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(54) Method of displaying images on a large-screen organic light-emitting diode display, and

display used therefore

(57)  Method for displayingimages on a large-screen
organic light-emitting diode display, characterized in
that use is made of an organic light-emitting diode
(OLED) display (100) comprising an array of OLED dis-
play tiles (140) that are each formed of an array of small-
er OLED display modules (130), each OLED display
module (130) comprising a number of OLED pixels,

RGB DATA, 100
CNTL DATA

140a

wherein each OLED display module (130) includes an
intelligent OLED module processing system (210),
whereby, in order to display the images, data concerning
the image to be displayed, provided by a general
processing unit, in other words a system controller, are
transmitted to tile processing systems (220) and from
each tile processing system (220) towards the respec-
tive modules (130).
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a method for displaying images on a large-screen organic light-emitting diode
(OLED) display, as well as to a display used therefore, and more particularly to a modular large-screen OLED display.
Still more particularly, this invention relates to drive circuitry control for improved display picture quality.

BACKGROUND OF THE INVENTION

[0002] OLED technology incorporates organic luminescent materials that, when sandwiched between electrodes
and subjected to a DC electric current, produce intense light of a variety of colors. These OLED structures can be
combined into the picture elements, or pixels, 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 displays, such as flat-panel displays
in watches, telephones, laptop computers, pagers, cellular phones, calculators 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 market is now, however, demanding larger displays with the flexibility to customize display sizes. For
example, advertisers use standard sizes for marketing materials; however, those sizes differ based on location. There-
fore, a standard display size for the United Kingdom differs from that of Canada or Australia. Additionally, advertisers
at trade shows need bright, eye-catching, flexible systems that are easily portable and easy to assemble/disassemble.
Still another rising market for customizable large display systems is the control room industry, where maximum display
quantity, quality, and viewing angles are critical. Demands for large-screen display applications possessing higher
quality and higher light output has 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 contrast, OLED tech-
nology promises bright, vivid colors in high resolution and at wider viewing angles. However, the use of OLED tech-
nology in large-screen display applications, such as outdoor or indoor stadium displays, large marketing advertisement
displays, and mass-public informational displays, is only beginning to emerge.

[0004] Several technical challenges exist relating to the use of OLED technology in a large-screen application. One
such challenge is that OLED displays are required to offer a wide dynamic range of colors, contrast and light intensity
depending on various external environmental factors including ambient light, humidity and temperature. For example,
outdoor displays are required to produce more white color contrast during the day and more black color contrast at
night. Additionally, light output must be greater in bright sunlight and lower during darker, inclement weather conditions.
Additionally, temperature increases of as little as 10 degrees may cause a severe change in the output of red colour
OLEDs. Furthermore, the same temperature increase may cause an increase in light output for blue and green OLEDs.
However, the intensity of the light emission produced by an OLED device is also directly dependent on the amount of
current driving the device. Therefore, the more light output needed, the more current is fed to the pixel. Accordingly,
less light emission is achieved by limiting the current to the OLED device. Thus for the various light output requirements
mentioned above, controlled changes to the associated current drivers produces the desired results.

[0005] Larger displays also suffer from lower manufacturing yields. The larger the display, the more pixels it contains
and the more likely it is that one or more pixels will not work properly and, moreover, cannot be reworked; thus, the
entire display must be scrapped.

[0006] In order to solve this problem, it is known to use modular displays, for example as described in WO 00/65432,
which are composed of smaller tile-shaped displays. Hereby each of the display tiles are manufactured as a complete
unit that can be further combined with other tiles to create displays of any size and shape. By using tiled displays, tiles
that have become too old to operate efficiently or are no longer functioning properly may be easily replaced with a new
tile.

[0007] Although the invention which is described in WO 00/65432 can be applied in connection with all kinds of
display devices, thus including LED display devices as well as OLED display devices, in order to further optimize the
function of such display device, especially when using OLEDs, it is useful to generate more processing capabilities,
especially in order to allow to create an higher quality picture.

[0008] A further example of a display driver system and method of operation for a large-screen modular display is
described in international patent application WO 99/41732. This patent application describes a tiled display device that
is formed from display tiles having pixel positions defined up to the edge of the tiles. Each pixel position has an OLED
active area, which occupies approximately twenty-five percent of the pixel area. Each tile includes a memory, which
stores display data, and pixel driving circuitry, which controls the scanning and illumination of the pixels on the tile. The
pixel driving circuitry is located on the back side of the tile and connections to pixel electrodes on the front side of the
tile are made by vias that pass through portions of selected ones of the pixel areas that are not occupied by the active
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pixel material. The tiles are formed in two parts - an electronics section and a display section. Each of these parts
includes connecting pads, which cover several pixel positions. Each connecting pad makes an electrical connection
to only one row electrode or column electrode. The connecting pads on the display section are electrically connected
and physically joined to corresponding connecting pads on the electronics section to form a complete tile. Each tile
has a glass substrate on the front of the tile. Black matrix lines are formed on the front of the glass substrate and the
tiles are joined by mullions, which have the same appearance as the black matrix lines. Alternatively, the black matrix
lines may be formed on the inside surface of an optical integrating plate and the tiles may be affixed to the integrating
plate such that the edges of the joined tiles are covered by the black matrix lines. A cathodoluminescent tile structure
is formed from individual tiles that have multiple phosphor areas, a single emissive cathode, and horizontal and vertical
electrostatic deflecting grids, which deflect the electron beam, produced by the single cathode onto multiple ones of
the phosphor areas.

[0009] Although the structure described in WO 99/41732 provides a means for interconnecting tiles to create a large
display system, it fails to provide a system for and method of controlling the electronic circuitry in order to maximize
brightness and contrast based on ambient light and temperature information. The structure described in this patent
application also fails to provide a system for or method of compensating for varied light output on a pixel-by-pixel basis
due to age, "on" time, and current densities through each pixel during on time. Furthermore, the structure also fails to
provide a system for or method of color correction when older modules are replaced by newer modules, nor does it
provide a means for random line addressability for enhanced picture quality.

SUMMARY OF THE INVENTION

[0010] It is therefore an object of the invention to provide a system for and method of driving OLED modules in a
large-screen tiled display with more processing capabilities than conventional systems.

[0011] Itis another object of this invention to provide a system for and method of driving OLED modules in a large-
screen tiled display that yields a higher quality picture than conventional systems.

[0012] It is yet another object of this invention to provide a system for and method of driving OLED modules in a
large-screen tiled display with more control over and flexibility of the light output of each pixel than conventional systems.
[0013] It is yet another object of this invention to provide a system for and method of driving OLED modules in a
large-screen tiled display that possesses randomly addressable line characteristics.

[0014] To this end, the present invention, in first instance, provides a method for displaying images on a large-screen
organic light-emitting diode display, said method being characterized in that use is made of an organic light-emitting
diode (OLED) display comprising an array of OLED display tiles that are each formed of an array of smaller OLED
display modules, each OLED display module comprising a number of OLED pixels, wherein each OLED display module
includes an intelligent OLED module processing system, whereby, in order to display the images, data concerning the
image to be displayed, provided by a general processing unit, in other words a system controller, are transmitted to
tile processing systems and from each tile processing system towards the respective modules.

[0015] By using a tiled display, the tiles of which are further composed of modules which each include an intelligent
OLED module processing system, more processing capabilities than in the existing systems can be created. Moreover,
data can quickly be transmitted in a serial manner to the different tile processing systems, whereas these systems can
parse the data further towards the module processing systems.

[0016] Preferably, the method is further characterized in that the general processing unit provides RGB data and
control (CNTL) data, whereby data from the RGB data are collected at each individual tile processing system and/or
module processing system as a function of control signals generated by means of said control (CNTL) data. In this
way, each processing system can work to a certain extent independently, resulting in that less data transmission is
required and calculation time as well as calculation capacity become available.

[0017] Further, in a preferred embodiment, said OLED module processing systems make decisions regarding the
amount of current to use when driving each OLED pixel in a module.

[0018] Preferably, with regard to the drive of the OLED pixels, one or more adjustments are made at the corresponding
tile processing system and/or at the corresponding module processing system itself.

[0019] Further, the present invention also relates to a large-screen organic light-emitting diode display, more partic-
ularly for realizing the method of the invention, said display being characterized in that it comprises an array of OLED
display tiles that are each formed of an array of smaller OLED display modules, wherein each OLED display module
includes at least one intelligent OLED module processing system.

[0020] Preferably, the display is configured such that the size and dimension can be changed by adding or removing
tiles.

[0021] Still more preferably, the display is configured such that not only the tiles, but also each of the modules are
replaceable.

[0022] Of course, the invention also relates to large-screen organic light-emitting diode displays, which are charac-
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terized in that each tile comprises a tile processing system, coupled to the respective modules and in communication
with each of the OLED module processing systems, wherein the tile processing systems and the OLED module process-
ing systems comprise electronics configured so as to carry out the method of the invention.

