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ACTIVE MATRIX ORGANIC
LIGHT-EMITTING DIODE DISPLAY AND
METHOD FOR DRIVING THE SAME

BACKGROUND

[0001] In the prior art, there exists a multitude of active
matrix circuits for OLED-displays having at least two tran-
sistors for each organic light emitting diode, wherein the
transistors may be of the same or of a different type (NMOS
and PMOS).

[0002] Prior art FIG. 1(a) shows a common active matrix
circuit for an organic light emitting diode according to the
state of the art. Every pixel circuit can have two NMOS
transistors T1 (102) and T2 (103), the gate of transistor T1
being connected to the scan-line (105) and the drain of tran-
sistor T'1 being connected to the data-line (106). The source of
T1 is connected to the gate of transistor T2. The capacitor C1
(104) is connected between the gate and the source of T2.
Such an active matrix circuit plus the organic light emitting
diode (101) is called as AMOLED pixel in this invention. The
AMOLED display in FIG. 1(a) (111) can have three rows and
three columns and in total of 9 AMOLED pixels.

[0003] When the scan-line is activated (High), transistor T1
is switched on. Then, the driving transistor T2 receives the
signal from the data-line and an electric current may flow
from the voltage source Vs (108) via the column traces
through the organic light-emitting diode to the ground, as
indicated by the bold line in FIG. 1(a). In this description the
traces from the positive pole of the power supply (voltage
source) to the AMOLED pixels (anode) are called as column
line (109). The power lines at the opposite side, not explicitly
drawn in FIG. 1(a), namely the traces from the negative pole
(ground) of the power supply to the AMOLED pixels (cath-
ode) are called ground line (110). The data signal is an analog
signal, i.e. not a high or a low signal but somewhere in
between. The level of the signal depends on the desired lumi-
nance of the organic light-emitting diode. A higher luminance
requires a higher diode current. When the desired gate voltage
of transistor T2 has been applied, the scan signal of the
selected row may be deactivated in order to select another row
ofthe display. The capacity C1 is needed to preserve the gate
voltage of transistor T2, permitting the electric current to flow
constantly through the diode in the desired strength.

[0004] As transistor T2 in this circuit is always operated in
the saturation region as an electric current source, a very
precise and stable threshold voltage is required. But if the
active matrix circuit is to be manufactured using a low cost
process, transistors may exhibit large variations in their
threshold voltage, that may also drift with time. Moreover, the
circuit may only be operated at a high power loss, because a
substantial voltage drop at the driving transistor T2 is needed
for the current source mode. So the power supplied by the
voltage source Vs (FIG. 1(a)) has to be considerably higher
than the forward voltage of an OLED diode. With this drive
scheme, pixels are illuminated substantially continuously.

[0005] This drive scheme, however, is disadvantageous
because it is not power efficient and requires a complex and
expensive manufacturing process for the active matrix. Also
complex pixel circuits e.g. with more than two transistors are
needed to compensate the variation and drift of the threshold
voltage of the driving transistor. A large active-matrix OLED-
display is therefore much more expensive than an active-
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matrix LCD-display. Consequently, large active-matrix
OLED-displays may still not compete with corresponding
LCD-displays.

BRIEF SUMMARY

[0006] Inoneexemplary embodiment, a method for driving
an active matrix organic light-emitting diode (AMOLED)
display having organic light-emitting diodes (OLED)
arranged in rows and columns, a pixel circuit for driving an
OLED, a scan line for selecting the pixel circuits of each row
and a data line for controlling the pixel circuits of each col-
umn and supply lines connectable to the anodes and cathodes
of the AMOLED pixels may be described. The method may
be steps for decomposing image data into a plurality of sub-
frames based on a dependence of physical characteristics of
the AMOLED display; generating binary subframe signals
according to the decomposed subframes; activating an
organic light emitting diode, based on a scan signal on the
scan line and a generated subframe signal applied on the data
line, allowing or blocking a current to flow via the supply
lines through the organic light emitting diode; and connecting
the supply lines to a voltage source for a predetermined dura-
tion for each subframe.

[0007] Inanother exemplary embodiment, a method for the
determination of a sequence of binary-value subframes used
for addressing and driving an AMOLED display from a gray-
value or a color value image may be described. This method
can have steps for obtaining a binary value subframe from a
remaining image by comparing the gray or color values with
a predetermined threshold value; simulating, a pixel-wise
luminance distribution of the AMOLED display, based on the
binary subframe and the predetermined time factor; subtract-
ing the pixel-wise luminance distribution of the AMOLED
display from the actual remaining image data in order to
calculate a next remaining image data; and iterating the above
steps with a next remaining image instead of the remaining
image.

[0008] In yet another exemplary embodiment, another
method for simulating a pixel current distribution of an
AMOLED display, wherein the display comprises a matrix of
AMOLED pixels, arranged in rows and columns, wherein all
AMOLED pixels are driven digitally; wherein all AMOLED
pixels in a column are connected to a supply line for that
column, wherein at least one end of the supply line is con-
nected/switched to the voltage source, may be described. This
method can have steps for estimating a value for a voltage/
current for a selected node of the column; calculating at least
one of'a voltage value and a current value for remaining nodes
of'the column, based on one of an estimated voltage or current
value; and iterating these steps in order to reduce a difference
between a calculated voltage or current value and a real volt-
age or current value at a chosen location of the column.
[0009] In still another exemplary embodiment, a device for
driving an active matrix organic light-emitting diode
(AMOLED) display, the display comprising organic light-
emitting diodes (OLED) arranged in rows and columns, a
pixel circuit for driving an OLED, a scan line for selecting the
pixel circuits of each row and a data line for controlling the
pixel circuits of each column and supply lines connectable to
the anodes and cathodes of the AMOLED pixels, may be
described. The device can include a circuit that decomposes
the image data into a plurality of subframes in dependence of
the physical characteristics of the AMOLED display; a circuit
that generates binary subframe signals according to the
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decomposed subframes; a circuit that activates an organic
light emitting diode, based on a scan signal on the scan line
and a generated subframe signal applied on the data line, and
that allows or blocks a current from flowing through the
organic light emitting diode; and circuit that connects the
supply lines to a voltage source for a predetermined duration
for each subframe.

[0010] In another exemplary embodiment, a device for the
determination of a sequence of binary-value subframes used
for addressing/driving an AMOLED display from one of a
gray-value or a color value image may be described. This
device can have a circuit that obtains a binary value subframe
from one of a gray value or color value remaining image by
comparing the gray or color values with a predetermined
threshold value; a circuit that simulates a pixel-wise lumi-
nance distribution of the AMOLED display, based on the
binary value subframe and a predetermined time factor; and a
circuit that subtracts the pixel-wise luminance distribution of
the AMOLED display from the source image data in order to
calculate the next remaining image data.

[0011] In a different exemplary embodiment, a device for
simulating a pixel current distribution of an AMOLED dis-
play, wherein the display comprises a matrix of AMOLED
pixels, arranged in rows and columns, wherein all AMOLED
pixels are driven digitally, wherein all AMOLED pixels in a
column are connected to a supply line for that column,
wherein at least one end of the supply line is connected/
switched to the voltage source may be described. This device
can include, for a column of AMOLED pixels in the matrix, a
circuit that estimates a value for a voltage/current (Val/Icn)
for a selected node of the column; a circuit that calculates the
voltage/current values for the remaining nodes of the column,
based on the estimated voltage/current value; and a circuit
that repeats the previous steps in order to reduce the differ-
ence between the calculated and the real voltage/current value
at a chosen location of the column.

