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this method

(57)  Method for controlling an organic light-emitting
diode display, said display (400) comprising a plurality
of organic light-emitting diodes (OLEDs) (212) having
an anode and a cathode, said organic light emitting di-
odes (212) being arranged in a common anode config-
uration, whereby said diodes (212) co-operate with con-
stant current sources (214) and are fed by means of a
power supply, characterized in that a power supply com-
pensation is applied, in which a voltage drop is meas-
ured across the current sources (214) and wherein the
measured voltage drop is used as an indicator for the
light output of the organic light emitting diodes (212) and
wherein said power supply is adjusted in function of said
measured voltage drop.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method for
controlling an organic light-emitting diode (OLED) dis-
play, as well as to a display applying this method. In par-
ticular, this invention relates to power supply compen-
sation in an OLED display for overcoming light output
variations due to OLED aging.

BACKGROUND OF THE INVENTION

[0002] OLED technology incorporates organic lumi-
nescent materials that, when sandwiched between elec-
trodes and subjected to a DC electric current, produce
intense light of a variety of colors. These OLED struc-
tures can be combined into the picture elements, or pix-
els, that comprise a display. OLEDs are also useful in a
variety of applications as discrete light-emitting devices
or as the active element of light-emitting arrays or dis-
plays, such as flat-panel displays in watches, tele-
phones, laptop computers, pagers, cellular phones, cal-
culators, and the like. To date, the use of light-emitting
arrays or displays has been largely limited to small-
screen applications such as those mentioned above.

[0003] The marketis now, however, demanding larger
displays with the flexibility to customize display sizes.
For example, advertisers use standard sizes for market-
ing materials. However, those sizes differ based on lo-
cation. Therefore, a standard display size for the United
Kingdom differs from that of Canada or Australia. Addi-
tionally, advertisers at trade shows need bright, eye-
catching, flexible systems that are easily portable and
easy to assemble/disassemble. Still another rising mar-
ket for customizable large display systems is the control
room industry, in which maximum display quantity, qual-
ity, and viewing angles are critical. Demands for large-
screen display applications possessing higher quality
and higher light output have led the industry to turn to
alternative display technologies that replace older LED
and liquid crystal displays (LCDs). For example, LCDs
fail to provide the bright, high light output, larger viewing
angles, and high resolution and speed requirements
that the large-screen display market demands. By con-
trast, OLED technology promises bright, vivid colors in
high resolution and at wider viewing angles. However,
the use of OLED technology in large-screen display ap-
plications, such as outdoor or indoor stadium displays,
large marketing advertisement displays, and mass-pub-
lic informational displays, is only beginning to emerge.
[0004] Several technical challenges exist relating to
the use of OLED technology in a large-screen applica-
tion. Presently, in the case of a display consisting of a
single OLED display panel, the OLEDs do not age uni-
formly. Thus, when the light output and/or uniformity are
no longer suitable, the entire display is replaced. How-
ever, in the case of a display consisting of a set of tiled
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OLED display panels, there is the possibility that one
OLED display ages at a much faster rate than another.
Age differences occur, for example, due to the varying
ON time (i.e., the amount of time that the OLED has
been active) of the individual OLEDs and due to tem-
perature variations within a given OLED display area,
or due to the replacement of a defect module by a new
module. This results in one part of the screen having a
lower light output or a color shift as compared with the
rest of the tiled OLED display.

[0005] Typically, when a tiled OLED display is manu-
factured, it is calibrated for a uniform image; however,
due to aging of the separate modules over the lifetime
of the tiled OLED display, the light emission changes
from one module to the next. Thus, over time the image
is no longer uniform. Consequently, in a large-screen
tiled OLED display application, a technical challenge ex-
ists to compensate for the difference in light output from
one OLED display to another in order to achieve uniform
display output.

[0006] U.S. patent No. 6.448.716 describes a solid-
state light apparatus ideally suited for use in traffic con-
trol signals having a self-diagnostic/predictive failure
analysis (SD/PFA) function facilitating a real-time status
of the signal as well as a prediction of failure years in
advance of the actual failure. Unlike incandescent sig-
nals, all LED-based signals degrade over time until they
are no longer within Department of Transportation
(DOT) light output specifications. Current state of the art
solid-state signals must be periodically monitored to see
whether the light output is within specification. A signal
system with SD/PFA coupled with a modem or RF link
provides real-time data on the status of the signal. The
system also provides data that allow the determination
via an algorithm of when the signal will fall below light
output specifications in the future. While said patent de-
scribes an apparatus and method of monitoring and
compensating the light output of an LED device, the ap-
paratus and method of this patent is not particularly well
suited for a large-screen tiled OLED display application
and is therefore not suitable for use in achieving uniform
display output in a large-screen tiled OLED display.

SUMMARY OF THE INVENTION

[0007] Itis therefore an object of the invention to pro-
vide a method of adjusting the power supply voltage of
an OLED display over time to compensate for light out-
put changes due to aging.

