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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a passive ma-
trix electro-luminescent display system.

BACKGROUND OF THE INVENTION

[0002] Numerous technologies for forming flat-panel
displays are known in the art. One such technology is
the electro-luminescent display, which is formed by coat-
ing a thin layer of electro-luminescent material between
a pair of electrodes. Displays employing this technology
produce light as a function of the current between the
two electrodes when the electro-luminescent materials
are electrically stimulated. Electroluminescent displays
are primarily classified as active-matrix or passive-matrix
displays. Active-matrix displays employ a relatively com-
plex, active circuit at each pixel in the display to control
the flow of current through the electro-luminescent ma-
terial layer(s). The formation of this active circuit at each
pixel can be expensive and often the performance of
these circuits is somewhat limited. For example, when
controlling current to a light-emitting element, circuits pro-
vided in low temperature polysilicon often exhibit spatial
nonuniformities while circuits provided in amorphous sil-
icon often exhibit severe threshold shifts over time.
[0003] Passive-matrix EL displays are much simplerin
their construction. The display generally includes an ar-
ray of row electrodes and an array of column electrodes.
EL materials are deposited between these electrodes,
such that when a positive electrical potential is created
between the two electrodes, the EL material between
these two electrodes emit light. Therefore, each light-
emitting element in the display is formed by the intersec-
tion of a row and a column electrode. As this type of
display does not require the costly formation of active
circuits at each pixel site, they are much less expensive
to construct. In these devices, the column electrode is
typically formed of ITO or some other material that is
transparent but typically higher in resistivity than the row
electrode, to allow light to be visible to the user.

[0004] Numerous passive matrix EL display systems
have been described in the literature. For example Okuda
et al. in United States Patent Number 5,844,368, entitled
"Driving system for driving luminous elements" describes
a system for driving a passive matrix EL display. In this
method, and in most traditional passive matrix EL drive
methods; it is assumed that a power is provided to one
row electrode at a time and flows through the EL material
to each of the column lines. This method of driving the
display by providing power to only one line of light-emit-
ting elements leads to two significant problems.

[0005] The first of these two problems, occur because
each display will ideally have hundreds of lines of light-
emitting elements, which implies that each light-emitting
element will only emit light for a very short period of time.
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Therefore each light-emitting element will be required to
emit light with a very high luminance to achieve a rea-
sonable time-averaged luminance value. Since light in-
tensity from these devices is proportional to current, rel-
atively high currents must be provided to each light-emit-
ting element. This can significantly shorten the lifetime
of the individual light-emitting elements and increase
crosstalk between pixels in the display as described by
Soh, et al, in a paper entitled "Dependence of OLED Dis-
play Degradation on Driving Conditions" and published
in the proceedings of the SID Mid Europe Chapter in
2006. Further this drive method requires drive electronics
to support high currents, which usually translate to larger,
more expensive silicon drive chips; and leads to high
resistive voltage and power losses across the electrodes,
especially the row electrodes which provide current to
potentially hundreds of light-emitting elements simulta-
neously.

[0006] The second of these two problems occur be-
cause each light-emitting element must be turned on and
off during each cycle to avoid current leakage, and there-
fore light emission, through light-emitting elements that
are supposedly not activated. This problem s particularly
troubling in EL displays employing organic materials
since the EL layers are very thin and are highly resistive.
In such displays, each light-emitting element has a sig-
nificant capacitance that must be overcome before light
emission can occur. Overcoming this capacitance can
require significant power that does not generate light and
is therefore wasted. This issue has been discussed by
Yang et al. in a paper entitled, "PMOLED Driver Design
with Pre-charge Power Saving Algorithm" as published
in the 2006 SID Digest. As this paper states, this power
increases significantly as the number of lines in the dis-
play is increased. Specifically, this paper points out that
for a PM OLED having 64 lines, nearly 80% of the power
is spentdriving the OLED (i.e., for light production), while
20% of the power is spent overcoming this capacitance
as the lines are turned on and off. As the resolution in-
creases, this ratio changes dramatically, such that when
there are 176 lines, only 57% of the power is spent in the
production of light while 43% of the power is spent over-
coming this capacitance. Therefore, the display becomes
significantly less energy efficient, as more lines are
present on the display to be cycled from off to on.
[0007] Each of these problems can significantly limit
the use of passive matrix EL displays. However, in com-
bination, these two problems limit the application space
for such displays significantly. Today, the application of
passive matrix EL displays are limited to displays that
generally have less than 128 lines and are typically less
than 1.5 inches in diagonal.

[0008] One category of approaches for addressing at
least the first of these two problems is to provide multi-
line addressing of passive matrix EL displays. Such
methods have the potential to reduce the peak current
through any EL light-emitting element, which can extend
the lifetime of the material and significantly reduce the
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drive voltage. Further, since multiple rows can be en-
gaged simultaneously, the power losses due to the re-
sistivity of the electrodes can be reduced significantly.
[0009] In US Patent Publication No. 2004/0125046,
entitled "Image Display Apparatus"”, by Yamazaki et al.,
one such multi-line addressing method is provided. While
disclosed primarily for use in surface-conduction type
electron emitting devices, this approach was also been
discussed for EL displays. In this approach, any input
image signal that has fewer vertical addressable pixels
than the vertical addressability of the display is displayed
by receiving the input video signal, providing a horizontal
edge emphasis process (i.e., edge sharpening) across
the column direction of the display, selecting two or more
rows of the display, and modulating the voltage to the
columns of the display in response to the processed input
image signal. This approach requires relatively straight-
forward image processing to prepare the image signal
and is able to employ drivers that are very similar to ex-
isting passive matrix drivers. While this method may re-
duce the drive current and voltage as compared to a dis-
play employing one line at a time drive techniques as
known in the prior art, simply providing the same signal
on two neighboring lines, results in an image with a sub-
stantial loss in sharpness in the vertical direction and the
edge emphasis process can provide only a limited level
of enhancement. Therefore, while it is possible to use
this method to provide a relatively good display when
simultaneously selecting two rows of the display at a time
and under certain circumstances it may be useful to se-
lect three rows at a time, the number of rows that can be
employed simultaneously without introducing significant
levels of image blur is quite limited.

[0010] Sylvan in EP 1 739 650, entitled "Procédé de
pilotage d’un dispositif d’affichage d'images a matrice
passive par selection multilignes" has proposed an en-
hancement to this method in which multiple rows are se-
lected during one refresh of the display but a single row
is selected during subsequent display refresh cycles.
This approach overcomes at least a portion of the sharp-
ness issues but requires that the display actually be cy-
cled more often, further increasing the number of charge
and discharge cycles and therefore increasing the power
to capacitance. In a paper entitled "Multiline Addressing
by Network Flow" by Eisenbrand et al., asimilar approach
has also been discussed. This approach allows some
cycles to be completed using even more rows simulta-
neously but employs a hierarchical approach that once
again requires the use of an increased number of charge
and discharge cycles.

[0011] A different approach has more recently been
discussed by Smith et al. in PCT filings WO 2006/035246
entitled "Multi-line addressing methods and apparatus”,
WO 2006/035248 entitled "Multi-line addressing meth-
ods and apparatus" and WO 2006/067520 entitled "Dig-
ital Signal Processing Methods and Apparatus". These
disclosures provide a method for decomposing an input
image into subframes, using mathematical methods such
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as singular value decomposition and then displaying
these subframes by controlling multiple rows and col-
umns in an emissive display simultaneously. An interest-
ing difference between this approach and the prior ap-
proaches is that the prior approaches provided only a
single scan signal value to the selected row columns and
typically provided a digital time multiplexed signal to the
columns. The approach provided by Smith requires that
multiple drive levels be provided on both the column and
row electrodes. In fact, the method as described requires
full analog control over the signals provided on the row
and column electrodes and possibly requires that the cur-
rent to each of these electrodes be controlled. While this
adds complexity to the drivers, it also allows more control
that can be used to engage more rows simultaneously
with fewer artifacts. Unfortunately, the methods de-
scribed in each of the disclosures by Smith, suffer from
a number of shortcomings. Most importantly, the decom-
position methods described are complex and difficult to
realize in real time, especially when processing full
frames of video information.

[0012] Document EP 1 457 958 concerns an image
display apparatus and method of determining character-
istic of conversion circuitry of an image display appara-
tus.