[0012] In still another exemplary embodiment, an active
matrix organic light-emitting diode (AMOLED) display
module may be described. The display module can have an
active matrix organic light-emitting diodes (OLED) display, a
device that determines a sequence of binary-value subframes
used for addressing/driving an AMOLED display from one of
a gray-value or a color value image, through simulation of a
pixel current distribution of a digitally driven AMOLED dis-
play, and a device that connects the supply lines of an
AMOLED display to a voltage source for a predetermined
duration for each subframe, wherein at least one supply side
of'the AMOLED display, anode and/or cathode, is structured
in parallel lines with one line for each column/row.

BRIEF DESCRIPTION OF THE FIGURES

[0013] Advantages of embodiments of the present inven-
tion will be apparent from the following detailed description
of the exemplary embodiments thereof, which description
should be considered in conjunction with the accompanying
drawings in which like numerals indicate like elements, in
which:

[0014] FIGS. 1(a) and 1(b) show exemplary detailed cir-
cuits of active-matrix organic light emitting diode displays.
[0015] FIG. 2 shows an exemplary flowchart of an embodi-
ment of a method according to the invention for driving the

common active matrix organic light-emitting diode display
shown in FIG. 1(b).
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[0016] FIG. 3 shows an exemplary diagram of signals for
addressing the active-matrix OLED-display shown in FIG.
1(b), is generated by the method shown in FIG. 2.

[0017] FIG. 4 shows an exemplary model of a column of
AMOLED pixels, including resistances of the column not
shown in FIG. 1(5).

[0018] FIG. 5 shows an exemplary model of a column of
AMOLED pixels as in FIG. 5, wherein both ends of the
column line are connected to the voltage source.

[0019] FIG. 6 shows an exemplary model of a matrix circuit
with row and column resistances, wherein all columns and all
rows of the matrix circuit are connected to both poles of the
voltage source respectively.

[0020] FIG. 7 shows exemplary current and voltage wave-
forms of an AMOLED pixel.

[0021] FIG. 8 shows an exemplary electrical equivalent
circuit for an organic light emitting diode with internal
capacitance.

[0022] FIG. 9 shows an exemplary flowchart of a method
for generating a sequence of binary-value images used for
driving an A_MOLED display from a gray-value or a color
value image.

[0023] FIG. 10 shows exemplary images utilizing the meth-
ods described herein.

DETAILED DESCRIPTION

[0024] Aspects of the present invention are disclosed in the
following description and related figures directed to specific
embodiments of the invention. Those skilled in the art will
recognize that alternate embodiments may be devised with-
out departing from the spirit or the scope of the claims.
Additionally, well-known elements of exemplary embodi-
ments of the invention will not be described in detail or will be
omitted so as not to obscure the relevant details of the inven-
tion.

[0025] Asused herein, the word “exemplary” means “serv-
ing as an example, instance or illustration.” The embodiments
described herein are not limiting, but rather are exemplary
only. It should be understood that the described embodiments
are not necessarily to be construed as preferred or advanta-
geous over other embodiments. Moreover, the terms
“embodiments of the invention”, “embodiments” or “inven-
tion” do not require that all embodiments of the invention
include the discussed feature, advantage, or mode of opera-
tion.

[0026] Further, many of the embodiments described herein
are described in terms of sequences of actions to be performed
by, for example, elements of a computing device. It should be
recognized by those skilled in the art that the various
sequence of actions described herein can be performed by
specific circuits (e.g., application specific integrated circuits
(ASICs)) and/or by program instructions executed by at least
one processor. Additionally, the sequence of actions
described herein can be embodied entirely within any form of
computer-readable storage medium such that execution of the
sequence of actions enables the processor to perform the
functionality described herein. Thus, the various aspects of
the present invention may be embodied in a number of dif-
ferent forms, all of which have been contemplated to be
within the scope of the claimed subject matter. In addition, for
each of the embodiments described herein, the corresponding
form of any such embodiments may be described herein as,
for example, “a computer configured to” perform the
described action.
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[0027] It will now be explained in more detail, how an
active-matrix display with organic light-emitting diodes may
be operated according to the invention.

[0028] Inthis respect, the term brightness can designate the
overall brightness of a display panel (for example about 500
cd/m?) which may be set by the upper system or the user while
the term luminance can be used for the brightness of indi-
vidual pixels in a given image.

[0029] Exemplary FIG. 2 shows a diagram of an embodi-
ment of a method for driving a common AMOLED-circuit
such as that shown in exemplary FIG. 1(5). In this exemplary
embodiment, for introduction and the sake of simplified
understanding, the ideal case, if the resistance of the column
lines and the ground lines are zero, is first described.

[0030] Instep 210 of exemplary FIG. 2, a scan signal can be
generated to a selected row. In the drive scheme according to
the invention, the scan signal may be used to address a row of
light-emitting diodes. More particularly, if the scan signal is
applied to the gates of all transistors T1 of a row, as shown in
FIG. 1(b), all transistors T1 of this row may now be turned on
and the electric signals on the data lines can be applied to the
gates of the transistors T2 and the capacities C1 of this
addressed row. The gate potentials of T2s at other rows may
not be altered, because the transistors T1 of these non-ad-
dressed rows are in an off state.

[0031] The scan signal may be a binary signal having a
‘HIGH’ state and a ‘LOW’ state.

[0032] In step 220, a data signal can be generated and
applied to the gate of each transistor T2 in the row, via the
respective data line, in order to define which OLED pixel at
this row could be activated. The data signal may be a binary
signal having a ‘HIGH’ state and a ‘LOW’ state. It may further
be a digital signal.

[0033] In step 230, the complete display matrix can be
written by subsequent repeating of step 210 and 220 for every
row. The gate of every T2 may get and store its own signal
which is “HIGH” or “LOW”.

[0034] During the addressing phase, when performing
steps 210, 220 and 230, the main switch of FIG. 1(5) (107),
can stay opened. The main switch 107 may be a part of the
display control unit.

[0035] Instep 240, the main switch 107 of FIG. 1(b) can be
closed so that all the row connections and all the column
connections may be switched to a power supply (voltage
source). A current may flow through the activated AMOLED
pixels emitting light.

[0036] Exemplary FIG. 3 can show a timing diagram of
signals for driving the AMOLED-display shown in FIG. 1(5),
which can be generated by the method shown in FIG. 2. The
main switch 107 in FIG. 1(4) can now be used for connecting
or disconnecting the AMOLED pixels to the power supply
(voltage source).

[0037] The 3x3 image to be displayed can have three bits
per pixel to represent gray levels (0 to 7), as shown in the
following table:

TABLE 1
3 (=011)

0 (=000)
6 (=110)

2 (=010)
5 (=101)
4 (=100)

7 (=111)
5 (=101)
1 (=001)

[0038] The x-axis shown in FIG. 3 represents time. In the
beginning, the first row can be activated by the ‘Scan 1’ signal.
In this phase, the most significant bits (MSB) of each lumi-
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nance value/gray level for the first row can be applied to the
data signal line (B-Al=Low, B-A2=LOW, B-A3=High) of
each corresponding column and written into the active-matrix
circuit.

