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cludes sequentially selecting at least one of the plurality
of rows twice. Upon a first selection, a first digital code
is written to the selected row and upon asecond selection
asecond digital code is written to the selected row. There
is a predetermined time delay between the second se-
lection and the first selection, which in at least one of the
sub-frames deviates from a power of 2. Digital driving
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Description
Field of the invention

[0001] The presentinvention relates to the field of digital driving of displays. More specifically it relates to methods for
digitally driving active matrix displays, for instance AMOLED (Active Matrix Organic Light Emitting Diode) displays, so
as to obtain high color accuracy, and to digital driving circuitry for active matrix displays, for instance AMOLED displays,
providing high color accuracy.

Background of the invention

[0002] Prior art backplanes for AMOLED displays use a pixel driver circuit for each OLED, each pixel driver circuit
driving a predetermined current through the corresponding OLED. Multiple pixel driver circuit schematics are being
implemented, which all comprise a drive transistor (such as M1 in FIG. 1) driving the predetermined current through the
OLED.

[0003] In an analog driving method an amplitude modulation approach is used, wherein each OLED emits light during
a full frame period with an intensity corresponding to the required gray level. The current through the OLED is determined
in accordance with an analog data voltage on the floating gate of the drive transistor M1. As this transistor M1 preferably
operates in saturation for accurate current control, the current through the OLED (and thus the OLED luminance) varies
with the square of the M1 gate voltage. This introduces non-linearity in the display response, limits accuracy and makes
the display sensitive to noise. An overall display architecture as schematically shown in FIG. 2 is currently used for
analog driven displays. At one edge of the display, a select line driver integrated circuit is provided. The select lines are
digitally driven, for instance by a running one, cycling at a rate corresponding to the frame rate. At another edge of the
display, data line driver circuitry is provided for driving the data lines. The data lines are driven by an analog voltage,
keeping the pixels at a constant luminance during an entire image frame.

[0004] In a digital driving method a Pulse Width Modulation approach can be used, wherein each OLED emits light
during a portion of a frame period, at a single luminance. In this approach the portion of the frame period during which
an OLED emits light has a duration corresponding to the required gray level. A pulse current having a duty ratio in
accordance with the data voltage is supplied to each OLED. In such known approach, a frame is divided into n sub-
frames, wherein n is the number of bits used for digitally representing the image data. These n sub-frames may have a
different duration, there being a ratio 1:2:4:8:....:2n-1 between the different sub-frame durations. In each sub-frame a
pixel (OLED) is either ON or OFF. In this way 2" different gray levels can be created. A display architecture is used
wherein select lines (for instance rows) are digitally driven by dedicated timing control circuitry and wherein data lines
(for instance columns) are driven by a digital voltage, as schematically illustrated in FIG. 3.

[0005] FIG. 4 shows a comparison between a typical analog pixel driving method (dashed lines) and a digital pixel
driving method (full lines). In an analog driven pixel, the pixel luminance is constant during each image frame period
and it can be different from frame to frame. The pixel luminance can have 2" different levels. In a digital driven pixel, a
pixel is at full luminance(ON) during part of a frame period and at zero luminance (OFF) during the remaining part of the
frame period. FIG. 4 is only a schematic representation, not showing a division in sub-frames for the digital driving
approach.

[0006] WO 2014/068017 describes a method and digital driving circuitry for digital driving of an active matrix display
with a predetermined frame rate, by means of pulse width modulation (PWM). To obtain high color accuracy, both under
low-light intensity and under high-light intensity; the width of the pulses needs to be controlled very accurately. The
described method includes representing each of the plurality of pixels of an image to be displayed within a frame by an
n-bit digital code. The image frame is divided into sub-frames, which may be of substantially equal duration. Within each
sub-frame, the method includes sequentially selecting at least one of the plurality of rows twice. Upon a first selection,
a first digital code is written to the selected row, and upon a second selection, a second digital code is written to the
selected row. This alternation of driving between both lines causes that the line driven first is typically half a time unit
longer active than the other line. One way to avoid this half time unit difference is to swap the sequence of both lines
during the nextimage frame, such that on average they have equal length. However, this implementation is not preferred,
because it again gives a variation at half the frame refresh rate, which leads to possible subharmonics (e.g. a 30 Hz
signal component in a display driven at 60 Hz), which may lead to causing flickering and hence should be avoided.

Summary of the invention
[0007] It is an object of embodiments of the present invention to provide good methods for digital driving of active

matrix displays, such as for instance, but not limited thereto, AMOLED displays, based on Pulse Width Modulation, so
as to obtain high color accuracy.
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[0008] Theabove objectiveisaccomplished by amethod and device according to embodiments of the presentinvention.
[0009] In a first aspect, the present invention provides a method for digital driving of an active matrix display with a
predetermined frame rate. The display comprises a plurality of pixels logically organized in a plurality of rows and a
plurality of columns. The method comprises:

representing each of the plurality of pixels of an image to be displayed within a frame by an n-bit digital image code,
for instance, but not limited thereto, a 12-bit code;

dividing the image frame into a natural number N of sub-frames, each sub-frame being further divided into time
slots, a number of time slots being assigned to each bit of the n-bit image code according to each bit’s significance
in the code;

within at least one sub-frame, sequentially selecting at least one of the plurality of rows twice, wherein upon a first
selection a first digital code is written to the selected row and upon a second selection a second digital code is
written to the selected row, there being a predetermined time delay between the second selection and the first
selection

wherein the time delay between the second selection and the first selection in at least one of the sub-frames deviates
from a power of two.

[0010] In a method according to embodiments of the present invention, the time delay between the second selection
and the first selection in the at least one sub-frame may correspond to one time slot longer than the delay needed for
actually shifting the selectlines, in order to take into account more accurately the delay linked with the alternation between
the driving of both selections. In such case, upon the second selection in that at least one sub-frame, the second digital
code may be written to the selected row during a number of time slots equal to one less than the delay needed for
actually shifting the select lines, in order to take into account more accurately the delay linked with the alternation between
the driving of both selections.

[0011] Inamethod according to embodiments of the present invention, dividing the image frame may comprise dividing
the image frame into sub-frames of substantially equal duration.

[0012] In a method according to embodiments of the present invention, the second selection of the plurality of rows
may take place for at least 35%, at least 50%, at least 75%, at least 80%, at least 85%, at least 90% of the sub-frames.
[0013] Inamethod according to embodiments of the present invention, dividing the image frame into sub-frames may
comprise dividing the image frame into N sub-frames, wherein N is equal to n. In alternative embodiments, where the
number n of bits in the digital image code is not a natural power of two, dividing the image frame into sub-frames may
comprise dividing the image frame into N sub-frames, wherein N is the power of two superior and closest to n.

[0014] Each sub-frame may be further divided into 2n/N time slots, with n the number of bits in the digital image code,
and N the number of sub-frames in an image frame.

[0015] In particular embodiments of the present invention, more than 2m-1 time slots may be assigned to at least one
mth bit of the n-bit image code belonging to the least significant bits of the n-bit image code. With "the least significant
bits" is meant those bits which, when ordered according to significance in the n-bit code, belong to the least significant
half of the bits, e.g. to the least significant third.

[0016] In same or other embodiments of the present invention, less than 2m-1 time slots may be assigned to at least
one mth bit of the n-bitimage code belonging to the middle significant bits of the n-bit image code. With "middle significant
bits" is meant those bits which, when ordered according to significance in the n-bit code, do not belong to the most
significant quarter, and neither to the least significant quarter.

[0017] In same or other embodiments of the present invention, 2m-1 time slots may be assigned to at least one mth
bit of the n-bit image code belonging to the most significant bits of the n-bit image code. With "the most significant bits"
is meant those bits which, when ordered according to significance in the n-bit code, belong to the most significant half
of the bits, e.g. to the most significant third.

[0018] The fact that at least one of the least significant bits at the mth position may be assigned more than 2m-1 time
slots, does not mean that all least significant bits are assigned more than 2m-1 time slots. Similarly, the fact that at least
one of the most significant bits at the mth position may be assigned 2m-1 time slots, does not mean that all most significant
bits are assigned 2m-1 time slots. And also the fact that at least one of the middle significant bits at the mth position may
be assigned less than 2m-1 time slots, does not mean that all middle significant bits are assigned less than 2m-1 time
slots. But in general it is desirable that the deviations in number of time slots of the most significant bits are rather limited,
while deviations in number of time slots for the least significant bits and middle significant bits are easier to compensate for.
[0019] In a method according to embodiments of the present invention, writing the first code and writing the second
code may comprise driving the first code and the second code using pulse-width modulation.

