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Description

TECHNICAL FIELD

[0001] This disclosure relates to displays made from
electroluminescent materials, and, more specifically to
displays made from light emitting diodes that can emit
light via electroluminescence, and can also sense light
or other energy.

BACKGROUND

[0002] Thereareseveraltypes of display devices avail-
able for producing text or images for viewing. Presently,
the most prevalent display types are Cathode Ray Tubes
(CRTs), which make up the majority of desktop displays
and televisions, and Liquid Crystal Displays (LCDs),
which make up the majority of displays of portable de-
vices, such as laptop computers, telephones, and per-
sonal digital assistants (PDAs).

[0003] Several other types of displays are not as well
known, but are either available in limited quantities or are
still being developed, such as plasma displays, Field
Emission Displays (FEDs), Digital Light Processing
(DLP) (a form of Micro Electro Mechanical Systems
(MEMS)), Image Light Amplifiers (ILAs), and Light Emit-
ting Diodes (LEDs). Each of these system types can gen-
erate displays for direct viewing, or can project an image
on a surface for indirect viewing.

[0004] Many of these types of displays have problems
with output uniformity from one picture element (pixel) to
the others. For instance, in FED and LED systems, some
individual pixels may generate more light for a given
amount of driving signal than others. During the produc-
tion of these displays, each pixel in the display is cali-
brated by individually lighting it and measuring the indi-
vidual pixel’s light intensity output. The measurements
are compared to the output of the other pixels in the dis-
play. Adjustments are then made, such as by decreasing
or increasing the drive signal when displaying that pixel,
i.e., trimming (calibrating) the display circuitry for driving
the pixels. This calibration can be done for a single level
of the driving signal, or the driving signal can be varied
throughout the entire gamma curve so that the pixels are
measured at different levels of input, from being fully off
to being fully on.

[0005] This uniformity test and calibration is typically
done at manufacturing time, and the adjustments are
usually permanently made. Therefore, if the output per-
formance of the individual pixels changes over time, im-
age quality of the display can degrade.

[0006] Another problem that some displays have is
maintaining overall correct display brightness for the
amount of light in the room. For instance, when the room
itself is brightly lit, the display must be bright as well to
be seen above the ambient light. When the room is dimly
lit, a bright display would be overpowering and difficult
to view, unless the display is darkened. Some displays
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can automatically adjust their brightness level in re-
sponse to otherlightin the room. They do this by including
a photosensor to sense the ambient room light, and then
adjust the brightness of the entire display based on the
sensor output. One problem with this system is that the
sensor may be in an unusually bright or dim area com-
pared to the majority of the display, giving a reading that
is inaccurate for the entire display. For instance the sen-
sor may be in a shadow, while the majority of the screen
is in bright light. Using multiple sensors in various loca-
tions of the screen may help the problem, but this solution
increases the complexity and the cost of the display.
None of the sensors can be directly in front of the display
otherwise they would cover the display. Therefore, no
matter how many photosensors are included around the
display, none of the sensors are actually measuring light
on the display itself, but rather only measure light around
the display screen.

SUMMARY OF THE INVENTION

[0007] The above mentioned problems are solved ac-
cording to the present invention by a display system as
defined in independent claim 1 and a method for operat-
ing a display system as defined in independent claim 25.
Advantageous embodiments are defined in dependent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The description may be best understood by
reading the disclosure with reference to the accompany-
ing drawings.

[0009] FIG. 1is across-sectional diagram showing the
layers used to make an Organic Light Emitting Diode.
[0010] FIG. 2is across-sectional diagram showing ad-
ditional layers that can be used to make the organic "lay-
er" of FIG. 1.

[0011] FIG. 3 is a diagram showing the operation of
the photoelectric effect in solid state devices.

[0012] FIG. 4 is a circuit diagram showing circuitry
used in conjunction with embodiments of the invention.
[0013] FIG. 5 is a circuit diagram showing additional
circuitry used in conjunction with embodiments of the in-
vention.

[0014] FIG. 6 is a perspective view of an information
display made according to embodiments of the invention.
[0015] FIG. 7 is a front view of a display showing indi-
vidual pixels in a display made from OLEDs according
to embodiments of the invention.

[0016] FIG. 8 is a front view of the display shown in
FIG. 7 with a portion of the display covered by a shadow.
[0017] FIG.9is a block diagram showing components
that can be used to implement embodiments of the in-
vention.

[0018] FIG. 10 is a front view of the display shown in
FIG. 7, showing a pixel in an emit mode, and several
pixels in a sense mode, according to an embodiment of
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the invention.

[0019] FIG. 11isablock diagram showingcomponents
that can be used to implement embodiments of the in-
vention.

DETAILED DESCRIPTION

[0020] Embodiments of the invention include a display
made from LEDs, such as Organic LEDs (OLEDs) that
can alternately produce visible light and measure light
energy shining on the display. When forward biased by
a voltage and injected with electron-hole pairs, the
OLEDs emit photons that can be used to produce a dis-
play image. When the OLEDs are reverse biased, they
act as photodiodes and can measure an amount of light
energy sensed by them. The OLEDs can measure light
falling on them from external sources from outside the
display, or can measure light that is generated by neigh-
boring OLEDs. Switching circuits alternate the OLEDs
between an emit mode and a sense mode.

[0021] OLEDs operate on a principle of converting
electrical energy directly into light energy, a process
termed electroluminescence. To produce electrolumi-
nescence in an OLED, first the OLED is forward biased
by an external voltage. Then electrons and holes are in-
jected into a special organic material selected for its abil-
ity to electroluminesce. The electrons and holes meet in
the organic material and join together into an electron-
hole pair ("pair"), and in so doing can generate a photon,
thus producing light. When a matrix of OLEDs are
grouped in a display, and individually driven, they can be
used to form an image viewable on the display.

[0022] FIG. 1 shows an example of an OLED 10. Inits
simplest form, the OLED 10 includes a cathode 12 for
injecting electrons, an anode 14 for injecting holes, and
a layer of organic material 20 where the electrons and
holes can be combined. In many OLEDs 10, the anode
14 is transparent, or nearly transparent, so that light gen-
erated by the organic layer 20 can exit through the anode
and be seen by a viewer. Also, generally, the cathode 12
is made from a reflective material, so that any photons
that exitthe organiclayer 20 in the direction of the cathode
arereflected off the cathode and back through the organic
layer and out of the OLED 10, adding to the brightness
of the display.

[0023] The organic layer 20 may be made of several
different layers, each optimized for a specific function.
FIG. 2 shows an example of an OLED 10 formed on a
substrate 16, such as glass, where the organic material
20 is formed of three layers. A layer 20A sits adjacent to
the cathode 12, and is selected as an optimal electron
transport layer. Similarly, a layer 20C sits adjacent to the
anode 14 and is selected for its ability to transport holes.
A central layer 20B is optimized to produce photons from
the electron-hole pairs. Although three distinct layers are
shown in FIG. 2, each of the layers can in turn be formed
from one or more layers of different materials. Therefore
the organic layer 20 can be formed of any number of
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layers, in an effort to produce the best amount of photons
in the OLED 10. To avoid confusion, the layer of organic
material will be generically referred to as 20, unless dis-
tinction between the individual layers 20A, 20B, 20C is
necessary.

[0024] In addition to choosing an organic layer 20 that
generates the best amount of photons, the material mak-
ing the organic layer must be selected to generate pho-
tons of a certain color. Typically a display is made of tiny
adjacent pixel areas where one area produces a red sig-
nal (red pixel), one area a green signal (green pixel), and
one area a blue signal (blue pixel). Oftentimes this is
called an RGB display, for Red, Green and Blue. A typical
display has three different OLEDs adjacent to one an-
other, each having an organic layer 20 that produces
either red, green or blue photons, respectively. Some
OLEDs are formed from a stack of several organic layers
20, and use transparent cathodes 12 and anodes 14 so
that all three colors can be generated in the same phys-
ical pixel area. These OLEDs are called Stacked OLEDs
(SOLEDSs), and can produce very fine detail because they
have three times the density of non-stacked OLEDs. Typ-
ical displays for laptop computers have 1024 column pix-
els and 768 row pixels for each of the three colors red,
green and blue. An advantage to using SOLEDs for these
displays is that only 1024 x 768 pixels are used, and not
three times that amount, because each of the pixels in a
SOLED display is capable of producing a signal in red,
green and blue at the same time. Managing the output
of each of the different colored OLEDs so that an overall
uniform image is produced is a difficult task, for all types
of OLEDs.

[0025] As mentioned above, to generate photons from
the organic layer 20, the OLED 10 must be under forward
bias, i.e., a positive voltage is applied between the anode
12 and the cathode 14. An interesting phenomenon oc-
curs when an OLED 10 is not biased, or under reverse
bias; it becomes a photodiode, or photodetector.
[0026] FIG. 3 illustrates photodetection in a solid state
device. In FIG. 3 only the organic layer 20 portion of the
OLED 10 is shown. The organic layer 20 in FIG. 3 is
divided into different separate regions, 22, 24, 26, but,
even though they may be similar, these regions do not
necessarily correspond to the layers 20A, 20B and 20C
of FIG. 2. The region 22 (electron region) has an excess
of electron carriers and the region 26 (hole region) has
an excess of hole carriers. Between the electron region
22 and hole region 26 is a space charge depletion region
(SCDR) 24. The SCDR 24 has a built in electric field,
which begins at the electron region 22 and extends to
the hole region 26.