[0039] Then, the second row may be selected (Scan 2). In
this phase, the most significant bits of each luminance value
forthe second row can be written into the active-matrix circuit
(B-A1=High, B-A2=[ ow, B-A3=High). The most significant
bits for the third row may be written following the same
scheme. After each of the most significant bits of all pixels
have been written, this information may be converted to light
by closing the main switch 107 and connecting all pixels to
the voltage sources of the circuit shown in FIG. 1(5). The
currents flowing into column lines 1, 2 and 3 are designated
by Iz, I, and I»; in FIG. 3 (and depicted in FIG. 1(5)). The
strength of the total current for a column j is proportional to
the sum of the most significant bits for that column:

Ip;=Iy(MSB(1,/)+MSB(2,/)+MSB(3,))

[0040] It can be assumed that all organic light emitting
diode have the same characteristics. Since the anode-cathode
voltage is the same, namely the voltage source in FIG. 1(5),
the OLED current is therefore also the same. The OLED
current I, can depend on the voltage of the voltage source. It
may be roughly proportional to the set brightness of the
display (e.g. 500 cd/m?) and may be standardized to 1 for
simplicity. For the luminance values of the above image/table,
the following holds:

Ip=0+1+1=2,Ip,=040+1=1,Ip3=1+140=2

[0041] The pulse width of the current applied to the diode is
proportional to the positional value of the bit. For the most
significant bit, it is equal to four (=22) time unit(s).

[0042] After the displaying of the most significant bit has
taken place, the main switch 107 in FIG. 1(b) can be opened
and the second bit may be written according to the same
scheme as above. The rows may be selected sequentially via
the respective scan line signal. The information for the second
bits of that row may each be written to the data signal line of
the respective column. Then, the currents may be applied to
each column, their strengths again being proportional to the
sum of the bits for that column. However, the pulse width is
now half as long as in the case of the most significant bit, as
the positional value of the second most significant bit corre-
sponds to two (=2') time units. After that, all information for
the second most significant bits of the gray values of the
image, as shown in the above table, have been transformed
into light.

[0043] Intheabove example, the third bit can be at the same
time the least significant bit (LSB). The rows are selected and
the individual pixels activated as just described. Only the
pulse width may be one time unit now, corresponding to the
positional value of the least significant bit, which is one (=2°).
Additionally, the whole image may have been completely
displayed. It can include, for this exemplary embodiment,
three subframes. The total duration of time for addressing and
applying power of all subframes can correspond to the frame
period.

[0044] Inthis exemplary embodiment, the OLED current is
not flowing continuously, even for maximum gray value
(7=111 in the above example). The maximum duration of
current within a frame can be equal to the frame period minus
the time for addressing. The number of addressing steps can
be equal to the number of rows multiplied with the number of
subframes (3x3=9 in the above example).
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[0045] As the OLED lifetime and efficiency can depend on
the amplitude of the current, the amplitude should be small.
The perceived luminance of a pixel can correspond to the
average value of the current over a frame period. In order to
keep the amplitude of the current low, the row addressing time
can be short.

[0046] If the gray value of a pixel is not the maximum, the
current amplitude flowing through an OLED can remain as
high as that of the maximum gray value. Since the duration of
OLED conduction, which is proportional to the gray value, is
shorter, the stress on the OLED may accordingly lower.
Therefore, the OLED life time may not be negatively affected
by this PWM-like control method.

[0047] The current from the voltage source Vs can be pro-
portional to the brightness of the display and the total bright-
ness of the image (sum of all pixel-values). It may be mea-
sured with-known methods, e.g. with a shunt resistor, with a
current sense amplifier of the switch or with a current mea-
surement function of the DC-DC transformer. It may be used
to readjust the amplitude of the voltage Vs in case of a drift of
the OLED diode voltage, for example due to changes in the
temperature of the display during operation. Thus, the bright-
ness of the display may be kept constant. The value of Vs may
also be defined indirectly by the user, e.g. when he desires to
change the brightness of the display.

[0048] The active-matrix circuit shown in FIG. 1(b) may be
realized using two NMOS-transistors. Alternatively, two
PMOS-transistors may be used analogously. It is emphasized
that in this invention the driving transistors can also be driven
as switches i.e. turned on or off. Therefore, the voltage value
of'Vs may be just a little higher than the forward voltage of an
OLED diode.

[0049] In the above-described exemplary embodiment for
addressing and driving a real active-matrix organic light-
emitting diode display, the multitude of OLED-pixels in one
column, or on the entire display respectively, may vary in
their luminance. One cause for this is that the voltage that the
organic light-emitting diodes in each column receive
decreases due to resistances in the supply lines. This can hold
true for the ITO-line (Indium Tin Oxide) that is placed in the
front side of the display and possesses a significantly lower
conductivity than the metal supply line placed in the rear side
ofthe display. The upper diodes can receive more current than
the lower diodes, even if the voltage just slightly decreases
from an upper to a lower node. This may lead to a non-
uniformity of the display, which is particularly relevant in the
case of a large AM-OLED display that is driven digitally.
[0050] For example, a white image, this can mean that
every pixel may have the maximum gray value 255, which
will be displayed by 8 subframes. The addressing signals for
every pixel can be for every subframe are HIGH, while the
duration of each subframe is different (e.g. 128, 64, ... 2, 1).
The so produced luminance distribution of a subframe, called
as subimage in this specification, can be due to the trace
resistance non-uniform. Each subimage can show the same
non-uniformity. The total image displayed can be a superpo-
sition of the 8 subimages and also a non-uniform image,
which may substantially differ from the objective, a white
image.

[0051] Thus, in some exemplary embodiments, the non-
uniformity of a digitally driven subframe can be compensated
by further digitally driven subframes that the result finally
equals the source image. According to some exemplary
embodiments, the non-uniformity of a digitally driven sub-
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frame will be calculated/simulated based on physical charac-
teristics of the AMOLED display. The decomposition into
several subframes may consider the simulated non-unifor-
mity of every subimage, so that the superposition of all sub-
images can yield for example to a white image, if the source
image is white. So the digital driving method may utilize
specific image data processing methods. It can include the
simulation of the OLED pixel current distribution in depen-
dence of a given binary subframe and a specific decomposi-
tion method to generate the proper subframes for addressing
and driving.

[0052] According to a further exemplary embodiment,
some above-described issues may be solved by suitable data/
signal processing considering the physical characteristics of
the display e.g. the resistance of the columns and/or of the
rows, as will be described in the following. For example in
one case, if column resistance is relatively high, while the
ground resistance is negligible, it can be treated in the follow-
ing description. In an opposite case, if the ground resistance is
relatively high and the column resistance is negligible, it may
be treated in a similar way.