[0013] Document GB 2429 565 A concerns an electro-
luminescent display and driving method to compensate
for age effects.

[0014] Document WO 2006/035248 A1 concerns
methods and apparatuses for driving OLED displays us-
ing multi-line addressing techniques.

[0015] DocumentEP 1408 479 A2 concerns animage
display apparatus in which a scanning signal is applied
to a plurality of scan interconnections.

SUMMARY OF THE INVENTION

[0016] In accordance with the present invention there
is provided a passive matrix, electroluminescent display
system for receiving an input image, processing such
inputimage, and displaying such processed image, com-
prising the features of claim 1.

[0017] The presentinvention is suitable for controlling
a relatively large number of row electrodes simultane-
ously in a passive-matrix electro-luminescentdisplay that
is computationally simple, significantly reduces the peak
current to any individual light-emitting element under all
conditions, and that results in reduced image quality ar-
tifacts. The presentinvention reduces the powerloss due
to IR drop along the row electrode and power losses that
are due to charging and discharging the capacitance of
the display. The present invention can enable higher res-
olution, larger, and more valuable passive matrix, electro-
luminescent displays.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]
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FIG. 1A is a schematic diagram of a system of the
present invention;

FIG. 1B is a schematic diagram of a display driver
useful in practicing the present invention;

FIG. 2 is a cross sectional diagram of an electro-
luminescent display of the present invention;

FIG. 3 is a flow diagram depicting a process useful
in employing the present invention;

FIG. 4is aplot depicting the modulation transfer func-
tion of a system of the present invention with and
without presharpening;

FIG. 5 is a plot depicting the modulation gain of the
presharpening method employed to achieve the pre-
sharpened modulation transfer function of FIG. 4
Fig. 6is a plotdepicting the typical luminance stability
of an organic light emitting diode as a function of
current density;

Fig. 7 is a plot depicting drive voltage as a function
of drive current for a typical organic light emitting
diode useful in a display of the present invention;
Fig 8 is a plot depicting the modulation transfer func-
tion of another system of the present invention with
and without presharpening;

Fig. 9is a plotdepicting the modulation transfer func-
tion of another system of the present invention with
and without presharpening;

Fig. 10 is a plot showing modulation luminance ratio
of a system before and after applying a horizontal
blur as is useful in systems of the present invention;
Fig. 11 is a flow diagram depicting a process useful
for providing the presharpened image control signal
to the row and column drivers of a system of the
present invention; and

Fig. 12is a flow diagram depicting an alternate proc-
ess useful for providing the presharpened image
control signal to the row and column drivers of a sys-
tem of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] By providing a passive matrix, electro-lumines-
centdisplay system as shown in Fig. 1, peak drive current
is reduced. As will be discussed, the display driver 20
receives an input image signal 22 and performs a pre-
sharpening step on this image signal to produce a pre-
sharpened image control signal. The one or more row
drivers 16 simultaneously provide a fixed set of drive sig-
nals to a group of row electrodes 24 within the array of
electrodes that form the display 2 during one time interval
and at a different time interval presents separate signals
to another group of row electrodes 26 within the array of
row electrodes. During each time interval, the row drivers
16 provide at least two different drive levels to the group
24 of row electrodes. Preferably the at least two drive
levels will be used to drive a group of at least three row
electrodes and these at least two drive levels will be dis-
tributed to have a peak near their center and to have
lower, nonzero values on either side of the peak. As the
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at least two drive levels are provided to a group of row
electrodes 24, 26, the one or more column drivers 18 will
respond to the presharpened image control signal to si-
multaneously provide a signal to the multiple column
electrodes within the array of column electrodes, such
that the concurrence of the row and column signals caus-
es individual light-emitting elements to produce light.
[0020] The display driver 20 can presharpen each sub-
sequent line in the input image signal 22 in the same
way, the one or more row drivers can provide the same
fixed set of drive signals to a different group of row elec-
trodes (i.e., 26) within the display 2, and the one or more
column drivers will respond to the subsequent line of the
presharpened image control signal during subsequent
time intervals to simultaneously provide a signal to the
multiple column electrodes within the array of column
electrodes such that the concurrence of the row and col-
umn signals causes other individual light-emitting ele-
ments to produce light. By selecting proper combinations
of presharpening filters and row drive signals, the passive
matrix, EL display system can provide high quality imag-
es using groups 24, 26 of typically 3 or more row elec-
trodes. Utilizing such a method to display images on a
passive matrix EL display can significantly reduce the
peak drive current through any EL light-emitting element
12 and along any row electrode 10, thereby reducing the
power consumption of the EL display system, while re-
quiring the display driver 20 to perform only relatively
simple image processing of the input image signal 22.
[0021] A more detailed description of a passive matrix
EL display system of the present invention will now be
provided. As shown in Fig. 1A, this system will typically
be comprised of a passive matrix, electro-luminescent
display 2, one or more row drivers 16, one ormore column
drivers 18, a display driver 20, and a source for an input
image signal 22. Generally, the display driver will perform
any necessary image processing, including presharpen-
ing, and provide at least timing signals to the row drivers
16 and signals corresponding to the presharpened image
control signal to the column drivers 18, which will then
provide voltage or current values to the row 10 and col-
umn electrodes 6. These signals will control the current
through each light-emitting element12, which are defined
by the intersection of each of the row 10 and column
electrodes 6.

[0022] The display driver 20 can be any digital or an-
alog device capable of receiving an input image signal
22, presharpening the image signal, and providing this
image signal to the one or more column drivers 18 while
at least providing a timing signal to one or more row driv-
ers 16. This display driver 20 can be embedded in a high-
er-level processor, for instance it can be embedded with-
in the primary digital signal processor of a cellular tele-
phone or a digital camera. The display driver 20 can al-
ternatively be a stand-alone device, such as a stand-
alone digital signal processing ASIC or field programma-
ble gate array. The display driver will typically include the
elements shown in Fig. 1B. As shown, the display driver
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20 will include an input buffer 150. This input buffer 150
will receive and temporarily store a portion of the input
image signal 22, which will typically include multiple rows
of the input image. Also shown is a sharpening unit 152,
which will then presharpen the input image signal 22.
The timing generator 158 will provide a timing signal to
the sharpening unit 152, to allow the data to be read from
the input buffer at the appropriate time. Once the input
image signal has been presharpened, the presharpened
image control signal will be stored in an output buffer
154. Typically, the output buffer 154 will be a full frame
buffer and will store as many rows of the presharpened
image control signal as there are row electrodes 10 within
the display 2. The data selector 156 will respond to a
signal from the timing generator to provide the presharp-
ened image control signal from the output buffer 154 to
the column driver 18, shown in Fig. 1A. The timing gen-
erator 158 will also provide a control signal to the row
driver 16 in Fig. 1A to insure that the one or more row
drivers 16 and the one or more column drivers 18 such
that the concurrence of the row and column signals caus-
es individual light-emitting elements to produce light. In
some embodiments, the display driver 20 can further in-
clude a unit (not shown) for selecting row drive values
and providing these row drive values to the row driver 16.
[0023] A cross-section of the display 2 is shown in Fig.
2. This display 2 will normally be formed on a substrate
4. An array of column electrodes 6 will typically be formed
on this substrate 4. An electro-luminescent layer 8 will
then be deposited over the column electrodes 6. Finally,
an array of row electrodes 10 will be deposited over the
electro-luminescent layer 8. These row electrodes 10 will
be oriented orthogonal to the array of column electrodes
6 as shown in Fig. 1. One of these electrodes, typically
the row electrode 10, will serve as a cathode while the
remaining electrode, typically the column electrode 6, will
serve as the anode. The light-emitting element 12 will
then produce light with an intensity that varies as a func-
tion of the current that flows from the cathode to the an-
ode.

