, either of the
offset or gain values for each light-emitting element may be
stored as a difference from a mean.

[0056] In another embodiment, the present invention is
employed in a flat-panel OLED device composed of small
molecule or polymeric OLEDs as disclosed in but not
limited to U.S. Pat. No. 4,769,292, issued Sep. 6, 1988 to
Tang et al., and U.S. Pat. No. 5,061,569, issued Oct. 29,
1991 to VanSlyke et al. In another preferred embodiment,
the present invention is employed in a flat panel inorganic
LED device containing quantum dots as disclosed in, but not
limited to U.S. Patent Application Publication No, 2007/
0057263 entitled “Quantum dot light emitting layer” and
pending U.S. application Ser. No. 11/683,479, by Kahen,
which are both hereby incorporated by reference in their
entirety. Many combinations and variations of organic,
inorganic and hybrid light-emitting displays can be used to
fabricate such a device, including both active- and passive-
matrix LED displays having either a top- or bottom-emitter
architecture.

[0057] The invention has been described in detail with
particular reference to certain embodiments thereof, but one
skilled in the art will understand that variations and modi-
fications can be effected within the spirit and scope of the
invention.

PARTS LIST
[0058] 10 EL display
[0059] 12 external controller
[0060] 13 circuitry
[0061] 14 input signal
[0062] 16 compensated signal
[0063] 18 EL light-emitting element
[0064] 30 image space conversion
[0065] 32 memory
[0066] 34 converted input signal
[0067] 36 gain ratio signal
[0068] 38 multiplier
[0069] 40 offset signal
[0070] 42 adder
[0071] 100 provide EL step
[0072] 105 measure performance step
[0073] 110 form code value groups step
[0074] 115 calculate linear transformation step
[0075] 120 calculate difference step
[0076] 122 Done step
[0077] 125 select preferred transformation step
[0078] 130 receive input signal step
[0079] 135 calculate compensation step
[0080] 140 drive EL step
[0081] 150 measure performance step
[0082] 155 select group step
[0083] 160 form offset and gain step
[0084] 165 calculate error step
[0085] 200 desired response curve
[0086] 202 sample real response curve
[0087] 204, 204a, 2045 linear function
[0088] 220a, 2205, 220c¢, 220d measured value points
[0089] 222a, 2225, 222¢, 222d response value

1. A method of compensating uniformity of an electrolu-
minescent (EL) device having a plurality of light-emitting
elements, comprising the steps of:
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a) providing an EL display having one or more light-
emitting elements, each light-emitting element com-
prising a first electrode and a second electrode and at
least one light-emitting layer formed between the elec-
trodes responsive to a current passing through the
electrodes and an electronic circuit responsive to an
external controller causing a current to pass through the
electrodes and the light-emitting layer to emit light;

b) measuring the performance of the one or more light-
emitting elements at three or more different code val-
ues;

¢) forming at least two different groups of code values
from the three or more code values, calculating a linear
transformation converting an input signal to a compen-
sated signal from the performance measurements for
each of the groups;

d) calculating the difference between the measured per-
formance and compensated signal over the range of
code values for each of the groups;

e) selecting the linear transformation having a preferred
difference; and

) receiving an input signal and employing the selected
linear transformation to calculate a compensated signal
to drive the EL display.

2. The method of claim 1, wherein at least one code value
of the three or more code values 1s less than the average code
value over the range and at least one second code value of
the three or more code values is greater than the average
code value over the range.