[0008] It is therefore another object of the invention to
optimize the power dissipation of an OLED display over
the full lifetime of the display.

[0009] It is therefore yet another object of the inven-
tion to minimize the temperature of an OLED display
over the full lifetime of the display, thereby extending the
OLED display lifetime.

[0010] To this end, the invention provides a method
for controlling an organic light-emitting diode display,
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said display comprising a plurality of organic light-emit-
ting diodes (OLEDs) having an anode and a cathode,
said organic light emitting diodes being arranged in a
common anode configuration, whereby said diodes co-
operate with constant current sources and are fed by
means of a power supply, characterized in that a power
supply compensation is applied, in which a voltage drop
is measured across the current sources and wherein the
measured voltage drop is used as an indicator for the
light output of the organic light emitting diodes and
wherein said power supply is adjusted in function of said
measured voltage drop.

[0011] In particular the measured voltage drop across
a set of constant current sources within the drive circuit
of a common-anode, passive-matrix, large-screen
OLED array is used as an indicator of OLED light output
and a positive power supply associated with the large-
screen OLED array is adjusted to ensure that the volt-
age at the cathode of each OLED is greater than or
equal to a predetermined threshold voltage. According-
ly, voltage compensation is preferably performed peri-
odically to compensate for any decrease in light emis-
sion due to the aging of the OLEDs. Furthermore, the
voltage compensation method of the present invention
preferably ensures that a predetermined maximum
power dissipation is not exceeded.

[0012] Other details of the invention and preferred
features will become clear from the following detailed
description and from the appended claims.

[0013] The invention also relates to an organic light-
emitting diode display which uses the abovesaid meth-
od, and to this end is provided of electronics to realize
this method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] With the intention of better showing the char-
acteristics of the invention, hereafter, as example with-
out any limitative character, some preferred forms of
embodiment are described, with reference to the ac-
companying drawings, wherein:

Figure 1 illustrates an example tile, which is repre-
sentative of a portion of a modular and scalable
OLED display system;

Figure 2 illustrates a schematic diagram of an
OLED circuit, which is representative of a portion of
a typical common-anode, passive-matrix, large-
screen OLED array;

Figure 3 illustrates an example tile, which is repre-
sentative of a portion of a modular and scalable
OLED display system in another embodiment of the
invention;

Figure 4 illustrates an example OLED display, which
is representative of a modular and scalable OLED
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display system;

Figure 5 is a flow diagram of a method of providing
voltage compensation within an OLED display de-
vice in accordance with the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0015] Figure 1 illustrates an example tile 100, which
is representative of a portion of a modular and scalable
OLED display system. Tile 100 is formed of an array of
modules 110, for example, but not limited to a module
110a, a module 110b, a module 110c, a module 110d, a
module 110e, a module 110f, a module 110g, a module
110h, and a module 110j, arranged in a 3x3 array as
shown in figure 1. Each module 110 further includes a
DC-to-DC (DC/DC) converter 112, a voltage regulator
114, an OLED circuit 116, and a storage device 118.
More specifically, modules 110a through 110j include
DC/DC converters 112a through 112j, respectively; volt-
age regulators 114a through 114j, respectively; OLED
circuits 116a through 116j, respectively; and storage de-
vices 118a through 118j, respectively.

[0016] DC/DC converter 112 is a conventional DC-
to-DC converter device built with discrete components
(i.e., controller, switch, inductors, capacitors, etc.),
which accepts a DC input and generates a DC output of
a different voltage. DC/DC converter 112 receives a DC
voltage in and typically performs a voltage down-con-
version, which maintains its output voltage at a constant
level regardless of input voltage variations as long as
the input voltage is within a specified tolerance. The out-
put voltage is programmable, to provide a DC voltage
output of between 5 and 20 volts at up to 1 amps. Volt-
age regulator 114 is a conventional voltage regulator de-
vice, such as a digital-to-analog converter (DAC) that
regulates the voltage feedback of DC/DC converter 112.
More specifically, an output of DC/DC converter 112
feeds OLED circuit 116. The output voltage of voltage
regulator 114 is programmable. The programmability of
DC/DC converter 112 and voltage regulator 114 is ac-
complished by any standard local or remote processor
device (not shown) via a standard parallel or serial com-
munications link feeding each module 110 of tile 100, as
shown in figure 1.

[0017] OLED circuit 116 is formed of an OLED array
and associated drive circuitry suitable for use in a large-
screen display device application. OLED circuit 116 is
described in detail in figure 2. Finally, storage device 118
is a standard digital storage device, such as a register
or RAM, which serves as a local storage device upon
module 110 for storing module-specific data.