[0053] Exemplary FIG. 4 shows a model of a column of
AMOLED pixels, including resistances of the column not
shown in FIG. 1(4). Since in this exemplary embodiment the
driving transistors can be controlled as a switch, they are
called pixel switch in the following and described as S,. It is
of binary nature and either O or 1 and describes whether the
pixel switch is off or on. An AMOLED pixel can be modeled
by an OLED (401) and a pixel switch (402). A purpose of the
model in exemplary FIG. 4 can be to calculate the individual
OLED current for each pixel in dependence of'the states of the
pixel switches and the column resistance Rc (403). For a static
consideration, the OLED current may flow only in the driving
phase, when the main switch 107 of FIG. 1(5) is closed. Thus,
the main switch 107 is shortened and not shown in FIG. 4.

[0054] The individual column resistances (Rc) can have the
same parameters as the individual pixels. In a real display, the
column resistance and the diode parameters can gradually
vary from a position to the adjacent position, so that the
variation may be hardly perceivable. The resistance con-
nected to the voltage source Rs (404) may have a different
value. The anode of each organic light emitting diode is
connected to an own node of the column line. Between the
anodes of two adjacent diodes of a column, or between the
two nodes, there can be a column resistance (Rc). The anode
potential of the organic light emitting diodes varies because
current flows through the column resistances (Rc), even if all
cathodes have the same potential, e.g. ground. The distribu-
tion of voltage in a column according to FIG. 4 can depend on
the states of the multitude of switches. Hence, the currents
flowing through the many organic light emitting diodes could
have different strengths, decreasing from top to bottom. That
means that the switched-on OLEDs can have different lumi-
nance. So the simple digital drive method for an ideal display
without column resistance, as described above, could lead to
an undesired image being displayed. In order to produce a
desired image by using the digital drive method, this exem-
plary embodiment can provide a method to simulate and
consider the influence of the resistance of the power supply
lines on the OLED current and thus luminance.

[0055] As one exemplary solution, the simulation method
may be efficient, because the display matrix is huge and very
complex and the simulation should be executed in real time.
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[0056] The distribution of pixel currents in a column or for
the entire display may be determined mathematically. How-
ever, classical methods e.g. known from the circuit simulation
are so time-consuming, that the distribution of pixel currents
may not be determined in the real-time, even if the simulation
would be implemented in hardware. A circuit simulation
could require the simultaneous variation of the potential of N
nodes by iteration, until the desired precision is achieved. The
computation time is roughly a square function of the com-
plexity, in this case of N.

[0057] Inthe following description and equations, the volt-
ages/potentials, the currents and the nodes are designated as
in exemplary FIG. 4.

[0058] According to an exemplary embodiment, this com-
plexity may be reduced by varying only parameter V ,;, the
anode potential of the bottommost AMOLED pixel in the
column shown in exemplary FIG. 4. The corresponding
OLED current may then be determined using the model

Torep=Is [exp(Vax/VD)—-1]=Iorep/V k]

[0059] In this model, the parameter I represents the satu-
ration current and V ;. the thermal voltage, which is for OLED
typically between 0.5-1 V. The equation above may just be a
rough representation of the current-voltage characteristics of
an organic light-emitting diode. Ina HW implementation, the
current-voltage characteristics can be stored in a look up table
(LUT) due to the HW efficiency, even if the equation above is
a perfect fit.

[0060] As this function may be realized by a lookup table,
when implemented in hardware, further effects such as the
serial resistance of the diode and the on-resistance of the pixel
switch etc. may be accounted for a direct implementation in
the look up table I ,; zp[V 4] The variable V . is the poten-
tial difference between the node on the column line and the
node on the ground line and effectively the anode-cathode
voltage of the organic light emitting diode. The cathode
potential and/or the resistance of the ground line can be con-
sidered later in this embodiment.

[0061] The function given above can describe the relation
between the voltage at the organic light emitting diode and the
OLED current. In other words, if the voltage at the OLED is
known, the OLED current may also be known and therefore,
the luminance of this OLED pixel. The absolute brightness of
the display may be met by adjusting the voltage of the voltage
source Vg and the duration, how long the voltage source is
applied to the AMOLED pixels. The gray value of a pixel
describes its relative luminance. The corresponding gray
value may be determined from the standardized OLED cur-
rent.

[0062] More particularly, the determination of the pixel
current distribution for a column may start with the lowest
node. The column current at this position may be equivalent
to the current of the bottommost AMOLED pixel. There, the
potential is the lowest.

[0063] First, Val can be set to an initial value. This Val is
the only variable for this column. The initial value may be
taken from experience, like 4.5 Volt for example, if the supply
voltage Vs is about equal to 5 Volts. The value may also be set
depending on the states of the pixel switches for this column.

[0064] The potential for Va2 may be determined, in one
exemplary embodiment, according to Kirchhoffs laws. S1 is
the state of transistor T2 of the bottommost AMOLED pixel
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in FIG. 4. The pixel current I, corresponds to the current of
this OLED and correlates to the light emitted by this OLED.

1 =S 4oreplVal
Iey=I)

Vaa=Vartlci'Re

[0065] I,,-p[V] is the lookup table. Icl is the column
current at the node 1. The column current to the second node
Ic2 may be determined using Va2, subsequently Ic3 and Va3,
as shown in FIG. 4.

L=SyIorep[Varl
I=Ic+h

Vas=VartlcaRe

[0066] All node potentials from 1 to N may be determined
accordingly. The supply voltage may be determined from
VaN, the potential of top node n. In order to distinguish the
calculated value from the real value (Vs), the calculated sup-
ply voltage will be designated Vc:

Ve=VatlenRs

[0067] Rs is the resistance between the top node N and the
voltage source Vs. Evidently, the calculated potential V¢ and
the supply voltage Vs differ. The difference may be reduced in
a further iteration step. Val may be updated as follows:

AV =k (Vs=Ve)

Vi (new)=V_ (old)+AV,,

[0068] The parameter k is a correction factor, normally
between 0 and 1. With a suitable choice of k, the difference
between the calculated potential Ve and the predetermined
supply voltage decreases rapidly. If the values differ only in
the range of millivolts, the result can be precise enough for the
difference not to be perceived by the human eye.

[0069] Limiting the number of iterations is important for
achieving real-time execution. For fewer iterations the update
ofthe variable Val may be realized by a non-linear function of
(Vs=Vc) which may be stored in an extra LUT.

[0070] Afterthe last iteration, the current (I;,1,, ..., I,,)and
thus luminance of each pixel is determined in dependence on
the pixel switches and the display parameters, in this case [-V/
characteristics of the AMOLED pixel and the column resis-
tance.

[0071] For many reasons including a desired lower power
consumption in some exemplary embodiments, the voltage
drop in the column line should be as low as possible. An
effective method is to connect both ends of the column to the
voltage source. Exemplary FIG. 5 shows such a model of a
column of AMOLED pixels, wherein both ends of the column
are connected to the voltage source Vs and everything else
stays unchanged. Beside the connection at the top side (501),
the bottom side can also be connected to voltage source Vs
with Rz (502). Rz were infinite in exemplary FIG. 4.
[0072] Inthe following description and equations, the volt-
ages/potentials, the currents and the nodes are designated as
in exemplary FIG. 5. Accordingly, node 1 may not only carry
the pixel current I1. In order to simulate this embodiment of
adisplay according to the invention, a further variable may be
introduced, namely the position/node (d) in the middle of the
column, where the direction of electrical current is reversed.
The OLED currents from 1 to d all flow from bottom to top,
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while the OLED currents from d+1 to n all flow from top to
bottom, similar to a water divide. It is called as current divide
in this description.