[0024] It should be noted that Fig. 1 shows the row
electrodes 10 extending horizontally across the display
2 and the column electrodes 6 extending across the ver-
tical dimension of the display 2. However, one skilled in
the art will recognize that the electrodes are described
in this way for a matter of convenience. These orienta-
tions are not necessary as long as the two arrays of elec-
trodes 6, 10 are, in fact, orthogonal to one another. It
should be noted further, that Fig. 2 shows the column
electrodes 6 as patterned on the substrate 4 and the row
electrodes 10 as deposited over the electro-luminescent
layer 8. Once again, those skilled in the art will recognize
that these particular locations are shown as a matter of
convenience and the relative position of the two elec-
trodes with respect to the substrate, are of no conse-
quence to the present invention, as long as the electro-
luminescent layer 8 is located between the row elec-
trodes 10 and the column electrodes 6.
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[0025] The display system shown in Fig. 1 will further
include one or more row drivers 16. In this system, these
row drivers 16 will simultaneously provide a set of drive
signals to a group of row electrodes 24 within the array
of row electrodes while presenting any single image.
Within this system, the row drivers 16 provide at least
two different drive levels to the group of row electrodes
24 during each time interval and the at least two drive
levels are preferably distributed to have a peak for the
row electrode 28 near the center of the group of row elec-
trodes 24 and to have lower, nonzero values on either
side of the peak. These row drivers 16 will typically serve
as current sinks. The row drivers 16 can be designed to
provide only a fixed set of drive levels or they may be
programmable such that different sets of drive values
can be selected or input by the display driver 20.
[0026] Further, the system will include one or more col-
umn drivers 18. These column drivers 18 will simultane-
ously provide a signal to multiple column electrodes with-
in the array of column electrodes. By providing a signal
tomultiple row electrodes and multiple column electrodes
simultaneously, a two-dimensional array of light-emitting
elements 12 will be simultaneously powered to produce
light.

[0027] The display driver 20 shown in Fig. 1, will re-
ceive a two-dimensional input image signal 22 and proc-
ess this input image signal to provide control signals to
the row 16 and column 18 drivers. The display driver 20
of the present invention will perform the basic process
shown in Fig. 3. As shown, this process includes: receiv-
ing an input image signal 30; optionally selecting the
number of row electrodes 32 to employ and their relative
signal levels; presharpening the input image signal 34 in
a direction that is orthogonal to the axis implied by the
direction of the row electrodes 10; and providing 36 a
presharpened image control signal to the column 18 driv-
ers for driving the display while providing a signal, typi-
cally at least a timing signal 38, to the row drivers 16.
The row and column drivers 16, 18 then simultaneously
provide signals to multiple row electrodes 10 and column
electrodes 6 that allow light-emitting elements 12 at the
intersection of multiple row electrodes 10 and multiple
column electrodes 6 to produce light simultaneously.
Since the row electrodes have multiple drive values, they
produce light simultaneously such that the light, pro-
duced orthogonal to the row electrodes, varies across
the multiple row electrodes.

[0028] Typically, the input image signal 22 can include
a two-dimensional array of code values for driving each
color of light-emitting element 14 within the display. How-
ever, it may also be an analog signal. The presharpening
step 36 will typically be performed as a digital processing
step, butcan also be performed within the analog domain.
The steps of providing 36, 38 signals to the row 16 and
column 18 drivers may also provide digital signals. The
display driver 20 will typically buffer as many lines of the
input image signal as are required to perform the pre-
sharpening step 34. The presharpening step 34 will then
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be performed. The output data can then be stored within
the output buffer 154 for later presentation. This output
buffer 154 may be required as it is typical for the data
rate of the input signal to be 30 frames per second or
less and the display is often scanned at rates of 60 Hz
or greater. Further, it is not necessary to scan the display
lines in the same order they are received and this output
buffer 154 can be useful in facilitating a change in the
order of presentation of the rows within the two dimen-
sional array of code values.

[0029] The row 16 and column 18 drivers will typically
provide voltages and current signals to the row 10 and
column 6 electrodes, which may also be digital or analog
in nature. In an embodiment of the present invention, the
row drivers 16 can switch the voltage on any row elec-
trode 10 among a discrete set of values. One of these
values will typically not allow current to flow through the
light-emitting elements 12 with a forward bias when the
voltage of the column drivers are switched to allow cur-
rent flow through selected row electrodes 10. The row
drivers 16 will also be capable of providing at least two
and preferably several additional voltages that allow cur-
rent to flow through the light-emitting elements 12 with a
forward bias when the voltage of the column electrodes
6 is switched appropriately. However, the row drivers 16
may also provide a continuous analog voltage signal rath-
er than a set of discrete values.

[0030] The column drivers 18 may modulate the volt-
age values between two voltage values and the lumi-
nance of the light-emitting elements 12 will be modulated
by modulating the time that current is allowed to flow
through the light-emitting elements 12 (i.e., the column
drivers may employ time division multiplexing). However,
the columndrivers 18 may also provide an analog voltage
signal to the column electrodes 6 and modulate the lu-
minance of the light-emitting elements 12 by modulating
the voltage of the signal.

[0031] The system of the present invention provides a
fundamentally different approach to multi-line addressing
in electro-luminescent displays than provided in the prior
art. The prior art approaches described by Yamazaki and
Sylvan require straight forward presharpening steps to
be performed but provide only a fixed drive level for each
row electrode. The restriction of providing only a fixed
drive level for each row electrode prevents these ap-
proaches from utilizing more than a small group of 2 or
3 row electrodes simultaneously without introducing sig-
nificant image artifacts. On the other hand, Smith and
Eisenbrand each provide for multiple drive levels for each
of a group of row electrodes, however, these drive levels
are dependent upon the image content making it difficult
to reduce reliably the current on any row electrode to a
fixed level and, more importantly, these methods require
relatively complex two-dimensional image processing,
making it difficult to perform the necessary calculations
cost effectively and in real time. The approach provided
herein, requires the display driver to only perform
straightforward presharpening with multiple row drive
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levels. The applicants have demonstrated that by prop-
erly selecting the multiple row drive levels in concert with
the proper presharpening methods, high quality images
can be obtained while simultaneously driving relatively
large numbers of row electrodes. In fact, to achieve large
reductions in current with minimal impact on image qual-
ity, it is often useful to employ more than 5 and often
more than 10 row electrodes simultaneously.

[0032] To illustrate the advantages of the current ap-
proach, examples will be provided for three separate
methods of driving a passive matrix EL display. Each
example will employ a different set of row electrode drive
values in combination with a different presharpening ker-
nel to achieve different levels of peak current reduction.
It should be acknowledged that although a passive matrix
EL display system of the presentinvention can apply one
of these approaches for displaying a single image, the
system can be adjusted in response to factors, such as
the resolution of the display or the frequency content of
the input image signal, to apply different presharpening
kernels and sets of row drive values to achieve accept-
able tradeoffs in image quality and power consumption.
[0033] Ina first example, a set of row drive values and
a presharpening kernel will be demonstrated that can
reduce the peak current of the display device to 50% of
the peak current that would be required to present an
image on a traditional passive matrix display employing
one line at a time to construct the output image. To attain
this image, the row electrodes will be driven such that a
total of 15 electrodes form a group of row electrodes 24,
26 and will be activated simultaneously. The row elec-
trodes will further be driven such that the percentage per-
centage of current sunk by each of the row electrodes
will be distributed as shown in Table 1. Note that there
at least two different drive levels provided in Table 1. In
fact, a total of 15 drive levels are shown. Further the drive
levels are distributed to have a peak near their center
and to have lower, nonzero values on either side of the
peak. That is the maximum relative drive value is provid-
ed for the center row electrode (i.e. row electrode 8) and
lower drive values are provided for row electrodes on
either side of this peak. It should also be noted, however,
that this function does not decrease monotonically as the
distance from the center electrode increases. Note spe-
cifically that the drive value for row electrodes 5 and 11
are smaller than the drive values for row electrodes 6
and 10 but larger than the drive values for row electrodes
4 and 12. That is, as the distance from the center elec-
trode increases, the electrode drive values decrease, in-
crease to a secondary maximum at electrodes 4 and 12
and then decrease for the row electrodes in the group of
row electrodes. When the row electrodes are driven in
this way and this distribution of row electrodes is scanned
down the display, the display system will have a native
vertical modulation transfer function 40 as shown in Fig.
4. To interpret this function, some characteristics of this
modulation transfer function should be explained.
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Table 1.