[0020] In a second aspect, the present invention provides digital driving circuitry for driving, with a predetermined
frame rate, an active matrix display comprising a plurality of pixels logically organized in a plurality of rows and a plurality
of columns, so as to display subsequent frames of an image to be displayed, the image being represented by an n-bit
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digital image code for each pixel. The digital driving circuitry comprises digital select line driving circuitry for sequentially
selecting the plurality of rows, and digital data line driving circuitry for writing the digital image code to corresponding
pixels in a selected row. The digital select line driving circuitry is adapted for sequentially selecting, within one sub-frame,
at least one of the plurality of rows twice, so as to, upon a first selection, write a first digital code to the selected row and,
upon a second selection, write a second digital code to the selected row. There is a predetermined time delay between
the second selection and the first selection, which in at least one of the sub-frames deviates from a power of two.
[0021] Indigitaldriving circuitry according to embodiments of the presentinvention, the digital select line driving circuitry
may comprise a time delay implementation circuit for implementing the predetermined time delay between the second
selection and the first selection. In particular embodiments, the time delay implementation circuit may comprise a shift
register.

[0022] In a third aspect, the present invention provides an active matrix display comprising an array of light emitting
elements arranged for being driven by a digital driving circuitry according to embodiments of the second aspect of the
present invention. The active matrix display may for instance be an AMLED display, an AMOLED display oran AMQLED
display. The light emitting elements may for instance be any of crystalline semiconducting LEDs, fluorescent OLEDs,
phosphorescent OLEDs, light emitting polymers, Quantum dot QLEDs.

[0023] Particular objects and advantages of various aspects have been described herein above. Of course, it is to be
understood that not necessarily all such objects or advantages may be achieved in accordance with any particular
embodiment of the disclosure. Thus, for example, those skilled in the art will recognize that the disclosure may be
embodied or carried out in a manner that achieves or optimizes one advantage or group of advantages as taught herein
without necessarily achieving other objects or advantages as may be taught or suggested herein. Further, itis understood
that this summary recites merely some examples and is not intended to limit the scope of the disclosure. The disclosure,
both as to organization and method of operation, together with features and advantages thereof, may best be understood
by reference to the following detailed description when read in conjunction with the accompanying drawings.

Brief description of the drawings
[0024]

FIG. 1 schematically shows an example of a prior art AMOLED pixel driver circuit, wherein an analog voltage on
the gate of the drive transistor M1 determines the OLED luminance.

FIG. 2 schematically shows a prior art AMOLED display architecture using an analog driving method.

FIG. 3 schematically shows a prior art AMOLED display architecture using a digital driving method.

FIG. 4 shows a comparison in OLED current output between an analog pixel driving method as in FIG. 2 (dashed
lines) and a digital driving method as in FIG. 3 (full lines).

FIG. 5 schematically shows a digitally driven AMOLED display architecture as an example of an active matrix display
architecture in accordance with embodiments of the present invention.

FIG. 6 is a schematic representation of a time delay determination circuit of a select line driving circuit that can be
used in embodiments of the present invention.

FIG. 7 is a schematic representation of a time delay determination circuit of a select line driving circuit comprising
Output Enable circuitry.

FIG. 8 illustrates a hardware implementation of a bit counter which may be used in a 12-bit coding table optimisation
algorithm in accordance with embodiments of the present invention.

FIG. 9 illustrates a hardware implementation of an adder which may be used in a 12-bit coding table optimisation
algorithm in accordance with embodiments of the present invention.

FIG. 10 illustrates a hardware implementation of a look-up table which may be used in a 12-bit coding table optimi-
sation algorithm in accordance with embodiments of the present invention.

FIG. 11, FIG. 12 and FIG. 13 illustrate a hardware implementation of a bit counter, an adder and a look-up table,
respectively, which may be used in a 9-bit coding table optimisation algorithm in accordance with embodiments of
the present invention.

FIG. 14, FIG. 15 and FIG. 16 illustrate a hardware implementation of a bit counter, an adder and a look-up table,
respectively, which may be used in a 13-bit coding table optimisation algorithm in accordance with embodiments of
the present invention.

FIG. 17, FIG. 18 and FIG. 19a and 19b illustrate a hardware implementation of a bit counter, an adder and a look-
up table, respectively, which may be used in a 14-bit coding table optimisation algorithm in accordance with em-
bodiments of the present invention.

FIG. 20, FIG. 21 and FIG. 22a and 22b illustrate a hardware implementation of a bit counter, an adder and a look-
up table, respectively, which may be used in a 15-bit coding table optimisation algorithm in accordance with em-
bodiments of the present invention.
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FIG. 23, FIG. 24 and FIG. 25a and 25b illustrate a hardware implementation of a bit counter, an adder and a look-
up table, respectively, which may be used in a 16-bit coding table optimisation algorithm in accordance with em-
bodiments of the present invention.

[0025] The drawings are only schematic and are non-limiting. In the drawings, the size of some of the elements may
be exaggerated and not drawn on scale for illustrative purposes.

[0026] Any reference signs in the claims shall not be construed as limiting the scope.

[0027] In the different drawings, the same reference signs refer to the same or analogous elements.

Detailed Description of illustrative embodiments

[0028] In the following detailed description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention and how it may be practiced in particular embodiments. However, it will be
understood that embodiments of the present invention may be practiced without necessarily having all these specific
details. In other instances, well-known methods, procedures and techniques have not been described in detail, so as
not to obscure the disclosure. While the present invention will be described with respect to particular embodiments and
with reference to certain drawings, the invention is not limited hereto. The drawings included and described herein are
schematic and are not limiting the scope of the disclosure.

[0029] Itis to be noticed that the term "comprising" should not be interpreted as being restricted to the means listed
thereafter; it does not exclude other elements or steps. It is thus to be interpreted as specifying the presence of the
stated features, integers, steps or components as referred to, but does not preclude the presence or addition of one or
more other features, integers, steps or components, or groups thereof. Thus, the scope of the expression "a device
comprising means A and B" should not be limited to devices consisting only of components A and B.

[0030] OLEDdisplays are displays comprising an array of light-emitting diodes in which the emissive electroluminescent
layer is a film of organic compound which emits light in response to an electric current. OLED displays can either use
passive-matrix (PMOLED) or active-matrix (AMOLED) addressing schemes. In case of OLED displays, the present
invention relates to AMOLED displays. The corresponding addressing scheme makes use of a thin-film transistor back-
plane to switch each individual OLED pixel on or off. AMOLED displays allow for higher resolution and larger display
sizes than PMOLED displays.

[0031] The presentinvention, however, is not limited to AMOLED displays, but in a broader concept relates to active
matrix displays. Any type of active matrix displays may use the concepts of embodiments of the present invention,
although AMOLED displays are particularly advantageous in view of the current switching speeds of their pixel elements.
It is advantageous if the pixel elements of the active matrix displays can switch faster, as this allows to obtain higher
frame rates, hence less flickering images.

[0032] Anactive matrixdisplay, e.g.an AMOLED display, according to embodiments of the presentinvention comprises
a plurality of pixels, each comprising a pixel element, e.g. an OLED element. The pixel elements are arranged in an
array, and are logically organised in rows and columns. Throughout the description of the present invention, the terms
"horizontal" and "vertical" (related to the terms "row" of "line" and "column", respectively) are used to provide a co-
ordinate system and for ease of explanation only. They do not need to, but may, refer to an actual physical direction of
the device. Furthermore, the terms "column" and "row" or "line" are used to describe sets of array elements which are
linked together. The linking can be in the form of a Cartesian array of lines and columns; however, the present invention
is not limited thereto. As will be understood by those skilled in the art, columns and lines can be easily interchanged and
itis intended in this disclosure that these terms be interchangeable. Also, non-Cartesian arrays may be constructed and
are included within the scope of the invention. Accordingly the terms "row" or "line" and "column" should be interpreted
widely. To facilitate in this wide interpretation, the claims refer to logically organised in rows and columns. By this is
meant that sets of pixel elements are linked together in a topologically linear intersecting manner; however, that the
physical or topographical arrangement need not be so. For example, the rows may be circles and the columns radii of
these circles and the circles and radii are described in this invention as "logically organised" rows and columns. Also,
specific names of the various lines, e.g. select line and data line, are intended to be generic names used to facilitate the
explanation and to refer to a particular function and this specific choice of words is not intended to in any way limit the
invention. It should be understood that all these terms are used only to facilitate a better understanding of the specific
structure being described, and are in no way intended to limit the invention.