[0018] With reference to module 110a of tile 100,
which is representative of all modules 110, a positive
voltage +Vp g is electrically connected to a first input of
DC/DC converter 112a, an output of DC/DC converter
112ais electrically connected to an input of OLED circuit
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116a, an output of OLED circuit 116a is electrically con-
nected to an input of the storage device 118a, an output
of storage device 118a is electrically connected to an
input of voltage regulator 114a, an output voltage regu-
lator 114a is electrically connected to a second input of
DC/DC converter 112a. Furthermore, with reference to
modules 110a through 110j, +Vp,g is supplied by a pow-
er supply 120, which provides +Vp,g as a common input
voltage to DC/DC converters 112a through 112j. +Vp,g
typically ranges between 20 and 24 volts. Power supply
120 is a conventional switching power supply, such as
a standard AC/DC power supply with Power Factor Cor-
rection, having a regulated output voltage of between
20 and 24 volts at up to 7 amps.

[0019] Figure 2 illustrates a schematic diagram of
OLED circuit 116, which is representative of a portion of
a typical common-anode, passive-matrix, large-screen
OLED array. OLED circuit 116 includes an OLED array
210 formed of a plurality of OLEDs 212 (each having an
anode and cathode, as is well known) arranged in a ma-
trix of rows and columns. For example, OLED array 210
is formed of OLEDs 212a, 212b, 212¢, 212d, 212e, 212f,
212g, 212h, and 212j arranged in a 3x3 array, where the
anodes of OLEDs 212a, 212b, and 212c are electrically
connected to a row line 1, the anodes of OLEDs 212d,
212e, and 212f are electrically connected to a row line
2, and the anodes of OLEDs 212g, 212h, and 212j are
electrically connected to a row line 3. Furthermore, the
cathodes of OLEDs 212a, 212d, and 212g are electri-
cally connected to a column line A, the cathodes of
OLEDs 212b, 212e, and 212h are electrically connected
to a column line B, and the cathodes of OLEDs 212c,
212f, and 212j are electrically connected to a column
line C.

[0020] A pixel, by definition, is a single point or unit of
programmable color in a graphic image. However, a pix-
el may include an arrangement of sub-pixels, for exam-
ple, red, green, and blue sub-pixels. Each OLED 212
represents a sub-pixel (typically red, green, or blue;
however, any color variants are acceptable) and emits
light when forward-biased in conjunction with an ade-
quate current supply, as is well known.

[0021] Column lines A, B, and C are driven by sepa-
rate constant current sources, i.e., they may be connect-
ed to a plurality of current sources (Isoyrces) 214 via a
plurality of switches 216. More specifically, column line
A is electrically connected to Igqrcg 214a via switch
216a, column line B is electrically connected to Igqyrce
214b via switch 216b, and column line C is electrically
connected to Iggyrce 214¢ via switch 216¢. Isgurces
214 are conventional current sources capable of sup-
plying a constant current typically in the range of 5 to 90
mA. Switches 216 are formed of conventional active
switch devices, such as MOSFET switches or transis-
tors having suitable voltage and current ratings.

[0022] A positive voltage (+Vq gp) from voltage reg-
ulator 114, typically ranging between 3 volts (i.e., thresh-
old voltage 1.5V to 2V + voltage over current source,
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usually 0.7 V) and 15-20 volts may be electrically con-
nected to each respective row line via a plurality of bank
switches 218. More specifically, row line 1 is electrically
connected to +Vg, gp via bank switch 218a, row line 2
is electrically connected to +Vg gp via bank switch
218b, and row line 3 is electrically connected to +V, gp
via bank switch 218c. Bank switches 218 are formed of
conventional active switch devices, such as MOSFET
switches or transistors having suitable voltage and cur-
rent ratings.

[0023] The matrix of OLEDs 212 within OLED circuit
116 is arranged in the common anode configuration. In
this way, the voltage across lggyrces 214 and the sup-
ply voltage, +Vq gp, are independent of one another,
providing better control of the light emission.

[0024] To activate (light up) any given OLED 212, its
associated row line is connected to +Vq| gp via its bank
switch 218, and its associated column line is connected
to its Igoyrce 214 via its switch 216. However, with ref-
erence to figure 2, the operation of a specific OLED 212
is as follows. For example, in order to light up OLED
212b, simultaneously, +Vq gp is applied to row line 1 by
closing bank switch 218a and Iggyrcg 214b is connect-
ed to column line B by closing switch 216b. At the same
time, bank switches 218b and 218c, and switches 216a
and 216¢ are opened. In this way, OLED 212b is for-
ward-biased and current flows through OLED 212b.
Once the device threshold voltage of typically 1.5-2 volts
is achieved across OLED 212b, OLED 212b emits light.
OLED 212b remains lit up as long as bank switch 218a
is selecting +Vo gp and switch 216b is selecting
Isource 214b. To deactivate OLED 212b, switch 216b
is opened and the forward-biasing of OLED 212b is re-
moved. Along a given row line, any one or more OLED
212 may be activated at any given time. By contrast,
along a given column line, only one OLED 212 may be
activated at any given time. In the above-described op-
eration, the states of all switches 216 and bank switches
218 are dynamically controlled by external control cir-
cuitry (not shown).