Row Electrode Number | Relative Current Values
1 0.005
2 0.01
3 0.02
4 0.025
5 0.015
6 0.03
7 0.145
8 0.5
9 0.145
10 0.03
11 0.015
12 0.025
13 0.02
14 0.01
15 0.005

[0034] First, it should be understood that the modula-
tion transfer function of a perfect display would have a
value on the modulation axis 42 of 1 between zero and
0.5 cycles/sample on the frequency axis 44 and a value
of zero at exactly 0.5 cycles/sample. Further, if the mod-
ulation transfer function crosses the frequency axis at
any value lower than 0.5 cycles per sample, spatial in-
formation is lost in the image and cannot be recovered.
However, if the modulation is decreased, this loss can
be compensated through the use of presharpening, al-
though some loss in bit depth can occur. It is also impor-
tant to recognize that while the modulation transfer func-
tion of a perfect display would have a value on the mod-
ulation axis 42 of 1 between zero and 0.5 cycles/sample,
no practical systems achieve this ideal goal and ade-
quate image quality can be achieved for systems that
have values on the modulation axis 42 that are signifi-
cantly less than 1 for values on the frequency axis 44
that are somewhat less than 0.5.

The native modulation transfer function 40 of this system
is shown in Fig. 4. For the present embodiment of this
invention the modulation transfer function 40 crosses the
frequency axis 44 at about 0.5 cycles/sample and is pos-
itive for all frequencies lower than 0.5 cycles/sample.
Therefore, one can use presharpening to restore the
modulation of the image at all spatial frequencies that
the display can present. In the current invention, this pre-
sharpening is accomplished, for example, by applying a
vertical presharpening kernel having the values 4, -5, -8,
4,-4,-19,-18, 220, -18, -19, -4, 4, -8, -5, 4, then normal-
izing the result by dividing the resulting values by 128.
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Fig. 5 shows the spatial frequency response of this pre-
sharpening kernel 48. Note that this presharpening ker-
nel provides a modulation value significantly greater than
1 for all vertical spatial frequencies at which the native
modulation transfer function of this system 40 is signifi-
cantly less than 1 and, therefore, at least partially com-
pensates for the loss of modulation at all spatial frequen-
cies thatare attenuated by driving multiple row electrodes
according the presentinvention. After this presharpening
kernel is applied, the final system modulation transfer
function 46 is greater in modulation than the native mod-
ulation transfer function of this system 40 for all spatial
frequencies where the native spatial frequency response
of the system 40 is less than 1. Simulations performed
by the inventors have demonstrated that images having
this resulting MTF are quite acceptable and often are
visually lossless as compared to images displayed using
the one line at a time drive method.

[0035] Itis worth returning to the discussion of the row
drive values shown in Table 1. As noted earlier, these
row drive values do not decrease monotonically, but in-
stead contain a valley. The presence of this valley within
the row drive values has the result of flattening the system
MTF 40 between the spatial frequencies of about 0.1 to
0.2 cycles per sample. The presence of this plateau al-
lows one to obtain values on the modulation axis 42 for
these mid-frequencies (i.e., 0.1 to 0.2 samples per cycle)
while applying presharpening kernels with relatively
small gain values. It is important that the maximum gain
value for the presharpening kernel is only 2.26 and would
have been much larger had the row drive values declined
monotonically from the center row electrode.

[0036] This method has several advantages. First, the
peak current is reduced to 50 percent of the peak value
for a traditional one line at a time system. This fact allows
the lifetime of EL materials to be extended. In one exam-
ple, it is known that EL displays employing organic ma-
terials degrade as a function of current density as shown
by the relationship 50 in Fig. 6. Notice that this relation-
ship is highly nonlinear and therefore even a slight re-
duction in current density can produce a dramatic in-
crease in the luminance stability or lifetime of the EL ma-
terials. By reducing the peak current to 50 percent of that
which would be required if one were to employ a tradi-
tional 1 line at a time drive method, the maximum current
density is also reduced by 50 percent, typically extending
the lifetime by something on the order of a factor of 4 or
more.

[0037] Second, luminance is linearly related to current
in an EL display system, implying that to maintain the
luminance of the current display system as compared to
prior art solutions, the same time averaged current must
be provided through the display system. However, the
use of lower peak currents reduces the required voltage
to produce this luminance. Fig. 7 shows the drive voltage
function 54 between drive current (mA) and Drive Voltage
(V). By reducing the peak drive current, the drive voltage
is reduced and since power is computed by multiplying
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the current and the voltage, the power consumed by the
display to produce light is reduced as a function of the
peak display current.

[0038] Third, in traditional passive matrix display sys-
tems employing one line at a time addressing, the row
electrodes typically have a significant resistivity and the
row currents can be on the order of several hundred mil-
liamperes and, for larger displays, several amperes.
Therefore, the loss of power due to I2R loss along the
row electrodes can be significant. By distributing this cur-
rent over several row electrodes, the current on any sin-
gle row electrode is reduced significantly and therefore
the loss of power due to I2R loss is reduced significantly,
further reducing the power consumption of the display.
[0039] It should be noted that in this example, a total
of 14 rows were driven simultaneously. Generally, the
number of rows that will be driven simultaneously using
this method will be five or greater but the method can be
applied by driving as few as three lines simultaneously.
It should also be noted that the drive level for the center
electrode in the group of row electrodes that are driven
simultaneously is higher than for any of the other row
electrode in the group of row electrodes. Although, one
can employ this method by applying two or more center
electrodes which all have the same drive values, the
method will often employ drive values for the row elec-
trodes furthest from the center that are lower than the
drive values for these center electrodes. Further, the
drive level will generally decrease for electrodes in the
group of row electrodes as the distance from the center
row electrode within the group increases. This decrease
in drive level may be monotonic such that the distribution
of electrode drive values as a function of row electrode
location approximates a gaussian function. The fact that
the drive values generally decrease with increasing dis-
tance from the center electrode is an important attribute
since without this attribute, the native spatial frequency
response of the system 40 will be zero for a spatial fre-
quencies less than 0.5 cycles per sample and it will there-
fore be difficult to construct an image having acceptable
quality. It is important that the frequency response of a
gaussian is a gaussian and such a system modulation
transfer function response can be relatively accurately
compensated for using traditional presharpening filters.
However, interrupting this gaussian by imposing a sec-
ondary maximum within each of the tails of the generally
gaussian-shaped function for driving the group of row
electrodes provides a more advantageous system mod-
ulation transfer function.

[0040] In this embodiment only 8 different row drive
values are required but one can construct a row driver
according to the present invention that drives rows with
as few as 2 different row drive values. To implement such
a system, one can construct a row driver that is capable
of providing only a few discrete voltage or current sink
signal levels. Alternately, these row drivers may provide
full analog control of the row drive voltages or current
sink values. These drive values can then be programmed
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and updated by the display driver to provide different sets
of row drive signals to different row electrodes.

[0041] These row drivers may be used together with
column drivers that either employ time division multiplex-
ing and are capable of providing only a binary signal (i.e,
voltage or current this is off and voltage or current that
is on) during the drive cycle or these column drivers may
provide a continuous, analog voltage or current signal.
[0042] Although the previous discussion provided a
method of achieving a 50 percent reduction in peak cur-
rent, the same general method can be applied to achieve
even greater reductions in peak current. One method for
reducing the peak current to 33% of the peak current in
atraditional oneline atatime passive matrix drive method
can be achieved by employing the 15 relative row elec-
trode signals shown in Table 2. As before, these relative
row electrode signals, generally increase to a peak value
and then decline, with the exception of one peak within
each tail. When these relative row electrode signals are
applied, the native vertical modulation transfer function
of the system 60 shown in Fig. 8 is achieved. Once again,
the presharpening step 36 can be achieved by applying
a vertically oriented digital presharpening kernel having
the values 2, 0, -3, 2, 2, - 56, 13, 144, 13, -56, 2, 2, -3,
0, 2 and dividing the resulting values by 64. As before,
this presharpening kernel compensates for the loss of
modulation that occurs at middle and high spatial fre-
quencies when the group of multiple row electrodes are
driven simultaneously with the relative drive values
shown in Table 2. However, this presharpening kernel
applies a slightly higher maximum gain value of 4.09.
The resulting system vertical modulation transfer func-
tion 62 is shown in Fig. 8 and is significantly closer to
ideal than the native modulation transfer function of the
system 60.

Table 2.