[0033] Wherein embodiments of the present invention reference is made to "selection" in "first selection" and "second
selection", reference is made to an action in the circuit that enables data to be introduced. This could be, for example,
multiplying a bit from a data code by one in a logical implementation. Alternatively, it may be seen as running a one in
a select line of a circuit, changing the state of a transistor to introduce data from a data line. Hence, a first selection
followed by a second selection may comprise introducing data a first time, followed by introducing data a second time.
[0034] In the context of the present invention, a frame is a single picture or single image that is shown as part of a
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sequence of pictures. For example, many single images or frames can be provided in succession to produce a video or
a movie. The frame rate or frame frequency is the rate or frequency at which consecutive images (frames) are formed
and displayed. The frame period (fp) is a time interval equal to the reciprocal of the frame frequency. It corresponds to
the display period of a single frame or image.

[0035] A frame can be divided into sub-frames. In the analog way of display driving, each pixel is addressed once
each frame. When the display is driven digitally using pulse width modulation, different pulse with different lengths are
needed to obtain the different grey scales. The different timing moments to drive a pixel are grouped into sub-frames.
The sub-frames which together form a frame, each have a subframe duration which lasts for only part of the total frame
period; the sum of these parts of all sub-frames together forming a frame being equal to one frame period. Pixels in the
frame which are very bright, may give a lot of intensity in all sub-frames, while pixels which are less bright may give
more intensity in some sub-frames, and less intensity in other sub-frames, and pixels which are very dark may give little
intensity in all sub-frames. In embodiments of the present invention, the duration of each of the sub-frames of a frame
may be, but does not have to be, substantially equal. In those embodiments in which each sub-frame duration is sub-
stantially equal, each frame, which has a duration of one frame period fp, may be divided in N sub-frames with a duration
of fp/N. Nonetheless, the present invention is not limited by equal duration of the sub-frames.

[0036] In some embodiments, N may be an arbitrary number. In certain embodiments, N may be equal to the number
of bits used per image colour for representing the image data (N = n, n bit gray scale). For instance, exemplary embod-
iments are described wherein the number of sub-frames N is equal to the number of bits n, which in the example described
is 8. In this example, 8 bits are used for representing each colour, e.g. for use in a 24 bit RGB (Red Green Blue) display.
However, the present invention is not limited thereto, and the number of sub-frames can be different, e.g. larger or
smaller than 8.

[0037] In those cases in which the number of bits n is not a power of two (i.e., n is not 4, 8, 16, etc), then N may be
chosen as the number of bits n, so N = n as before; alternatively, N may be chosen equal to the power of two higher
than, but closest to, n. In this case, for instance, if n =5, 6 or 7, then N =8, and if n = 11, 12, 14, then N = 16.

[0038] In one aspect, the present invention relates to methods for digital driving of pixels of active matrix displays, for
instance AMOLED displays, with a predetermined frame rate. The display comprises a plurality of pixels logically organ-
ized in a plurality of rows and columns.

[0039] The method comprises representing each of the plurality of pixels of an image to be displayed within a frame
by an n-bit digital image code, and dividing the image into a natural number N (>1) of sub-frames. Each sub-frame is
further divided into time slots, and a number of time slots are assigned to each bit of the n-bit image code according to
each bit’s significance in the code.

[0040] The method further comprises selecting each of the plurality of rows one first time per sub-frame, and subse-
quently for at least one sub-frame, a second time. This implies that at least one sub-frame will be sequentially selected
twice. Data code corresponding to pixel data of image pixels to be represented and, in some embodiments, dummy data
or reset data (a zero) is introduced with each selection. In preferred embodiments of the present selection, this sequence
of first selection and second selection takes place in at least 35% of the sub-frames, or in at least half of the sub-frames.
In certain embodiments, at least 75%, 80% or even more than 90% of sub-frames are selected twice.

[0041] The first selection and the second selection are performed sequentially for at least one and preferably more of
the sub-frames. This means that there is a time delay between the first selection and the second selection, and this time
delay may be different for each sub-frame.

[0042] In embodiments where the number of sub-frames N equals the number of bits (N = n), the time delay in at least
one of the sub-frames, e.g. the xt" sub-frame, may equal 1 more or 1 less than 1/2N-% of the sub-frame duration. The
data introduced in each sub-frame is the bits in order from the least significant bit LSB to the most significant bit MSB.
[0043] In the prior art method as disclosed in WO 2014/068017, for driving n bits, a frame is divided into 2" time slots,
from which only 2"-1 time slots are used for effective driving. There remains one time slot that is unused. The present
invention will use that one unused time slot for improving the driving scheme.

[0044] This is now illustrated by means of an example first illustrating the method of WO 2014/068017.

[0045] In case the number of bits of the digital image code n = 5 bits, and the number of subframes N = 8, it is possible
to drive the data to the pixel during a first and second selection in each sub-frame, for a number of time slots according
to the significance of each data bit. Firstly, each sub-frame may be considered with the same duration. Each sub-frame
is divided in time slots, which may also have the same duration. The number of time slots can be 2"/N = 25/8 = 4 time
slots per sub-frame (or 32 time slots for the whole frame). Now, each bit is assigned to a number of time slots according
to their position, so the mth bit (1<m<n), the first bit being the LSB and the n-th bit being the MSB, will be assigned to
2m-1 time slots. In a data code with 5 bits, B4 B3 B2 B1 B0, the MSB bit B4 will be assigned to 24 = 16 time slots. Bit B3
will be assigned to 8 time slots, B2 will be assigned to 4, B1 will receive 2 time slots and BO will be introduced in the
pixel during 2° = 1 time slot. The introduction of the data is performed twice per sub-frame, for instance according to
Table 1. Each of the first three sub-frames are run with two selections. The first sub-frame is run with a zero for one time
slot, the rest of the sub-frame is run with data bit B4. The second sub-frame is run with two selections, one time slot for
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bit BO, and the remaining three time slots for B4. The third sub-frame is selected twice, the first 2 time slots for driving
bit B1, the second 2 time slots for driving B4. The remainder of the sub-frames are selected only once, for the bits B2,
B3 and B4, the second selection not being needed. This way, all bits are represented longer according to their significance
in the data code, and this in a homogeneous way, and utilizing most of the time slots (most of the frame) for driving data
in the pixel.

Table 1
Sub-Frame number (length code a, code b) | code driven after running one a | code driven after running one b
1(1,3) 0 B4
2(1,3) BO B4
3(2.2) B1 B4
4 (4,)) B2 /
5 (4,/) B3 /
6 (4,/) B3 /
7 (4,)) B4 /
8 (4,)) B4 /

[0046] A similar example can be given for an 11-bit image code (n=11) and the number of subframes N = 16 (power
of two higher than, but closest to, n). It is possible to drive the data to the pixel during a first and second selection in
each sub-frame, for a number of time slots according to the significance of each data bit. Firstly, each sub-frame may
be considered with the same duration. Each sub-frame is divided in time slots, which may also have the same duration.
The number of time slots can be 2"/N = 211/16 = 128 time slots per sub-frame (or 2048 time slots for the whole frame).
Now, each bit is assigned to a number of time slots according to their position, so the mth bit (1<m<n), the first bit being
the LSB and the n-th bit being the MSB, will be assigned to 2™-1 time slots. In a data code with 11 bits, B10 B9 B8 B7
B6 B5 B4 B3 B2 B1 B0, the MSB bit B10 will be assigned to 210 = 1024 time slots, bit B9 will be assigned 512 time slots,
B8 will be assigned 256 time slots, B7 will be assigned 128 time slots, B6 will be assigned 64 time slots, B5 will be
assigned 32 time slots, B4 will be assigned 16 time slots, B3 will be assigned to 8 time slots, B2 will be assigned to 4,
B1 will receive 2 and BO will be introduced in the pixel during 20 = 1 time slot. The introduction of the data is performed
twice per sub-frame, for instance according to Table 2.