[0023] Finally, it should be noted that the small modules have much higher yields than for example the larger tiles
and consequently also offer much greater flexibility.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] With the intention of better showing the characteristics of the invention, hereafter, as example without any
limitative character, some preferred forms of embodiment are described, with reference to the accompanying drawings,
wherein:

Figure 1 is a diagram of a large-screen OLED display illustrating a modular architecture in accordance with the
invention;

Figure 2 illustrates a functional block diagram of an OLED tile suitable for use in a large-screen OLED display in
accordance with the invention;

Figure 3 illustrates a functional block diagram of an OLED module processing system suitable for use in a large-
screen OLED display in accordance with the invention;

Figure 4 illustrates a schematic diagram of OLED circuitry, which is representative of a portion of a typical common-
anode, passive-matrix, large-screen OLED array;

Figure 5 shows a diagram of the gamma correction function in accordance with the invention;

Figure 6 is a flow diagram of a method of operating a module in accordance with the invention;

Figure 7 is a flow diagram of an alternative method of operating a module in accordance with the invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0025] The present invention is a modular, scalable large-screen OLED display system and methods of using the
system. More specifically, the OLED display system of the present invention is formed of an array of smaller OLED
display tile units that are each formed of an array of yet smaller OLED display module units. Under the control of a
system controller, each OLED display module includes intelligent OLED module processing systems that use data
collection devices and algorithms to make decisions regarding the amount of current to use when driving each OLED
pixel in a module. In operation; the large-screen OLED display system of the present invention monitors and records
the time each individual pixel is on and, furthermore, how much current was used to drive each OLED during that "on"
time. The large-screen OLED display system of the present invention uses this information along with data from the
system controller to determine the age and relative brightness of each pixel, thus maximizing the overall display quality
by accounting for such factors as age, temperature, color contrast, and gamma value. Furthermore, the large-screen
OLED display system of the present invention processes all of the data and compensates for each pixel based on its
condition, thus maximizing the overall picture quality for that particular module at any given time.

[0026] Figure 1 is a diagram of a large-screen OLED display 100 illustrating a modular architecture in accordance
with the invention. Large-screen OLED display 100 includes a tile array 110 that includes a plurality of tiles 140, e.g.,
atile 140a through 140j forming a 3x3 array. Each tile 140 further includes a module array 120, which includes a plurality
of modules 130, e.g., a module 130a through 130j forming a yet smaller a 3x3 array. In general, the 9x9 arrangements
shown in figure 1 are simply illustrative in nature, OLED display 100 may include any number of tiles 140 and, similarly,
a tile 140 may include any number of modules 130.

[0027] Red, green, blue (RGB) DATA is a serial data signal containing the current video frame information to be
displayed on OLED display 100. The serial RGB DATA signal of tiles 140 is daisy-chained such that it is fed first into
tile 140a and is subsequently repowered and relayed to tile 140b. Tile 140b subsequently transmits the reamplified
RGB DATA signal to tile 140c. Subsequently tile 140c transmits the reamplified RGB DATA signal to tile 140f and so
forth until the last tile, tile 140j in this example, receives the current video frame of RGB DATA. In this manner, all tiles
140 receive the RGB DATA that describes the current video frame. In general, tiles 140 are not limited to the daisy-
chain structure and order of distribution shown in this example. Any well-known wiring distribution methods may be
used for distributing RGB DATA to all tiles 140.
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[0028] Additionally, control data from a general processor (not shown) that functions as the system-level controller
of OLED display 100, such as a personal computer (PC), is supplied to OLED display 100 via a control data bus,
hereafter called CNTL DATA bus. The CNTL DATA bus is a serial data bus that provides control information to OLED
display 100, such as color temperature, gamma, and imaging information for each tile 140 within OLED display 100.
The CNTL DATA bus of tiles 140 is daisy-chained as described above in reference to the serial RGB DATA signal.
[0029] Furthermore, OLED display 100 is customizable to any size and dimension by adding or removing tiles 140
to achieve the desired display structure. Additionally; OLED display 100 is also maintainable and repairable due to its
modularity. For example, a module 130 that does not function properly or contains failed pixels may be replaced with
another module 130 by removing the non-functional module 130 and inserting a new module 130 into the backplane
of its corresponding tile 140. By contrast, large contiguous display systems must be replaced in their entirety when
portions of the display malfunction or pixels go dark. Therefore, the modular display provides a longer display life and
has lower replacement costs than conventional large single-unit displays.

[0030] Figure 2 illustrates a functional block diagram of an OLED tile 140 suitable for use in large-screen OLED
display 100 in accordance with the invention. OLED tile 140 includes a tile processing system 220 and the plurality of
modules 130, i.e., modules 130a through 130j. Each module 130 further includes an OLED module processing system
210, i.e., modules 130a through 130j include OLED module processing systems 210a through 210j, respectively. The
RGB DATA signal and the CNTL DATA bus are provided as inputs to tile processing system 220. Tile processing system
220 amplifies the RGB DATA signal and the CNTL DATA bus for transmission to the next tile 140, as shown in figure 2.
[0031] Using the imaging information from the CNTL DATA bus, each tile processing system 220 stores the serial
RGB DATA for that particular frame that corresponds to its physical position within OLED display 100. For example
and with reference to figures 1 and 2, tile processing system 220 of tile 140a stores RGB DATA of the current frame
corresponding to the upper leftmost corner of OLED display 100, tile processing system 220 of tile 140b stores RGB
DATA of the current frame corresponding to the middle and uppermost section of OLED display 100, tile processing
system 220 of tile 140j stores RGB DATA of the current frame corresponding to the lower rightmost corner of OLED
display 100, and so forth throughout OLED display 100. This process is fully described in WO 00/65432. For clarity,
the following description of this patent application is provided. The invention describes a method of displaying images
on a display device that includes at least a general processing unit, a display including several display units, and an
individual processing unit per display. In order to display the images, data concerning the image to be displayed is
transmitted from the general processing unit to the individual processing units in the form of a data stream. There is a
control communication between the general processing unit and each of the individual processing units in the form of
control signals. The data from the data stream is collected at every individual processing unit as a function of the control
signals transmitted to the individual processing units.

[0032] Tile processing system 220 receives the RGB DATA signal and subsequently parses this information into
specific packets associated with OLED module processing systems 210a through 210j. Subsequently, an RGB signal
is generated to each OLED module processing system 210. For example, RGB, through RGB; signals are distributed
to OLED module processing systems 210a through 210j, respectively. Algorithms running on tile processing system
220 facilitate the process of identifying the portion of the serial RGB DATA input signal that belongs to each subsequent
OLED module processing system 210. Subsequently, tile processing system 220 distributes the corresponding serial
RGB(X) signal to the corresponding OLED module processing system 210 via its RGB(X) signal.

[0033] In similar fashion, tile processing system 220 receives the CNTL DATA bus and subsequently parses this
information into specific control buses associated with OLED module processing systems 210a through 210j. Subse-
quently, a CONTROL,, bus is generated to each OLED module processing system 210 of each module 130, respec-
tively. For example, CONTROL , through CONTROL ; buses are distributed to OLED module processing systems 210a
through 210j, respectively. The CONTROL , buses provide control information, such as color temperature, gamma,
and imaging information, to each OLED module processing system 210.

[0034] Additionally, tile processing system 220 receives a MODULE DATA(X) bus from each OLED module processing
system 210. For example, MODULE DATA, through MODULE DATA  buses are received from OLED module process-
ing systems 210a through 210j, respectively. Each OLED module processing system 210 sends critical diagnostic
information, such as temperature, aging factors, and other color correction data, to tile processing system 220 via its
corresponding MODULE DATA(X) bus.

[0035] Figure 3 illustrates a functional block diagram of OLED module processing system 210 suitable for use in
large-screen OLED display 100 in accordance with the invention. OLED module processing system 210 includes OLED
circuitry 310, a bank switch controller 320, a constant current driver (CCD) controller 330, a pre-processor 340, an
analog-to-digital (A/D) converter 350, an EEPROM 360, a module interface 370, and a temperature sensor 380.
[0036] The elements of OLED module processing system 210 are electrically connected as follows. The RGB(X)
signal from tile processing system 220 (figure 2) feeds pre-processor 340; a BANK CONTROL bus output of pre-
processor 340 feeds bank switch controller 320; a CCD CONTROL bus output of pre-processor 340 feeds CCD con-
troller 330; a VOLED CONTROL bus output of bank switch controller 320 feeds OLED circuitry 310, a pulse width
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modulation (PWM) CONTROL bus output of CCD controller 330 feeds OLED circuitry 310; a Vpge.c CONTROL bus
output of CCD controller 330 feeds OLED circuitry 310; an ANALOG VOLTAGE bus output of OLED circuitry 310 feeds
A/D converter 350; a DIGITAL VOLTAGE bus output of A/D converter 350 feeds module interface 370; a TEMPERA-
TURE DATA bus output of temperature sensor 380 feeds module interface 370; the CONTROL(X) bus output of tile
processing system 220 (figure 2) feeds module interface 370; an EEPROM I/O bus exists between EEPROM 360 and
module interface 370; a DATA I/O bus exists between pre-processor 340 and module interface 370; and, lastly, module
interface 370 drives MODULE DATA(X) bus to tile processing system 220 (figure 2).