Row Electrode Number | Relative Current Values
1 0.0033
2 0.0100
3 0.0167
4 0.0233
5 0.0700
6 0.0533
7 0.1567
8 0.3333
9 0.1567
10 0.0533
11 0.0700
12 0.0233
13 0.0167
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(continued)

Row Electrode Number | Relative Current Values
14 0.0100

15 0.0033

[0043] These same methods can be applied to achieve
even further reductions in peak current with acceptable
image quality loss. For example, the peak current can be
reduced to a peak current of 25% of the peak current in
atraditional one line at atime passive matrix drive method
by employing the 16 relative row electrode signals shown
in Table 3. As before, these relative row electrode signals
generally increase to a peak value and then decline. No-
tice that in this instance, the function is monotonic on
either side of the center row electrodes. Further notice
that two center electrodes, specifically row electrodes 8
and 9, share the peak value. When these relative row
electrode signals are applied, the native vertical modu-
lation transfer function 70 of the system shown in Fig. 9
is achieved. Once again, the presharpening step 36 can
be achieved by applying a vertically oriented digital pre-
sharpening kernel having the values 6, 2, -12, 21, -52,
-50,-62,422, -62,-50, -52,21,-12, 2, 6 which are divided
by a normalization constant of 128 and provide a maxi-
mum modulation gain of 4.75. As before, this presharp-
ening kernel compensates for the loss of modulation that
occurs at middle and high spatial frequencies when the
group of multiple row electrodes are driven simultane-
ously with the relative drive values shown in Table 3. The
resulting vertical system modulation transfer function 72
is shown in Fig. 9 and is significantly closer to ideal than
the native modulation transfer function of the system 70.

Table3.

Row Electrode Number | Relative Current Values
1 0.0050
2 0.0075
3 0.0175
4 0.0225
5 0.0550
6 0.0675
7 0.0750
8 0.2500
9 0.2500
10 0.0750
11 0.0675
12 0.0550
13 0.0225
14 0.0175
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(continued)

Row Electrode Number | Relative Current Values
15 0.0075

16 0.0050

[0044] Although the approaches as just described will
generally produce images with high image quality, it is
possible for these methods to create certain artifacts
within the resulting images. One such artifact occurs as
a direct result of the blurring that occurs, wherein hori-
zontal edges within the image appear unnaturally sharp.
This artifact can be overcome in a number of ways. How-
ever, one particularly useful method is to blur the image
slightly in the horizontal direction, parallel to the row elec-
trodes. This optional step of blurring the image should
be performed prior to applying the presharpen image sig-
nal step 34. As shown in Fig. 10, it may be assumed that
the horizontal modulation transfer function ratio of the
system is unity for all spatial frequencies as indicated by
the horizontal line 76. This artifact can be corrected by
applying ablurkernelin the horizontal direction to provide
a modulation transfer function ratio as indicated by the
line 78. This reduces the sharpness of vertical lines
somewhat but because the human visual system will
adapt to the sharpness level of an image, blurring these
lines to match the sharpness of the horizontal lines of the
display, results in a more pleasing final image.

[0045] Another potential artifact is the clipping of high-
light information that occurs as a result of boosting the
contrast of certain spatial frequencies using the pre-
sharpening kernel. This artifact can be addressed in a
number of ways. One method is to perform the presharp-
ening step using an extended bit depth range and to then
applying a modified tonescale to bring at least a portion
of the clipped information back into the tonal range of the
display. This tonescale modification can include applying
a simple gain factor by multiplying all values by a given
constant but more preferably will apply a more complex
function, which allows the contrast of the midscale to be
reduced by a smaller margin than the contrast of the high-
light information. Another approach is to determine the
contrast range of edges within the image and to reduce
the contrast of the image prior to presharpening if there
are enough edges having a high enough contrast range
to present significant clipping artifacts. Yet another ap-
proach is to determine the contrast range of edges within
the image and to select 34 among different presharpen-
ing filters. Different row drive values can also be selected.
Groups of different sizes of row electrodes can be used
depending on the contrast range or the number of edges
in the image. Other approaches include applying a ver-
tical blur function or a contrast reduction toimages having
high instantaneous contrast in one or more color chan-
nels to reduce the amplitude of these transitions prior to
presharpening.
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[0046] Once the image processing is completed, in-
cluding the presharpen image signal step 34, the display
driver 20 must provide 36 the presharpened image con-
trol signal to the column driver 18, which will then provide
control signals to the column 6 electrodes. Several meth-
ods of providing the control signals 36 can be performed
by the data selector 156, which has the opportunity to
select different portions of the presharpened image con-
trol signal from the output buffer 154. One method to
provide the control signals 36 is shown in Fig. 11. To
explain this method, we will assume that the inputimage
signal 22 and the resulting presharpened image control
signal has 1 through n rows of data where the row of data
to be displayed will be indicated by i, where i is a number
between 1 and n. We will further designate the selected
32 number of row electrodes as m. As this method is
discussed, it will be assumed that the presharpened im-
age control signal will be written into the output buffer
154 after it is presharpened 34 and the method of pro-
viding the control signals 36 will operate on data that is
stored in this output buffer.

[0047] As shown, the display driver 20 will typically ob-
tain a row of the presharpened image control signal from
the output buffer 80. The driver will then provide a signal
to the row drivers. This signal will activate row electrodes
1 through m 82 wherein the row drivers provide at least
two different drive levels to the group of m row electrodes
and wherein the at least two drive levels are distributed
to have a peak near their center and to have lower, nonze-
ro values on either side of the peak. The first row of the
presharpened image control signal is used to provide
drive signals to the column drivers 84, which will provide
appropriate signals to the column electrodes 86. For ex-
ample, the column drivers may modulate the time a volt-
age is provided on the column electrodes which allows
current to flow through the light emitting elements 12 in
response. As such, this voltage signal will allow current
to flow through the column electrodes 6 to the light-emit-
ting elements 12 and to row electrodes 10 1 through m.
Therefore, as the first line of data is displayed, the same
row and column signals will be provided to rows 1 through
m during a first time interval, which we will refer to as t,.
The rows can then be deselected 88 by removing the
drive value from at least row electrode 1. Within a sub-
sequent time interval t; the next row of the presharpened
image control signal will be obtained 90. The next group
of mrow electrodes, specifically row electrodes 2 through
((i-1) + m) will be activated 92. Again, the presharpened
image control signal will be used to provide column drive
signals to the column drivers 94, which will provide sig-
nals to the column electrodes 96. Once again, the row
electrodes will be deselected 98. This process will be
repeated for each time interval t; during which row i of
the data matrix will be displayed onto rows i through ((i-
1) +m). A decision 100 will be made as to whether the
entire presharpened image control signal has been dis-
played. If not, the next row of the presharpened image
control signal will be obtained 90. Once the entire pre-
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sharpened image control signal has been displayed, the
process will repeat. By following the procedure shown in
Fig. 11, each of the n rows of information in the presharp-
ened image control signal are displayed such that they
overlap each other by (m-1) rows and each of the rows
are activated a total of m times.

[0048] It should be further noticed that the instantane-
ous peak luminance of any light-emitting element 12 is
reduced and that each line emits light for m times as long
as it would in a passive matrix display in which only one
line is addressed at a time. In traditional passive matrix
displays, it is necessary to refresh the display at a fre-
quency of at least 72 Hz to avoid the visibility of flicker.
However, the frequency required to avoid flicker varies
as a function of the instantaneous luminance, the con-
trast of instantaneous luminance with luminance emitted
during the off state, the duration of light emission, and
the spatial distribution of the light emission. Because the
instantaneous luminance will be reduced, the contrast
will be reduced, and the duration of light emission will be
increased. Therefore lower refresh rates can be em-
ployed without perceptible flicker. Reducing the refresh
rate to even 60 Hz will reduce the number of on and off
cycles during which the capacitance of EL displays, and
especially OLED displays, must be charged, this can re-
duce this component of power consumption to a ratio of
5/6ths its original value.