[0073] Initially, a value for d may be assumed, e.g. half of
the number of lines or depending on the [states of the] pixel
switches in this column.

[0074] The potential between d and d+1 can be the lowest.
As a first approximation, both potentials may be identical and
used to set variable Vad. The individual OLED currents and
the anode voltages may be determined using the method for
the columns connected on one side described above. How-
ever, two voltages are obtained, designated as Vc1 and Ven,
which may then be used for the next iteration. Their average
may be used for adapting the parameter Vad, while their
difference may be used for adapting the position d:

AVea VertVen)

Ad=g(Ve,-Vew)

[0075] The number d may be a natural number. The distri-
bution of potentials and pixel currents for the column may be
obtained after a few iterations.

[0076] Thesimplification ofassigning the same potential to
nodes d and d+1 is normally unproblematic for high resolu-
tion displays. If higher accuracy is desired, two variables
instead of one variable may be introduced, e.g. Vad and Vad+
1. Then, Vad may be updated using Vcl and Vad+1 may be
updated using Ven. The variable d may be updated using the
difference between Vcl and Ven.

AV i NV ey)
AVeai1=2(Ven)

Ad=g(Ve1-Vew)

[0077] The potential difference between Vad and Vad+1
must be accounted for in the balance of electrical currents for
nodes d and d+1. Alternatively, a third variable ddl may be
introduced for the current between nodes d and d+1.

[0078] The variable ddI may be set to zero in the first
iteration. After that, the variable d may barely change. The
variable ddl may then be varied in order to increase the
precision of the result.

[0079] Currents may also be used as variables instead of
potentials. On this basis, other parameters, such as potentials,
OLED pixel currents and other column currents may then
directly be determined. For example, Icn may be chosen as a
variable in FIG. 4:

Van=Vs=IcnRs
In=SnTorepl Van]

Ien1=lavIy

[0080] The starting node may be N, followed by successive
processing from N, N-1, etc until 1. If the other end of the
column is unconnected, Ic1 must be equal to the IL Or an
additional value Ic0 may be used:

Ieo=Iei=1)

[0081] Icnmay be updated based on the difference between
1c0 and zero, such that the difference is decreased in the next
iteration. The distribution of pixel currents may be obtained
after a predetermined number of iterations.

[0082] If the other end of the column is also connected to
the voltage source, as shown in FIG. 5, Vcl (the calculated
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voltage at the very bottom) can be Vs. Icn may be updated
based on the difference between Vcl and Vs, such that the
difference is decreased in the next iteration.

[0083] Two current variables may also be used to simulate
a column connected at both ends. They may be the current at
both ends Icl and Icn. The potential and the current at inner
nodes may subsequently be calculated. In the center of the
column, both opposite processing directions may meet each
other. If the variables were perfect, both calculated currents
and voltages could be identical. In reality this may not nor-
mally be true, especially for the first iteration. So the discrep-
ancy of these two values (current and voltage in the center)
may be used to update the two variables for the next iteration.
The following equation may be a simple method to update the
two current variables.

AL 1 =H(A onrar) DAY Conter)

A nN=h(M conter)-PAY Conter)

[0084] Alcenter and AVcenter are the current and voltage
difference in the center of the column. The advantage of such
an approach is that the processing time is halved, because the
calculation is performed in two parallel paths.

[0085] In summary, this exemplary embodiment can show
how the pixel current distribution may be determined using a
small number of variables only. For a column connected on
one end, only one variable is needed. For a column connected
on both sides, only one to three variables may be sufficient.
The basic models are the Kirchhoff’s laws and device models,
as an analog circuit simulation employs. Only simple math-
ematic operations like addition and multiplication are
needed, so that the HW complexity/cost may be low and the
processing speed may be high.

[0086] In the above example, it was assumed that all cath-
odes are connected to ground and therefore, have ground
potential. This is an approximation, as the ground connec-
tions are often made of relatively thick metal and possess
therefore a significantly lower resistance than the column
lines. But even this approximation may lead to visible errors,
for example if the brightness of the display, i.e. the OLED
currents are high. Hence, the resistance of the connection at
the cathode side of AMOLED pixels may also need to be
considered. In some exemplary embodiments of AMOLED
displays, this connection is physically a metal plate, i.e. it may
not have structure like lines. In order to simplify the simula-
tion/calculation for the case, that the voltage drop in the metal
plate were no more negligible (e.g. in the range of about 10
millivolts), the connections may be structured as parallel
lines, one for each row. Such a structure may decouple the row
variables used for the processing. This means that each row
variable will be updated just in dependence of the differences
between real and calculated values at one row. Such a row line
is called as ground line in the invention.

[0087] The utilization of such a physical structure is also
valid for the column. This means that for one column one
separated line may be used, so that for the update of each
column variable just the difference between real and calcu-
lated values at one column, as described above, may suffice.
[0088] Exemplary FIG. 6 shows a model of a matrix circuit
with row and column resistances, wherein all columns and all
row of the matrix may be connected to the same voltage
source.

[0089] The cathode of each AMOLED pixel may no longer
be connected to the ideal ground, but to an individual node.
Two adjacent nodes of a row are connected to each other via
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the row resistance Rz (601). The column resistance is Re
(602), as in exemplary FIGS. 4 and 5. All row connections can
be on the left hand side. For the sake of simplicity, the resis-
tances of the connections for rows and columns can be omit-
ted. How they may be taken into account has already been
described in connection with exemplary FIG. 4.

[0090] Inthe following description and equations, the volt-
ages/potentials, the currents and the nodes are designated as
in exemplary FIG. 6.

[0091] Now, a variable may be introduced for each cathode
in the right-most column of each row. The variable can rep-
resent the cathode potential of the right column Vkil, wherein
irepresents the row number. The rightmost column is column
number 1, the leftmost column is designated with M. Hence,
the display has a resolution of MxN pixels. The determination
can be the same as the one for the individual rows, but the
OLED current does not only depend on the anode potential
but also on the voltage between anode and cathode, i.e. the
difference between the anode potential and the cathode poten-
tial:

I i =S, i Toren( Vaij_ V)n_'/')

[0092] The current-voltage function remains the same and
is preferably stored in a lookup table. Therefore, only the
input changes, as Vi is not equal to zero anymore.

[0093] The method for column 1 can be similar to the one
for single column connected on both sides, where the row
resistance was neglected. It was described in connection with
exemplary FIG. 5. One to three variables may be used. The
simplest exemplary way is to estimate one current value for
each column 1., ; being the column number. For the row a
current or a voltage variable may be chosen. In the equation
below, Vi, - . . Vi, are chosen as the variables for rows. The
row current I,,; accumulates the pixel currents from right to
left (1 ... M) flowing into that row.

[0094] For the first column:

Van1=Vs

Iy =Snilorepl Vani= Vil
Iy 1 =Ty~

Lyvi=Iny

Vina=Vian—Rz 1w

Van-1,1=Van=Reley

[0095] This procedure may propagate to further rows and
columns. On this base, all OLED currents and node potentials
ofthe display matrix may be determined. The potential of all
ends of the columns (bottommost position) should be Vs and
the potential of all connected ends of the rows (lefimost
position) should be zero. Naturally, difference between the
calculated and real potentials may still exist. These differ-
ences may be reduced by further iterations, so that after a
predetermined number of iterations the simulation is suffi-
ciently accurate for human perception.