[0037] OLED circuitry 310 includes a plurality of OLED devices having associated drive circuitry, which includes
positive voltage sources (+Vg, gp), constant current drivers, and several active switches (see figure 4). Those skilled
in the art will appreciate that the OLED devices for forming a graphics display are typically arranged in rows and columns
to form an OLED array, as is well known. The bank switches connecting the positive voltage sources to the rows of
the OLED array within OLED circuitry 310 are controlled by the V5 g CONTROL bus of bank switch controller 320.
The active switches connecting the constant current drivers to the columns of the OLED array within OLED circuitry
310 are controlled by the PWM CONTROL bus of CCD controller 330. OLED circuitry 310 also provides feedback of
the voltage value across each current source within OLED circuitry 310 via the ANALOG VOLTAGE bus. Further details
of OLED circuitry 310 are illustrated in figure 4.

[0038] Bank switch controller 320 contains a series of latches (rather than conventional shifters) that store the active
state of each bank switch within OLED circuitry 310 for a given frame. In this manner, random line addressing is
possible, as opposed to conventional line addressing, which is consecutive. Furthermore, pre-processor 340 may
update the values stored within bank switch controller 320 more than once per frame in order to make real-time +Vq gp
corrections based on temperature and voltage information received during the frame. For example, an increase in
temperature during a frame output may trigger a voltage reading command where bank switch controller 320 enables
+Vgep to the requested OLED devices. Bank switch controller 320 may be included in an ASIC or in an FPGA.
[0039] CCD controller 330 converts data from pre-processor 340 into PWM signals, i.e., PWM CONTROL bus, to
drive the current sources that deliver varying amounts of current to the OLED array within OLED circuitry 310. The
width of each pulse within PWM CONTROL bus dictates the amount of time a current source associated with a given
OLED device will be activated and deliver current. Additionally, CCD controller 330 sends information to each current
source regarding the amount of current to drive, which is typically in the range of 5 to 50 mA. The amount of current
is determined from the brightness value, Y, calculated in pre-processor 340. Furthermore, the logic controlling the
Vpre.c CONTROL bus is included within CCD controller 330. CCD controller 330 may be included in an ASIC orin an
FPGA.

[0040] Pre-processor 340 develops local color correction, aging correction, black level, and gamma models (gamma
correction values may be stored in internal look-up tables, not shown, or in EEPROM 360) for the current video frame
using information from module interface 370. Pre-processor 340 combines the RGB data of the RGB, signal describing
the current frame of video to display with the newly developed color correction algorithms and produces digital control
signals, i.e., BANK CONTROL and CCD CONTROL bus, respectively, for bank switch controller 320 and CCD controller
330. These signals dictate exactly which OLED devices within OLED circuitry 310 to illuminate and at what intensity
and color temperature in order to produce the desired frame at the required resolution and color-corrected levels. In
general, the intensity, or grayscale value, is controlled by the amount of current used to drive an OLED device. Similarly,
the color temperature is controlled by the grayscale color value and the relative proximity of each sub-pixel required
to produce the desired color. For example, a bright orange color is produced by illuminating a green sub-pixel in close
proximity to a brightly lit red sub-pixel. Therefore, it is important to have precise control over the brightness and the
amount of time an OLED device is lit.

[0041] A/D converter 350 uses the analog voltage values, i.e., ANALOG VOLTAGE bus, from OLED circuitry 310 to
feed the voltage information back to module interface 370 via DIGITAL VOLTAGE bus. It is important to monitor voltage
thresholds across each OLED device within OLED circuitry 310 so that correct aging factors and light output values
may be calculated in order to further produce the correct amounts of driving current through each OLED device within
OLED circuitry 310. Pre-processor 340 compares a pre-stored threshold voltage level for each OLED device within
OLED circuitry 310 with the measured supply voltage minus the voltage value measured by A/D converter 350 to
determine if digital voltage correction is plausible. If the voltage across a specific OLED device is below a maximum
threshold voltage, then digital correction may be implemented through the color correction algorithms. However, if the
voltage is greater than the maximum threshold voltage, an adjustment must be made to the overall supply voltage.
Digital voltage correction is preferred to supply voltage correction because it allows finer light output control for specific
OLED devices within OLED circuitry 310. Adjustments to the overall supply voltage level for a given module 130 causes
CCD controller 330 to increase power dissipation for each OLED device within OLED circuitry 310, even those that
did not require additional voltage. The logic for A/D converter 350 may be included in an ASIC.

[0042] EEPROM 360 is any type of electronically erasable storage medium for pervasively storing diagnostic and
color correction information. For example, EEPROM 360 may be a Xicor or Atmel model 24C16 or 24C164. EEPROM
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360 holds the most recently calculated color correction values used for a preceding video frame, specifically, gamma

correction, aging factor, color coordinates, and temperature for each OLED device in a module 130.

[0043] The gamma curves (either fullgamma curves or parameters that define the curves in order to conserve storage

space) for both light and dark values are stored in EEPROM 360 at startup from the system-level controller via the

CONTROL(X) bus from tile processing system 220.

[0044] Color coordinates for each OLED device within OLED circuitry 310 are also stored in EEPROM 360 in the form

of (x y Y), where x and y are the coordinates of the primary emitters and Y is defined as the brightness. Each color in

OLED display 100 can be described by its tristimulus values X, Y, Z in the CIE color space. The Y value represents

contributions to the brightness perception of the human eye and it is called the brightness or luminance. A color can

also be described by Y and the color functions x, y, z; where x = X VY= Y _z= z , and x +y+z =1. Given
X+Y+Z X+Y+Z X+Y+Z

the design white point and brightness, for example, 6500K white at 500 Nit, (e.g., D65), and the color coordinates of the

primary emitters (x;y;), the individually required brightness Y; can be calculated from the following equation:

X pes X
X :
D65 Y pss i
Yoss = Ypss 1 = YI 1
Zps 1= Xp65 = Vpes i=kGB | 1-x, -y
D65 — )
Y pes Y

[0045] The aging factor is a value based on the total on time and total amount of current through each OLED device
within OLED circuitry 310.

[0046] Other information may be stored in EEPROM 360 at any time without deviating from the spirit and scope of
the present invention. Communication to EEPROM 360 is accomplished via EEPROM I/O bus. An advantage to storing
color correction and additional information specific to OLED devices within OLED circuitry 310 locally on EEPROM
360 is that when new modules 130 are added to tiles 140, or when modules 130 are rearranged within tiles 140,
valuable color correction, aging factors, and other details regarding the operation of module 130 are also transported.
Therefore, the new tile processing system 220 is able to read the existing color correction information specific to that
module 130 from its local EEPROM 360 at any time and to make adjustments to the overall tile 140 controls.

[0047] Module interface 370 serves as an interface between tile processing system 220 and all elements within
OLED module processing systems 210. Module interface 370 collects the current temperature data from temperature
sensor 380 and the current color coordinate information (tri-stimulus values in the form of x,y,Y), aging measurements,
and runtime values from EEPROM 360 for each OLED device within OLED circuitry 310. In addition, module interface
370 collects the digital voltage values during the on time of each OLED device within OLED circuitry 310 from A/D
converter 350. Module interface 370 also receives control data, i.e., CONTROL(X) bus, from tile processing system
220 that dictates to pre-processor 340 how to perform color correction (from a tile-level point of view) for the current
video frame. For example, OLED display 100 may be outdoors and the ambient light may be fading, thus less light
output is required from the overall OLED display 100. This information is sent to each tile 140 as a value 'A’, where 0
< A <1 and 'A’ corresponds the relative level of ambient light (0 being no ambient light and 1 being the most amount
of ambient light). Each tile processing system 220 further relays the information 'A' to each of its OLED module process-
ing systems 210.

[0048] Temperature sensor 380 is a conventional sensing device that takes temperature readings within module 130
to determine the temperature of the OLED devices within module 130. Accurate temperature readings are critical in
order to correctly adjust for color correction. Based on the temperature of each OLED device within OLED circuitry
310, the current may be adjusted to compensate for the variation in light output caused by temperature. For example,
an OLED device that produces less light at higher temperatures needs higher amounts of current to produce the same
light output equivalent at a lower temperature. By contrast, other OLED devices produce more light at higher temper-
atures and, therefore, the current must be limited through those devices to produce an equivalent light output. Tem-
perature information from temperature sensor 380 is sent to module interface 370 for processing via the TEMPERA-
TURE DATA bus. An example temperature sensor 380 is an Analog Devices AD7416 device.