Table 2
Sub-Frame number (length code a, code b) | code driven after running one a | code driven after running one b

1(1,127) 0 B10
2 (1,127) BO B10
3(2,126) B1 B10
4 (128,/) B9 /
5 (8,120) B3 B10
6 (16,112) B4 B10
7 (32,96) B5 B10
8 (64,64) B6 B10
9 (128,/) B7 /
10 (128,/) B8 /
11 (128,/) B8 /
12 (4,124) B2 B10
13 (128,/) B9 /
14 (128,/) B9 /
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(continued)

Sub-Frame number (length code a, code b) | code driven after running one a | code driven after running one b

15 (128,)) B9 /

16 (128,)) B10 /

[0047] The minimal driving speed required for 60 Hz frames, 16 subframes per frame, 128 time slots per frame, and
2 lines selected per time slot, would be fy,, =60 * 16 * 128 * 2 = 246 kHz.

[0048] Of course it is desired to have the image data encoded with as many bits as possible. However, compared to
the above example, if the image data is coded by n = 12 bits and the number of subframes is still N = 16 (power of two
equal or higher than, but closest to, n), the required data rate increases severely. Again, each sub-frame may be
considered with the same duration. Each sub-frame is divided in time slots, which may also have the same duration.
The number of time slots can be 2"/N = 212/16 = 256 time slots per sub-frame (or 4096 time slots for the whole frame).
Again, each bit is assigned to a number of time slots according to their position, so the mth bit (1<m<n), the first bit being
the LSB and the n-th bit being the MSB, will be assigned to 2M-1 time slots. A data code with 12 bits may be represented
as B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0, the MSB bit B11 and LSB BO. The introduction of the data is performed
twice per sub-frame, for instance according to Table 3.

Table 3
Sub-Frame number (length code a, code b) | code driven after running one a | code driven after running one b
1 (1,255) 0 B11
2 (1,255) BO B11
3 (2,254) B1 B11
4 (4,252) B2 B11
5 (8,248) B3 B11
6 (16,240) B4 B11
7 (32,224) B5 B11
8 (64,192) B6 B11
9 (128,128) B7 B11
10 (256,/) B8 /
11 (256,/) B9 /
12 (256,/) B9 /
13 (256,/) B10 /
14 (256,/) B10 /
15 (256,/) B10 /
16 (256,/) B10 /

[0049] The minimal driving speed required for 60 Hz frames, 16 subframes per frame, 256 time slots per frame, and
2 lines selected per time slot, would be fy,, =60 * 16 * 256 * 2 = 492 kHz.

[0050] In summary, for the above type of driving method as disclosed in WO 2014/068017, in case the number of sub-
frames N equals the power of 2 closest and not smaller than the number of bits n, and the sub-frames have substantially
the same duration, for n-bit image code and each sub-frame divided in 2"/N time slots, then 2M-1 time slots may be
assigned to the mth bit of the n-bit image code. Then, the MSB would be assigned with 2n-1 time slots, the second MSB
with 22, and so on until the LSB is assigned with 20 time slots (one time slot). The introduction of data is performed
with two selections per sub-frame.

[0051] It can be seen from the above that, according to WO 2014/068/017, for driving n bits, a frame is divided into
2n (in the example given 25 = 32) time slots, from which only 2"-1 (16+8+4+2+1 = 31 for the case of n = 5) time slots
are used for effective driving. There always remains one time slot that is unused. This can also be seen from the values
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0 shown in Table 2 and Table 3, at the first time slot of subframe 1.

[0052] Theinventors ofthe presentinvention have now found that exactly this one unused time slot can advantageously
be used for improving the driving scheme, by recoding the bits. This has the advantage that an additional bit of color
depth may be obtained, without having to increase the data rate.

[0053] In the further description, the coding method according to embodiments of the present invention is explained
in more detail. In such coding method, the remaining unused time slot is used as an additional minimal length block
(length 1). This block is indicated CX in Table 4 below.

[0054] To build a given coding table, in accordance with embodiments of the present invention, again each of the bits
will be assigned to a number of time slots according to their position, with bits closer to the LSB bit having less time slots
assigned than bits closer to the MSB. A difference compared to the method described in WO 2014/068017, however,
is that the number of time slots assigned to a bit value now no longer is a power of 2, but deviates therefrom. In this
embodiment, the most significant bits are implemented as in the prior art, with the number of time slots assigned being
a power of 2 of the value of the position of that bit in the image code. The first least significant bit is assigned 1 time slot.
The further least significant bits are assigned a number of time slots which is larger than the number of time slots (larger
than 2m-1 for the mth bit) which would be assigned if a power of 2 of the value of the position of that bit in the image code
would be taken, and the middle significant bits are assigned a number of time slots which is smaller than the number of
time slots (smaller than 2m-1 for the mth bit) which would be assigned if a power of 2 of the value of the position of that
bit in the image code would be taken.

[0055] Fora 12-bitinput code B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO, for instance, with 16 subframes being used,
each subframe comprises maximal (any multiple of) 128 lines. Each image comprises in this approach typically 128
lines. If the image consists of more than 128 lines, the lines are grouped in blocks. e.g. a display of 1000 lines will be
driven with this code as 128 blocks of 8 lines.

[0056] Driving each subframe comprises driving maximum 2 pulses of in total 256 timeslots.

Time slots acc to priorart | 1 2 4 8 16 32 64 128 | 256 | 512 | 1024 | 2048
Bit number BO | B1 B2 | B3 | B4 | B5 | B6 | B7 B8 B9 B10 B11

The number of time slots assigned to each bit value can be as follows:

Time slots acc to invention | 1 3 5 11 15 31 63 127 | 255 | 512 | 1024 | 2048 | 1
Bit number CO [C1 |C2 |C3 |C4 |C5 |Cb |CT C8 Cc9 Cc10 Cc11 CX

[0057] This shows that, in this embodiment, the least significant bit BO is assigned 1 time slot (indicated by CO0), the
second least significant bit B1 (indicated by C1) is assigned 3 time slots, where in the prior art it would have been 2m-1=2,
m being the position of the bit in the code, bit B2 (indicated by C2) is assigned 5 time slots, and bit B3 (indicated by C3)
is assigned 11 time slots. In the example illustrated, bits C1 to C3 are the ones being assigned more time slots than
would have been the case in the prior art. In accordance with embodiments of the present invention, the number of time
slots assigned to the least significant bits should always be uneven.

[0058] Correspondingly, the middle significant bits B4 to B8 each are assigned less time slots, for instance one time
slot less, than would have been the case in the prior art. In accordance with embodiments of the present invention, the
number of time slots assigned to the middle significant bits can be uneven.

[0059] The most significant bits B9 to B11 are implemented just at their actual value according to their position in the
code, if a power of 2 is taken. The MSB bit B11 will be assigned 211 = 2048 time slots (indicated by C11), B10 will be
assigned to 210 = 1024 time slots (indicated by C10), bit B9 will be assigned 512 time slots (indicated by C9).

[0060] The assigning of the number of time slots to each of the bit values (e.g. more than 2M-1 for at least one of the
least significant bits, less than 2M-1 for at least one of the middle significant bits, and exactly 2™m-1 for the most significant
bits, m being the position of the corresponding bit in the image code) must be such that all intensity values can be
covered. In accordance with embodiments of the present invention, this can be done by assigning a value 1 to the
otherwise unused time slot CX.

[0061] The coding table may be implemented as illustrated in FIG. 8 to FIG. 10. The driving bits which code the same
amount of time slots as if they would have been coded in a prior art power of 2 coding or less, i.e. in this embodiment
C11, C10, C9, ..., C5, C4 are directly connected to the input bits B11, B10, B9, ..., B5, B4. The driving bits C8, C7, C6,
C5, C4 are each one time slot short compared to the time slots that would be assigned in the prior art. Hence 5 time
slots need to be compensated for in the least significant bits. As illustrated in FIG. 8, the active bits in this range having
1 time slot short are counted, B3 B2 B1 BO (input) covers [0 ... 15]. The needed range to be covered for compensating
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for the 5 time slots which are short in the middle significant bits is the sum of both, as illustrated in FIG.9, hence [0 ...
20]. C3 C2 C1 CQ0, including the extra CX covers [0 ... 21]. Depending on the outcome of the addition, CX has a value
1 or 0, to be able to compensate for the lacking time slots, as illustrated in FIG. 10.

[0062] One implementation of a coding table for this example may be as illustrated in Table 4. In this table, the first
column gives the definition in old time slots, corresponding to the shifting of the line. The last two columns give the
definition in terms of new time slots, taking into account the additional delay between driving the 1st line and the second
line. The second and the third column give the value of the code driven in each of the blocks, respectively.