[0025] Additionally, a voltage, V|soyrce, across each
Isource 214 may be measured via a plurality of analog-
to-digital (A/D) converters 220 as each OLED 212 is
activated in a predetermined sequence. More
specifically, Visource-a represents the voltage across
Isource 214a and may be measured via A/D converter
220a, V|source-s represents the voltage across
Isource 214b and may be measured via A/D converter
220b, and V|soyrce.c represents the voltage across
Isource 214c and may be measured via A/D converter
220c. A/D converter 220a, A/D converter 220b, and A/
D converter 220c convert the analog voltage values of
Visource-a» Visource-g: @Nd Visource-c: respectively,
to a digital value and subsequently feed this voltage
information back to the local or remote processor device
via a communications link.

[0026] The value of V|goyrce tends to drop as OLEDs
212 age, i.e., OLEDs 212 become more resistive with
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age, and the light emission falls accordingly. More spe-
cifically, for a set value of +V, gp, as a given OLED 212
becomes more resistive with age, the voltage drop
across that OLED 212 increases and, thus, the voltage
drop across its associated lggyrcg 214 decreases.
Therefore, the value of V 5o rcE at any given time is an
indicator of the light output performance of any given
OLED 212. Accordingly, voltage compensation to in-
crease +Vq gp is performed periodically to compensate
for any decrease in V|gqyrce due to the aging of any
particular OLED 212.

[0027] The measured value of each V|gqyrce Mmay be
stored in storage device 118 for interrogation via the
local or remote processor device associated with any
given module 110 or tile 100. For the example OLED
array 210 of figure 2, V|gource is measured for each
OLED 212 in column A, then B, then C, as follows.
VisouRck-a I8 measured for OLED 212a, then OLED
212d, and finally OLED 212g by closing switch 216a and
sequencing through bank switch 218a, then bank switch
218b, and finally bank switch 218c, while storing the
measured value of V|goyrce-a for OLEDs 212a, 212d,
and 212g in sequence. Likewise, V|source-e iS
measured for OLED 212b, then OLED 212e, and finally
OLED 212h by closing switch 216b and sequencing
through bank switch 218a, then bank switch 218b, and
finally bank switch 218c, while storing the measured
value of V|goyrce.g for OLEDs 212b, 212e, and 212h
in sequence. Finally, Vsource-c is measured for OLED
212c, then OLED 212f, and finally OLED 212j by closing
switch 216¢ and sequencing through bank switch 218a,
then bank switch 218b, and finally bank switch 218c,
while storing the measured value of V|gqyrce.c for
OLEDs 212c, 212f, and 212j in sequence. Having
collected all the V|gourcg Measurements associated
with OLED circuit 116, only the worst-case value, i.e.,
the least positive measurement, needs to be kept in
local storage, such as within storage device 118 of its
associated module 110.

[0028] This worst-case value of V|goyrcE is subse-
quently compared with an expected minimum value that
is typically in the range of 0.4 to 1.0 volts depending on
the set-current. If the worst-case value of V|gqyrce iS
less than this expected minimum value, +Vq gp is in-
creased by programming an increase in the output volt-
age of its associated DC/DC converter 112 by voltage
regulator 114. The programmability of DC/DC converter
112 by voltage regulator 114 is accomplished by the lo-
cal or remote processor device via communications link,
as shown in figure 1. The voltage increase of DC/DC
converter 112 must be sufficient to increase the value
of Visourck to within the expected range for that worst
case OLED 212. In this way, the proper current flow
through all OLEDs 212 to ensure proper and uniform
light output across the entire OLED array 210 can be
maintained. This minimum value of V|goyrcg is not
based upon the threshold of OLEDs 212, but instead is
based upon the threshold of Iggyrces 214. This mini-
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mum value is set depending upon the specific Igqyrce
214 devices used and the value of the constant current
required.

[0029] With reference to figures 1 and 2, there is a
worst-case V|gource Measurement for each module
110; therefore, the voltage output of each DC/DC con-
verter 112 is adjusted accordingly such that V|\gqyrce
for every OLED circuit 116 within tile 100 is within the
accepted range of operation. Since DC/DC converters
112 typically perform only down-conversion, the value
of +Vp,g of power supply 120 must be set suitably high
to accommodate the worst-case V|goyrce adjustment
within tile 100; a typical value of +Vp g is 24 volts. In this
way, +Vq gp for every OLED circuit 116 within tile 100
is set such that every V,goyrcg value within tile 100 is
within the accepted range for ensuring uniform light out-
put. Thus, voltage compensation is accomplished for
any decrease in V|goyrce due to the aging of any par-
ticular OLED 212.