[0049] Other methods for providing 38 presharpened
image control signal can be employed to reduce the re-
fresh rate further. For example, the rows of the presharp-
ened image control signal can be presented in a different
order. One such method can involve providing less over-
lap between subsequently displayed groups of row elec-
trodes 24, 26 and changing the order of displaying the
lines of the presharpened image control signal. That is,
rather than overlap the second group of row electrodes
by all but one row electrode, the groups of row electrodes
can be overlapped by half the width of the group of row
electrodes on any two subsequent row activation steps.
For instance, if one were to apply a set of 9 relative row
strength signals; including 1, 2, 4, 8, 15, 8, 4, 2, 1 such
that the first row electrode during a second time interval
overlapped third or fourth row electrode from the previous
time interval, and this pattern was repeated, a relatively
uniform luminance pattern would be created within a sin-
gle scan of the display. Subsequently, the display could
be scanned again, employing the same overlap but hav-
ing the center of the groups displaced by a row. This
could be repeated until all of the rows were scanned,
completing the image.

Such a method is depicted in Fig. 12. As before, we will
assume that the signal has 1 through nrows of data where
i will indicate the row of data to be displayed. However,
in this approach i is a number between 1 and n/j, where
jis the number of offset row electrodes between two sub-
sequently drawn groups, minus 1. The selected 34
number of row electrodes per group of row electrodes
will again be provided as m and we will further designate
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another variable ¢, which will increment from 1 to j. Asin
the previous method, the first row of presharpened image
control signal is obtained 110. A signal is provided to the
row drivers to activate 112 row electrodes 1 through m.
The presharpened image control signal is then used to
provide 114 a signal to the column drivers. In a display
having significant capacitance, such as in the typical
OLED display, the column drivers then precharge 116
the capacitance of the display. Current is then provided
118 by the column drivers to the column electrodes to
create current flow through the light-emitting elements,
lighting the pixels of the display. Once the necessary lu-
minance has been created, the columns can then be dis-
charged 120. The primary departure between the method
shown in Fig. 12 from the method shownin Fig. 11, occurs
as the nextrow of the presharpened image control signal
is obtained and displayed. In the method shown in Fig.
12, during the next time interval t, the presharpened im-
age control signal in row (c+(i - 1)*j) will be obtained 122.
The row electrodes (c+(i - 1)*(j-1)-((m-1)/2)) through (c
+i*(j-1)+((m-1)/2))) will then be activated 124. Note this
group of row electrodes overlaps the previous group of
row electrodes by j and the image data that is presented
is now (j-1) rows below the previous row in the data ma-
trix. Therefore, rows of the presharpened image control
signal have been skipped and can be presented in sub-
sequent scans of the display. The presharpened image
control signal values in row (c+(i -1)*j) are then used to
provide 126 a signal to the column drivers. Once again,
the column drivers precharge 128 the display, provide
130 current to light the pixels of the display and discharge
132 the columns of the display. A decision 134 is made
as to whether the first scan of is complete, that is i has
reach its maximum value, i is incremented 140, and the
next row of data is obtained 122. Once i reaches its max-
imum value and it is decided 134, that the first display
scanis complete a decision 136 will be made as to wheth-
er c has obtained it maximum value. If c has not obtained
its maximum value, c will be incremented 138 by a value
of 1, i will be set to 1 142, and the next row of data will
be obtained 136. If it is decided that c has reach its max-
imum value, the process will begin again by obtaining
the first row of data 110.

[0050] By following the procedure of Fig. 12, many of
the same benéefits are achieved as in the previous meth-
od. However, the difference is in the spatial luminance
pattern that is drawn on the screen. Most notably, j low
spatial resolution images are displayed, one after anoth-
er, that when added together by the human eye results
in an image with perceptibly higher spatial frequency in-
formation. Because of this spatial pattern, the refresh rate
of the display can be reduced significantly. For example,
when j = 2, the refresh rate can readily be reduced to 36
Hz as some information will still be written to each pixel
on the display at a frequency of 72 Hz (e.g., 36 Hz per
scan, each image refresh consisting of 2 scans). Further,
when j=3, the refresh rate can be reduced further to 24
Hz. It should be noted that often displays of this type are
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capable of receiving new image updates at a rate of 24
Hz. As such a display using this approach with j=3 can
allow the incoming images to be processed and dis-
played at the same rate. As discussed before, the reduc-
tion of this refresh rate is significant as it further reduces
the number of cycles that the capacitance of the display
must be charged and can therefore, significantly reduce
the power consumption of the display. In fact, this capac-
itive power dissipation can also be reduced by a factor
of 1/j.

[0051] It should be noted that in most displays, other
image processing must also be performed. For example,
in displays employing arrays of RGBW light-emitting el-
ements as described in US Patent Application
10/320,195, it will be necessary to receive a RGB input
image signal, linearize the RGB input image signal with
respect to aim display luminance, convert the linearized
RGB input image signal into a linearized RGBW input
signal. Generally, the method provided in Fig. 3 will be
employed after such image processing has been per-
formed. The method in Fig. 3, can be performed on lin-
earized data but can be performed, and often will pref-
erably be performed on nonlinear data in which changes
in small code values correspond to smaller changes in
luminance than changes in large code values.

[0052] The display system of the present invention in-
cludes an EL display. This display can be any electro-
luminescent display that can be used to form a two di-
mensional array of addressable elements between a pair
of electrodes. These devices can include electro-lumi-
nescent layers 8 employing purely organic small mole-
cule or polymeric materials, typically including organic
hole transport, organic light-emitting and organic electron
transport layers as described in the prior art, including
US 4,769,292, issued September 6, 1988 to Tang et al.,
and US 5,061,569, issued October 29, 1991 to VanSlyke
et al. The electro-luminescent layer 8 can alternately be
formed from a combination of organic and inorganic ma-
terials, typically including organic hole transport and elec-
tron transport layers in combination with inorganic light-
emitting layers, such as the light-emitting layers de-
scribed in US 6,861,155 issued March 1, 2005 to Bawen-
di et al. Alternately, the electro-luminescent layer 8 can
be formed from fully inorganic materials such as the de-
vices described in co-pending USSN 11/226,622 filed
September 14, 2005, entitled "Quantum Dot Light Emit-
ting Layer".

[0053] The display can further employ row and column
electrodes, which are formed from an array of materials.
The row electrodes, which typically, carry current to more
light-emitting elements that are lit simultaneously, than
the column electrodes will typically be formed of a metal.
Commonly known and applied metal electrodes include
electrodes formed from silver and aluminum. When the
electrode functions as a cathode, these metals may be
alloyed with low work function metals or used in combi-
nation with low work function electron injection layers. At
least one of the row or column electrodes must be formed
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of materials that are at transparent or semi-transparent.
Appropriate electrodes include metal oxides such as ITO
and 1ZO or very thin metals, such as thin layers of silver.
To decrease the resistivity of these electrodes, additional
opaque bus bars can be formed in electrical contact with
these electrodes.

[0054] The substrate can also be formed of almost any
material. When the transparent or semi-transparent elec-
trode is formed directly on the substrate, it is desirable
forthe substrate to be formed from a transparent material,
such as glass or clear plastic. Otherwise, the substrate
can be either transparent or opaque. Although not shown,
such displays generally will include additional layers for
mechanical, oxygen, and moisture protection. Methods
of providing this type of protection are well known in the
art. Also not shown within the diagrams of this disclosure,
are mechanical structures, such as pillars that are com-
monly employed during manufacturing of passive matrix
OLED displays that enable the patterning of the electrode
furthest from the substrate.

[0055] Although, the current invention has been dis-
cussed specifically for EL displays, the method of the
presentinvention can be usefully employed with alternate
display technologies. Particularly any display technology
requiring the flow of current, as is typical in most emissive
display technologies, including field emission or surface-
conduction-electron-emitter displays, can benefit from
aspects of the present invention. This invention will be
of even greater benefit in display technologies that not
only require the flow of current and have cells that are
thin enough to provide capacitive losses when cycling
individual light-emitting elements from on to off.