[0027] When a photon (light energy) enters the SCDR
24 having an energy level at least as large as a bandgap
voltage of the organic layer 20, the photon can create an
electron-hole pair 30, which is made of an electron 32
and a hole 36. Because the electron 32 has a negative
charge, and the hole 36 has a positive charge, they are
both immediately swept out of the SCDR 24 in opposite
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directions, due to the presence of the electric field. The
electron 32 is swept into the electron region 22 and the
hole 36 is swept into the hole region 26. If a circuit is
made between the electron region 22 and the hole region
26, this sweeping action can cause a current (photocur-
rent) to flow between these regions.

[0028] The photodiode of FIG. 3 may operate even with
zero outside bias. But because the SCDR 24 increases
in width when under reverse bias, and because more
photons land on the SCDR the wider it is, the OLED 10
is more sensitive to light and a better photon detector
when the OLED is reverse biased. Therefore, the OLEDs
10 are usually reverse biased when they are in the light
sensing mode. A sense driving circuit for applying re-
verse bias and measuring light energy falling onan OLED
10 is shown in FIG. 4, and generally indicated at 40. In
that figure, the OLED 10 is reverse biased by a positive
voltage applied at a frontterminal 42. In one embodiment,
the reverse bias applied to the OLED 10 is a dc voltage
having a level approximately between 0 and 10 volts, dc.
The reverse bias is generated by a sensing biasing circuit
50, which is coupled to the front terminal 42. A rear ter-
minal 44 is coupled to output sensing circuitry 60, which
could include e.g., a sense amplifier used to amplify the
photocurrent generated by the OLED sensing light. The
sensing circuitry 60 has an intensity output terminal 66,
where an output varies based on the amount of light en-
ergy hitting the OLED 10.

[0029] When light energy (indicated by wavy arrows)
falls on the OLED 10, current flows from the rear terminal
44, which is sensed and measured by the sensing cir-
cuitry 60 and output at the intensity terminal 66. The out-
put at the intensity terminal 66 indicates how much light
is falling on the OLED 10.

[0030] Each OLED 10 may have its own biasing circuit
50 and sensing circuitry 60, or many OLEDs can share
the same biasing and sensing circuits. By having the
same biasing 50 and sensing 60 circuits drive a series
of OLEDs 10, which is called multiplexing, a display can
be more economical to build because by sharing circuits,
fewer need be included in the display.

[0031] The light energy that the OLEDs 10 sense can
be light from any source, internal to a display or external
from it. For instance, the light may be ambient light in the
room that is sensed by the OLEDs 10, and the signal
generated from sensing it used to brighten or dim the
entire display accordingly. Or, the light sensed may come
from alight pen or laser pointer that is pointed at a screen
made of OLEDs 10. Further, the OLEDs 10 can sense
light emitted by other OLEDs. By having the OLEDs 10
be in a sense mode for at least a short time period during
a time a display is operating, the OLEDs 10 can be gen-
erating a portion of the display in one moment, then be
sensing light in another.

[0032] Just as light that is emitted from an OLED has
a certain spectral characteristics, light that is sensed by
the OLED also has spectral characteristics. In order to
be sensed by an OLED, the photon hitting the SCDR 24
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(FIG. 3) must have energy equal to or in some cases
greater than the bandgap voltage of the material com-
posing the organic layer 20. Because different materials
are used for the organic layers 20, in order to produce a
red, green, and blue signal, the spectrum sensitivity of
these materials may not be identical, and most likely
probably would not be the same as one another. Optimi-
zation of the selection and operation of the organic ma-
terial layer 20 to achieve the best emitting and sensing
characteristics is best performed by the implementer of
a system that uses sensing and emitting OLEDs.
[0033] In addition to sensing light that is shining from
outside a display, the OLEDs 10 can also sense light that
is within the display itself, i.e., light that is generated by
other OLEDs. As mentioned above, many of the photons
produced within the organic layer 20 (FIG. 1) do not exit
the OLED 10, but are rather self-extinguished in the or-
ganic layer, or exit the OLED 10 in a direction other than
out from the display to the viewer. In some displays only
about 1/3 of the total generated light is actually presented
to the user, with the rest being self-absorbed or emitting
in the direction of a neighboring OLED 10.

[0034] Although the OLEDs 10 cannot be in both the
emitting mode and sensing mode simultaneously, the
OLEDs 10 adjacent to an emitting OLED can be in sens-
ing mode. In this way, the OLEDs 10 can actively sense
an amount of light generated by a neighboring OLED, as
the neighboring OLED is generating light. Application of
these unique properties is discussed below.

[0035] FIG. 5 shows how the sense driving circuitry 40
can be easily modified to also incorporate forward driving
circuitry, to make a complete emitting and sensing driving
circuit 70 for an OLED 10. In addition to the components
present in the sense driving circuit 40, the complete emit-
ting and sensing driving circuit 70 includes a forward driv-
ing circuit 74 coupled to the rear terminal 44. Additionally,
a pair of switches 76, 78 is coupled to the OLED 10 to
connect the OLED to the proper emitting or sensing cir-
cuitry at the correct time. The forward driving circuit 74
provides a driving current to the OLED 10 to cause it to
emit photons. As more current is provided, more photons
are emitted by the OLED 10.

[0036] During forward operation, i.e., when the OLED
is in emit mode, the switch 76 couples the forward driving
circuit 74 to the rear terminal 44; and the switch 78 cou-
ples the front terminal 74 to a ground or other reference
voltage. When the OLED 10 is connected in this way and
when the forward driving circuit 74 is generating a signal
that causes the OLED to produce photons, the OLED
generates light and can be made as a part of a display.
[0037] As mentioned above, the signal generated by
the forward driving circuit 74 controls the light output of
the OLED 10 to which it is connected. Therefore, the
signal presented to the forward driving circuit 74 is an
emissive intensity level. By controlling the emissive in-
tensity levels for all of the pixels that make up a display,
an image can be made that is seen by a viewer. Each of
the different colors of OLEDs 10 will have their own emis-
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sive intensity levels to produce the same brightness level
of output. Therefore, one solution in a display is to have
a different set of forward driving circuitry 74 for each of
the different colors of OLEDs 10. In other words, in those
embodiments, at a minimum one set of forward driving
circuitry 74 for each color, red, green, and blue must be
included in the display.

[0038] During reverse operation (sense mode), the
switch 76 couples the rear terminal 44 to the sensing
circuitry 60, and the switch 78 couples the front terminal
42 to the sensing biasing circuit 50, forming a circuit sim-
ilar to that shown in FIG. 4. As mentioned above, the
sensing biasing circuit 50 reverse biases the OLED 10
anywhere from about 0 volts to about 10 volts, dc. During
operation when the OLED 10 is connected in this mode,
the OLED senses light energy falling on it. As mentioned
above, the light energy sensed by the OLED 10 can be
from an external source, i.e. from a source outside a dis-
play, or can be from another source inside the display
itself, i.e. from another OLED.

[0039] The switches 76, 78 can operate very quickly
to change the OLED 10 from emitting to sensing mode
very fast. The physical switching time of the OLED 10,
which is related to the physical parameters of the organic
material layer 20 (FIG. 1) is on the order of a few nano-
seconds. Therefore, it is possible that the switches 76,
78 can be switched thousands or even millions of times
per second. If the same emitting and sensing circuitry 70
is driving a large group of OLEDs 10, parasitic capaci-
tance issues may prevent the emitting and sensing cir-
cuitry from changing that fast.

[0040] The duty cycle of the OLED 10, which is the
time the OLED is in emit mode compared to the entire
operating time of the OLED, need not be 50%. Nothing
prevents the OLED 10 from having a non-equal duty cycle
between the emit mode and sense mode. For instance,
having the emit mode only operative 50% of the time, as
would be the case if there were an equal duty cycle be-
tween the emit and sense modes, may produce a display
less bright than desired. Depending on what function the
sensing mode is being used for in a display, the OLED
10 may be in the emit mode from 100 to 0 percent of the
time, while being in sensing mode from 0 to 100 percent
of the time. Additionally, not all of the OLEDs 10 in a
display need to be in the same mode at the same time.
For instance, there may be an average of 1 in 20 LEDs
in the sense mode, reading light that is shining on a com-
puter monitor while the other 19 are in emit mode.
[0041] As described with reference to FIG. 5, the for-
ward driving circuit 74 can actually drive more than one
OLED 10, by multiplexing the driving circuit to drive many
OLEDs that operate at different times. Multiplexing is a
way to save costs that is fairly easy to implement and
does not cause any appreciable loss in image quality.
[0042] One way of making a display device from a se-
ries of OLEDs 10 is illustrated in FIG. 6. In that figure, a
display 100 is shown, which includes cathodes 112, an-
odes 114, and an organic layer or layers 120. In the dis-
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play 100 of FIG. 6, the anodes 114 are fairly narrow and
evenly spaced apart in a first direction, and affixed to a
see-through substrate 116, such as glass. The cathodes
112 are also fairly narrow and evenly spaced apart, but
they are placed in a direction perpendicular to the direc-
tion of the anodes 114. The end product is the display
100 that has a separate diode 110 at every junction be-
tween a cathode 112 and ananode 114. If there are twen-
ty cathodes 112 and twenty anodes 114 in the display
100, then there would be four-hundred diodes 110 in the
display. With little modification and using techniques well
known in the art, the display 100 could be made as either
a passive type display or an active type display, a differ-
ence being the presence of individual transistors and en-
ergy storage devices used for each pixel in the active
type display.