[0030] Figure 3 illustrates an example tile 300, which
is representative of a portion of a modular and scalable
OLED display system in another embodiment of the in-
vention. Tile 300 is formed of an array of modules 310,
for example, but not limited to a module 310a, a module
310b, a module 310c, a module 310d, a module 310e,
a module 310f, a module 310g, a module 310h, and a
module 310j, arranged in a 3x3 array as shown in figure
3. Each module 310 is identical to module 110 of figure
1 except that there is no DC/DC converter 112 or voltage
regulator 114 present upon each module 310. Instead,
each module 310 only includes OLED circuit 116, as de-
scribed in figures 1 and 2. More specifically, modules
310a through 310j include OLED circuits 116a through
116j, respectively. Furthermore, +V, gp for every OLED
circuit 116 is supplied via a direct connection to power
supply 120. Furthermore, feedback from OLED circuits
116a through 116j is supplied to voltage regulator 114
that subsequently feeds power supply 120 as shown.
As a result, voltage compensation on each individual
module 310 via its own DC/DC converter 112 and volt-
age regulator 114 is not possible. (It is noted that com-
munication to and from modules 310 of tile 300 and pow-
er supply 120 is accomplished via the communications
link as shown in figure 1, but for simplicity is not shown
in figure 3.)

[0031] With reference to figures 2 and 3, voltage
V|sourckg across each lggyrce 214 is measured via its
associated A/D converter 220 while activating each
OLED 212; these measurements are stored locally
within its associated storage device 118, as described
in figure 2. Based upon the worst-case V|gource
measurement, the +V, g value of power supply 120 is
increased via programming such that the value of the
worst-case V|goyrce 18 increased to within the
predetermined acceptable range. The programmability
of power supply 120 is accomplished by the local or
remote processor device via communications link.
Thus, voltage compensation is accomplished for any
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decrease in V|goyrce due to the aging of any particular
OLED 212.

[0032] Figure 4 illustrates an example OLED display
400, which is representative of a modular and scalable
OLED display system. OLED display 400 is formed of
an array of tiles 300, for example, but not limited to a tile
300a, a tile 300b, a tile 300c, a tile 300d, a tile 300e, a
tile 300f, a tile 300g, a tile 300h, and a tile 300j, arranged
in a 3x3 array as shown in figure 4. Each tile 300 is as
described in figure 3. Furthermore, OLED display 400
includes a plurality of power supplies 120, each con-
nected to a subset of tiles 300, for example, but not lim-
ited to a power supply 120a connected to tiles 300a,
300d, and 300g; a power supply 120b connected to tiles
300b, 300e, and 300h; and a power supply 120c con-
nected to tiles 300¢, 300f, and 300j. Furthermore, feed-
back from tiles 300a, 300d, and 300g is supplied to a
voltage regulator 114a that subsequently feeds power
supply 120a; feedback from tiles 300b, 300e, and 300h
is supplied to a voltage regulator 114b that subsequently
feeds power supply 120b; feedback from tiles 300c,
300f, and 300j is supplied to a voltage regulator 114c
that subsequently feeds power supply 120c; as shown.
As a result, voltage compensation is accomplished for
a subset of tiles 300 rather than for each individual tile
300, as described in figure 3. It is noted that communi-
cation to and from tiles 300 of OLED display 400, power
supplies 120, and voltage regulators 114 is accom-
plished via the communications link as shown in figure
1, but for simplicity is not shown in figure 4.

[0033] Again, based upon the worst-case V source
measurement within an entire subset of tiles 300, the
+VoLep Vvalue of a particular power supply 120 is
increased via programming such that the value of the
worst-case V|goyurcg IS increased to within the
predetermined acceptable range. The programmability
of each power supply 120 and each voltage regulator
114 is accomplished by the local or remote processor
device via communications link. More specifically,
power supply 120a is adjusted based upon the worst-
case Vigource Measurement within tiles 300a, 300d,
and 300g; power supply 120b is adjusted based upon
the worst-case V|gource Measurement within tiles
300b, 300e, and 300h; and power supply 120c is
adjusted based upon the worst-case V,squrce
measurement within tiles 300c, 300f, and 300j. Thus,
voltage compensation is accomplished for any
decrease in V goyrce due to the aging of any particular
OLED 212 within OLED display 400.

[0034] Figure 5 is a flow diagram of a method 500 of
providing voltage compensation within an OLED display
device in accordance with the invention. Method 500 of
providing voltage compensation within an OLED display
device is performed at regular time intervals, such as
hourly, daily, or weekly. Method 500 assumes the pres-
ence of a local or remote processor device that is loaded
with the appropriate software routines. Figures 1
through 4 are referenced throughout the steps of meth-
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od 500. Method 500 includes the following steps:
Step 510: Measuring voltage across current sources

[0035] Inthis step, the voltage V 5o rcg across each
Isource 214 within each OLED circuit 116 of, for exam-
ple, each module 110 of tile 100 or each module 310 of
tile 300, is measured via its associated A/D converters
220 as each OLED 212 is activated in a predetermined
sequence. With reference to OLED array 210 of figure
2, for example, V|goyrce is measured for each OLED
212 in column A, then column B, and then column C, as
follows. V|source.a is measured for OLED 212a, then
OLED 212d, and finally OLED 212g by closing switch
216a and sequencing through bank switch 218a, then
bank switch 218b, and finally bank switch 218c. Like-
wise, Visource-g i1 measured for OLED 212b, then
OLED 212e, and finally OLED 212h by closing switch
216b and sequencing through bank switch 218a, then
bank switch 218b, and finally bank switch 218c. Finally,
Visource-c is measured for OLED 212¢, then OLED
212f, and finally OLED 212j by closing switch 216¢ and
sequencing through bank switch 218a, then bank switch
218b, and finally bank switch 218c. Method 500 pro-
ceeds to step 512.