PARTS LIST
[0056]

2 display

4 substrate

6 column electrode

8 electro-luminescent layer

10 row electrode

12 EL light-emitting element

16 row driver

18 column driver

20 display driver

22 input image signal

24 group of row electrodes

26 group of row electrodes

28 row electrode near center of a group of row elec-
trodes

30 receiving input image signal step

32 optional selecting number of row electrodes step

34 presharpening step

36 providing presharpened image control signal step

38 providing signal step

40 vertical modulation transfer function

42 modulation axis
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44 frequency axis
46 final vertical modulation transfer function
48 spatial frequency response of presharpening ker-

nel
50 luminance stability function
54 drive voltage function
60 native vertical modulation transfer function
62 resulting vertical modulation transfer function
70 native vertical modulation transfer function
72 resulting vertical modulation transfer function
76 horizontal line
78 horizontal modulation transfer function ratio

80 obtain row of presharpened image control signal
from output buffer step

82 activate group of row electrodes step

84 provide column driver signals step

86 provide column electrode signals step

88 deselect rows step

90 obtain next row of presharpened image control

signal step
92 activate next group of row electrodes step
94 provide next column driver signals step

96 provide next column electrode signals step
98 deselect row electrodes step

100 decision step

110  obtain row of presharpened image control signal
step

112  activate group of row electrodes step

114  provide signal to column driver step

116  precharge capacitance step

118  provide current step

120  discharge step

122  obtain selected row of presharpened image con-
trol signal step

124  activate next group of row electrodes step

126  provide signal to column driver step

128  precharge step

130  provide current step

132  discharge step

134  decide first scan complete step

136  decide all scans complete step

138 increment c step

140 incrementi step

142  setistep

150 input buffer

152  sharpening unit

154  output buffer

156  data selector

158  timing generator

Claims

1. A passive matrix, electro-luminescent display sys-
tem for receiving an input image, processing such
input image, and displaying such processed image,
comprising:
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a. a passive matrix, electro-luminescent display
having an array of column electrodes (6), an ar-
ray of row electrodes (10) oriented orthogonally
tothe array of column electrodes (6) and an elec-
tro-luminescent layer (8) located between the
array of column electrodes (6) and the array of
row electrodes (10), the intersection of each col-
umn (6) and row (10) electrode forming an indi-
vidual light-emitting element (12);

b. one or more row drivers (16) adapted to pro-
vide separate drive signals at different times to
different groups of row electrodes (24, 26) within
the array of row electrodes (10), wherein the row
electrodes of each group simultaneously re-
ceive at least two different level signals;

c. a display driver (20) adapted to receive the
input image signal and process this inputimage
signal using presharpening filtering to provide a
presharpened image control signal; and

d. one or more column drivers (18) adapted to
in response to the presharpened image control
signal simultaneously provide a drive signal to
all the column electrodes within the array of col-
umn electrodes (10) at the same time drive sig-
nals are provided to the groups of row electrodes
(24, 26) so that the concurrence of row and col-
umn signals causes individual light-emitting el-
ements (12) to produce light, wherein

each group of row electrodes (24, 26) contains
at least three row electrodes, and

the image is displayed by modulating voltages
applied to the light-emitting elements (12)
through the column electrodes (6) and the row
electrodes (10),

characterized in that

the row electrode signal levels within each group of
row electrodes (24, 26) are distributed such that the
row electrode(s) (10) at the center of the group re-
ceive(s) a peak signal level and other electrodes (10)
in the group receive lower, nonzero signal levels.

The passive matrix, electro-luminescent display sys-
tem of claim 1, wherein each group of row electrodes
(24, 26) contains at least 5 row electrodes (10).

The passive matrix, electro-luminescent display sys-
tem of claim 1, wherein the row electrode signal level
for the center row electrode(s) (10) in the group of
row electrodes (24, 26) is higher than for any of the
other row electrodes (10) in the group of row elec-
trodes (24, 26).

The passive matrix, electro-luminescent display sys-
tem of claim 1, wherein the row electrode signal level
received by row electrodes (10) in the group de-
creases, then increases to a secondary maximum
and then decreases again as the distance from the
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24
center electrode(s) (10) increases.

The passive matrix, electro-luminescent display sys-
tem of claim 1, wherein the distribution of row elec-
trode signal levels for each of the row electrodes (10)
in a group are distributed such that they monotoni-
cally decrease as the distance from the center elec-
trode(s) (10) increases.

The passive matrix electroluminescent display sys-
tem of claim 5, wherein the distribution is approxi-
mately gaussian.

The passive matrix, electro-luminescent display sys-
tem of claim 1, wherein the display driver (20) in the
direction parallel to the row electrodes (10), addition-
ally blurs the input image signal.

The passive matrix, electro-luminescent display sys-
tem of claim 1, wherein a second group of row elec-
trodes (26) overlaps a first group of row electrodes
(24).

The passive matrix, electro-luminescent display sys-
tem of claim 8, wherein the second group of row elec-
trodes (26) overlaps the first group of row electrodes
(24) such that the sum of the distribution of row elec-
trode signal levels in the first group (24) and the dis-
tribution of row electrode signal levels in second
group (26) form a distribution that is substantially flat
in the center.

The passive matrix, electro-luminescent display sys-
tem of claim 1, wherein the displayed image is re-
freshed at a rate less than 60 Hz.

The passive matrix, electro-luminescent display sys-
tem of claim 1, wherein the control signal provided
to the row electrodes (10) is a discrete multilevel sig-
nal and the control signal provided to the column
electrodes (6) is pulse width modulated.

Patentanspriiche

1.

Passives elektrolumineszentes Matrix-Anzeigesys-
tem zum Empfangen eines Eingabebilds, Bearbei-
ten eines derartigen Eingabebilds und Anzeigen ei-
nes derartigen bearbeiteten Bilds, das umfasst:

a. eine passive elektrolumineszente Matrix-An-
zeigeeinrichtung mit einer Anordnung von Spal-
tenelektroden (6), einer Anordnung von Reihen-
elektroden (10), die orthogonal zu der Anord-
nung von Spaltenelektroden (6) orientiert sind,
und einer elektrolumineszenten Schicht (8), die
zwischen der Anordnung von Spaltenelektro-
den (6) und der Anordnung von Reihenelektro-
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den (10) angeordnet ist, wobei der Schnittpunkt
einer jeden Spalten- (6) und Reihen- (10) Elek-
trode ein einzelnes Licht emittierenden Element
(12) bildet;

b. einen oder mehrere Reihentreiber (16),
der/die dazu eingerichtet ist/sind, zu verschie-
denen Zeiten verschiedenen Gruppen von Rei-
henelektroden (24, 26) innerhalb der Anordnung
von Reihenelektroden (10) separate Antriebssi-
gnale bereitzustellen, wobei die Reihenelektro-
den einer jeden Gruppe gleichzeitig mindestens
zwei Signale mit unterschiedlichem Niveau
empfangen;

c. einen Anzeigetreiber (20), der dazu eingerich-
tet ist, das eingegebene Bildsignal zu empfan-
gen und dieses eingegebene Bildsignal unter
Verwendung einer vorscharfenden Filterung zu
bearbeiten, um ein vorgescharftes Bildsteuersi-
gnal bereitzustellen; und

d. einen oder mehrere Spaltentreiber (18),
der/die dazu eingerichtet ist/sind, in Reaktion
auf das vorgescharftes Bildsteuersignal zum
gleichen Zeitpunkt, zu dem den Gruppen von
Reihenelektroden (24, 26) Antriebssignale be-
reitgestellt werden, allen Spaltenelektroden in-
nerhalb der Anordnung von Spaltenelektroden
(10) gleichzeitig ein Antriebssignal bereitzustel-
len, so dass das Zusammentreffen der Reihen-
und Spaltensignale die einzelnen Licht emittie-
renden Elemente (12) dazu veranlasst, Licht zu
erzeugen, wobei

jede Gruppe von Reihenelektroden (24, 26) min-
destens drei Reihenelektroden enthalt und
das Bild angezeigt wird, in dem Spannungen,
die durch die Spaltenelektroden (6) und die Rei-
henelektroden (10) an die Licht emittierenden
Elemente (12) angelegt werden, moduliert wer-
den,

dadurch gekennzeichnet, dass

die Reihenelektrodensignalniveaus innerhalb einer
jeden Gruppe von Reihenelektroden (24, 26) so ver-
teilt sind, dass die Reihenelektrode(n) (10) an dem
Zentrum der Gruppe ein Spitzensignalniveau emp-
fangt/empfangen und andere Elektroden (10) in der
Gruppe niedrigere, von Null verschiedene Signaini-
veaus empfangen.

Passives elektrolumineszentes Matrix-Anzeigesys-
tem nach Anspruch 1, bei dem jede Gruppe von Rei-
henelektroden (4 20, 26) mindestens 5 Reihenelek-
troden (10) enthalt.