[0043] FIG.7 shows afront view of a display 130 made
according to embodiments of the invention. The display
130 has 48 total diodes 110, arranged in an 8x6 matrix,
with rows labeled A-F and columns labeled 1-8. In prac-
tice, there would be many more diodes 110 in the display
130, of course, and they be so close that they were nearly
indistinguishable from one another, unless the display
was viewed under magnification.

[0044] Each of the diodes 110 in the display 130 is
capable of operating in either the emit mode or the sense
mode. As mentioned above, the emitting and driving cir-
cuitry 70 can be multiplexed to drive several of the diodes
110. One method of multiplexed driving is to simultane-
ously drive all of the diodes 110 in a single row, and then
sequentially drive all of the rows making up the display
130, one row at a time. For instance, to create an image
on the display 130, the emitting circuitry 40 could first
drive all the diodes 110 in row A. After driving those di-
odes 110, the emitting circuitry would switch and drive
all the diodes in row B. This would continue through the
rows A-F until all of the rows have been driven, and the
image generated on the display 130. The changing be-
tween the rows A-F happens so fast that the viewer of
the image in the display 130 would not detect any switch-
ing or strobing of the rows, and instead the image appears
as a constant image on the display.

[0045] By makingadisplay 130 having diodes 110 that
can both emit and sense light, functions to monitor the
output of the display, even during the operation of the
display, are achievable. In the following discussion of op-
erational functions of the display 130, it is assumed that
each diode 110 can be individually controlled to be in
either the emit state, the sense state, or an off state where
it is neither emitting nor sensing. Therefore, instead of a
display 130 built as shown in FIG. 6, with all of the cath-
odes 112 in a row (or column) connected and all of the
anodes 114 in a column (or row) connected, itis assumed
that both the cathode 112 and the anode 114 are sepa-
rate, allowing individual control of all of the diodes 110,
as schematically shown in FIG. 5.
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Sensing brightness from ambient light

[0046] By making a display 130 from diodes 110 that
can both emit and sense light, the brightness of each of
the diodes in the display can be individually controlled.
In such a mode at least some of the diodes 110 of the
display 130 toggle between their emit and sense states,
or some of the diodes 110 remain in their sense states.
The number of diodes 110 in the sensing state is deter-
mined by a number of factors, including, for instance, the
energy sensing sensitivity of the individual diodes, and
where in the display 130 the sensing diodes are placed,
etc. In the sensing ambient light mode, the diodes 110
turn on for a time period in their emit mode to make their
portion of the image on the display 130. Then the diodes
110 switch to their sense state and sense ambient light
falling on the display 130. In their sense state, each of
the diodes 110 quantifies the amount of light falling on it.
When the diodes 110 change again back to their emit
state, they use the quantified information of how much
light is/was striking them in the present or in the previous
sense state to control the current brightness of the indi-
vidual diode. In other words, when the diodes 110 sense
more light energy shining on them than in a previous
cycle, or they sense more light energy shining on them
than other diodes 110 in the present cycle, or when the
sense an amount of light more than a permanently stored
value, more driving current is supplied to those particular
diodes to make the diodes shine brighter. Conversely, if
the diodes 110 have less light energy shining on them
than those diodes around them, or have less light energy
than they did in a previous cycle, or measure less light
than a previously stored value, less current is applied to
those diodes, and they will shine less brightly in the
present cycle.

[0047] For an example toillustrate this mode, consider
a shadow 140 covering a portion of the display 130, as
shown in FIG. 8. Those of the diodes 110 that are com-
pletely in the shadow 140 (E8, F7-8) would sense less
light energy than those diodes around them or than when
the shadow was not present. Those diodes that are par-
tially in the shadow 140 (D8, E7, F6) would also sense
an amount of light energy between those diodes 110 that
were completely out of the shadow 140, and those that
were completely in it. Data of the reduced light energy is
fed back to the emitting and sensing driving circuitry 70,
which would in turn proportionally decrease the emission
current output to those cells that were either partially or
fully in the shadow, making them shine less brightly.
Those diodes 110 outside of the shadow 140 would con-
tinue to be driven by the same energy as before the shad-
ow was present. The result is a display 130, partially oc-
cluded by a shadow 140, but appearing to the viewer as
one having constant brightness across the entire display.
[0048] Another example (not shown in FIG. 8) is a dis-
play 130 that has a flashlight shining a beam on a portion
of the display. When each of the diodes 110 that are
under the flashlight beam detects that they are in a lighted
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area, it signals the presence of the light energy to the
emitting and sensing driving circuitry 70, which automat-
ically increases its light output to compensate for the
flashlight beam. The other diodes 110 remain atthe same
brightness output as before. Again, similar to where the
display 130 is partially blocked by a shadow, 140, the
viewer sees uniform brightness across the entire display.
By switching quickly enough between the emitand sense
states, the display 130 can self-correct brightness con-
ditions in real time. Therefore, no change in brightness
of the display 130 would be detected, even as the flash-
light beam sweeps across the display.

[0049] For embodiments of this mode, it is not neces-
sary that every diode 110 switch between the emit mode
and the sense mode. For example the display 130 may
be set up so that some diodes 110 that are spread over
different areas of the screen are always in the sense
mode, while other diodes are never in the sense mode.
This would be akin to having photodiodes placed all about
the screen, but not interfering with the image showing on
the display 130. As few as one diode 110 or as many as
all of the diodes 110 of the display 130 can be used to
sense the ambientlight during some time of the duty cycle
of the diodes, with the signal received from the sensing
diodes being used by the emitting and sensing driving
circuitry 70 to modulate the emission signal of all of the
emitting diodes.

[0050] An example system that could implement such
a display mode as describe above is shown in FIG. 9.
The display 130 has different amounts of light, or other
detectable energy 220 shining on different portions of it.
The amount of energy sensed is fed back to a feedback
controller 210, which accesses data from the previous
cycles stored in a memory or storage 212, and interfaces
with one or more compensation processes or tables 216.
The feedback controller 210 determines how much to
adjust the driving energy applied to the forward driving
circuitry 74, if any, and provides that signal to the driving
circuitry. The forward driving circuitry 74 then drives the
diodes 110 with the proper current to produce the proper
amount of intensity for the generated image.

[0051] In more detail, at least one of the diodes 110
(not shown individually) that makes up the display 130
senses the amount of light 220 shining on it. The sensed
light information is measured by the sensing circuitry 60,
which is a part of the emitting and sensing driving circuitry
70 (FIGs. 4 and 5), and is fed to the light energy feedback
controller 210. The feedback controller 210 is coupled to
the diode energy data storage 212, which is divided into
four sections. A first section 212A stores the amount of
energy received by the diodes 110 in the previous cycle,
and may include historical data for several cycles. A sec-
ond section 212B stores the amount of energy received
by the diodes in the current cycle. A section 212C stores
an indication of the amount of driving current applied to
the diodes 110 in the previous cycle, which again may
include several previous cycles of data. A section 212D
stores anindication of an amount of current to be supplied
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to the diodes in the present cycle.

[0052] The feedback controller 210 accesses whatev-
er information is needed from the data storage 212, and
communicates with any necessary compensation tables
216 to determine the correct amount of driving current to
supply to the diodes 110 to compensate for any outside
influence. Of course, the compensation tables 216 need
not be tables at all, and could be a process that runs a
function based on input provided by the feedback con-
troller 210, and provides the function output in return.
[0053] Forexample, to sense ambientlight, the diodes
that are in the sense mode supply the amount of sensed
light 220 to the feedback controller 210. The feedback
controller can retrieve the amount of light 220 sensed in
previous cycles from the section 212A, or it may compare
the amount of light sensed with the other diodes 110 on
the display 130, or may even compare that amount with
a set of permanently stored values. The feedback con-
troller then communicates with the compensation tables
216 to determine the new level of current for driving the
diodes, then communicates the new level to the data stor-
age 212, to be stored in the section 212D, and to the
forward driving circuitry 74 to be applied to the individual
pixel. In this way, any number of pixels in the display 130
can sense an amount of ambient light, which may be
applied to a representative group, or individually to each
of the pixels in the display.

Uniformity calibration of pixel brightness

[0054] A moderelatedtothe above modeisthatdiodes
110 in the display 130 can be used to help calibrate the
individual brightness response of other diodes 110 from
a standard driving current. As mentioned above, due to
a variety of factors, individual OLEDs 10 can produce
differing amounts of brightness even when they are driv-
en by the same amount of driving current. A display 130,
which is made from diodes 110 that can both emit and
sense light, can compensate for these individual differ-
ences, either when the display 130 is being manufac-
tured, or during the operation of the display 130.