Table 4
Sub-Frame number code driven after running | code driven after running
(length code a, code b) one a one b
0 (128,/) Cc10 / 2k=256
1(0,128) Co c11 2k+1=1 2k-1=255
2(1,127) C1 c11 2k+1=3 2k-1=253
3(128,)) (o) / 2k=256
4 (5,123) C3 C11 2k+1=11 2k-1=245
5(112,16) C11 C5 2k+1=225 | 2k-1=31
6 (128,/) Cc10 / 2k=256
7 (31,97) C6 C11 2k+1=63 2k-1=193
8 (64,64) c11 C7 2k+1+129 | 2k-1=127
9 (128,/) Cc10 / 2k=256
10 (7,121) C4 C11 2k+1=15 2k-1=241
11 (128,/) C9 / 2k=256
12(2,126) C2 c11 2k+1=5 2k-1=251
13 (128,/) Cc10 / 2k=256
14 (127,1) C8 CX 2k+1=255 | 2k-1=1
15 (128,/) C11 / 2k=256

[0063] This table (Table 4) is assigned values as if the image code were 11 bits, hence 1 bit less than the actual input
data, meaning that there would be 2n/N = 211/16 = 128 time slots per sub-frame. The recoding of the bits in accordance
with the present invention, however, takes into account the amended number of time slots assigned. If, during the first
selection, running a data bit during k=128 time slots is proposed, in the actual implementation 256 (2k) time slots are
used for running that data bit, In such case, no second selection takes place. If, during the first selection, another value
k is proposed for running the data bit, in the actual implementation 2k+1 time slots are used. During the subsequent
second selection another value k is proposed for running another data bit, and in the actual implementation 2k-1 time
slots are used.

[0064] For instance, in the example of Table 4, the proposed value for the first subframe is 128. This means that the
bit C10 is run for 256 time slots upon the first selection, and that no second selection is required. In the second subframe,
the proposed values are 0 for the first selection and 128 for the second selection. This means that the bit CO is run for
1 time slot upon the first selection, and the bit C11 is run for 255 time slots upon the second selection.

[0065] It can be seen that the length of the pulses becomes 2k or 2k+1 for pulses in the first selection, and 2k-1 for
pulsesin the second selection, with k being the number of time slots proposed if the image code would consist of n=11 bits.
[0066] When implementing the above example of Table 4, the minimal driving speed required for 60 Hz frames, 16
subframes per frame, 128 time slots per frame, and 2 lines selected per time slot, would be fy,, =60 * 16 * 128 * 2 =
246 kHz. It can thus be seen that advantageously an additional bit of color depth may be obtained, without having to
increase the data rate. Or alternatively worded: the demanded driver speed is only half the prior art implementation for
an equal color depth.

[0067] Similarly, other examples can be given.

[0068] For instance, a 9-bit input string may be coded as if it were an 8-bit input string. 8 subframes are used. Each
subframe comprises maximal (any multiple of) 32 lines Each image comprises in this approach typically 32 lines. If the
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image consists of more than 32 lines, the lines are grouped in blocks. e.g. a display of 1000 lines will be driven with this
code as 32 blocks of 32 lines, whereas the last 24 lines are virtual lines. Driving each subframe comprises driving
maximum 2 pulses of in total 64 timeslots.

The 9-bit input code may have a binary representation B8 B7 B6 B5 B4 B3 B2 B1 BO.
Time slots acc to priorart | 1 2 4 8 16 32 64 128 256
Bit number BO B1 B2 B3 B4 B5 B6 B7 B8

the number of time slots assigned to each bit value can be as follows:

Time slots acc to invention | 1 3 5 11 15 31 64 126 255 1
Bit number co | C1 C2 C3 |C4 |[C5 |C6 | C7 C8 CX

[0069] This shows that the least significant bit B0 is assigned 1 time slot (indicated by CO0), the second least significant
bit B1 (indicated by C1) is assigned 3 time slots, where in the prior art it would have been 2M-1=2, m being the position
of the bit in the code, bit B2 (indicated by C2) is assigned 5 time slots, and bit B3 (indicated by C3) is assigned 11 time
slots. In the example illustrated, bits C1 to C3 are being assigned more time slots than would have been the case in the
prior art. In accordance with embodiments of the present invention, the number of time slots assigned to the least
significant bits is uneven.

[0070] Correspondingly, other bits, the middle significant bits B4, B5 and the most significant bits B7, B8 each are
assigned less time slots, for instance one time slot less for B4, B5 and B8 (indicated C4, C5 and C8), and 2 time slots
less for B7 (indicated C7), than would have been the case in the prior art.

[0071] Anintermediate significant bit between the middle significant bits and the most significant bit, B6 is implemented
just at its actual value according to its position in the code, if a power of 2 is taken. The intermediate bit 6 will be assigned
26 = 64 time slots (indicated by C6).

[0072] The assigning of the number of time slots to each of the bit values (e.g. more than 2m-1 for at least one of the
least significant bits, in this embodiment is less than 2M-1 for at least one of the middle significant bits and for at least
one of the most significant bits, and exactly 2™ for an intermediate significant bits, m being the position of the corre-
sponding bit in the image code) must be such that all intensity values can be covered. In accordance with embodiments
of the present invention, this can be done by assigning a value 1 to the otherwise unused time slot CX.

[0073] The coding table may be implemented as illustrated in FIG. 11 to FIG. 13. The driving bits which code the same
amount of time slots as if they would have been coded in a prior art power of 2 coding or less, i.e. in this embodiment
C8, C7, C6, C5, C4 are directly connected to the input bits B8, B7, B6, B5, B4. The driving bits C8, C5, C4 are each
one time slot short compared to the time slots that would be assigned in the prior art, and C7 is two time slots short.
Hence 5 time slots need to be compensated for in the least significant bits. As illustrated in FIG. 12, the active bits in
this range having time slots short are counted, B3 B2 B1 BO (input) covers [0 ... 15]. The needed range to be covered
for compensating for the 5 time slots which are short in the middle significant bits is the sum of both, as illustrated in
FIG.9, hence [0 ... 20]. C3 C2 C1 CO0, including the extra CX covers [0 ... 21]. Depending on the outcome of the addition,
CX has a value 1 or 0, to be able to compensate for the lacking time slots, as illustrated in FIG. 12.

[0074] One implementation of a coding table for this example may be as illustrated in Table 5. In this table, the first
column gives the definition in old time slots, corresponding to the shifting of the line. The last two columns give the
definition in terms of new time slots, taking into account the additional delay between driving the 1st line and the second
line. The second and the third column give the value of the code driven in each of the blocks, respectively.

Table 5

Sub-Frame number code driven after running code driven after running

(length code a, code b) one a one b

0(0,32) Co C7 2k+1=1 2k-1=63
1(1,31) C1 C8 2k+1=3 2k-1=61
2(2,30) C2 C8 2k+1=5 2k-1=59
3(5,27) C3 C8 2k+1=11 | 2k-1=53
4 (7,25) C4 C8 2k+1=15 | 2k-1=49
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(continued)

Sub-Frame number
(length code a, code b)

code driven after running
one a

code driven after running
oneb

5(16,16) Cs8 C5 2k+1=33 | 2k-1=31
6 (31,1) c7 CX 2k+1=63 | 2k-1=1
7 (32,/) C6 / 2k=64

[0075] This table (Table 5) is assigned values as if the image code were 8 bits, hence 1 bit less than the actual input

data, meaning that there would be 2"/N = 28/8 = 32 time slots per sub-frame. The recoding of the bits in accordance
with the present invention, however, takes into account the amended number of time slots assigned. If, during the first
selection, running a data bit during k=32 time slots is proposed, in the actual implementation 64 (2k) time slots are used
for running that data bit, In such case, no second selection takes place. If, during the first selection, another value k is
proposed for running the data bit, in the actual implementation 2k+1 time slots are used. During the subsequent second
selection another value k is proposed for running another data bit, and in the actual implementation 2k-1 time slots are
used.

[0076] For instance, in the example of Table 5, the proposed values for the first subframe are 0 for the first selection
and 32 for the second selection. This means that the bit CO is run for 1 time slot upon the first selection, and that during
a second selection the bit C7 is run for 63 time slots. In the second subframe, the proposed values are 1 for the first
selection and 31 for the second selection. This means that the bit C1 is run for 3 time slots upon the first selection, and
the bit C8 is run for 61 time slots upon the second selection.

[0077] It can be seen that the length of the pulses becomes 2k or 2k+1 for pulses in the first selection, and 2k-1 for
pulses in the second selection, with k being the number of time slots proposed if the image code would consist of n=8
bits. Or in other words: if the separation between the driven lines corresponds to k lines, the block is driven 2k+1 or 2k-
1 time slots.