[0049] Figure 4 illustrates a schematic diagram of OLED circuitry 310, which is representative of a portion of a typical
common-anode, passive-matrix, large-screen OLED array. OLED circuitry 310 includes an OLED array 410 formed of
a plurality of OLEDs 420 (each having an anode and cathode, as is well known) arranged in a matrix of rows and
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columns. For example, OLED array 410 is formed of OLEDs 420a, 420b, 420c, 420d, 420e, 420f, 420g, 420h, and
420j arranged in a 3x3 array, where the anodes of OLEDs 420a, 420b, and 420c are electrically connected to a ROW
LINE 1, the anodes of OLEDs 420d, 420e, and 420f are electrically connected to a ROW LINE 2, and the anodes of
OLEDs 420g, 420h, and 420j are electrically connected to a ROW LINE 3. Furthermore, the cathodes of OLEDs 420a,
420d, and 420g are electrically connected to a COLUMN LINE A, the cathodes of OLEDs 420b, 420e, and 420h are
electrically connected to a COLUMN LINE B, and the cathodes of OLEDs 420c, 420f, and 420j are electrically connected
to a COLUMN LINE C.

[0050] A pixel, by definition, is a single point or unit of programmable color in a graphic image. However, a pixel may
include an arrangement of sub-pixels, for example, red, green, and blue sub-pixels. Each OLED 420 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 adequate current supply, as is well known.

[0051] COLUMN LINES A, B, and C are driven by separate constant current sources, i.e., a plurality of current
sources (Isoyrces) 430 or, alternatively, may be connected to +Vq, g via a plurality of dual-position switches 440.
More specifically, COLUMN LINE A is electrically connected to either o rcg 430a or +V, gp via switch 440a, COL-
UMN LINE B is electrically connected to either Iggyrce 430b or +Vq gp via switch 440b, and COLUMN LINE C is
electrically connected to either Igqrce 430¢ or +V, gp Via switch 440c. | g rces 430 are conventional current sourc-
es capable of supplying a constant current typically in the range of 5 to 50 mA. Examples of constant current devices
include a Toshiba TB62705 (8-bit constant current LED driver with shift register and latch functions) and a Silicon Touch
ST2226A (PWM-controlled constant current driver for LED displays). Switches 440 are formed of conventional active
switch devices, such as MOSFET switches or transistors having suitable voltage and current ratings. The state of
switches 440 is controlled by PWM CONTROL bus from CCD controller 330 of figure 3.

[0052] Either a positive voltage (+Vg gp), typically ranging between 3 volts (i.e., threshold voltage 1.5V to 2V +
voltage over current source, usually 0.7 V) and 15-20 volts, or ground may be electrically connected to each respective
ROW LINE via a plurality of dual-position bank switches 450. More specifically, ROW LINE 1 is electrically connected
to either +V, gp or ground via bank switch 450a, ROW LINE 2 is electrically connected to either +V gp or ground
via bank switch 450b, and ROW LINE 3 is electrically connected to either +Vq, gp or ground via bank switch 450c.
Bank switches 450 are formed of conventional active switch devices, such as MOSFET switches or transistors having
suitable voltage and current ratings. The state of bank switches 450 is controlled by the Vo, gp CONTROL bus from
bank switch controller 320 of figure 3.

[0053] Lastly, COLUMN LINES A, B, and C may be electrically connected to ground via a plurality of pre-charge
(P-C) switches 460. More specifically, COLUMN LINE A may be electrically connected to ground via P-C switch 460a,
COLUMN LINE B may be electrically connected to ground via P-C switch 460b, and COLUMN LINE C may be elec-
trically connected to ground via P-C switch 460c. P-C switches 460 are formed of conventional active switch devices,
such as MOSFET switches or transistors having suitable voltage and current ratings. The state of P-C switches 460
is controlled by the Vprg.c CONTROL bus from CCD controller 330 of figure 3. The logic for P-C switches 460 may
be located in an ASIC.

[0054] The matrix of OLEDs 420 within OLED circuitry 310 is arranged in the common anode configuration. In this
way, the voltage across the current source is referenced to the ground and is therefore independent of the supply
voltage. This is a more stable way to drive the current.

[0055] With reference to figures 3 and 4, the general operation of OLED module processing system 210 is as follows.
CCD controller 330 decodes the CCD CONTROL bus from pre-processor 340 to produce PWM signals, i.e., PWM
CONTROL bus, which subsequently drive Iggyrces 430. The width of the active portion of each PWM CONTROL
determines the length of time a particular OLED 420 is lit. The amount of current that each Iggyrce 430 drives is
determined by pre-processor 340 based on color correction algorithms and the RGB(X) signal. Subsequently, CCD
controller 330 transmits the current control information to each corresponding Isoyrce 430. Furthermore, bank switch
controller 320 receives bank control data i.e., BANK CONTROL bus, from pre-processor 340 and transmits this control
data via the Vo gp CONTROL bus to the corresponding anodes of OLEDs 420. The BANK CONTROL bus controls
bank switches 450, which subsequently apply either +Vq gp or ground to a particular OLED 420. The combination of
applying a predetermined voltage to the anode of an OLED 420 while simultaneously applying a current to its cathode
causes light emission from the corresponding OLED 420 for a specific length of time at a given intensity. In this manner,
OLED module processing system 210 is able to drive OLEDs 420 with maximum degree of control.

[0056] To activate (light up) any given OLED 420, its associated ROW LINE is connected to +Vq gp Via its bank
switch 450, and its associated COLUMN LINE is connected to its Igorce 430 via its switch 440. In order to prevent
reverse current from flowing through the neighboring OLEDs 420, causing an alternate current path to ground and
allowing low levels of undesired light emission, all remaining ROW LINES are connected to ground via their respective
bank switches 450 and all remaining COLUMN LINES are connected to +V(, gp via their respective switches 440. This
reverse currentis due to the low inverse resistance characteristics of a typical OLED 420, as is well known. Furthermore,
to rapidly charge the parasitic capacitance associated with the structure of OLEDs 420, a pre-charge cycle occurs just



10

15

20

25

30

35

40

45

50

55

EP 1 480 195 A1

prior to the on-time cycle by briefly connecting the cathode of the selected OLED 420 to ground via its P-C switch 460
connecting to its associated COLUMN LINE. In this way, the duty cycle is maximized by not having to wait for the
parasitic capacitance of the selected OLED 420 to charge.

[0057] With reference to figures 3 and 4, the operation of a specific OLED 420 is as follows. A full cycle of operation
includes a brief pre-charge cycle followed by an on-time cycle. For example, in order to light up OLED 420b, simulta-
neously, +VOLED is applied to ROW LINE 1 by appropriately selecting the state of bank switch 450a, Igoyrce 430b
is connected to COLUMN LINE B by appropriately selecting the state of switch 440b, and COLUMN LINE B is briefly
connected to ground by briefly closing P-C switch 460b, thereby rapidly charging OLED 420b. Once the pre-charge
cycle is completed, P-C switch 460b is opened, leaving only the constant current of Igqrce 430b connected to COL-
UMN LINE B. At the same time, ROW LINES 2 and 3 are connected to ground by appropriately selecting the state of
bank switches 450b and 450c, respectively, and COLUMN LINES A and C are connected to +Vq gp by appropriately
selecting the state of switches 440a and 440c, respectively. In this way, OLED 420b is forward biased and current flows
through OLED 420b. Once the device threshold voltage of typically 1.5-2 volts is achieved at its cathode, OLED 420b
emits light. OLED 420b remains lit up as long as bank switch 450a is selecting +V, gp and as long as switch 440b is
selecting Igoyrce 430b. To deactivate OLED 420b, the state of switch 440b is toggled to its opposite state and the
forward biasing of OLED 420b is removed. Along a given ROW LINE, any one or more OLED 420 may be activated
at any given time. By contrast, along a given COLUMN LINE, only one OLED 420 may be activated at any given time.
In the above-described operation, the states of all switches 440 are dynamically controlled by PWM CONTROL bus,
the states of all bank switches 450 are dynamically controlled by Vo g CONTROL, and the states of all P-C switches
460 are dynamically controlled by Vpge.c CONTROL bus.

[0058] Additionally, voltage levels are measured across each Igqrce 430 while applying voltage to the anode of
each OLED 420 and fed back to A/D converter 350 via the ANALOG VOLTAGE bus. A/D converter 350 subsequently
transmits DIGITAL VOLTAGE corresponding to each specific OLED 420 to pre-processor 340 for further processing.
[0059] Tables 1 and 2 below illustrate a truth table of the state of each active switch within OLED circuitry 310 for
operating each OLED 420 during the pre-charge cycle and the on-time cycle, respectively.