[0096] In the first iteration, the values for Vkil may be
assumed, 1 being the row number, i.e. all cathode potentials
for the first column. The same is true for the node currents of
the top row, as described above. The initial values for the
variables may be set based on experience or based on a rough
estimation of the binary subframe data, e.g. of the corre-
sponding row/column.
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[0097] Current and voltage may also be assigned as vari-
ables for each row and/or column in a mixed fashion. In the
equation system above, currents for columns and voltages for
rows are chosen as variables. Also currents for columns and
currents for rows (e.g. for the case of exemplary FIG. 6, the
row currents at the leftmost position) may be chosen. For
updating the row current variables, the current balance at the
rightmost position of rows is the objective.

[0098] Voltage and current variables may even be mixed for
rows and/or columns alone. For example, for an interlaced
connection of rows, the voltage variables may be assigned to
odd rows and current variables may be assigned for even
rows. It may be advantageous that the subsequent processing
is in just one direction, e.g. all rows leftwards.

[0099] Therefore, a distribution of pixel currents may be
determined for all rows and columns of a matrix display using
only a few variables. The number of variables can be no more
M*N, but M+N. These variables are updated independently.
Thus, the simulation method of this invention drastically
reduces the computation effort needed. It makes the real-time
simulation possible.

[0100] A large AMOLED display is usually a color display
and is often realized using RGB columns. This requires three
IOLED(Vak) lookup tables for the corresponding OLED
characteristics. During processing, the corresponding lookup
tables may then be used for the different columns.

[0101] The current-voltage characteristics of an AMOLED
pixel stored ina LUT is usually static. The OLED current may
be correlated to the luminance. Beside the strength of the
current, the luminance is also a function of the duration, how
long the OLED ofthe AMOLED pixel is activated. The dura-
tion may be controlled by the main switch in exemplary FIG.
1(b). It is known, however, that high temporal accuracy/reso-
lution may be realized at low HW cost.

[0102] However, an OLED current at turn on and turn off
phase may not exactly follow the control pulse of the main
switch, as exemplary FIG. 7 illustrates. For every subframe,
the complete display matrix has been addressed e.g. row by
row. During addressing the main switch (FIG. 1(4)) is open.
After the addressing, the main switch is closed, so that an
OLED current may flow, provided that this AMOLED pixelis
activated before (pixel switch on). This is the case for the first
subframe in exemplary FIG. 7, while the AMOLED pixel is
passive in the second subframe. How the binary subframe
values are generated can be described in more detail below.

[0103] The current waveform may show a substantial
deviation to the ideal rectangle control pulse for the main
switch which is “HIGH” during the driving phases. The
deviation can be due to the internal capacitance of OLED
(802) as modeled in exemplary FIG. 8. The current through
the diode in this model (801) produces light and is called as
OLED current (Ioled) in this exemplary embodiment. The
light perceived by a viewer is proportional to the average
value of the OLED current for a frame period.

[0104] At switching on of the main switch fort1, the OLED
current can be lower than the stationary value (exemplary
FIG. 7). At turn off, the OLED current is still flowing, because
the internal capacity Cp can be discharged by the diode emit-
ting light according to the model (exemplary FIG. 8). As the
addressing time for the next subframe may be relatively long
due to the high number of rows, the diode can be discharged
till the threshold voltage of OLED (Vth). So the light pro-
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duced after turn off is proportional to the integrated diode
current in this phase which is equal to the change of the charge
stored in Cp:

LoffoCp-(Vak-Vih)

[0105] Vak is calculated anode-cathode voltage according
to the method described above, so that this luminance contri-
bution Loff, the second hatched area (702) in exemplary FIG.
7, may be determined. For turn on there can be a small deficit,
because the OLED current needs a little time to reach the
stationary value. The deficit Lon is the first hatched area (701)
in FIG. 7 and may roughly be described as constant for a given
display brightness. The sum of both luminance components
(Ldyn) may be described as:

Ldyn=-Lon+Loffx Cp-Vak-(Lon+Cp-Vth)=Cp-Vak-
Los

[0106] Los is an offset term and may be set as constant for
a certain operation condition. Beside OLED parameters (Cp,
Vth), it may consider the influence of the set brightness of the
display and/or the temperature. For the sake of simplicity,
even Ldyn may be approximated as constant. The total lumi-
nance of an activated AMOLED pixel can be:

LijeD-fij+Ldyn

D is the width of the pulse. The deviation for a long pulse due
to dynamic switching effects may be small, because D is long.
For a short pulse Ldyn may need to be considered to get the
luminance calculated more accurately.

[0107] According to the description above, this exemplary
embodiment utilizes an efficient method that can simulate the
pixel current/luminance distribution at a given binary matrix
stating which pixel switches are on or off.

[0108] In the following exemplary embodiment, it may be
described how a binary subframe can be determined at a given
gray value matrix which is normally used as the image data.
[0109] The pixel current distribution, flowing at a digital
driving as well as simulated by the method described above,
is designated by the simu(B,) function in this specification.
[0110] The physical production of luminance distribution
of a digitally driven subframe can be called as subimage in
this embodiment. In difference to the binary subframe, it can
be described by gray-values of several bits.

[0111] A source image I, described as a matrix of pixels
normally having 8 bit gray levels, may be composed as a sum
of subimages:

s
I=Li+la+..+Lr=> L
i=1

[0112] A subimage may be described by the following
equation:

L=tssimu(B;)

[0113] The magnitudes of t, can depend on the display
parameters and the brightness of the display. The same can
hold for the number of subframes f. For a real display exhib-
iting supply line resistances, internal capacitances etc., more
than 8 subframes may be desired for 8 bit gray-scale. t,’s and
the number f may be predetermined for each display model
individually. In order to achieve a desired degree of accuracy,
the precision of t, may be higher than 8 bits, e.g. 12 bits.
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[0114] Each subimage L, may be a simulated luminance
distribution in dependence of the binary subframe B, and the
time factor t;. The subframes B, can be matrices with binary
elements for controlling whether the pixels are switched on or
off. The time factor for a particular subframe B, is designated
by t, and correlated to the on duration of the main switch (107)
in exemplary FIG. 1(4). simu(Bd is the pixel current distri-
bution in dependence of the subframe B,, as simulated
according to the method described above. The subimage can
be a simulation result and may approximate the real physical
luminance distribution produced by the AMOLED display.
[0115] If the column and row resistance are zero, simu(B;)
can be identical to the subframe matrix B, and t; are 128, 64,
...,2,1forthe 8 bit gray scales. This is named as an ideal case
described at the beginning of this specification which does not
need a specific data processing.

[0116] For areal display exhibiting supply line resistances,
internal capacitances etc., each element of the simu(b,) matrix
may no longer be a binary number, but can be of several bits
resolution to consider the non-uniform distributed pixel cur-
rent of the display. It may be standardized between zero and
unit. A reasonable standardization factor may be the possible
maximum current. For example, for exemplary FIG. 6 the
maximum current I, ,can be:

Lypax=IoreplVs)

which is I,,, if this pixel is active (S,,,~1). A lookup table
may be used for the standardization to consider nonlinear
correlation between pixel current and pixel luminance.
[0117] So the source image may be described as:

f
=1 -simu(By) + 1y - simu(By) + ... + 17 -simu(By) = Z 1; - simu(B;)
i=1

[0118] Based on the simu(B,) function, the image matrix I
may be successively decomposed by subimages. The binary
matrices B; may be subsequently determined as described
below.