[0078] When implementing the above example of Table 5, the minimal driving speed required for 60 Hz frames, 8
subframes per frame, 32 time slots per frame, and 2 lines selected per time slot, would be fy4, =60 * 8 * 32 * 2 = 31
kHz. It can thus be seen that advantageously an additional bit of color depth may be obtained, without having to increase
the data rate. Or alternatively worded: the demanded driver speed is only half the prior art implementation for an equal
color depth.

[0079] For a 13-bit input code B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0, for instance, 16 subframes may be
used. Each subframe comprises maximal (any multiple of) 256 lines. Each image comprises in this approach typically
256 lines. If there are less lines in the display, virtual lines are added up to 256 lines. In the timing they are considered
to be present, but they are not actually driven. If the image consists of more than 256 lines, the lines are grouped in
blocks. e.g. a display of 1000 lines will be driven with this code as 256 blocks of 4 lines. Driving each subframe comprises
driving maximum 2 pulses of in total 512 timeslots.

Time slots acc to prior art | 1 2 4 8 16 |32 |64 | 128 | 256 | 512 | 1024 | 2048 | 4096

Bit number BO |B1 |B2 |B3 | B4 |[B5 | B6 |B7 B8 B9 B10 B11 B12
The number of time slots assigned to each bit value can be as follows:

Time slots acc to invention | 1 3 5 11 |15 |31 |63 | 127 | 255 | 512 | 1024 | 2048 |4096 |1

Bit number CoO [C1 |C2 |C3 |C4 |[C5 |CB6 |C7T |C8 |C9 |C10 |C11 |C12 |CX

[0080] This shows that the least significant bit B0 is assigned 1 time slot (indicated by CO0), the second least significant
bit B1 (indicated by C1) is assigned 3 time slots, where in the prior art it would have been 2™ =2, m being the position
of the bit in the code, bit B2 (indicated by C2) is assigned 5 time slots, and bit B3 (indicated by C3) is assigned 11 time
slots. In the example illustrated, bits C1 to C3 are the ones being assigned more time slots than would have been the
case in the prior art. In accordance with this embodiment of the present invention, the number of time slots assigned to
the least significant bits should always be uneven.

[0081] Correspondingly, the middle significant bits B4 to B8 each are assigned less time slots, for instance one time
slot less, than would have been the case in the prior art. In accordance with embodiments of the present invention, the
number of time slots assigned to the middle significant bits in this embodiment can be uneven.
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[0082] The most significant bits B9 to B12 are implemented just at their actual value according to their position in the
code, if a power of 2 is taken. The MSB bit B12 will be assigned 212 = 4096 time slots (indicated C12), B11 will be
assigned 211 = 2048 time slots (indicated by C11), B10 will be assigned to 210 = 1024 time slots (indicated by C10), bit
B9 will be assigned 512 time slots (indicated by C9).

[0083] The assigning of the number of time slots to each of the bit values (e.g. more than 2m-1 for at least one of the
least significant bits, less than 2m-1 for at least one of the middle significant bits, and exactly 2m-1 for the most significant
bits, m being the position of the corresponding bit in the image code) must be such that all intensity values can be
covered. In accordance with embodiments of the present invention, this can be done by assigning a value 1 to the
otherwise unused time slot CX.

[0084] The coding table may be implemented as illustrated in FIG. 14 to FIG. 16. The driving bits which code the same
amount of time slots as if they would have been coded in a prior art power of 2 coding or less, i.e. in this embodiment
C12, C11, C10, C9, ..., C5, C4 are directly connected to the input bits B12, B11, B10, B9, ..., B5, B4. The driving bits
C8, C7, C6, C5, C4 are each one time slot short compared to the time slots that would be assigned in the prior art.
Hence 5 time slots need to be compensated for in the least significant bits. As illustrated in FIG. 14, the active bits in
this range having 1 time slot short are counted, B3 B2 B1 BO (input) covers [0 ... 15]. The needed range to be covered
for compensating for the 5 time slots which are short in the middle significant bits is the sum of both, as illustrated in
FIG.15, hence [0 ... 20]. C3 C2 C1 CQO, including the extra CX covers [0 ... 21]. Depending on the outcome of the addition,
CX has a value 1 or 0, to be able to compensate for the lacking time slots, as illustrated in FIG. 16.

[0085] One implementation of a coding table for this example may be as illustrated in Table 6. In this table, the first
column gives the definition in old time slots, corresponding to the shifting of the line. The last two columns give the
definition in terms of new time slots, taking into account the additional delay between driving the 1st line and the second
line. The second and the third column give the value of the code driven in each of the blocks, respectively.

Table 6
Sub-Frame number code driven after running | code driven after running
(length code a, code b) one a one b
0 (0,256) CX C12 2k+1=1 2k-1=511
1(0,256) co C12 2k+1=1 2k-1=511
2(1,255) C1 C12 2k+1=3 2k-1=509
3 (2,254) c2 C12 2k+1=5 2k-1=507
4 (5,251) C3 Cc11 2k+1=11 2k-1=501
5 (7,249) c4 c11 2k+1=15 2k-1=497
6 (13,243) C11 C12 2k+1=27 2k-1=485
7 (256,/) C10 / 2k=512
8 (15,241) C5 C12 2k+1=31 2k-1=481
9 (31,225) Cé C12 2k+1=63 2k-1=449
10 (63,193) c7 C12 2k+1=127 | 2k-1=385
11(127,129) c8 C12 2k+1=255 | 2k-1=257
12 (255,1) C11 C12 2k+1=511 | 2k-1=1
13 (256,/) C9 / 2k=512
14 (256,/) C11 / 2k=512
15 (256,/) C10 / 2k=512

[0086] This table (Table 6) is assigned values as if the image code were 12 bits, hence 1 bit less than the actual input
data, meaning that there would be 2"/N = 212/16 = 256 time slots per sub-frame. The recoding of the bits in accordance
with the present invention, however, takes into account the amended number of time slots assigned. If, during the first
selection, running a data bit during k=256 time slots is proposed, in the actual implementation 512 (2k) time slots are
used for running that data bit, In such case, no second selection takes place. If, during the first selection, another value
k is proposed for running the data bit, in the actual implementation 2k+1 time slots are used. During the subsequent
second selection another value k is proposed for running another data bit, and in the actual implementation 2k-1 time
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slots are used.

[0087] For instance, in the example of Table 6, the proposed values for the first subframe are 0 for the first selection
and 256 for the second selection. This means that the bit CX is run for 1 time slot upon the first selection, and that during
a second selection the bit C12 is run for 511 time slots. In the second subframe, the proposed values are again 0 for
the first selection and 256 for the second selection. This means that the bit CO is run for 1 time slot upon the first selection,
and the bit C12 is run for 511 time slots upon the second selection. The proposed values for the third subframe are 1
for the first selection and 255 for the second selection. This means that the bit C1 is run for 3 time slots upon the first
selection, and the bit C12 is run for 509 time slots upon the second selection.

[0088] It can be seen that the length of the pulses becomes 2k or 2k+1 for pulses in the first selection, and 2k-1 for
pulses in the second selection, with k being the number of time slots proposed if the image code would consist of n=12
bits (although it actually consists of 13 bits).

[0089] When implementing the above example of Table 6, the minimal driving speed required for 60 Hz frames, 16
subframes per frame, 512 time slots per frame, and 2 lines selected per time slot, would be fy, =60 * 16 * 512 * 2 =
983 kHz. Advantageously an additional bit of color depth may be obtained, without having to increase the data rate. Or
alternatively worded: the demanded driver speed is only half the prior art implementation for an equal color depth.
[0090] Similarly, but explained in less detail, for a 14-bit input code B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1
BO, for instance, 16 subframes may be used. Each subframe comprises maximal (any multiple of) 512 lines. Each image
comprises in this approach typically 512 lines. If there are less lines in the display, virtual lines are added up to 512 lines.
In the timing they are considered to be present, but they are not actually driven. If the image consists of more than 512
lines, the lines are grouped in blocks. e.g. a display of 1000 lines will be driven with this code as 512 blocks of 2 lines,
whereas the last 24 lines are virtual lines. Driving each subframe comprises driving maximum 2 pulses of in total 1024
timeslots.