3. A method of compensating uniformity multiple elec-
troluminescent (EL) devices, comprising the steps of:

a) providing a plurality of EL displays, each EL display
having one or more light-emitting elements, each light-
emitting element comprising a first electrode and a
second electrode and at least one light-emitting layer
formed between the electrodes responsive to a current
passing through the electrodes and an electronic circuit
responsive to an external controller causing a current to
pass through the electrodes and the light-emitting layer
to emit light;

b) measuring the performance of the one or more light-
emitting elements at three or more different code val-
ves, wherein the different code values are predeter-
mined and are the same for each of the plurality of EL
devices;

c) forming at least two different groups of code values
from the three or more code values, calculating a linear
transformation converting an input signal to a compen-
sated signal from the performance measurements for
each of the groups;

d) calculating the difference between the measured per-
formance and compensated signal over the range of
code values for each of the groups;

e) selecting the linear transformation having a preferred
difference; and

) receiving an input signal and employing the selected
linear transformation to calculate a compensated signal
to drive the EL display.

4. The method of claim 1, further comprising a plurality
of active-matrix EL devices and wherein the different code
values are predetermined and are different for at least two of
the plurality of active-matrix EL devices.

5. The method of claim 1, wherein the difference between
the measured performance and the input signal is calculated
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by summing the difference between the measured perfor-
mance and the compensated signal for each of the code
values in the range.

6. The method of claim 5, wherein the difference at each
of the code values in the range is weighted by the visibility
of the difference, is weighted by magnitude, or is a root
mean square of the differences.

7. The method of claim 1, wherein two or more perfor-
mance measurements are combined to calculate a linear
transformation.

8. The method of claim 1, wherein the EL display is a
color display comprising light-emitting elements of multiple
colors and a different linear transformation is determined for
each colored of light-emitting element.

9. The method of claim 1, wherein the EL display is a
color display comprising light-emitting elements of multiple
colors and wherein the white point of the display is adjusted
by adjusting the linear transformation for each light-emitting
element to modify the average brightness of the display for
each color of light emitted.

10. The method of claim 1, wherein the linear transfor-
mation for each light-emitting element is adjusted to modify
the average brightness of the display.

11. The method of claim 1, wherein the linear transfor-
mation for each light-emitting element is adjusted over time
to compensate for decreasing display brightness.

12. The method of claim 1, wherein the linear transfor-
mation comprises multiplying the input signal by a gain
value and adding an offset value.

13. The method of claim 1, further comprising the steps
of finding a first preferred difference using one set of
different groups of code values and then including the first
preferred difference in a second set of different code values,
and finding a second preferred difference therefrom.

14. The method of claim 13, wherein the first set includes
one code value in one half of the range and a plurality of
code values in the second half of the range and the second
set includes one value in the second half of the range and a
plurality of code values in the first half of the range.

15. An electroluminescent (EL) device having a plurality
of light-emitting elements, comprising:

a) an EL display, having one or more light-emitting
elements, each light-emitting element comprising, a
first and second electrodes and at least one light-
emitting layer formed between the first and second
electrodes, responsive to a current passing through the
electrodes;

b) an electronic circuit responsive to an external control-
ler, which drives the current to pass through the first
and second electrodes and the light-emitting layer;

¢) the external controller is configured to:

1) measure the performance of one or more of the
light-emitting elements with three or more different
drive signals;

il) form at least two different groups of code values
from the three or more code values and calculate a
linear transformation that converts an input signal to
a compensated signal from the performance mea-
surements for each of the groups;

iii) calculate the difference between the measured per-
formance and the compensated signal over the range
of code values for each of the groups;

iv) select the linear transformation with a preferred
difference; and
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v) receive an input signal, and employ the linear
transformation to calculate a compensated signal to
drive the EL display.

16. The EL device of claim 15, further comprising a
multiplier for multiplying the input signal by a gain value
and an adder for adding an offset value.

17. The EL device of claim 16, further comprising a
lookup table for storing, together at single address locations,
the offset and gain values for each light-emitting element.

18. The EL device of claim 16, wherein the offset values
for each light-emitting element are stored in the lookup table
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with a first number of bits, and the gain values are stored in
the lookup table at a second number of bits, and wherein the
first and second number of bits are different.

19. The EL device of claim 16, wherein either of the offset
or gain values for each light-emitting element is stored in the
lookup table as a difference from a mean.

20. The method of claim 1, wherein the performance
measurements are measurements of light output or current.
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