Table 1:
Truth table of switch states for pre-charging each OLED 420 of OLED circuitry 310 during the pre-charge cycle
To pre- Switches
charge
OLED
440a 440b 440c 450a 450b 450c 460a 460b 460c
420a lsourcE VoLED VoLED Voep | Ground | Ground | Vpgrec Open open
420b VoLeD lsource VoLED Voep | Ground | Ground open VpRE-C open
420c VoLeD VoLED Isource | VoLep | Ground | Ground open Open VpeRE-C
420d Isource VoLeD VoLeD Ground | Vgogp | Ground | Vprec Open open
420¢ VoLED lsource VoLED Ground | Vggp | Ground open VpRE-C open
420f VoLED VoLED Isource | Ground | Vg gp | Ground open Open VpRE-C
4209 | lsource | Vowep | Voiep | Ground | Ground | Voigp | Verec | Open open
420h VoLep Isource VoLep Ground | Ground | Vg gp open VpRE-C open
420j VoLeD VoLED Isource | Ground | Ground | Vg ep open Open VpeRE-C
Table 2:
Truth table of switch states for activating each OLED 420 of OLED circuitry 310 during the on-time cycle
To activate Switches
OLED
440a 440b 440c 450a 450b 450c | 460a | 460b | 460c
420a lsource VoLED VoLED VoLep | ground | ground | open | Open | open
420b VoLED lsource VoLED VoLep | ground | ground | open | Open | open
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Table 2: (continued)
Truth table of switch states for activating each OLED 420 of OLED circuitry 310 during the on-time cycle
To activate Switches

OLED

440a 440b 440c 450a 450b 450c | 460a | 460b | 460c
420c VoLED VoLED IsouRcE VoLep | ground | ground | open | Open | open
420d Isource VoLED VoLED ground | Vggp | ground | open | open | open
420¢ VoLeo lsource Votep | ground | Vggp | ground | open | open | open
420f VoLeo VoLep Isource | ground | Voigp | ground | open | open | open
4209 lsource VoLED VoLED ground | ground | Vg gp | open | open | open
420h VoLED Isource VoLED ground | ground | Vg gp | open | open | open
420j VoLED VoLED Isource | ground | ground | Vo gp | open | open | open

[0060] Figure 5 shows a diagram of the gamma correction function 500 in accordance with the invention. Gamma

correction function 500 includes a dark ambient light gamma curve 510, a bright ambient light gamma curve 520, a
multiplier function 530, a multiplier function 540, a summation function 550, and a gamma correction curve 560. Pre-
processor 340 performs gamma correction using black level control algorithms with at least two gamma curves, i.e.,
dark ambient light gamma curve 510 and bright ambient light gamma curve 520, which may be stored locally or in
EEPROM 360 or may be calculated by pre-processor 340. Dark ambient light gamma curve 510 corresponds to low
ambient light conditions for OLED display 100 and bright ambient light gamma curve 520 corresponds to sunlight
ambient light conditions. Module interface 370 forwards the value 'A' to pre-processor 340 according to the level of
ambient light detected by OLED display 100. The black level controller algorithm multiplies 'A' by bright ambient light
gamma curve 520 at multiplier function 540, multiplies '1 - A" by dark ambient light gamma curve 510 at multiplier
function 530, and adds the two outputs at summation function 550. Thus, the result is new gamma correction curve
560 proportional to the two gamma tables stored in EEPROM 360. New gamma correction curve 560 is corrected
based on the ambient light of OLED display 100. The resultant gamma curve is stored in pre-processor 340 and is
used for calculating the color corrections for each OLED 420 for the current frame. If pre-processor 340 has sufficient
processing capabilities, dark ambient light gamma curve 510 and bright ambient light gamma curve 520 may be cal-
culated within pre-processor 340. However, if pre-processor 340 does not possess sufficient processing capabilities,
it reads the existing gamma curves stored in EEPROM 360 instead.

[0061] Figure 6 is a flow diagram of a method 600 of operating module 130 in accordance with the invention with
reference to figures 1 through 5 incorporated therein. Method 600 includes the following steps:

Step 605: Loading gamma in pre-processor

In this step, OLED module processing system 210 of module 130 is initialized and pre-processor 340 reads the
existing gamma curve points from EEPROM 360 or calculates the gamma curves based on control data, i.e.,
CONTROL(X) bus, from tile processing system 220. The gamma curve points may have been stored previously in
the local memory of pre-processor 340 during the last initialization cycle, or the points may have been loaded by
an external processing unit. The gamma value is a curve defined by ten points (one starting slope point, one ending
slope point and four x,y coordinate points in between) and is used to convert the 8-bit digitized RGB(X) data into a
10- to 14-bit value used by CCD controller 330 to control the current driven by Iggyrces 430 of OLED circuitry
310. The resulting gamma curve yields the formula for calculating the corresponding 10- to 14-bit output values
from the 8-bit input values for each sub-pixel, thereby adding more resolution and fine-tuning capability to module
130. Method 600 proceeds to step 610.

Step 610: Reading existing corrections

In this step, pre-processor 340 reads other existing color correction data, including color coordinates and brightness
values (x,y,Y), target color temperature (e.g., 6500K), aging factors (i.e., the on time and total current flow for each
OLED 420), and the temperature of module 130, from the values stored in EEPROM 360. Method 600 proceeds
to step 615.

Step 615: Loading correction for each pixel in pre-processor
In this step, pre-processor 340 loads the system-level color correction information for each OLED 420 of OLED
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circuitry 310. System-level color correction values include adjusting for ambient light conditions and changes to
color temperature (e.g., adjusting to display to show outdoor daylight whites verses indoor daylight whites). Method
600 proceeds to step 620.

Step 620: Driving CCDs and bank switches

In this step, for a given frame, pre-processor 340 commands bank switch controller 320 and CCD controller 330
to activate each OLED 420 of OLED circuitry 310 accordingly. Using the color correction information from pre-
processor 340, CCD controller 330 is able to calculate the amount of time to drive each Igoyrce 430. Additionally,
CCD controller 330 interprets CCD CONTROL from pre-processor 340 and generates PWM CONTROL to OLED
circuitry 310 for setting the drive current of Igqyrces 430. The length of time the current is driven for a particular
OLED 420 is controlled by PWM CONTROL. While a given PWM CONTROL is active and the anode of a particular
OLED 420 is connected to Vg, gp Via bank switch 450, the particular OLED 420 emits light at a given intensity
according to the voltage and current requirements defined and stored in pre-processor 340. Method 600 proceeds
to step 625.

Step 625: Istime=n*T?

In this decision step, pre-processor 340 compares a pre-stored time period value T multiplied by a count n (n = 1,
2, 3, ...) to determine the amount of time that has elapsed since the last color measurements were taken. If the
time elapsed equals the required time n * T, method 600 proceeds to step 645; if not, method 600 proceeds to
step 630.

Step 630: Reading temperature

In this step, module interface 370 receives the temperature value, i.e., via TEMPERATURE DATA bus, as detected
by temperature sensor 380 and forwards the current temperature value to pre-processor 340 via DATA 1/O bus.
Method 600 proceeds to step 635.

Step 635: Is temperature > max?

In this decision step, pre-processor 340 compares the current temperature value with that of a predetermined
maximum temperature value stored locally. If the temperature exceeds the maximum temperature value, method
600 proceeds to step 640; if not, method 600 returns to step 625.

Step 640: Decreasing light output

In this step, pre-processor 340 decreases the values for the digital contrast to lower the light output levels in order
to bring the temperature into compliance. This is accomplished by decreasing the amount of current provided by
Isources 430 to OLEDs 420 in small decremented amounts. Method 600 returns to step 625.

Step 645: Reading color measurements from EEPROM

In this step, pre-processor 340 reads the color measurements (x,y,Y) from EEPROM 360. The external processing
unit may have adjusted these values for a system-level adjustment or pre-processor 340 may have calculated and
stored new values during the last time interval. Method 600 proceeds to step 650.

Step 650: Reading target color temperature

In this step, pre-processor 340 reads the target color temperature value from EEPROM 360. The target color
temperature value is controlled by the external processing unit and stored in EEPROM 360 of each OLED module
processing system 210. The target color temperature value may change at any time. Method 600 proceeds to step
655.

Step 655: Reading effective OLED on time and current

In this step, pre-processor 340 reads the effective OLED on time values for each OLED 420. The values may be
stored in local RAM, or pre-processor 340 may calculate the values directly from data stored in its registers. The
values provide information regarding the duration of the on time for each individual OLED 420 during that time
interval. Pre-processor 340 combines the new on time and current information additively with its existing information
for the on time and current flow through each OLED 420. Method 600 proceeds to step 660.

Step 660: Reading voltage across current sources

Inthis step, A/D converter 350 reads the analog voltage value across each Igoyrce 430 while bank switch controller
320 applies a voltage to the anode of each OLED 420. A/D converter 350 further converts the analog value to a
digital equivalent. A/D converter 350 sends the digitized voltage information corresponding to each Igqyrce 430
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to pre-processor 340 via the DIGITAL VOLTAGE bus. Method 600 proceeds to step 665.

Step 665: Is voltage across Iggyrce = threshold?

In this step, pre-processor 340 compares the digital value of the voltage across the corresponding lggyrce 430
provided by A/D converter 350 of the worst OLED 420 (i.e., with the lowest voltage value) to a pre-stored minimum
threshold voltage value. If the voltage value across the corresponding lgoyrce 430 for that particular OLED 420
exceeds the pre-stored minimum threshold voltage, method 600 proceeds to step 675; if not, method 600 proceeds
to step 670.