Step 512: Storing worst-case value

[0036] In this step, the local or remote processor de-
vice receives the digital output of all A/D converters 220
within a given OLED circuit 116 via the communications
link and stores the worst-case V|goyrce Value, i.e., the
least positive V|gqyrce Measurement, for each module
110 or module 310 in local storage, such as within stor-
age device 118 of each module 110 or module 310.
Method 500 proceeds to step 514.

Step 514: Is Vsoyrce 2 threshold?

[0037] In this decision step, the local or remote
processor device determines whether the worst-case
Visourck Value for each module 110 or module 310 is
greater than or equal to a predetermined minimum
threshold voltage associated with Iggyrces 214. A
typical minimum threshold voltage is, for example, 0.7
volts. This is determined by comparing the stored worst-
case V|source Values to this predetermined minimum
threshold voltage. This compare operation is performed
by any standard local or remote processor device via
standard communications links. If yes, method 500
returns to step 510 where another measurement is
preformed. If no, method 500 proceeds to step 516.

Step 516: Is limit reached?
[0038] In this decision step, the local or remote proc-

essor device determines whether the maximum power
dissipation = maximum setpoint-voltage, as set at de-
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sign time, for any given module 110 of tile 100 or any
given module 310 of tile 300 has reached a predeter-
mined level. If yes, method 500 ends. If no, method 500
proceeds to step 518.

Step 518: Adjusting power supply voltage

[0039] Inthis step, +V, gp for every OLED circuit 116
is adjusted such that every V|goyrcg Vvalue within a
given OLED circuit 116 is more positive than the
minimum threshold voltage referred to in step 514. In
the case of tile 100 of figure 1, the voltage output of each
DC/DC converter 112 is adjusted accordingly such that
Visourck for every OLED circuit 116 within tile 100 is
within the accepted range of operation. In the case of
tile 300 of figure 3, the voltage output of power supply
120 is adjusted accordingly such that V|goyrce for
every OLED circuit 116 within tile 300 is within the
accepted range of operation. In the case of OLED
display 400 of Figure 4, the voltage output of power
supplies 120a, 120b, and 120c are adjusted accordingly
such that V|gorcE for every OLED circuit 116 within the
subsets of tiles 300 is within the accepted range of
operation. The task of adjusting either DC/DC
converters 112 and voltage regulators 114 or power
supplies 120 is performed by the local or remote
processor device via the communications link. Method
500 returns to step 510.

[0040] Summarized, method 500 of the present in-
vention measures the voltage drop across a set of con-
stant current sources, for example, Igoyrces 214, within
the drive circuit of a common-anode, passive-matrix,
large-screen OLED array, for example, OLED circuits
116 oftile 100, as an indicator of OLED light output. Sub-
sequently, a positive power supply, for example, power
supply 120, associated with the large-screen OLED ar-
ray is adjusted to ensure that the voltage at the cathode
of each OLED, such as each OLED 212, is greater than
or equal to a predetermined threshold voltage. Accord-
ingly, voltage compensation is performed periodically to
compensate for any decrease in light emission due to
the aging of OLEDs 212. Furthermore, method 500 of
the present invention ensures that a predetermined
maximum power dissipation is not exceeded.

[0041] Although, the examples shown in the figures
provide a control for each module individually, it is clear
that, according to an alternative, the control of the in-
vention can also be realized in other manners. For ex-
ample, the power supply can be adjusted for each tile
individually, and not for each module. Also in case of a
non-tiled display, separate controls and adjustments
can be carried out for groups of OLEDs. Even in a dis-
play composed of tiles and/or modules, the groups of
OLEDs for which the power supply is controlled per
group, must not necessarily correspond with the OLEDs
belonging to a tile or a module.

[0042] Itis clear that the construction of the electronic
circuit which is required to realize the display of the in-
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vention, and in particular the control and drive devices
thereof, starting from the description given before, can
be realized by any person skilled in the art.

[0043] The present invention is in no way limited to
the forms of embodiment described by way of example
and represented in the figures, however, such method
for controlling an organic light-emitting diode display, as
well as such organic light-emitting diode display, can be
realized in various forms without leaving the scope of
the invention.