[0055] When the display 130 is being manufactured,
a uniformity calibration can be performed by measuring
the output of each of the individual diodes 110, and nor-
malizing them against one another. For instance, the dis-
play 130 can be controlled to set a diode 110 in its emit
mode, and set neighboring diodes in their sense mode.
FIG. 10 shows a diode 110 at location D3 being tested.
In this example, the diode 110 at D3 is in its emit mode,
while others around it (A1, B2-4, C2-4, D1-2, D4-5, E2-4,
and F2-4) are set in their sense mode. If the display 130
included an additional row, then diode 110 at F3 would
also be in its sense mode. Of course, any number of
diodes 110 may be used in the sense mode, and not only
those shown in FIG. 8B. External light shining on the
display 130 may be minimized by performing the test in
adarkened condition, or other techniques used to ensure
that a uniform amount of light is showing on the display,
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as non-uniform lighting may skew the uniformity test.
[0056] The diode 110 at D3 is lit by driving it with an
emitting signal as described with reference to FIG. 5, and
the surrounding diodes (A1, B2-4, C2-4, D1-2, D4-5,
E2-4, and F2-4) measure the amount of light internally
generated by the lit diode D3. The results may be record-
ed for later changes, or the diodes 110 can be adjusted
in real-time by having the diodes in sense mode feedback
their information through the forward driving circuit 74
(FIG. 5).

[0057] If the data is recorded for the brightness char-
acteristics of each diode 110, then once the performance
data for the first diode is recorded the display 130 puts
another diode 110 in emit mode, e.g., D4. The diodes in
an area around the diode D4 then similarly change to the
sense mode, and the test is repeated. This procedure
continues until all of the diodes 110 of the display 130
have been measured, and possibly until they have been
measured multiple times and under different conditions.
Another way to check the brightness of all of the diodes
110 is to light all of the diodes in one row simultaneously,
set the diodes in adjacent rows to the sense mode, and
read the amount of light sensed by rows of diodes above
and below the lit row. Except for the diodes 110 near the
end of the rows, the brightness should be relatively uni-
form for each of the sensing pixels in the middle of the
rows.

[0058] Once the diodes 110 of the display 130 have
been measured, adjustments can be made to the diodes
to normalize their output to one another, such as by
changing their driving current, or applied driving current,
etc. Another embodiment may store an indicator of the
brightness of each diode 110, and later when the diode
110 is in its emit mode, modify its driving current by con-
sulting the stored indication of its previous brightness
score.

[0059] A combination of the above two modes could
include performing a normalizing brightness test on each
of the diodes 110 in the display 130, and initially set each
diode accordingly. Later, as the brightness of the diodes
110 change over time, e.g., as the display 130 ages, the
diodes in their sensing mode can automatically correct
for changes in brightness by using the techniques de-
scribed above. In this way, embodiments of the invention
are capable of performing both an initial brightness cal-
ibration, such as one done at manufacture, and/or a self-
calibration, such as one performed periodically, and/or
even still as a continuing brightness calibration, in real-
time as the display 130 is operated.

[0060] The system shown in FIG. 9 could be used to
implement the brightness calibration mode. In operation
it functions similar to sensing ambient light, described in
the above section, but instead, in this case the light is
generated by the diodes themselves. Previous data of
the brightness intensity is stored in the memory 212A,
which is accessed by the feedback controller 210. The
feedback controller 210 determines what that proper driv-
ing signal should be with the help of the compensation
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tables 216, and sends that signal to the forward driving
circuitry 74, and may send the data to be stored in the
section 212D of the memory 212 as well.

Gamma uniformity calibration of pixels

[0061] Embodiments of the invention are additionally
able to perform a gamma uniformity of the diodes 110 of
the display 130 based on the actual gamma response of
the individual diodes. This mode is similar to the bright-
ness uniformity of the individual diodes 110 described
above, and could be implemented in a similar way where
one or more diodes are tested while others measure their
performance. One difference, however, is that measure-
ments of the output of the diodes 110 is made for output
of the diodes from full dark to full bright (the "gamma
curve" or "general transfer function" of driving current to
brightness output). The measurements can be made in
a relatively few points along the curve, or they can be
made at many points along the curve. The "gamma num-
bers" may be used only once when the display is being
manufactured to permanently modify the gamma curve
for the individual diodes 110, or they may be stored in
the display 130 for later updating. Similar to the bright-
ness test described above, embodiments of the invention
are capable of performing both an initial gamma calibra-
tion, such as at manufacture, or a self-calibration, such
as one performed periodically, or even still as a contin-
uing gamma calibration, in real-time as the display 130
is operated.

[0062] A gamma uniformity test could be a portion of
a self test performed when a user powers the display
130, whereby the gamma numbers that were stored pre-
viously were are updated, or the gamma uniformity test
could be performed upon request of the user.

[0063] The system shown in FIG. 9 could also be used
to implement the gamma uniformity mode, similar to the
way the brightness uniformity mode is implement. One
difference would be that the memory 212 could store data
points along the gamma curve for each of the diodes 110,
and not just a single brightness number. Another differ-
ence would be the tables or functions that the feedback
controller 212 would communicate with in the compen-
sation tables 216. As above, once the new driving signals
were determined, they would be sent to the forward driv-
ing circuitry 74 to drive the diode 110, and also stored in
the data storage 212.

Sensing an external pointing device

[0064] A further possibility of use for the display 130
is that it could be used to sense the position of a laser or
other type of external pointing device, and even possibly
integrate the response of the pointing device with oper-
ations performed on the display. As shown above, the
display 130 can sense when light energy is striking the
display, in real time. Also, by determining which of the
pixels are sensing energy, the position of the energy on
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the display 130 can be determined. Therefore, an appli-
cation of this feature can detect the presence and position
of a pointing device, and, once the presence and position
is known, could even allow the movements of the pointing
device shining on the screen to control the output of the
display 130.

[0065] A system that could implement this mode is il-
lustrated in FIG. 11. In that system, the display 130 has
a laser pointer 250 or other energy source shining on the
display. The location of where the pointer 250 is pointing
on the screen and any action taken by the pointer, such
as clicking or double-clicking, is determined by a pointer
position interface 252. The positional and action informa-
tion is forwarded to an image generator 260, which can
utilize the actions as input to determine which image to
show next. Once determined, the image generator sends
the image data to the forward driving circuitry 74 to drive
the diodes 110 (not individually shown in FIG. 11) of the
screen 130 to make the displayed image.

[0066] Inone embodiment, the movement of the point-
er 250 could simply be substituted for the input of a com-
puter mouse. Pointing action is performed by tracking
where the pointing device is currently positioned on the
display 130 by sensing the light energy by having several
or all of the diodes 110 in the display be in sensing mode
at some time. A clicking action could also be sensed by
detecting a pulse of light from the pointer, or perhaps a
different frequency pointer (different color) could provide
the distinction between a clicking action and a non-click-
ing one, for example. It is possible that all of the diodes
110 of the display 130 be in sensing mode during times
they are not emitting light. For example, if only one row
of diodes 110 is being driven to emit light at a particular
instant, the other rows, which would otherwise be in an
idle mode or turned off, could be in the sense mode.
[0067] In operation, the pointer could select objects
being displayed on the display 130, such as a presenta-
tion having "next" arrows, or a Hyper Text Markup Lan-
guage (HTML) page being shown. Clicking on a portion
of the HTML page could cause other HTML pages or
images to be shown on the device 130.

[0068] In more detail, the system shown in FIG. 11
includes a pointer position locator 254 coupled to the
pointer position interface. Additionally coupled to the
pointer interface is a sensed energy data storage 256,
which is used to store energy data sensed by the diodes
110 of the display in the previous cycle or cycles. The
location where the pointer 250 is pointing could be de-
termined by comparing the sensed energy from the di-
odes 110 to one another, or by comparing them to the
energy sensed by the diodes in a previous sensing cycle.
Because the pointer 250, especially if it is a laser pointer,
is very focused and bright, an exact position on the screen
should be straightforward to calculate based on the
amount of light energy sensed by the diodes in sensing
mode. Also, the pointer position interface could calculate
a pointer action, similar to a mouse click, by detecting a
pulsed pointer, or a pointer switched to another color,
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which may affect the amount of energy sensed by the
diodes 110.

[0069] The position and state of the pointer 250 is
passed to the image generator 260 as a form of input.
The image generator can then determine which image
to show next, and communicate with an image storage
controller 262 to select the proper image. An image re-
pository 268 is coupled to the image storage controller
and stores a number of frames to be displayed. As an
example, assume the display 130 is showing a power
point presentation that has a forward arrow to select the
next slide, and a back arrow to select another slide. The
pointer 250 clicks on the back arrow, which is sensed by
the pointer position interface and sent to the image gen-
erator 260. The image generator knows to go back to the
most recently shown frame, and directs the image stor-
age controller to select that frame from the frame repos-
itory 268. Once selected, the image data is sent back to
theimage generator, which formats itand sends the prop-
er signals to the forward driving circuitry 74 to drive the
diodes 110 with the signals to create the desired image.
[0070] Although the above examples described the
display 130 detecting an external light signal, such as
from the light pointer 250, the display is equally effective
atdetecting an external shadow. Forinstance, the display
130 could detect a shadow made by an operator’s finger,
thereby having function similar to a touch screen.