Time slots acc to priorart | 1 2 4 8 16 |32 |64 | 128 |256 | 512 | 1024 | 2048 | 4096 | 8192
Bit number BO |B1 |B2 |B3 |[B4 |B5 |B6 |[B7 |[B8 |B9 |B10 |B11 B12 |B13

The number of time slots assigned to each bit value can be as follows:

Time slots acc to invention | 1 3 5 11 17 31 63 127 255 511
Bit number CO |C1 |C2 |C3 | C4 |C5 C6 Cc7 C8 C9
Time slots acc to invention 1024 | 2048 | 4096 | 8191 1

Bit number c10 C11 C12 C13 CX

[0091] This shows that the least significant bit BO is assigned 1 time slot (indicated by CO0). The bits B1, B2, B3, B4
are assigned 3, 5, 11, 17 time slots, respectively (indicated by C1, C2, C3, C4). In the example illustrated, bits C1 to C4
are the ones being assigned more time slots than would have been the case in the prior art. In accordance with this
embodiment of the present invention, the number of time slots assigned to the least significant bits is uneven.

[0092] Correspondingly, the middle significant bits B5 to B9 and the most significant bit B13 each are assigned less
time slots, for instance one time slot less, than would have been the case in the prior art. In accordance with embodiments
of the present invention, the number of time slots assigned to the middle significant bits and to the most significant bit
in this embodiment is uneven.

[0093] The most significant bits B10 to B12 are implemented just at their actual value according to their position in the
code, if a power of 2 is taken. The MSB bit B12 will be assigned 212 = 4096 time slots (indicated C12), B11 will be
assigned 211 = 2048 time slots (indicated by C11), and B10 will be assigned to 210 = 1024 time slots (indicated by C10).
[0094] The assigning of the number of time slots to each of the bit values (e.g. more than 2M-1 for some of the bits,
less than 2m-1 for at least one of other bits, and exactly 2m-1 for yet at least one other bit, m being the position of the
corresponding bit in the image code) must be such that all intensity values can be covered. In accordance with embod-
iments of the present invention, this can be done by assigning a value 1 to the otherwise unused time slot CX.

[0095] The coding table may be implemented as illustrated in FIG. 17, FIG. 18, FIG. 19a and FIG. 19b. The driving
bits which code the same amount of time slots as if they would have been coded in a prior art power of 2 coding or less,
i.e. in this embodiment C13, C12, C11, C10, C9, ..., C5 are directly connected to the input bits B13, B12, B11, B10,
B9, ..., B5. The driving bits C13, C9, C8, C7, C6, C5 are each one time slot short compared to the time slots that would
be assigned in the prior art. Hence 6 time slots need to be compensated for in the least significant bits. As illustrated in
FIG. 17, the active bits in this range having 1 time slot short are counted. B4 B3 B2 B1 BO (input) covers [0 ... 31]. The
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needed range to be covered for compensating for the 6 time slots which are short in the middle significant bits is the
sum of both, as illustrated in FIG.18, hence [0 ... 37]. C4 C3 C2 C1 CO0, including the extra CX covers [0 ... 38]. Depending
on the outcome of the addition, CX has a value 1 or 0, to be able to compensate for the lacking time slots, as illustrated
in FIG. 19a and FIG. 19b.

[0096] One implementation of a coding table for this example may be as illustrated in Table 7. In this table, the first
column gives the definition in old time slots, corresponding to the shifting of the line. The last two columns give the
definition in terms of new time slots, taking into account the additional delay between driving the 1st line and the second
line. The second and the third column give the value of the code driven in each of the blocks, respectively.

Table7
Sub-Frame number (length code driven after code driven after
code a, code b) running one a running one b
0(0,512) CX C13 2k+1=1 2k-
1=1023
1(0,512) co C13 2k+1=1 2k-
1=1023
2(1,511) C1 C13 2k+1=3 2k-
1=1021
3(2,510) Cc2 C13 2k+1=5 2k-
1=1019
4 (5,507) C3 C13 2k+1=11 2k-
1=1013
5 (8,504) Cc4 C13 2k+1=17 2k-
1=1007
6 (15,497) C5 C13 2k+1=31 2k-1=993
7 (31,481) Cc6 C13 2k+1=63 2k-1=961
8 (63,449) c7 C12 2k+1=127 | 2k-1=897
9 (66,446) C12 C12 2k+1=133 | 2k-1=891
10 (127,385) Cs8 C12 2k+1=255 | 2k-1=769
11 (255,257) C9 C12 2k+1=511 | 2k-1=513
12 (446,66) C12 C13 2k+1=893 | 2k-1=131
13 (512,/) C11 / 2k=1024
14 (512,/) C11 / 2k=1024
15 (512,/) c10 / 2k=1024

[0097] This table (Table 7) is assigned values as if the image code were 13 bits, hence 1 bit less than the actual input
data, meaning that there would be 2n/N = 213/16 = 512 time slots per sub-frame. The recoding of the bits in accordance
with the present invention, however, takes into account the amended number of time slots assigned. If, during the first
selection, running a data bit during k=512 time slots is proposed, in the actual implementation 1024 (2k) time slots are
used for running that data bit, In such case, no second selection takes place. If, during the first selection, another value
k is proposed for running the data bit, in the actual implementation 2k+1 time slots are used. During the subsequent
second selection another value k is proposed for running another data bit, and in the actual implementation 2k-1 time
slots are used.

the length of the pulses becomes 2k or 2k+1 for pulses in the first selection, and 2k-1 for pulses in the second selection,
with k being the number of time slots proposed if the image code would consist of n=13 bits (although it actually consists
of 14 bits).

[0098] As a further example, for a 15-bit input code B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO, for
instance, 16 subframes may be used. Each subframe comprises maximal (any multiple of) 1024 lines. Each image
comprises in this approach typically 1024 lines. If there are less lines in the display, virtual lines are added up to 1024
lines. In the timing they are considered to be present, but they are not actually driven. If the image consists of more than
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1024 lines, the lines are grouped in blocks. e.g. a display of 4000 lines will be driven with this code as 1024 blocks of 4
lines, whereas the last 96 lines are virtual lines. Driving each subframe comprises driving maximum 2 pulses of in total
2048 timeslots.

Time slots acc to priorart | 1 2 4 8 16 32 64 128 256 512 1024

Bit number BO | B1 B2 | B3 | B4 | B5 | B6 | B7 B8 B9 B10
Time slots acc to prior art 2048 | 4096 | 8192 | 16384
Bit number B11 B12 B13 B14

The number of time slots assigned to each bit value can be as follows:

Time slots acc to invention | 1 3 5 11 19 31 63 127 255 511 1023
Bit number CO |C1 |C2 |[C3 |[C4 |C5 |C6 Cc7 C8 C9 c10
Time slots acc to invention 2048 | 4096 | 8191 16383 | 1

Bit number C11 C12 C13 C14 CX

[0099] This shows that the least significant bit BO is assigned 1 time slot (indicated by CO0). The bits B1, B2, B3, B4
are assigned 3, 5, 11, 19 time slots, respectively (indicated by C1, C2, C3, C4). In the example illustrated, bits C1 to C4
are the ones being assigned more time slots than would have been the case in the prior art. In accordance with this
embodiment of the present invention, the number of time slots assigned to the least significant bits is uneven.

[0100] The middle significant bits B5 to B10 and the most significant bits B13 and B14 each are assigned less time
slots, for instance one time slot less, than would have been the case in the prior art. In accordance with embodiments
of the present invention, the number of time slots assigned to the middle significant bits and to the most significant bits
in this embodiment is uneven.

[0101] The intermediate significant bits B11 and B12 between the middle significant bits and the most significant bits
are implemented just at their actual value according to their position in the code, if a power of 2 is taken. The intermediate
significant bit B12 will be assigned 212 = 4096 time slots (indicated C12), and B11 will be assigned 21 = 2048 time slots
(indicated by C11).

[0102] The assigning of the number of time slots to each of the bit values (e.g. more than 2M-1 for some of the bits,
less than 2M-1 for at least one of other bits, and exactly 2M-1 for yet at least one other bit, m being the position of the
corresponding bit in the image code) must be such that all intensity values can be covered. In accordance with embod-
iments of the present invention, this can be done by assigning a value 1 to the otherwise unused time slot CX.