Step 670: Adjusting power supply voltage

In this step, pre-processor 340 increases the power supply voltage using an analog correction that incrementally
increases the voltage supply to all OLEDs 420 within OLED circuitry 310 of module 130. Further digital adjustments
are made on a per-OLED 420 basis in step 680. Method 600 returns to step 660.

Step 675: Determining aging factor for each pixel

In this step, pre-processor 340 calculates the new aging factor for each OLED 420 using the new on time values,
current amounts, and voltages. Since the age of OLED 420 impacts its performance, it is important to determine
OLED 420's age in order to predict its current light output capabilities. For example, the older an OLED 420 is, the
more current is required to produce the same amount of light output as when it was newer. Method 600 proceeds
to step 680.

Step 680: Calculating corrections

In this step, pre-processor 340 uses the aging factor of each OLED 420 calculated in step 675, as well as the
tristimulus values, the target color temperature, and the temperature of module 130, to determine the color cor-
rection for each OLED 420. The color correction for each OLED 420 is a value indicating additional or subtractive
current to be combined with the digitized RGB(X) data to produce the optimized intensity of each OLED 420. Digital
voltage supply correction for each individual OLED 420 is also performed in this step. Method 600 proceeds to
step 685.

Step 685: Storing color corrections in EEPROM
Inthis step, pre-processor 340 stores the color correction values calculated in step 680 in EEPROM 360. Therefore,
the color correction values are available for the next frame to be displayed; if module 130 is removed and inserted
in a new location within tile 140, the color correction values are also transported with module 130. Finally, if OLED
display 100 powers down, the color correction values are stored and available for use the next time OLED display
100 powers on. Method 600 returns to step 615.

Interrupt 690: Changing target color temperature
In this interrupt step, an external processing unit changes the color temperature value and writes the new value
to each EEPROM 360 of each OLED module processing system 210. Method 600 proceeds to step 645.

[0062] Figure 7 is a flow diagram of an alternative method 700 of operating module 130 in accordance with the
invention with reference to figures 1 through 5 incorporated therein. Method 700 includes the following steps.

Step 705: Loading gamma in pre-processor

In this step, OLED module processing system 210 of module 130 is initialized and pre-processor 340 reads the
existing gamma curve points from EEPROM 360 or calculates the gamma curves based on control data, i.e.,
CONTROL(X) bus, from tile processing system 220. The gamma curve points may have been stored previously in
the local memory of pre-processor 340 during the last initialization cycle, or the points may have been loaded by
an external processing unit. The gamma value is a curve defined by ten points (one starting slope point, one ending
slope point and four x,y coordinate points in between) and is used to convert the 8-bit digitized RGB,, data into a
10- to 14-bit value used by CCD controller 330 to control the current driven by Iggyrces 430 of OLED circuitry
310. The resulting gamma curve yields the formula for calculating the corresponding 10- to 14-bit output values
from the 8-bit input values for each sub-pixel, thereby adding more resolution and fine-tuning capability to module
130. Method 700 proceeds to step 710.

Step 710: Reading existing corrections

Inthis step, pre-processor 340 reads other existing color correction data, including color coordinates and brightness
values (x,y,Y), target color temperature (e.g., 6500K), aging factors (i.e., the on time and total current flow for each
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OLED 420), and the temperature of module 130, from the values stored in EEPROM 360. Method 700 proceeds
to step 715.

Step 715: Loading correction for each pixel in pre-processor

In this step, pre-processor 340 loads the system-level color correction information.for each OLED 420 of OLED
circuitry 310. System-level color correction values include adjusting for ambient light conditions and changes to
color temperature (e.g., adjusting to display to show outdoor daylight whites verses indoor daylight whites). Method
700 proceeds to step 720.

Step 720: Driving CCDs and bank switches

In this step, for a given frame, pre-processor 340 commands bank switch controller 320 and CCD controller 330
to activate each OLED 420 of OLED circuitry 310 accordingly. Using the color correction information from pre-
processor 340, CCD controller 330 is able to calculate the amount of time to drive each | goyrce 430. Additionally,
CCD controller 330 interprets CCD CONTROL from pre-processor 340 and generates PWM CONTROL to OLED
circuitry 310 for setting the drive current of Iggyrces 430. The length of time the current is driven for a particular
OLED 420 is controlled by PWM CONTROL. While a given PWM CONTROL is active and the anode of a particular
OLED 420 is connected to Vg gp Vvia bank switch 450, the particular OLED 420 emits light at a given intensity
according to the voltage and current requirements defined and stored in pre-processor 340. Method 700 proceeds
to step 725.

Step 725: Istime=n*T?

In this decision step, pre-processor 340 compares a pre-stored time period value T multiplied by a countn (n =1,
2, 3, ...) to determine the amount of time that has elapsed since the last color measurements were taken. If the
time elapsed equals the required time n * T, method 700 proceeds to step 745; if not, method 700 proceeds to
step 730.

Step 730: Reading temperature

In this step, module interface 370 receives the temperature value, i.e., via TEMPERATURE DATA bus, as detected
by temperature sensor 380 and forwards the current temperature value to pre-processor 340 via DATA 1/O bus.
Method 700 proceeds to step 735.

Step 735: Is temperature > max?

In this decision step, pre-processor 340 compares the current temperature value with that of a predetermined
maximum temperature value stored locally. If the temperature exceeds the maximum temperature value, method
700 proceeds to step 740; if not, method 700 returns to step 725.

Step 740: Decreasing light output

In this step, pre-processor 340 decreases the values for the digital contrast to lower the light output levels in order
to bring the temperature into compliance. This is accomplished by decreasing the amount of current provided by
Isources 430 to OLEDs 420 in small decremented amounts. Method 700 returns to step 725.

Step 745: Reading color measurements from EEPROM

In this step, pre-processor 340 reads the color measurements (x,y,Y) from EEPROM 360. The external processing
unit may have adjusted these values for a system-level adjustment or pre-processor 340 may have calculated and
stored new values during the last time interval. Method 700 proceeds to step 750.

Step 750: Reading target color temperature

In this step, pre-processor 340 reads the target color temperature value from EEPROM 360. The target color
temperature value is controlled by the external processing unit and stored in EEPROM 360 of each OLED module
processing system 210. The target color temperature value may change at any time. Method 700 proceeds to step
755.

Step 755: Reading effective OLED on time and current

In this step, pre-processor 340 reads the effective OLED on time values for each OLED 420. The values may be
stored in local RAM, or pre-processor 340 may calculate the values directly from data stored in its registers. The
values provide information regarding the duration of the on time for each individual OLED 420 during that time
interval. Pre-processor 340 combines the new on time and current information additively with its existing information
for the on-time and current flow through each OLED 420. Method 700 proceeds to step 760.
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Step 760: Reading voltage across current sources

Inthis step, A/D converter 350 reads the analog voltage value across each Igorcg 430 while bank switch controller
320 applies a voltage to the anode of each OLED 420. A/D converter 350 further converts the analog value to a
digital equivalent. A/D converter 350 sends the digitized voltage information corresponding to each Igqyrce 430
to pre-processor 340 via the DIGITAL VOLTAGE bus. Method 700 proceeds to step 765.

Step 765: Determining aging factor for each pixel

In this step, pre-processor 340 calculates the new aging factor for each OLED 420 using the new on time values,
current amounts, and voltages. Since the age of OLED 420 impacts its performance, it is important to determine
OLED 420's age in order to predict its current light output capabilities. For example, the older an OLED 420 is, the
more current is required to produce the same amount of light output as when it was newer. Method 700 proceeds
to step 770.

Step 770: Is correction range < max?

In this decision step, pre-processor 340 has already determined the aging factor for each OLED 420 in step 765.
Since the aging factor is a digital value for each OLED 420, a digital correction adjustment may be made to each
individual OLED 420 if the correction range is less than a predetermined maximum. If the correction range is less
than the maximum, method 700 proceeds to step 780. If the correction range is greater than the predetermined
maximum, a digital correction is not possible, and method 700 proceeds to step 775.

Step 775: Adjusting power supply voltage

In this step, pre-processor 340 increases the power supply voltage using an analog correction that incrementally
increases the voltage supply to all OLEDs 420 within OLED circuitry 310 of module 130. Further digital adjustments
are made on a per-OLED 420 basis in step 780. Method 700 returns to step 760.

Step 780: Calculating corrections

In this step, pre-processor 340 uses the aging factor of each OLED 420 calculated in step 765, as well as the
tristimulus values, the target color temperature, and the temperature of module 130, to determine the color cor-
rection for each OLED 420. The color correction for each OLED 420 is a value indicating additional or subtractive
current to be combined with the digitized RGB(X) data to produce the optimized intensity of each OLED 420. Digital
voltage supply correction for each individual OLED 420 is also performed in this step. Method 700 proceeds to
step 785.