Electronic white board

[0071] A display 130 such as described herein could
be a component of an electronic display screen, operat-
ing in much the same way as for detecting a pointing
device above. In this operation, light generated from a
light pen, or other device, is sensed by the diodes 110
of the display 130. Input sensed by the display 130 is
immediately sentto the pointer position interface 252 that
reads the input, and sends that input to the image gen-
erator 260. The image generator determines an image
to show and sends the image to the roward driving cir-
cuitry 74 to show the image on the display 130. For ex-
ample, if a viewer "wrote" the letters INTEL® on a display
130 using a light pen, the display could show the same
letters display, as it is being written. In a related embod-
iment, the display 130 could sense different "colors" of
light pens, such as, for example, by assigning a certain
frequency or intensity to a particular color of pen, then
associating the particular sensed pen with a color previ-
ously stored in the image generator 260. Then, the as-
sociated color is shown on the display 130 in the areas
where that particular color was used as input to the dis-
play.

[0072] By creating display that can simultaneously
emit an image in one portion while detecting energy input
to the display at another portion, or that can switch be-
tween emitting and sensing modes quickly enough to
avoid detection, tremendous possibilities for use exist.
In effect, such a display becomes both an input and an
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output device, where images can be outputted to a view-
er, but where the viewer can also interact with the display
as an input. Any form of energy that is capable of being
sensed by the display as disclosed above can be used
as an input to the system that is coupled to the display.
OLEDs may be capable of emitting only a narrow band-
width of light, but be able to sense a much larger band-
width.

[0073] Although examples of displays made from
OLEDs have been discussed above, nothing prevents
embodiments of this invention to work with other types
of LEDs, for example those made with inorganic semi-
conductor material such as Silicon or Gallium-Arsenide.
Any diode that is capable of emitting photons in one mode
and sensing energy in a second mode can be incorpo-
rated into embodiments of the invention.

[0074] Implementation of the display that can emit and
sense photons is straightforward to implement in light of
the above disclosure. As always, implementation details
are left to the system designer. The circuits used to drive
the diodes in the display may be implemented in any way,
with any components as long as they can cause the di-
odes to perform the necessary functions in the display.
One particular optimization that may be best determined
empirically is the duty cycle of the diodes between the
emitting mode and the sensing mode. Having the diodes
spend the majority of a duty cycle in the emitting mode
may yield better display efficiencies, while having the di-
odes spend the majority of the duty cycle in the sensing
mode may yield better energy detecting efficiencies.
[0075] Thus, although particular embodiments for a
display including an energy sensing diode has been dis-
cussed, it is not intended that such specific references
be considered as limitations upon the scope of this in-
vention, but rather the scope is determined by the follow-
ing claims

Claims
1. Addisplay system, comprising:

a plurality of Light Emitting Diodes LEDs (110)
forming a display panel (130), at least some of
the LEDs (110) of the display panel operable in
an emit mode, and at least some of the LEDs
(110) of the display panel capable of sensing
and emitting light;

a driving circuit (74) to drive at least some of the
LEDs;

a sensing circuit (60) to sense light received at
some of the LEDs;

a switch coupled with the driving circuit (74) and
sensing circuit (60) to switch some of the LEDs
(110) from a sense mode to an emit mode; and
an LED brightness adjusting circuit (210) cou-
pled to both the sensing circuit (60) and the driv-
ing circuit (74), and configured to modulate a
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brightness of an output of an LED in the display
panel operable in the emit mode based on a sig-
nal received from an LED in the display panel
operable in the sense mode

characterized in that the LED of the display panel
operable in the sense mode is configured to sense
light from the LED in the display panel operable in
the emit mode.

The display system of claim 1 wherein the plurality
of LEDs (110) of the display (130) are operable in
the emit mode and in the sense mode.

The display system of claim 1 wherein one or more
of the plurality of LEDs (110) comprises an organic
material.

The display system of claim 1 wherein the sensing
circuit (60) comprises areverse bias circuit (50) cou-
pled to some of the plurality of LEDs (110).

The display system of claim 1 wherein the sensing
circuit (60) can sense an amount of light energy re-
ceived by any of the plurality of LEDs (110).

The display system of claim 1 wherein the sensing
circuit (60) can sense an amount of light energy gen-
erated from outside the display panel.

The display system of claim 1 wherein the sensing
circuit (60) is coupled to a first LED, and wherein the
sensing circuit (60) comprises:

a reverse biasing circuit (50) coupled to a first
terminal (42) of the first LED; and

a sensing circuit coupled to a second terminal
(44) of the first LED.

The display system of claim 7 wherein the sensing
circuit comprises a sense amplifier.

The display system of claim 1 wherein the driving
circuit (74) is adapted to be coupled to a first group
of LEDs operable in the emit mode while not being
coupled to a second group of LEDs operable in the
emit mode.

The display system of claim 9 wherein the first group
of LEDs are all in a same row of the display panel.

The display system of claim 1 wherein the driving
circuit (74) is adapted to be coupled to a row of LEDs
operable in the emit mode while the sensing circuit
is adapted to be coupled to a row of LEDs operable
in the emit mode, the row of LEDs operable in the
emit mode adjacent to the row of LEDs operable in
the sense mode.

10

15

20

25

30

35

40

45

50

55

10

EP 1 461 795 B1

12,

13.

14.

15.

16.

17.

18.

19.

20.
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The display system of claim 1 wherein the LED (110)
of the display panel operable in the sense mode is
configured to sense light from a source external to
the display panel (130).

The display system of claim 1, further comprising:

a uniformity calibration circuit (210) coupled to
both the sensing circuit (70) and the driving cir-
cuit (74), and configured to adjust the output of
an LED in the display panel (130) operable in
the emit mode based on the output of another
LED in the display panel operable in the emit
mode that is sensed by an LED in the display
operable in the sense mode.

The display system of claim 13 wherein the uniform-
ity calibration circuit (210) is a gamma uniformity cal-
ibration circuit and is operable to adjust the output
of the LED (110) in the display panel (130) operable
in the emit mode over a range of output intensities.

The display system of claim 1, further comprising:

a positional circuit (252) coupled to the sensing
circuit (60) and structured to determine a posi-
tion on the display panel (130) at which an ex-
ternal light source (250) is pointing.

The display system of claim 15 wherein the positional
circuit (252) is configured to compare outputs of one
or more LEDs in the display panel (130) operable in
the sense mode.

The display system of claim 15, further comprising
an image generator (260) coupled to the position cir-
cuit (252), the image generator structured to gener-
ate an image responsive to an output from the posi-
tion circuit.

The display system of claim 1 wherein one or more
of the plurality of LEDs (110) are Stacked Organic
Light Emitting Diodes SOLED.

The display system of claim 18 wherein one or more
of the LEDs of the display panel operable in the
sense mode are Stacked Organic Light Emitting Di-
odes SOLEDs.

The display system according to one of the claims 1
to 3, 5,6 and 9 to 19, wherein said driving circuit (74)
is a forward driving circuit adapted to couple a first
terminal (44) of one of said LEDs of the display panel
operable in an emit mode, the forward driving circuit
structured to cause the one of said LEDs of the dis-
play panel operable in an emit mode to produce an
electroluminescent output;

a biasing circuit (50) being coupled to a first terminal
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(42) of one of said LEDs of the display panel operable
in a sense mode, the biasing circuit structured to
cause the one of said LEDs of the display panel op-
erable in a sense mode to be in a sense mode; and
said sensing circuit (60) coupled to a second terminal
(44) of the one of said LEDs of the display panel
operable in a sense mode.

The display device of claim 20 wherein said LEDs
of the display panel operable in a sense mode are
capable of sensing light energy that is directed on
them from outside the display device.

The display device of claim 20 wherein at least some
diodes in said LEDs of the display panel operable in
an emit mode are also in said LEDs of the display
panel operable in a sense mode.

The display device of claim 20 wherein said LEDs
of the display panel operable in an emit mode are
arranged in a first row in the display device, and
wherein said LEDs of the display panel operable in
a sense mode are arranged in a second row in the
display device, the first row being adjacent to the
second row.

The display device of claim 20 wherein at least one
of said LEDs of the display panel in an emit mode
comprises an organic layer.

A method for operating a display system that in-
cludes a display device (130) having one or more
diodes (110) structured to generate electrolumines-
centlight, and having one or more diodes (110) struc-
tured to sense light energy shining on them, the
method comprising:

driving the diodes (110) structured to generate
light to cause an image to be shown on the dis-
play device (130);

measuring an amount of light energy shining on
the diodes (110) structured to sense light ener-
gy, wherein the diodes (110) structured to sense
light energy are configured to sense light from
the diodes structured to generate electrolumi-
nescent light; switching at least one diode (110)
between generating and sensing light, wherein
the at least one diode is driven in a first portion
of adisplay cycle and senses light energy in sec-
ond portion of the display cycle; and

sensing an amount of light generated by a par-
ticular diode in the display device; and
adjusting a driving signal used for driving the
particular diode.