Claims

1. Method for controlling an organic light-emitting di-
ode display, said display (400) comprising a plural-
ity of organic light-emitting diodes (OLEDs) (212)
having an anode and a cathode, said organic light
emitting diodes (212) being arranged in a common
anode configuration, whereby said diodes (212) co-
operate with constant current sources (214) and are
fed by means of a power supply, characterized in
that a power supply compensation is applied, in
which a voltage drop is measured across the cur-
rent sources (214) and wherein the measured volt-
age drop is used as an indicator for the light output
of the organic light emitting diodes (212) and where-
in said power supply is adjusted in function of said
measured voltage drop.

2. Method according to claim 1, characterized in that
said power supply is adjusted such that the voltage
at the cathode of each organic light emitting diode
(212) is greater than or equal to a predetermined
threshold voltage.

3. Method according to claim 1 or 2, characterized in
that this method, in particular said power compen-
sation, is performed periodically.

4. Method according to any of the preceding claims,
characterized in that in order to measure the volt-
age drop, the organic light-emitting diodes (212) are
activated in a predetermined sequence.

5. Method according to any of the preceding claims,
characterized in that the voltage drop is measured
via analog-to-digital converters (220).

6. Method according to any of the preceding claims,
characterized in that at least a number of the
measured values of voltage or voltage drop are
stored in a storage device (118) for interrogation.

7. Method according to any of the preceding claims,
characterized in that one or more of the current
sources (214) each co-operate with a plurality of
said organic light-emitting diodes (212), whereby
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the voltage drop across such current source (214)
is measured for each of the diodes coupled to the
corresponding current source (214) by sequentially
actuating these diodes (212).

Method according to any of the preceding claims,
characterized in that the organic light-emitting di-
odes (212) of the display (400) are divided in
groups, each group having its own power supply
regulation, whereby the abovesaid measurement is
carried out per group and the worst case value of
the measurement is used for controlling the power
supply of said group.

Method according to claim 8, characterized in that
it is used in a large-screen application, said screen
being composed of a plurality of display tiles (300),
whereby said control is applied at least individually
for each of the tiles (300).

Method according to claim 9, characterized in that
each of said tiles (300) is composed of a plurality of
modules (310) and in that said control is applied
individually for each of the modules (310).

Method according to any of the preceding claims,
characterized in that a limit control is applied,
whereby, when a preset value of maximum power
dissipation is obtained for a portion of the display
(400), in particular for a tile (300) or for a module
(310), said method of controlling is interrupted.

Organic light-emitting diode display, characterized
in that it comprises electronics allowing to carry out
the method of any of claims 1 to 11.

10

15

20

25

30

35

40

45

50

55

14



100

‘\@

EP 1 501 069 A1

(Communications link)

R

R

A

DC/DC FVore OLED DC/DC VoL OLED DC/DC FVoren OLED
converter ————»| circuit converter [~ circuit converter [~ circuit
112a | 1l6a 112b 116b 112¢ 116¢
Voltage Storage Voltage Storage Voltage Storage
regulator |4 device regulator [/ device regulator |4~ device
114a 118a 114b 118b 1t4c 118¢
+V, +V +V
S Module 110a PS " Module 110b S Module 110c
DC/DC Voren OLED DC/DC Voren OLED DC/DC Voren OLED
converter [ circuit converter——®{ circuit converterf——® circuit
112d 116d 112e 116e 112f 116f
Voltage Storage Voltage Storage Voltage Storage
regulator [+ device regulator [ device regulator [€+ device
114d 118d 114e 118e 114f 118f
+V +V +V
S Module 110d S Module 110e " Module 110f
DC/DC | v OLED DC/DC |,y OLED DC/DC | v OLED
OLED . . OLED . . OLED . .
converter [ circuit converter ——»| circuit converter circuit
112¢ 116g 112h 116h 112j 116§
1 v |11 v |1 v
Voltage Storage Voltage Storage Voltage Storage
regulator |~ device regulator [€- device regulator f€ device
114¢ 118¢g 114h 118h 114j 118j
V %
Vo5 Module 110g Vo5 Module 110 “Ves ™ Module 110}
A & A
Vs
® _ AN
Hegh 7 F
120

Mains Inlet




EP 1 501 069 A1

116

\q

COLUMN ~_ COLUMN __ COLUMN
LINEA {° LINEB [ LINEC T

_____________________________________

N N ~— 210
Voun  218a v
Al st s =
® i . :\)
5 | ROW LINE 1
218b 1 212a 212b 212¢
\< : i
> ~
X .
B@kh: ' ROW LINE 2
switch 1
218c ! 212d 212¢ 212f
\< : :
: 1 (
¢ | A
A ]
! | ROW LINE 3
: 212g 212h 212
220a : X
\

A%
—— | @———————¢ " ISOURCE-A
\ LVISOURCE-B

I LVISOURCE-C
-4— ______
/ &/21621 \</216b {(21&
- e
/ | Visource
220c¢
220b * ¢ ‘
' 214a 214b \ 214c¢

g




EP 1 501 069 A1

300
"
Madule 310a Module 310b Module 310c
>
OLED OLED OLED
circuit circuit circuit
li6a 116b 116¢
! | |
Module 310d Module 310e Module 310t
OLED | OLED OLED
circuit circuit circuit
li6d 116e 116f
Module 310g Module 310h Module 310j
OLED OLED OLED
circuit circuit circuit
116¢ 116h 116§