Step 785: Storing color corrections in EEPROM
In this step, pre-processor 340 stores the color correction values calculated in step 780 in EEPROM 360. Therefore,
the color correction values are available for the next frame to be displayed; if module 130 is removed and inserted
in a new location within tile 140, the color correction values are also transported with module 130. Finally, if OLED
display 100 powers down, the color correction values are stored and available for use the next time OLED display
100 powers on. Method 700 returns to step 715.

Interrupt 790: Changing target color temperature
In this interrupt step, an external processing unit changes the color temperature value and writes the new value
to each EEPROM 360 of each OLED module processing system 210. Method 700 proceeds to step 745.

[0063] Inreference to methods 600 and 700 above, it is noted that processing occurs in each OLED module process-
ing system 210a through 210j of modules 130a through 130j, respectively, in parallel with processing that occurs in
tile processing system 220. As a result, more color correction, resolution enhancement, and light output control is
achieved through the additional processing bandwidth available. The hierarchical processing architecture maintains
display quality, cohesiveness, and consistency by having the flexibility to control at the module, tile, and overall display
levels. For example, displaying an image on a solid white background would be difficult to achieve without all levels of
hierarchical control. Since each module 130 has various properties, the white light output from one module 130 may
appear yellow when compared next to a neighbouring module 130. Additionally, another module 130 may appear
mottled or dithered and not a solid white color. Processing at a higher level allows for corrections to these individual
modules 130 such that the appearance of a solid white background is achieved.

[0064] 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 displaying images, as well as such display, can be realized in
various forms without leaving the scope of the invention.
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Claims

10.

1.

12.

13.

Method for displaying images on a large-screen organic light-emitting diode display, characterized in that use is
made of an organic light-emitting diode (OLED) display (100). comprising an array of OLED display tiles (140) that
are each formed of an array of smaller OLED display modules (130), each OLED display module (130) comprising
a number of OLED pixels, wherein each OLED display module (130) includes an intelligent OLED module process-
ing system (210), whereby, in order to display the images, data concerning the image to be displayed, provided
by a general processing unit, in other words a system controller, are transmitted to tile processing systems (220)
and from each tile processing system (220) towards the respective modules (130).

Method according to claim 1, characterized in that said tile processing systems (220) are serially coupled and
in that the data of the general processing unit are transmitted through the subsequent tile processing systems
(220).

Method according to claim 1 or 2, characterized in that the general processing unit provides RGB data and control
(CNTL) data, whereby data from the RGB data are collected at each individual tile processing system and/or
module processing system as a function of control signals generated by means of said control (CNTL) data.

Method according to claims 2 and 3, characterized in that each tile processing system (220) stores the serial
RGB data for the particular frame that corresponds to the physical position of the concerned tile (140) within the
display (100).

Method according to claim 4, characterized in that each tile processing system (220) parses the received RGB
data into specific packets associated with the corresponding OLED module processing systems (210).

Method according to any of the preceding claims, characterized in that said OLED module processing systems
(210) make decisions regarding the amount of current to use when driving each OLED pixel in a module (130).

Method according to claim 6, characterized in that said OLED module processing systems (210) use data col-
lection devices and algorithms in order to make said decisions.

Method according to any of the preceding claims, characterized in that in the module processing systems (210)
at least the time each individual pixel is "on" is monitored and recorded, whereby the obtained values are used to
carry out adjustments when driving the concerned OLED pixels in a module (130).

Method according to any of the preceding claims, characterized in that in the module processing systems (210)
at least the amount of current which was used to drive each OLED during the "on" time is monitored and recorded,
whereby the obtained values are used to carry out adjustments for subsequently driving the concerned OLED
pixels in a module (130).

Method according to any of the preceding claims, characterized in that, with regard to the drive of the OLED
pixels, one or more adjustments are made at the corresponding tile processing system (220) and/or at the corre-
sponding module processing system (210) itself.

Method according to any of the preceding claims, characterized in that, when driving the respective OLED pixels
or OLEDs, adjustments are made taking at least one of the following factors into account: age, temperature, color
contrast, gamma value.

Method according to any of the preceding claims, characterized in that in each module processing system (210),
more particularly in a pre-processor (340) of the module processing system (210), use is made of existing color
correction data which are red in from values stored in the module processing system (210), as well as of system-
level color correction values.

Method according to any of the preceding claims, characterized in that in use color measurements are taken,
and in that in each OLED module processing system (210) the amount of time is determined that has been elapsed
since the last color measurements were taken, whereby this time is compared with a set value, whereby in case
that this time is longer than said set value, a new measurement is carried out.
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17.

18.

19.

20.
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Method according to any of the preceding claims, characterized in that the OLEDs are driven by means of current
sources, and in that in each OLED module processing system (210) the voltage across the current source (430)
of the worst OLED (420) is compared to a pre-stored minimum threshold voltage value, and if said voltage is lower
than the threshold voltage value, an adjustment of the power supply voltage is carried out.

Method according to claim 14, characterized in that an aging factor for each pixel is determined, in order to allow
further calculation corrections, whereby said aging factor is determined after having carried out said adjustment
of the power supply voltage.

Method according to any of the claims 1 to 14,

characterized in that in each OLED module processing system (210) an aging factor is calculated for each OLED
(420) and in that this aging factor is compared to a pre-determined maximum, and if the calculated aging factor
is larger than the pre-determined maximum, an adjustment of the power supply voltage for said OLED is carried out.

Large-screen organic light-emitting diode display, more particularly for realizing the method according to any of
claims 1 to 16, characterized in that this display (100) comprises an array of OLED display tiles (140) that are
each formed of an array of smaller OLED display modules (130), wherein each OLED display module (130) includes
at least one intelligent OLED module processing system (210).

Large-screen organic light-emitting diode display according to claim 17, characterized in that it is configured such
that the size and dimension can be changed by adding or removing tiles (140).

Large-screen organic light-emitting diode display according to claim 17 or 18, characterized in that it is configured
such that the modules (130) are replaceable.

Large-screen organic light-emitting diode display according to claims 17 to 19, characterized in that each tile
(140) comprises a tile processing system (220), coupled to the respective modules (130) and in communication
with each of the OLED module processing systems (210), wherein the tile processing systems (220) and the OLED
module processing systems (210) comprise electronics configured so as to carry out the method of any of the
claims 1 to 16.

16



e ————-

- ~-

EP 1 480 195 A1
e

100
130¢
130f
1305

120

130b
130e
130h

130a
130d
130¢g

B o e Rt

- -

S S S
140j
S SO A

- -

R ittt ol

ek Rttt el

RGB DATA,
CNTL DATA
140a

o 7

4

17



RGB DATA,
CNTL DATA
(from previous tile 140)

EP 1 480 195 A1

Tile 140

'/

L, /220
| R 31 Module 130a Module 130b Module 130¢
CONTROL, , |OLED module OLED module OLED module
| processing processing processing |
JIOD DATA, I system 210a system 210b system 210¢ [}
RGB,) K
o ICONTROL, g
< “-{MOD DATA,} o _
v —=<{CONTROL,
RGB, » Module 130d Module 130e Module 130f
CONTROL, ‘, OLED module OLED module
processing processing processing |
 MOD DATA, |} system 210d system 210e || | system 210f
RGB
————|CONTROL |
< ~—MOD DATA————
<
| RGBs | Module 130g Module 130h Module 130j
CONTROL; _ {OLED module OLED module OLED module
- processing processing processing
| QIOD DATA, |} system 210g system 210h system 210j
JRGB | —— ) T
Pe—( L ey
— L MoD DATA;J—TEjB—-‘
. —2fcoNTROL,
— MOD DATA,
v
RGB DATA, o
CNTL DATA V24 g 0

(to next tile 140)




EP 1 480 195 A1

210\ |
:' _________________________________________________________ il
‘ :
1 . Vo g
o Pre- commoL. | ek |contRoL| OLED
RGBy, = processor - el CirCUitry [y
controller :
340 310
320
A ,
PWM
cCch ccp  LSONIROL

130 CONTROL

1
1
]
1
]
]
]
]
]
i
1
I
CONTROL
.PATA o X ——-} controller Ve
]
[}
§
i
1
]
]
1
]
i
1
]
]

: DIGITAL  ANALOG
CONTROL, Module VOLTAGE A/D  VOLTAGE
interface converter |« ol
MODULE ‘_ 370 ‘T 350
DATA, :

TEMPERATURE| Temp-

EEPROM DATA erature
360 sensor
380

19



EP 1 480 195 A1

310

COLUMN COLUMN COLUMN

LINEA ~° LINEB ° LINEC OLED
~~ ~ array 410
a S E— g
i ~X ! ROW LINE I
] - 420c !
; i
| -
= s
S , ! ROW LINE 2
1
1 420d 420e 420f !
—e ‘ . E
450¢ b L
o ~ N AN
! :
= ! ROWLINE3
1
VoLep " E 420g H
CONTROL > ] :
® :
" 460a
— |  J
¥~ 460b
ﬂl

. . <-PWM CONTROL
VPRE_C « T fememnmams ——m e rme T rmeEEEEe=
. CONTROL ->! W T I ANALOG
_________ T VoLED VOLTAGE ->

430a 430b 430c

wig4 + L7 4

20



EP 1 480 195 A1

500
Dark ambient
light gamma \
curve 510 -
Gamma correction
5 curve 560
Bright ambient
light gamma
curve 520

g5

21



600,
A
Start
. .} 605
Loading gammain | /
pre-processor
. - 610
Reading existing | /
corrections
Loading correction | 615
for each pixel in
pre-processor
1 620
Driving CCDs and | /
bank switches
625
Yes
No
630
Reading |/
temperature

temperature >
max?