The method of claim 25 wherein driving the diodes
(110) and measuring an amount of light energy oc-
curs simultaneously.
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The method of claim 25 wherein driving the diodes
(110) occurs during afirst portion of the display cycle
and wherein measuring an amount of light energy
occurs during a second portion of the display cycle.

The method of claim 27 wherein at least one diode
(110) is both driven in the first portion of the display
cycle and senses light energy in the second portion
of the display cycle.

The method of claim 25 wherein measuring an
amount of light energy comprises measuring an
amount of light energy generated by driving the di-
odes structured to generate light.

The method of claim 25, further comprising:

adjusting an overall brightness of the display de-
vice (130) based on the amount of

light energy falling on the light sensing diodes
(110).

The method of claim 30 wherein adjusting an overall
brightness of the display comprises modulating a sig-
nal used to drive the diodes structured to generate
light.

The method of claim 25 wherein adjusting a driving
signal used for driving the particular diode comprises
adjusting a driving signal used for driving the partic-
ular diode at several points along a gamma curve of
the particular diode.

The method of claim 25, further comprising detecting
a position on the display device of where an external
pointing device (250) is shining.

The method of claim 33 wherein the external pointing
device(250) is a laser pointer.

The method of claim 33, further comprising gener-
ating an image on the display device based on a
signal detected from the external pointing device
(250).

Patentanspriiche

1.

Anzeigesystem, das Folgendes umfasst:

mehrere Leuchtdioden LEDs (110), die ein An-
zeigefeld (130) bilden, wobei mindestens einige
der LEDs (110) des Anzeigefeldes in einem Aus-
sendemodus arbeiten kdnnen und mindestens
einige der LEDs (110) des Anzeigefeldes in der
Lage sind, Licht zu detektieren und auszusen-
den;

einen Ansteuerschaltkreis (74) zum Ansteuern
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mindestens einiger der LEDs;

einen Detektionsschaltkreis (60) zum Detektie-
ren von Licht, das an einigen der LEDs empfan-
gen wird;

einen Schalter, der mit dem Ansteuerschaltkreis
(74) und dem Detektionsschaltkreis (60) gekop-
pelt ist, um einige der LEDs (110) von einem
Detektionsmodus in einen Aussendemodus
umzuschalten; und

einen LED-Helligkeitsjustierschaltkreis (210),
der sowohl mit dem Detektionsschaltkreis (60)
als auch dem Ansteuerschaltkreis (74) gekop-
pelt ist und dafir konfiguriert ist, eine Helligkeit
einer Ausgangsleistung einer LED in dem An-
zeigefeld, die in dem Aussendemodus arbeiten
kann, auf der Grundlage eines Signals, das von
einer LED in dem Anzeigefeld, die in dem De-
tektionsmodus arbeiten kann, kommend emp-
fangen wird, zu modulieren,

dadurch gekennzeichnet, dass die LED des An-
zeigefeldes, die in dem Detektionsmodus arbeiten
kann, daflr konfiguriert ist, Licht von der LED in dem
Anzeigefeld, die in dem Aussendemodus arbeiten
kann, zu detektieren.

Anzeigesystem nach Anspruch 1, wobei die mehre-
ren LEDs (110) der Anzeige (130) in dem Aussen-
demodus und in dem Detektionsmodus arbeiten
kénnen.

Anzeigesystem nach Anspruch 1, wobei eine oder
mehrere der mehreren LEDs (110) ein organisches
Material umfassen.

Anzeigesystem nach Anspruch 1, wobei der Detek-
tionsschaltkreis (60) einen Umkehrvorspannschalt-
kreis (50) umfasst, der mit einigen der mehreren
LEDs (110) gekoppelt ist.

Anzeigesystem nach Anspruch 1, wobei der Detek-
tionsschaltkreis (60) einen Betrag von Lichtenergie
detektieren kann, der durch beliebige der mehreren
LEDs (110) empfangen wird.

Anzeigesystem nach Anspruch 1, wobei der Detek-
tionsschaltkreis (60) einen Betrag von Lichtenergie
detektieren kann, die von auRerhalb des Anzeige-
feldes erzeugt wird.

Anzeigesystem nach Anspruch 1, wobei der Detek-
tionsschaltkreis (60) mit einer ersten LED gekoppelt
ist und wobei der Detektionsschaltkreis (60) Folgen-
des umfasst:

einen Umkehrvorspannschaltkreis (50), der mit
einem ersten Anschluss (42) der ersten LED ge-
koppeltist; und einen Detektionsschaltkreis, der
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mit einem zweiten Anschluss (44) der ersten
LED gekoppelt ist.

Anzeigesystem nach Anspruch 7, wobei der Detek-
tionsschaltkreis einen Leseverstarker umfasst.

Anzeigesystem nach Anspruch 1, wobei der Ansteu-
erschaltkreis (74) daflir geeignet ist, mit einer ersten
Gruppe von LEDs gekoppelt zu werden, die in dem
Aussendemodus arbeiten konnen, wahrend er nicht
mit einer zweiten Gruppe von LEDs gekoppelt ist,
die in dem Aussendemodus arbeiten kdnnen.

Anzeigesystem nach Anspruch 9, wobei die erste
Gruppe von LEDs alle in derselben Zeile des Anzei-
gefeldes angeordnet sind.

Anzeigesystem nach Anspruch 1, wobei der Ansteu-
erschaltkreis (74) dafir geeignet ist, mit einer Zeile
von LEDs gekoppelt zu werden, die in dem Aussen-
demodus arbeiten kdnnen, wahrend der Detektions-
schaltkreis dafiir geeignet ist, mit einer Zeile von
LEDs gekoppelt zu werden, die in dem Aussende-
modus arbeiten kdnnen, wobei die Zeile der LEDs,
die in dem Aussendemodus arbeiten kdnnen, neben
der Zeile der LEDs angeordnet ist, die in dem De-
tektionsmodus arbeiten kénnen.

Anzeigesystem nach Anspruch 1, wobei die LED
(110) des Anzeigefeldes, die in dem Detektionsmo-
dus arbeiten kann, dafiir konfiguriert ist, Licht von
einer Quelle zu detektieren, die sich aufterhalb des
Anzeigefeldes (130) befindet.

Anzeigesystem nach Anspruch 1, das des Weiteren
Folgendes umfasst:

einen GleichmaRigkeitskalibrierungsschaltkreis
(210), der sowohl mit dem Detektionsschaltkreis
(70) als auch dem Ansteuerschaltkreis (74) ge-
koppelt ist und dafur konfiguriert ist, die Aus-
gangsleistung einer LED in dem Anzeigefeld
(130), die in dem Aussendemodus arbeiten
kann, auf der Grundlage der Ausgangsleistung
einer anderen LED in dem Anzeigefeld, die in
dem Aussendemodus arbeiten kann, die durch
eine LED in der Anzeige detektiert wird, die in
dem Detektionsmodus arbeiten kann, zu justie-
ren.

Anzeigesystem nach Anspruch 13, wobei der
GleichmaRigkeitskalibrierungsschaltkreis (210) ein
Gamma- GleichmaRigkeitskalibrierungsschaltkreis
istund in der Lage ist, die Ausgangsleistung der LED
(110) in dem Anzeigefeld (130), die in dem Aussen-
demodus arbeiten kann, Uber einen Bereich von
Ausgangsleistungsintensitaten hinweg zu justieren.
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Anzeigesystem nach Anspruch 1, das des Weiteren
Folgendes umfasst:

einen Positionsschaltkreis (252), der mit dem
Detektionsschaltkreis (60) gekoppelt ist und da-
fur strukturiert ist, eine Position in dem Anzei-
gefeld (130) zu ermitteln, auf die eine externe
Lichtquelle (250) gerichtet ist.

Anzeigesystem nach Anspruch 15, wobei der Posi-
tionsschaltkreis (252) dafir konfiguriert ist, Aus-
gangsleistungen von einer oder mehreren LEDs in
dem Anzeigefeld (130), die in dem Detektionsmodus
arbeiten kdnnen, zu vergleichen.

Anzeigesystem nach Anspruch 15, das des Weite-
ren einen Bildgenerator (260) umfasst, der mit dem
Positionsschaltkreis (252) gekoppelt ist, wobei der
Bildgenerator dafir strukturiert ist, in Reaktion auf
ein Ausgangssignal aus dem Positionsschaltkreis
ein Bild zu erzeugen.

Anzeigesystem nach Anspruch 1, wobei eine oder
mehrere der mehreren LEDs (110) Gbereinander an-
geordnete organische Leuchtdioden (SOLED) sind.

Anzeigesystem nach Anspruch 18, wobei eine oder
mehrere der LEDs des Anzeigefeldes, die in dem
Detektionsmodus arbeiten koénnen, Ubereinander
angeordnete organische Leuchtdioden (SOLED)
sind.