[0119] Exemplary FIG. 9 may show a flowchart of a
method for generating a sequence of binary-value subframes
used for driving an AMOLED display from a gray-value or a
color value image (input frame).

[0120] Instep 901, the frame I may be inputted and stored.
[0121] In step 902, the matrix designated as B, for the
brightest subframe can be determined, whose time factor t1 is
the highest. The method may just be a simple compare func-
tion. t; can be used as the threshold value. If the gray value of
pixel ij is greater thant,, then B1,=1. Otherwise, B1,=0. The
determination of may follow the image data pixel-wise. That
way, the first subframe B1 may be obtained.

[0122] Instep 912, the B1 information may be immediately
used to address the display pixels. After addressing, the main
switch may be turned on for a duration correlated to t1, so that
the AMOLED display may produce the first subimage. The
duration for a subframe may consider the influence of the
internal capacitance of the OLED and may be realized by high
temporal accuracy/resolution.

[0123] Instep 903, the simulation method described in this
invention, which may be implemented on a specific chip, an
FPGA (field programmable gate array), a processor device or
a computer, may be executed. Using the information of B1,
the actual luminance distribution of the displayed subframe
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(subimage L., ) may be simulated by varying a few parameters
for each row and column and by obtaining a precise result
after a few iterations. The calculation may be executed con-
currently to the relatively long addressing time of the com-
plete display and the following driving time for B, and t,
respectively (step 912). While the addressing time for a sub-
frame can be constant, the driving phase may be different for
each subframe. The first subframe can have the longest driv-
ing time and may be also the brightest subimage. The higher
t, the brighter the subimage L,. The driving time may also be
used for the calculation, so that more iterations are possible.
This may lead to a higher accuracy of the simulation which
may be of higher importance for brighter subimages.

[0124] The OLED currents may be standardized to discrete
gray level values, which may also be implemented by the
lookup-table 1 , . [Yak]. The first subimage thus obtained,
designated by L1, is proportional and/or correlated to each
OLED current I,; and the time factor t, of this subframe.
[0125] In step 904, the first remaining image to be dis-
played, R, can be calculated. It may be derived by the fol-
lowing simple subtraction:

R=I-L,

[0126] The source image I may be considered as the initial
or 0-th remaining image (R,).The precision of L, as well as
R, may be described with more than 8 bit, e.g. 12 bit to
avoid/limit truncation error of the simulation.

[0127] In step 905, every gray level value of R, may be
compared to t, in order to obtain the binary matrix B2.t, is the
second highest time factor.

[0128] In step 915, B2 can be used for addressing and
driving the AMOLED displays.

[0129] Such a procedure may be subsequently executed to
get B, values for addressing and driving. At the same time, the
corresponding subimage can be simulated and the next
remaining image may be calculated. For example, the second
subimage L, can be simulated, then the second remaining
image R, can be calculated:

Ry=R\-L,

[0130] The binary matrices may successively be deter-
mined starting from the highest time factor (t,) to the lowest,
as well as the obtained subimages

[0131] In step 906, the second last subimage L., can be
simulated or calculated, as desired.

[0132] Instep 907, the second last remaining image R, can
be calculated.

[0133] Instep 908, the last binary subframe B,can be gen-
erated, once again by a compare function, as desired.

[0134] In step 918, the last subframe B, can be addressed
and driven.
[0135] No simulation of the last subimage may be neces-

sary, as no further subframe may be needed. After the last
(f-th) subframe, the missing luminance or luminance over-
shoot at each pixel may be less than one least significant bit
(LSB) or less than half LSB gray value. Hence, the desired
image may be exactly reproduced by the active-matrix OLED
display according to the invention.

[0136] In step 909 and the following steps, the next frame
(image data) may be inputted, processed and driven accord-
ing to the method starting from 901.

[0137] According to the description above, this exemplary
embodiment can utilize a method to decompose a gray value
image onto a set binary subframes for addressing an
AMOLED display.
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[0138] Since OLED currents may flow through the main
switch (107) (exemplary FIG. 1(b)) and may produce a volt-
age drop at the main switch (107), it may be worth to measure
and/or to estimate this voltage drop and thus correct the real
value for Vs in the simulation. The information of the sub-
frame, e.g. the number and the positions of active pixels, may
be used for the estimation. This may assure a closer correla-
tion between the simulation and reality.

[0139] Some exemplary embodiments described herein can
be based on physical characteristics of the device. The physi-
cal parameters may vary with the temperature. To be men-
tioned are OLED current-voltage characteristics and resis-
tance of column and row. It may be desired to measure the
temperature of the AMOLED displays during the operation
and adjust the device parameters like the LUTs for OLED
current-voltage characteristics, etc. Also the predetermined
values for t1, t2 etc. may depend on temperature. Since the
temperature can change relatively slowly, the adjustment of
the parameters may be not time-critical. Such a measure may
allow a wider range of operation temperature.

[0140] Exemplary FIG. 10 provides an example of decom-
position. In this example, the display can have a QVGA
resolution (320 column 240 row). The two ends of the column
may be connected to power supply and the left side of rows
can be connected to ground. Then, in this example, the first
row 1002 can be a plurality of binary subframes which may be
used for addressing. The second row 1004 can be a plurality
of gray subimages (Li) which may be. simulated. The third
row 1006 can be a plurality of accumulated subimages (L1+
L2* ... +L1i) and successively produce a desired result.

[0141] Thus, exemplary embodiments described herein can
allow for a simple active matrix manufacturing process and
high yield, as the transistors can be operated just as switches.
In addition, the power consumption of such a digital drive
scheme can be much lower than the analog drive scheme.

[0142] The foregoing description and accompanying fig-
ures illustrate the principles, preferred embodiments and
modes of operation of the invention. However, the invention
should not be construed as being limited to the particular
embodiments discussed above. Additional variations of the
embodiments discussed above will be appreciated by those
skilled in the art.

[0143] Therefore, the above-described embodiments
should be regarded as illustrative rather than restrictive.
Accordingly, it should be appreciated that variations to those
embodiments can be made by those skilled in the art without
departing from the scope of the invention as defined by the
following claims.

1. A method for driving an active matrix organic light-
emitting diode (AMOLED) display having organic light-
emitting diodes (OLED) arranged in rows and columns, a
pixel circuit for driving an OLED, a scan line for selecting the
pixel circuits of each row and a data line for controlling the
pixel circuits of each column and supply lines connectable to
the anodes and cathodes of the AMOLED pixels, comprising:

decomposing image data into a plurality of subframes

based on a dependence of physical characteristics of the
AMOLED display;

generating binary subframe signals according to the
decomposed subframes;

activating an organic light emitting diode, based on a scan
signal on the scan line and a generated subframe signal
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applied on the data line, allowing or blocking a current to
flow via the supply lines through the organic light emit-
ting diode; and

connecting the supply lines to a voltage source for a pre-

determined duration for each subframe.