Decreasing
light output

640
_/

EP 1 480 195 A1

factor for each pixel

v

- Calculating
corrections

v

Storing color

corrections in
EEPROM

22

; 645
Reading color _/ Changing
measurements from target color
EEPROM temperature
650
Reading target color | /
temperature 690
Reading effective | 695
OLED on time and
current
Reading voltage 560
across current
sources
665
Voltage across Igource Adjusting power
> threshold? _ supply voltage
675 \
Determining aging | / 670

685

W32047



No

700

Start

. . | 705
Loading gamma in | /
pre-processor
. 710
Reading existing | /
corrections »
Loading correction | 715
for each pixel in L/
pre-processor
720
Driving CCDs and | /
bank switches
725
Yes
No
730
Reading |/
temperature i

- Is .
temperature >
max?

Decreasing
light output

740

/

EP 1 480 195 A1

790
| v 745
Reading color |/ Changing
measurements from target color
EEPROM tempetrature
750
Reading target color | ./
temperature
Reading effective | 795
OLED on time and L/
current
Reading voltage }60
across current
sources
v 765
Determining aging | /
factor for each pixel
Is correction Adjusting power
range < max? supply voltage

Calculating
corrections

780 \

|/ 775

T

Storing color
corrections in
EEPROM

785

23

FigZ



£PO FORM 1503 03.82 (PD4CO1)

9

EP 1 480 195 A1

European Patent

Application Number

‘ EUROPEAN SEARCH REPORT
Office EP 03 07 6597
DOCUMENTS CONSIDERED TO BE RELEVANT
Cateqo Citation of document with indication, where a;ipropn’ate. Relevant CLASSIFICATION OF THE
90ry of relevant passages 10 claim APPLICATION (Int.CLT)
X US 4 833 542 A (HARA ZENICHIRO ET AL) 1,3,17, [G0963/32
23 May 1989 (1989-05-23) 20
* the whole document *
Y ‘ 2,4-16
X US 5 796 376 A (BANKS ARCHIE A) 1,17-20
18 August 1998 (1998-08-18)
* the whole document *
Y 2,6-16
A US 6 498,592 B1 (MATTHIES DENNIS LEE) 1
24 December 2002 (2002-12-24)
* the whole document *
A DE 199 50 839 A (KOWALSKY WOLFGANG 1
;FRAUNHOFER GES FORSCHUNG (DE))
23 May 2001 (2001-05-23)
* the whole document *
Y,D {W0 00 65432 A (BARCO NAAMLOZE VENNOGTSCHAP 2,4-16
; THIELEMANS ROBBIE (BE); GERETS PETER) TECHNICAL FIELDS
2 November 2000 (2000-11-02) SEARCHED  (man)
* the whole document * G096
Y US 6 097 351 A (NISHIDA SHINSUKE) 2,4,5
1 August 2000 (2000-08-01)
* the whole document *
Y WO 02 47310 A (SARNOFF CORP) 6-11,
13 June 2002 (2002-06-13) 14-16
* the whole document #
Y EP 1 225 557 A (MATSUSHITA ELECTRIC IND CO [6-9,
LTD) 24 July 2002 (2002-07-24) 14-16
* the whole document *
- /_-
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
MUNICH 20 November 2003 Harke, M
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : eadier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularty refevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A ; technological background JRSEU TN
O : non-written disciosure & : member of the same patent family, corresponding
P : inlermediate document document

24




EPO FORM 1503 03.82 (P04C01)

EP 1 480 195 A1

Office

.0)) European Patent &\ ROPEAN SEARCH REPORT

Application Number

EP 03 07 6597

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
9 of relevant passages to claim APPLICATION (Int.C1.7)
Y US 2003/071804 A1 (KOYAMA JUN ET AL) 6-9
17 April 2003 (2003-04-17)
* the whole document *
Y |US 2002/033783 Al (KOYAMA JUN) 6-8,16
21 March 2002 (2002-03-21)
* the whole document =*
Y US 6 337 542 B1 (HANAKI TAKASHI ET AL) 8,16
8 January 2002 (2002-01-08)
* the whole document *
Y W0 01 63587 A (SARNOFF CORP) '16,7,9
30 August 2001 (2001-08-30)
* the whole document *
Y EP 1 227 466 A (SEMICONDUCTOR ENERGY LAB) |16
31 July 2002 (2002-07-31)
* the wholg document *
Y DE 101 38 004 A (BOSCH GMBH ROBERT) 13 TECHNICAL FIELDS
20 February 2003 (2003-02-20) SEARCHED _(ntcl7)
* the whole document *
Y W0 03 019510 A (LIEDENBAUM COEN T H F 13
;KONINKL PHILIPS ELECTRONICS NV (NL);
VULTO) 6 March 2003 (2003-03-06)
* the whole document *
Y EP 1 260 959 A (EASTMAN KODAK CO) 13
27 November 2002 (2002-11-27)
* the whole document *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
MUNICH 20 November 2003 Harke, M
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : padiculary relevant if taken alone after the filing date .
Y : patticulary retevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background .
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

25




EP 1 480 195 A1

0 Eurobean Patent Application Number
.) Office EP 03 07 6597

CLAIMS INCURRING FEES

The present European patent application cbmprised at the time of filing more than ten claims.

D Only part of the claims have been paid within the prescribed time limit. The present European search
report has been drawn up for the first ten ctaims and for those claims for which claims fees have

been paid, namely claim({s): ,

D No claims fees have been paid within the'prescribed time limit. The present European search report has
beendrawn up for the first ten claims. ,

’

LACK OF UNITY OF INVENTION

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and-relates to several inventions or groups of inventions, namely:

see sheet B

E All further search fees have been paid within the fixed time limit. The present European search report hasl
been drawn up for all claims.

As all searchable claims could be searched without effort justifying an additional fee, the Search Division
did not invite payment of any additional fee.

D Only part of the further search fees have been paid within the fixed time limit. The present European
search report has been drawn up for thase parts of the European patent application which relate to the
inventions in respect of which search fees have been paid, namely claims:

None of the further search fees have been paid within the fixed time limit. The present European search
report has been drawn up for those parts of the European patent application which relate to the invention
first mentioned in the claims, namely claims:

26



EP 1 480 195 A1

.0)) Eur.opean Patent LACK OF UNITY OF INVENTION Application Number
Office SHEET B EP 03 07 6597

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to severalinventions or groups of inventions, namely:

1. Claims: 1-5,17-20

For an large-screen organic light-emitting diode display
comprising an array of display tiles that are each formed of
an array of smaller display modules, each module comprising
a number of pixels and a module processing system, and the
method of displaying images on this display, whereby image
data provided by a general processing unit are transmitted
to tile processing systems, and from each tile processing
system to the modules, |

the. first concept concerns structural details of the display
tiles and the tile processing systems as that

- the tile processing systems are serially coupled,

- the general processing unit provides control data and RGB
data, the RGB data are collected and stored at each tile
processing system,

- the tile processing system parses the RGB data into
packets for the module processing systems,

~ the size and dimension of the display can be changed by
adding or removing tiles,

- the modules of a tile are replaceable.

2. Claims: 1,6-12,14-17,20

For an large-screen organic light-emitting diode display
comprising an array of display tiles that are each formed of
an array of smaller display modules, each module comprising
a number of pixels and a module processing system, and the
method of displaying images on this display, whereby image
data provided by a general processing unit are transmitted
to tile processing systems, and from each tile processing
system to the modules,

the second concept concerns adjustments when dr1v1ng the
organic Tight emitting diodes by the module process1ng
system, in particular

- making decisions concerning the amount of current,

- monitoring the amount of current or the total time during
the "on" time of the light emitting diodes,

- making use of color correction data stored in the module
processing system,

- adjusting the power supply voltage as a result of a
comparison with a threshold value.

3. Claims: 1, 13, 20
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.0)) European Patent | ACK OF UNITY OF INVENTION Application Number
Oftice SHEET B EP 03 07 6597

The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to severalinventions or groups of inventions, namely:

For an large-screen organic light-emitting diode display
comprising an array of display tiles that are each formed of
an array of smaller display modules, each module comprising
a number of pixels and a module processing system, and the
method of displaying images on this display, whereby image
data provided by a general processing unit are transmitted
to tile processing systems, and from each tile processing
system to the modules,

“t

the third concept concerns a method of taking in use color
measurements in dependance of the amount of time which has
elapsed since the last color measurement.
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