Anzeigesystem nach einem der Anspruche 1 bis 3,
5, 6 und 9 bis 19, wobei der Ansteuerschaltkreis (74)
ein Vorwarts-Ansteuerschaltkreis ist, der dafiir ge-
eignet ist, mit einem ersten Anschluss (44) von einer
der LEDs des Anzeigefeldes, die in einem Aussen-
demodus arbeiten kénnen, gekoppelt zu werden,
wobei der Vorwarts-Ansteuerschaltkreis dafiir struk-
turiert ist, die eine der LEDs des Anzeigefeldes, die
in einem Aussendemodus arbeiten kbnnen, zu ver-
anlassen, einen elektrolumineszente Ausgabe zu er-
zeugen,;

wobei ein Vorspannschaltkreis (50) mit einem ersten
Anschluss (42) von einer der LEDs des Anzeigefel-
des, die in einem Detektionsmodus arbeiten kdnnen,
gekoppelt ist, wobei der Vorspannschaltkreis daftr
strukturiertist, die eine der LEDs des Anzeigefeldes,
die in einem Detektionsmodus arbeiten kénnen, zu
veranlassen, in einen Detektionsmodus zu gehen;
und

wobei der Detektionsschaltkreis (60) miteinem zwei-
ten Anschluss (44) der einen der LEDs des Anzei-
gefeldes, die in einem Detektionsmodus arbeiten
kénnen, gekoppelt ist.

Anzeigevorrichtung nach Anspruch 20, wobei die
LEDs des Anzeigefeldes, die in einem Detektions-
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modus arbeiten kdnnen, in der Lage sind, Lichten-
ergie zu detektieren, die von aulerhalb der Anzei-
gevorrichtung auf sie gerichtet wird.

Anzeigevorrichtung nach Anspruch 20, wobei min-
destens einige Dioden in den LEDs des Anzeigefel-
des, die in einem Aussendemodus arbeiten kénnen,
auch in den LEDs des Anzeigefeldes sind, die in ei-
nem Detektionsmodus arbeiten kénnen.

Anzeigevorrichtung nach Anspruch 20, wobei die
LEDs des Anzeigefeldes, die in einem Aussende-
modus arbeiten kdnnen, in einer ersten Zeile in der
Anzeigevorrichtung angeordnet sind und wobei die
LEDs des Anzeigefeldes, die in einem Detektions-
modus arbeiten kdnnen, in einer zweiten Zeile in der
Anzeigevorrichtung angeordnet sind, wobei die er-
ste Zeile neben der zweiten Zeile angeordnet ist.

Anzeigevorrichtung nach Anspruch 20, wobei min-
destens eine der LEDs des Anzeigefeldes in einem
Aussendemodus eine organische Schicht umfasst.

Verfahren zum Betreiben eines Anzeigesystems,
das eine Anzeigevorrichtung (130) enthalt, die eine
oder mehrere Dioden (110) aufweist, die dafiir struk-
turiert sind, elektrolumineszentes Licht zu erzeugen,
und eine oder mehrere Dioden (110) aufweist, die
dafur strukturiert sind, auf sie scheinende Lichten-
ergie zu detektieren, wobei das Verfahren Folgen-
des umfasst:

Ansteuern der Dioden (110), die daflr struktu-
riert sind, Licht zu erzeugen, in einer solchen
Weise, dass die Anzeige eines Bildes auf der
Anzeigevorrichtung (130) bewirkt wird;

Messen eines Betrages von Lichtenergie, der
auf die Dioden (110) scheint, die dafiir struktu-
riert sind, Lichtenergie zu detektieren, wobei die
Dioden (110), die daflr strukturiert sind, Licht-
energie zu detektieren, dafiir konfiguriert sind,
Licht von den Dioden zu detektieren, die daflr
strukturiert sind, elektrolumineszentes Licht zu
erzeugen;

Umschalten mindestens einer Diode (110) zwi-
schen dem Erzeugen und dem Detektieren von
Licht, wobei die mindestens eine Diode in einem
ersten Teil eines Anzeigezyklus’ angesteuert
wird und Lichtenergie in einem zweiten Teil des
Anzeigezyklus’ detektiert; und

Detektieren eines Betrages von Licht, das durch
eine bestimmte Diode in der Anzeigevorrichtung
erzeugt wurde; und

Justieren eines Ansteuersignals, das zum An-
steuern der bestimmten Diode verwendet wird.

Verfahren nach Anspruch 25, wobei das Ansteuern
der Dioden (110) und das Messen eines Betrages
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von Lichtenergie gleichzeitig erfolgen.

Verfahren nach Anspruch 25, wobei das Ansteuern
der Dioden (110) wahrend eines ersten Teils des
Anzeigezyklus’ stattfindet und wobei das Messen ei-
nes Betrages von Lichtenergie wahrend eines zwei-
ten Teils des Anzeigezyklus’ stattfindet.

Verfahren nach Anspruch 27, wobei mindestens ei-
ne Diode (110) sowohl in dem ersten Teil des An-
zeigezyklus’ angesteuert wird als auch Lichtenergie
in dem zweiten Teil des Anzeigezyklus’ detektiert.

Verfahren nach Anspruch 25, wobei das Messen ei-
nes Betrages von Lichtenergie das Messen eines
Betrages von Lichtenergie umfasst, die durch An-
steuern der Dioden erzeugt wird, die dafir struktu-
riert sind, Licht zu erzeugen.

Verfahren nach Anspruch 25, das des Weiteren Fol-
gendes umfasst:

Justieren einer Gesamthelligkeit der Anzeige-
vorrichtung (130) auf der Grundlage des Betra-
ges von Lichtenergie, die auf die Licht detektie-
renden Dioden (110) auftrifft.

Verfahren nach Anspruch 30, wobei das Justieren
einer Gesamthelligkeit der Anzeige das Modulieren
eines Signals umfasst, das zum Ansteuern der Di-
oden verwendet wird, die dafiir strukturiert sind, Licht
ZU erzeugen.

Verfahren nach Anspruch 25, wobei das Justieren
eines Ansteuersignals, das zum Ansteuern der be-
stimmten Diode verwendet wird, das Justieren eines
Ansteuersignals umfasst, das zum Ansteuern der
bestimmten Diode an verschiedenen Punkten ent-
lang einer Gamma-Kurve der bestimmten Diode ver-
wendet wird.

Verfahren nach Anspruch 25, das des Weiteren das
Detektieren einer Position auf der Anzeigevorrich-
tung umfasst, wohin eine externe Zeigevorrichtung
(250) scheint.

Verfahren nach Anspruch 33, wobei die externe Zei-
gevorrichtung (250) ein Laserpointer ist.

Verfahren nach Anspruch 33, das des Weiteren das
Erzeugen eines Bildes auf der Anzeigevorrichtung
auf der Grundlage eines Signals umfasst, das von
der externen Zeigevorrichtung (250) kommend de-
tektiert wird.
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Revendications

1.

Systeme d’affichage, comportant :

une pluralité de diodes électroluminescentes
(DEL) (110) formant un panneau d’affichage
(130), au moins certaines des diodes électrolu-
minescentes (110) du panneau d’affichage pou-
vant étre actionnées en mode d’émission, et au
moins certaines des diodes électroluminescen-
tes (110) du panneau d’affichage étant capables
de détecter et d’émettre de la lumiére,

un circuit de commande (74) pour commander
au moins certaines des diodes électrolumines-
centes,

un circuit de détection (60) pour détecter une
lumiére regue au niveau de certaines des diodes
électroluminescentes,

un commutateur couplé au circuitde commande
(74) et au circuit de détection (60) pour commu-
ter certaines des diodes électroluminescentes
(110) d’'un mode de détection vers un mode
d’émission, et

un circuit d’ajustement de luminosité de DEL
(210) couplé a la fois au circuit de détection (60)
et au circuit de commande (74), et configuré
pour moduler une luminosité d’une sortie d’'une
DEL dans le panneau d’affichage pouvant fonc-
tionner en mode d’émission sur la base d’'un si-
gnal regu a partir d'une DEL dans le panneau
d’affichage pouvant fonctionner en mode de dé-
tection, caractérisé en ce que la DEL du pan-
neau d’affichage pouvant fonctionner en mode
de détection est configurée pour détecter de la
lumiere provenant de la DEL du panneau d’af-
fichage pouvant fonctionner en mode d’émis-
sion.

Systéme d’affichage selon la revendication 1, dans
lequel la pluralité de DEL (110) de I'affichage (130)
peuvent fonctionner en mode d’émission et en mode
de détection.

Systéme d’affichage selon la revendication 1, dans
lequel une ou plusieurs de la pluralité de DEL (110)
comportent une matiere organique.

Systéme d’affichage selon la revendication 1, dans
lequel le circuit de détection (60) comporte un circuit
de polarisation inverse (50) couplé a certaines de la
pluralité de DEL (110).

Systéme d’affichage selon la revendication 1, dans
lequel le circuit de détection (60) peut détecter une
quantité d’énergie lumineuse regue par I'une quel-
conque de la pluralité de DEL (110).

Systéme d’affichage selon la revendication 1, dans
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lequel le circuit de détection (60) peut détecter une
quantité d’énergie lumineuse générée depuis I'exté-
rieur du panneau d’affichage.