2. The method of claim 1, wherein the decomposition of the
image depends on the set brightness of the display.

3. The method of claim 1, wherein a voltage value of the
voltage source is a function of set brightness of the display.

4. The method of claim 1, further comprising detecting an
OLED temperature or temperatures during the operation to
adapt at least one of parameters of physical characteristics
like current-voltage characteristics of OLEDs, values of trace
resistances and a voltage value of the voltage source.

5. The method of claim 1, wherein the binary value sub-
frame is generated by a comparison function with the remain-
ing image data as an input.

6. The method of claim 5, further comprising simulating a
pixel-wise luminance distribution of the AMOLED for a
given binary subframe to calculate a next remaining image
data.

7. The method of claim 6, further comprising considering
of electro-optical characteristics of OLEDs and resistance of
the supply lines during the simulation of a pixel-wise lumi-
nance distribution of the AMOLED display.

8. A method for the determination of a sequence of binary-
value subframes used for addressing and driving an
AMOLED display from a gray-value or a color value image,
comprising the steps:

obtaining a binary value subframe from a remaining image

by comparing the gray or color values with a predeter-
mined threshold value;

simulating a pixel-wise luminance distribution of the

AMOLED display, based on the binary subframe and the
predetermined time factor;
subtracting the pixel-wise luminance distribution of the
AMOLED display from the actual remaining image data
in order to calculate a next remaining image data; and

iterating the above steps with a next remaining image
instead of the remaining image.

9. The method of claim 8, further comprising storing the
remaining image data after each subframe.

10. The method of claim 9, further comprising that the
dissolving of the remaining image data is higher than that of
the source image.

11. The method of claim 8, wherein an own threshold value
is used for each iteration.

12. The method of claim 8, wherein the thresholds are
predetermined in dependence of physical characteristics of
the AMOLED display and the set brightness.

13. The method of claim 8, wherein the threshold values
are a function of the temperatures of the AMOLED display.

14. The method of claim 8, wherein generation of the
subframe for a higher threshold value is prior to that for a
lower threshold value.

15. The method of claim 1, wherein the duration for con-
necting the supply lines to the voltage source is correlated to
the threshold value for obtaining the binary value subframe.

16. A method for simulating a pixel current distribution of
an AMOLED display, wherein the display comprises a matrix
of AMOLED pixels, arranged in rows and columns, wherein
all AMOLED pixels are driven digitally, wherein all
AMOLED pixels in a column are connected to a supply line
for that column, wherein at least one end of the supply line is
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either connected or switched to the voltage source compris-
ing, for a column of AMOLED pixels in the matrix, the steps
of:

estimating a value for a voltage/current for a selected node
of the column;

calculating at least one of a voltage value and a current
value for remaining nodes of the column, based on one
of an estimated voltage or current value; and

iterating the previous steps in order to reduce a difference
between a calculated voltage or current value and a real
voltage or current value at a chosen location of the col-
umn.

17. The method according to claim 16, wherein the simu-
lation of the pixel current distribution for a binary subframe is
executed during at least one of the addressing and driving
phase for this subframe

18. The method according to claim 16, wherein the number
of iterations is limited.

19. The method according to claim 16, wherein the number
of iterations for each subframe (Bi) depends on the duration
of the corresponding time factor (ti).

20. The method according to claim 16, wherein, for a
subframe, the calculated pixel current distribution is corre-
lated to the luminance distribution of this subframe.

21. The method according to claim 20, further comprising
considering the internal OLED capacitance for the simulation
of a pixel-wise luminance distribution of the AMOLED dis-
play.

22. The method according to claim 16, further comprising
the consideration of supply connections structured in parallel
lines with one line for each column.

23. The method according to claim 16, wherein the selected
node is at an end of the column.

24. The method of claim 16, further comprising choosing at
least one of a node and a position of a current divide in the
column.

25. The method according to claim 16, wherein the current-
voltage characteristics of an OLED are stored as a lookup
table.

26. The method according to claim 16, further comprising
estimating a value for at least one of the voltage and current
for a selected node of a row.

27. The method according to claim 16, further comprising
considering the resistance of the row lines.

28. The method of claim 16, further wherein a pixel current
that is at least one of estimated or calculated, is applied for the
calculation of an anode potential of the next pixel at a same
column and for the calculation of a cathode potential of the
next pixel at the same row.

29. A device for driving an active matrix organic light-
emitting diode (AMOLED) display, the display comprising
organic light-emitting diodes (OLED) arranged in rows and
columns, a pixel circuit for driving an OLED, a scan line for
selecting the pixel circuits of each row and a data line for
controlling the pixel circuits of each column and supply lines
connectable to the anodes and cathodes of the AMOLED
pixels, comprising:

a circuit that decomposes the image data into several sub-
frames in dependence of the physical characteristics of
the AMOLED display;

a circuit that generates binary subframe signals according
to the decomposed subframes;

a circuit that activates an organic light emitting diode,
based on a scan signal on the scan line and a generated
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subframe signal applied on the data line, and that allows
or blocks a current from flowing through the organic
light emitting diode; and

a circuit that connects the supply lines to a voltage source
for a predetermined duration for each subframe.

30. A device for the determination of a sequence of binary-
value subframes used for addressing/driving an AMOLED
display from one of a gray-value or a color value image,
comprising:

acircuit that obtains a binary value subframe from one of a
gray value or color value remaining image by comparing
the gray or color values with a predetermined threshold
value;

acircuit that simulates a pixel-wise luminance distribution
of the AMOLED display, based on the binary value
subframe and a predetermined time factor;

a circuit that subtracts the pixel-wise luminance distribu-
tion of the AMOLED display from the remaining image
data in order to calculate the next remaining image data.

31. A device for simulating a pixel current distribution of
an AMOLED display, wherein the display comprises a matrix
of AMOLED pixels, arranged in rows and columns, wherein
all AMOLED pixels are driven digitally, wherein all
AMOLED pixels in a column are connected to a supply line
for that column, wherein at least one end of the supply line is
connected/switched to the voltage source,

comprising, for at least one of a column or a row of
AMOLED pixels in the matrix:

a circuit that estimates at least one of a voltage or a current
for a selected node of the at least column or row;
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a circuit that estimates the voltage/current values for the
remaining nodes of the at least column or row, based on
an estimated value of the voltage or the current;

a circuit that repeats the previous steps in order to reduce
the difference between the calculated and the real volt-
age or current value at a chosen location of the at least
column or row.

32. An active matrix organic light-emitting diode
(AMOLED) display module comprising:

an active matrix organic light-emitting diodes (OLED)
display,

a device that determines a sequence of binary-value sub-
frames used for addressing/driving an AMOLED dis-
play from one of a gray-value or a color value image,
through simulation of a pixel current distribution of a
digitally driven AMOLED display, and

a device that connects the supply lines of an AMOLED
display to a voltage source for a predetermined duration
for each subframe, wherein at least one supply side of
the AMOLED display, anode and/or cathode, is struc-
tured in parallel lines with one line for each column/row.

33. The method of claim 4, wherein the binary value sub-
frame is generated by a comparison function with the remain-
ing image data as an input and further comprising simulating
a pixel-wise luminance distribution of the AMOLED for a
given binary subframe to calculate a next remaining image
data.
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