Passives elektrolumineszentes Matrix-Anzeigesys-
tem nach Anspruch 1, bei dem das Reihenelektro-
densignalniveau fiir die zentrale(n) Reihenelektro-
de(n) (10) in der Gruppe von Reihenelektroden (24,
26) hoher ist als fiir jede der anderen Reihenelekt-
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roden (10) in der Gruppe von Reihenelektroden (24,
26).

Passives elektrolumineszentes Matrix-Anzeigesys-
tem nach Anspruch 1, bei dem das Reihenelektro-
densignalniveau, das von Reihenelektroden (10) in
der Gruppe empfangen wird, abnimmt, dann auf ein
zweites Maximum zunimmt und dann wieder ab-
nimmt, wenn der Abstand von der/den zentrale(n)
Reihenelektrode(n) (10) zunimmt.

Passives elektrolumineszentes Matrix-Anzeigesys-
tem nach Anspruch 1, bei dem die Verteilung von
Reihenelektrodensignalniveaus fiir jede der Reihen-
elektroden (10) in einer Gruppe so verteilt ist, dass
sie monoton abnehmen, wenn der Abstand von
der/den zentrale(n) Reihenelektrode(n) (10) zu-
nimmt.

Passives elektrolumineszentes Matrix-Anzeigesys-
tem nach Anspruch 1, bei dem die Verteilung unge-
fahr eine Gaulverteilung ist.

Passives elektrolumineszentes Matrix-Anzeigesys-
tem nach Anspruch 1, bei dem der Anzeigetreiber
(20) in der Richtung parallel zu den Reihenelektro-
den (10) das eingegebene Bildsignal zusatzlich ver-
zerrt.

Passives elektrolumineszentes Matrix-Anzeigesys-
tem nach Anspruch 1, bei dem eine zweite Gruppe
von Reihenelektroden (26) eine erste Gruppe von
Reihenelektroden (24) tberlappt.

Passives elektrolumineszentes Matrix-Anzeigesys-
tem nach Anspruch 8, bei dem die zweite Gruppe
von Reihenelektroden (26) die erste Gruppe von Rei-
henelektroden (24) derart tiberlappt, dass die Sum-
me der Verteilung von Reihenelektrodensignalni-
veaus in der ersten Gruppe (24) und die Verteilung
von Reihenelektrodensignainiveaus in der zweiten
Gruppe (26) eine Verteilung bilden, die im Zentrum
im Wesentlichen flach ist.

Passives elektrolumineszentes Matrix-Anzeigesys-
tem nach Anspruch 1, bei dem das dargestellte Bild
mit einer Frequenz von weniger als 60 Hz aktualisiert
wird.

Passives elektrolumineszentes Matrix-Anzeigesys-
tem nach Anspruch 1, bei dem das den Reihenelek-
troden (10) bereitgestellte Steuersignal ein diskretes
Multiniveau-Signal ist und das den Spaltenelektro-
den (6) bereitgestellte Steuersignal pulsweitenmo-
duliert ist.
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Revendications

Systeme d’affichage électroluminescent, a matrice
passive, destiné a recevoir une image d’entrée, trai-
ter cette image d’entrée et afficher cette image trai-
tée, comprenant :

a. un affichage électroluminescent, a matrice
passive comportant un réseau d’électrodes de
colonne (6), un réseau d’électrodes de rangée
(10) orientées orthogonalement au réseau
d’électrodes de colonne (6) et une couche élec-
troluminescente (8) située entre le réseau
d’électrodes de colonne (6) et le réseau d’élec-
trodes de rangée (10), lI'intersection de chaque
électrode de colonne (6) et de rangée (10) for-
mant un élément électroluminescent (12)
individuel ;

b. un ou plusieurs conducteurs de rangée (16)
congus pour fournir des signaux d’excitation sé-
parés a des moments différents aux différents
groupes d’électrodes de rangée (24, 26) au sein
du réseau d’électrodes de rangée (10), dans le-
quel les électrodes de rangée de chaque groupe
recoivent simultanément au moins deux signaux
de niveaux différents ;

c. un pilote d’affichage (20) congu pour recevoir
le signal d’image d’entrée et traiter ce signal
d'image d’entrée a l'aide d'un filtrage de pré-
affinement pour fournir un signal de commande
d’'image pré-affinée ; et

d. un ou plusieurs conducteurs de colonne (18)
congus pour, en réponse au signal de comman-
de d’'image pré-affinée, fournir simultanément
un signal d’excitation a toutes les électrodes de
colonne au sein du réseau d’électrodes de co-
lonne (10) enméme temps que les signauxd’ex-
citation sont fournis aux groupes d’électrodes
de rangée (24, 26) de sorte que la coincidence
des signaux de rangée et de colonne ameéne les
éléments électroluminescents (12) individuels a
produire de la lumiére, dans lequel

chaque groupe d’électrodes de rangée (24, 26)
contient au moins trois électrodes de rangée, et
limage est affichée en modulant les tensions
appliquées aux éléments électroluminescents
(12) a travers les électrodes de colonne (6) et
les électrodes de rangée (10),

caractérisé en ce que

les niveaux de signaux d’électrodes de rangée au
sein de chaque groupe d’électrodes de rangée (24,
26) sont répartis de telle sorte que I'électrode (les
électrodes) de rangée (10) au centre du groupe re-
coive(nt) un niveau de signal de pointe et les autres
électrodes (10) dans le groupe regoivent des niveaux
de signaux intérieurs, non nuls.
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Systéme d’affichage électroluminescent, a matrice
passive selon larevendication 1, dans lequel chaque
groupe d’électrodes de rangée (24, 26) contient au
moins cing électrodes de rangée (10).

Systéme d’affichage électroluminescent, a matrice
passive selon la revendication 1, dans lequel le ni-
veau de signal d’électrode de rangée pourl’électrode
(les électrodes) de rangée (10) centrale(s) dans le
groupe d’électrodes de rangée (24, 26) est plus éle-
vé que pour 'une quelconque des autres électrodes
de rangée (10) dans le groupe d’électrodes de ran-
gée (24, 26).

Systéme d’affichage électroluminescent, a matrice
passive selon la revendication 1, dans lequel le ni-
veau de signal d’électrode de rangée recgu par les
électrodes de rangée (10) dans le groupe diminue,
puis augmente jusqu’a un maximum secondaire et
diminue ensuite a nouveau a mesure que la distance
depuis I'électrode (les électrodes) (10) centrale(s)
augmente.

Systéme d’affichage électroluminescent, a matrice
passive selon la revendication 1, dans lequel la ré-
partition des niveaux de signaux d’électrode de ran-
gée pour chacune des électrodes de rangée (10)
dans un groupe sont répartis de telle sorte qu'ils di-
minuent de fagon monotone a mesure que la distan-
cedepuis I'électrode (les électrodes) (10) centrale(s)
augmente.

Systéme d’affichage électroluminescent, a matrice
passive selon la revendication 5, dans lequel la dis-
tribution est approximativement gaussienne.

Systéme d’affichage électroluminescent, a matrice
passive selonlarevendication 1, dans lequel le pilote
d’affichage (20) dans la direction paralléle aux élec-
trodes de rangée (10), brouille en outre le signal
d’'image d’entrée.

Systéme d’affichage électroluminescent, a matrice
passive selon la revendication 1, dans lequel un
deuxieme groupe d’électrodes de rangée (26) che-
vauche un premier groupe d’électrodes de rangée
(24).

Systéme d’affichage électroluminescent, a matrice
passive selon la revendication 8, dans lequel le
deuxieme groupe d’électrodes de rangée (26) che-
vauche le premier groupe d’électrodes de rangée
(24) de telle sorte que la somme de la répartition des
niveaux de signaux d’électrode de rangée dans le
premier groupe (24) et la répartition des niveaux de
signaux d’électrode de rangée dans le deuxieéme
groupe (26) forment une distribution qui est sensi-
blement plate dans le centre.
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10. Systeme d’affichage électroluminescent, a matrice

11.

passive selon larevendication 1, dans lequel I'image
affichée est rafraichie a une vitesse inférieure a 60
Hz.

Systeme d’affichage électroluminescent, a matrice
passive selon la revendication 1, dans lequel le si-
gnal d’excitation fourni aux électrodes de rangée
(10) est un signal discret multi-niveaux et le signal
d’excitation fourni aux électrodes de colonne (6) est
modulé en largeur d’'impulsion.
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