Systeme d’affichage selon la revendication 1, dans
lequel le circuit de détection (60) est couplé a une
premiére DEL, et dans lequel le circuit de détection
(60) comporte :

un circuit de polarisation inverse (50) couplé a
une premiére borne (42) de la premiére DEL, et
un circuit de détection couplé a une seconde
borne (44) de la premiéere DEL.

Systéme d’affichage selon la revendication 7, dans
lequel le circuit de détection comporte un amplifica-
teur de détection.

Systeme d’affichage selon la revendication 1, dans
lequel le circuit de commande (74) est congu pour
étre couplé a un premier groupe de DEL pouvant
fonctionner en mode d’émission lorsqu’il n’est pas
couplé a un second groupe de DEL pouvant fonc-
tionner en mode d’émission.

Systéme d’affichage selon la revendication 9, dans
lequel le premier groupe de DEL sont toutes dans
une méme rangée du panneau d’affichage.

Systeme d’affichage selon la revendication 1, dans
lequel le circuit de commande (74) est adapté pour
étre couplé a une rangée de DEL pouvant fonction-
ner en mode d’émission tandis que le circuit de dé-
tection est adapté pour étre couplé a une rangée de
DEL pouvant fonctionner en mode d’émission, la
rangée de DEL pouvant fonctionner en mode d’émis-
sion étant adjacente a la rangée de DEL pouvant
fonctionner en mode de détection.

Systéme d’affichage selon la revendication 1, dans
lequel la DEL (110) du panneau d’affichage pouvant
fonctionner en mode de détection est configurée
pour détecter une lumiére provenant d’'une source
extérieure au panneau d’affichage (130).

Systéme d’affichage selon la revendication 1, com-
portant en outre :

un circuit d’étalonnage d’uniformité (210) couplé
a la fois au circuit de détection (70) et au circuit
de commande (74), et configuré pour ajuster la
sortie d’'une DEL dans le panneau d’affichage
(130) pouvant fonctionner en mode d’émission
sur la base de la sortie d’'une autre DEL du pan-
neau d’affichage pouvant fonctionner en mode
d’émission qui est détectée par une DEL de I'af-
fichage pouvant fonctionner en mode de détec-
tion.
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Systéme d’affichage selon la revendication 13, dans
lequel le circuit d’étalonnage d’uniformité (70) est un
circuit d’étalonnage d’'uniformité gamma, et peut
fonctionner pour ajuster la sortie de la DEL (110)
dans le panneau d’affichage (130) pouvant fonction-
ner en mode d’émission sur une plage d’intensités
de sortie.

Systeme d’affichage selon la revendication 1, com-
portant en outre :

un circuit de position (252) couplé au circuit de
détection (60) et structuré pour déterminer une
position sur le panneau d’affichage (130) vers
laquelle une source lumineuse externe (250) est
dirigée.

Systéme d’affichage selon la revendication 15, dans
lequel le circuit de position (252) est configuré pour
comparer des sorties d’'une ou de plusieurs DEL du
panneau d’affichage (130) pouvant fonctionner en
mode de détection.

Systéme d’affichage selon la revendication 15, com-
portant en outre un générateur d'image (260) couplé
au circuit de position (252), le générateur d'image
étant structuré de maniere a générer une image en
réponse a une sortie du circuit de position.

Systéme d’affichage selon la revendication 1, dans
lequel une ou plusieurs de la pluralité de DEL (110)
sontdes diodes SOLED (Diodes Electroluminescen-
tes Organiques Empilées).

Systéme d’affichage selon la revendication 18, dans
lequel une ou plusieurs des DEL du panneau d’affi-
chage pouvant fonctionner en mode de détection
sont des diodes SOLED.

Systéme d’affichage selon I'une quelconque des re-
vendications 1 a 3, 5, 6 et 9 a 19, dans lequel ledit
circuit de commande (74) est un circuit de comman-
de avant adapté pour coupler une premiere borne
(44) de I'une desdites DEL du panneau d’affichage
pouvant fonctionner en mode d’émission, le circuit
de commande avant étant structuré de maniére a ce
que I'une desdites DEL du panneau d’affichage pou-
vant fonctionner en mode d’émission puissent pro-
duire une sortie électroluminescente,

un circuit de polarisation (50) étant couplé a une pre-
miére borne (42) d’une desdites DEL du panneau
d’'affichage pouvant fonctionner en mode de détec-
tion, le circuit de polarisation étant structuré de ma-
niére a ce que I'une desdites DEL du panneau d’af-
fichage pouvant fonctionner en mode de détection
puisse étre en mode de détection, et

ledit circuit de détection (60) étant couplé a une se-
conde borne (44) d’'une desdites DEL du panneau
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d’affichage pouvant fonctionner en mode de détec-
tion.

Dispositif d’affichage selon la revendication 20, dans
lequel lesdites DEL du panneau d’affichage pouvant
fonctionner en mode de détection sont capables de
détecter une énergie lumineuse qui est dirigée vers
celles-ci a partir de I'extérieur du dispositif d’afficha-

ge.

Dispositif d’affichage selon la revendication 20, dans
lequel au moins certaines diodes desdites DEL du
panneau d’affichage pouvant fonctionner en mode
d’émission sont également parmi lesdites DEL du
panneau d’affichage pouvant fonctionner en mode
de détection.

Dispositif d’affichage selon la revendication 20, dans
lequel lesdites DEL du panneau d’affichage pouvant
fonctionneren mode d’émission sontagencées dans
une premiere rangée du dispositif d’affichage, et
dans lequel lesdites DEL du panneau d’affichage
pouvant fonctionner en mode de détection sont
agencées dans une seconde rangée du dispositif
d’affichage, la premiére rangée étant adjacente a la
seconde rangée.

Dispositif d’affichage selon la revendication 20, dans
lequel au moins desdites DEL du panneau d’afficha-
ge en mode d’émission comporte une couche orga-
nique.

Procédé pour faire fonctionner un systéeme d’afficha-
ge comportant un dispositif d’affichage (130) ayant
une ou plusieurs diodes (110) structurées de manié-
re a générer une lumiere électroluminescente, et
ayant une ou plusieurs diodes (110) structurées pour
détecter une énergie lumineuse éclairant celles-ci,
le procédé comportant les étapes consistant a :

commander les diodes (110) structurées pour
générer de la lumiére de maniére a provoquer
I'affichage d’'une image sur le dispositif d’afficha-
ge (130),

mesurer une quantité d’énergie lumineuse éclai-
rant les diodes (110) structurées pour détecter
une énergie lumineuse, dans lequel les diodes
(110) structurées pour détecter une énergie lu-
mineuse sont configurées afin de détecter de la
lumiére provenant des diodes structurées pour
générer une lumiére électroluminescente,
commuter au moins une diode (110) entre une
génération et une détection de lumiere, dans le-
quel la au moins une diode est commandée
dans une premiére partie d’'un cycle d’affichage,
et détecte une énergie lumineuse dans une se-
conde partie du cycle d’affichage, et

détecter une quantité de lumiére générée par
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une diode particuliére dans le dispositif d’affi-
chage, et

ajuster un signal de pilotage utilisé pour com-
mander cette diode particuliere.

Procédé selon la revendication 25, dans lequel la
commande des diodes (110) et la mesure d’'une
quantité d’énergie lumineuse interviennent simulta-
nément.

Procédé selon la revendication 25, dans lequel la
commande des diodes (110) intervient pendant une
premiére partie du cycle d’affichage, et dans lequel
la mesure d’une quantité d’énergie lumineuse inter-
vient pendant une seconde partie du cycle d’afficha-

ge.

Procédé selon la revendication 27, dans lequel au
moins une diode (110) est ala fois commandée dans
la premiere partie du cycle d’affichage, et détecte
une énergie lumineuse dans la seconde partie du
cycle d’affichage.

Procédé selon la revendication 25, dans lequel la
mesure d’une quantité d’énergie lumineuse compor-
te la mesure d’'une quantité d’énergie lumineuse gé-
nérée par lacommande des diodes structurées pour
générer de la lumiére.

Procédé selon la revendication 25, comportant en
outre les étapes consistant a :

ajuster une luminosité globale du dispositif d’af-
fichage (130) en fonction de la quantité d’éner-
gie lumineuse parvenant jusqu’aux diodes de
détection de lumiere (110).

Procédé selon la revendication 30, dans lequel un
ajustement de la luminosité globale de I'affichage
comporte la modulation d’un signal utilisé pour com-
mander les diodes structurées pour générer de la
lumiére.

Procédé selon la revendication 25, dans lequel un
ajustement d’un signal de commande utilisé pour
commander la diode particuliére comporte un ajus-
tement d’un signal de commande utilisé pour piloter
la diode particuliére en plusieurs points le long d’'une
courbe gamma de la diode particuliere.

Procédé selon la revendication 25, comportant en
outre la détection d’une position sur le dispositif d’af-
fichage de I'endroit ou un dispositif de pointage ex-
terne (250) éclaire.

Procédé selon la revendication 33, dans lequel le
dispositif de pointage externe (250) est un pointeur
laser.
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35. Procédé selon la revendication 33, comportant en
outre la génération d’une image sur le dispositif d’af-
fichage sur la base d’'un signal détecté, en prove-
nance du dispositif de pointage externe (250).
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