(+Voreo)

]

T A
20 i -
IO D T

i

2

™~ 114

11



EP 1 501 069 A1

; | ! X
1 1 ] ]
1 ! I 1
1 1 ] i
1 o Vo (A ) %
S it EEEEE bolaghebonoae oo - T S
PO ] S —
g g g <
1 vwm ' ¢— ol 1 — iy <——
L} —_— t i ¢ — 1 |-
C ot | ! e IR S
1 P ! 1 i
r- o P S E r— fl IIIIIIIIIIII UTﬁ IIIIII
' | i

114c

I,T:,...

[

120b

J
114b

42

b - — — - -

it Refiadiadidind nliliadbaiiatiodly fadiiaibalidiedl afenfatininidis Sfialininiatt atnaleintei

_._..........._1_____._'.-_*--—-4 - e e e g e o o = =

S R et sy oy Bl il Bl Bod el diedd Soliadedenindid nledefnded nih

-

Tile 300g

=
1

R e el S L e o e Rl Bl ol Rl el mlle

=4

12



EP 1 501 069 A1

500

\\q

Measuring voltage /51 0
——»|  across current
sources

v

Storing V %
worst-case value

Is Visource
> threshold?

Is limit reached?

Adjusting power | /
supply voltage

V37097

13



EPO FORM 1503 03.82 (P04C01)

9

EP 1 501 069 A1

European Patent

. EUROPEAN SEARCH REPORT
Office

Application Number

EP 03 07 7280

DOCUMENTS CONSIDERED TO BE RELEVANT
Cateqo Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
9oy of relevant passages to claim APPLICATION (Int.CL7)
A,D |US 6 448 716 Bl (HUTCHISON MICHAEL C) 1 G09G3/32
10 September 2002 (2002-09-10)
* figure 22 *
X US 6 177 767 Bl (ASAI NOBUTOSHI ET AL) 1-4,7,
23 January 2001 (2001-01-23) 11,12
* column 10, Tine 28 - column 11, line 3;
figure 5 *
* column 5, line 53 - line 63 *
* column 2, line 30 - line 34 *
TECHNICAL FIELDS
SEARCHED (int.CL.7)
G09G
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
MUNICH 3 December 2003 Gundlach, H
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A:technologicalbackground e
QO non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

14



EPO FORM P0459

EP 1 501 069 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 03 07 7280

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

03-12-2003
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 6448716 Bl 10-09-2002 AU 8653501 A 25-02-2002
EP 1314043 A2 28-05-2003

WO 0215145 A2 21-02-2002

US 6177767 Bl 23-01-2001 JP 9115673 A 02-05-1997
us 5886474 A 23-03-1999

-----------------------------------------------------------------------

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

15




RiES

PRI E (R FIR) A (R

RF(EFR)AGE)

HAT R E (TR AGE)

patsnap

ATEHENRXE-REE RBENTENMATRARL ENERER

EP1501069A1 N (E)H 2005-01-26
EP2003077280 HiEA 2003-07-22
BRI

BARCO N.V.

BARCO N.V.

[FR]R A A DEVOS BRUNO
VAN HILLE HERBERT
THIELEMANS ROBBIE
EBHA DEVOS, BRUNO
VAN HILLE, HERBERT
THIELEMANS, ROBBIE
IPCH %5 HO1L51/50 G09G3/20 G09G3/30 G09G3/32
CPCH¥%E G09G3/3216 G09G3/2014 G09G3/3283 G09G2300/026 G09G2320/029 G09G2320/043 G09G2330
1021
H AN FF Sk EP1501069B1
I EReE$E Espacenet
%E(ﬁ) Mihﬁ (Comununications link}
BTE2EENL X -RETREBOAE , FORERES (400 ) TIFEAM vil B! v
WMABAMH Z N EHNE X =RE (OLED ) , ARENE X ZRE [’&'Vﬂw nnnnn o J {Fﬂ, o |{f peme Fﬂ,i o

(212) HEBEHMAREE , EFFMR-RE (212 ) SEEBERE E
(214) MEH BB I BRRSE , HESEETRMBRME  HPEER

I

ENRRER. B (24) $ERTHRBOERARNLL—HE . fm
(212) BXWHRETH HEXTRBTNRS STk W TS g

Voltage

regulatig
1tab

le age
egulator e
1142 118

cccccc
Lizh I N
FN

Storage
device
11%h

% Modulc 110h

[ Do/DC I Ve, OLED

| circuit

RER 1iGi
%

Vol mg
exul
Han

® Moa ale noﬂ

T f

HFer & a

120


https://share-analytics.zhihuiya.com/view/6ea5f7b1-20fa-4d5a-858e-acf8da3bebc5
https://worldwide.espacenet.com/patent/search/family/033483971/publication/EP1501069A1?q=EP1501069A1