[0103] The coding table may be implemented as illustrated in FIG. 20, FIG. 21, FIG. 22a and FIG. 22b. The driving
bits which code the same amount of time slots as if they would have been coded in a prior art power of 2 coding or less,
i.e. in this embodiment C14, C13, C10, C9, ..., C5 are directly connected to the input bits B14, B13, B10, B9, ..., B5. The
driving bits C14, C13, C10, C9, C8, C7, C6, C5 are each one time slot short compared to the time slots that would be
assigned in the prior art. Hence 8 time slots need to be compensated for in the least significant bits. As illustrated in
FIG. 20, the active bits in this range having 1 time slot short are counted. B4 B3 B2 B1 BO (input) covers [0 ... 31]. The
needed range to be covered for compensating for the 8 time slots which are short in the middle significant bits is the
sum of both, as illustrated in FIG.21, hence [0 ... 39]. C4 C3 C2 C1 CO0, including the extra CX covers [0 ... 40]. Depending
on the outcome of the addition, CX has a value 1 or 0, to be able to compensate for the lacking time slots, as illustrated
in FIG. 21a and FIG. 21b.

[0104] One implementation of a coding table for this example may be as illustrated in Table 8. In this table, the first
column gives the definition in old time slots, corresponding to the shifting of the line. The last two columns give the
definition in terms of new time slots, taking into account the additional delay between driving the 1st line and the second
line. The second and the third column give the value of the code driven in each of the blocks, respectively.

Table 8
Sub-Frame number (length code driven after code driven after
code a, code b) running one a running one b
0 (0,1024) CX C14 2k+1=1 2k-
1=2047
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(continued)
Sub-Frame number (length code driven after code driven after
code a, code b) running one a running one b
1(0,1024) co C14 2k+1=1 2k-
1=2047
2(1,1023) C1 C14 2k+1=3 2k-
1=2045
3(2,1022) C2 C14 2k+1=5 2k-
1=2043
4 (5,1019) C3 C14 2k+1=11 2k-
1=2037
5(9,1015) Cc4 C14 2k+1=19 2k-
1=2029
6 (15,1009) C5 C14 2k+1=31 2k-
1=2017
7 (31,993) c6 C14 2k+1=63 2k-
1=1985
8 (63,961) c7 C13 2k+1=127 2k-
1=1921
9 (66,958) C12 C13 2k+1=133 2k-
1=1915
10 (127,897) Cs8 C13 2k+1=255 2k-
1=1793
11 (255,769) C9 C13 2k+1=511 2k-
1=1537
12 (511,513) C10 C13 2k+1=1023 | 2k-
1=1025
13 (957,67) C12 C14 2k+1=1915 | 2k-1=133
14 (1024,/) C12 / 2k=2048
15 (1024,/) C11 / 2k=2048

[0105] This table (Table 8) is assigned values as if the image code were 14 bits, hence 1 bit less than the actual input
data, meaning that there would be 2"/N = 214/16 = 1024 time slots per sub-frame. The recoding of the bits in accordance
with the present invention, however, takes into account the amended number of time slots assigned. If, during the first
selection, running a data bit during k=1024 time slots is proposed, in the actual implementation 2048 (2k) time slots are
used for running that data bit, In such case, no second selection takes place. If, during the first selection, another value
k is proposed for running the data bit, in the actual implementation 2k+1 time slots are used. During the subsequent
second selection another value k is proposed for running another data bit, and in the actual implementation 2k-1 time
slots are used.

[0106] The length of the pulses thus becomes 2k or 2k+1 for pulses in the first selection, and 2k-1 for pulses in the
second selection, with k being the number of time slots proposed if the image code would consist of n=14 bits (although
it actually consists of 15 bits).

[0107] As a last example, for a 16-bit input code B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0, for
instance, 16 subframes may be used. Each subframe comprises maximal (any multiple of) 2048 lines. Each image
comprises in this approach typically 2048 lines. If there are less lines in the display, virtual lines are added up to 2048
lines. In the timing they are considered to be present, but they are not actually driven. If the image consists of more than
2048 lines, the lines are grouped in blocks. e.g. a display of 4000 lines will be driven with this code as 2048 blocks of 2
lines, whereas the last 96 lines are virtual lines. Driving each subframe comprises driving maximum 2 pulses of in total
4096 timeslots.
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Time slots acc to priorart | 1 2 4 8 16 32 | 64 128 | 256 512 1024 2048

Bit number BO |B1 |B2 | B3 | B4 | B5 | B6 | B7 B8 B9 B10 B11
Time slots acc to prior art 4096 | 8192 | 16384 | 32768
Bit number B12 B13 B14 B15

The number of time slots assigned to each bit value can be as follows:

Time slots acc to invention | 1 3 5 11 21 31 |63 | 127 255 511 1023 2047
Bit number CoO |[C1 [C2 |C3 |C4 |C5 |CB |C7 C8 C9 Cc10 C11
Time slots acc to invention 4096 | 8191 | 16383 | 32767 | 1

Bit number C12 | C13 | C14 C15 CX

[0108] This shows that the least significant bit BO is assigned 1 time slot (indicated by CO0). The bits B1, B2, B3, B4
are assigned 3, 5, 11, 21 time slots, respectively (indicated by C1, C2, C3, C4). In the example illustrated, bits C1 to C4
are the ones being assigned more time slots than would have been the case in the prior art. In accordance with this
embodiment of the present invention, the number of time slots assigned to the least significant bits is uneven.

[0109] The middle significant bits B5 to B11 and the most significant bits B13 to B15 each are assigned less time slots,
for instance each one time slot less, than would have been the case in the prior art. In accordance with embodiments
of the present invention, the number of time slots assigned to the middle significant bits and to the most significant bits
in this embodiment is uneven.

[0110] The intermediate significant bit B12 between the middle significant bits and the most significant bits is imple-
mented just at its actual value according to its position in the code, if a power of 2 is taken. The intermediate significant
bit B12 will be assigned 212 = 4096 time slots (indicated C12).

[0111] The assigning of the number of time slots to each of the bit values (e.g. more than 2M-1 for some of the bits,
less than 2m-1 for at least one of other bits, and exactly 2m-1 for yet at least one other bit, m being the position of the
corresponding bit in the image code) must be such that all intensity values can be covered. In accordance with embod-
iments of the present invention, this can be done by assigning a value 1 to the otherwise unused time slot CX.

[0112] The coding table may be implemented as illustrated in FIG. 23, FIG. 24, FIG. 25a and FIG. 25b. The driving
bits which code the same amount of time slots as if they would have been coded in a prior art power of 2 coding or less,
i.e. in this embodiment C15, C14, C13, C10, C9, ..., C5 are directly connected to the input bits B15, B14, B13, B10,
B9, ..., B5. The driving bits C15, C14, C13, C10, C9, C8, C7, C6, C5 are each one time slot short compared to the time
slots that would be assigned in the prior art. Hence 10 time slots need to be compensated for in the least significant bits.
As illustrated in FIG. 23, the active bits in this range having 1 time slot short are counted. B4 B3 B2 B1 B0 (input) covers
[0 ... 31]. The needed range to be covered for compensating for the 10 time slots which are short in the middle significant
bits and most significant bits is the sum of both, as illustrated in FIG.24, hence [0 ... 41]. C4 C3 C2 C1 CQO, including the
extra CX covers [0 ... 42]. Depending on the outcome of the addition, CX has a value 1 or 0, to be able to compensate
for the lacking time slots, as illustrated in FIG. 25a and FIG. 25b.

[0113] One implementation of a coding table for this example may be as illustrated in Table 9. In this table, the first
column gives the definition in old time slots, corresponding to the shifting of the line. The last two columns give the
definition in terms of new time slots, taking into account the additional delay between driving the 1st line and the second
line. The second and the third column give the value of the code driven in each of the blocks, respectively.

Table 9
Sub-Frame number (length code driven after code driven after
code a, code b) running one a running one b
0 (0,2048) CX C14 2k+1=1 2k-
1=4095
1(0,2048) co C14 2k+1=1 2k-
1=4095
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(continued)
Sub-Frame number (length code driven after code driven after
code a, code b) running one a running one b
2 (1,2047) C1 C14 2k+1=3 2k-
1=4093
3 (2,2046) C2 C14 2k+1=5 2k-
1=4091
4 (4,2044) C14 C15 2k+1=9 2k-
1=4087
5 (5,2043) C3 C15 2k+1=11 2k-
1=4085
6 (10,2038) C4 C15 2k+1=21 2k-
1=4075
7 (15,2033) C5 C15 2k+1=31 2k-
1=4065
8 (31,2017) Cc6 C15 2k+1=63 2k-
1=4033
9 (63,1985) c7 C15 2k+1=127 2k-
1=3969
10 (127,1921) Cs8 C15 2k+1=255 2k-
1=3841
11 (255,1793) C9 C15 2k+1=511 2k-
1=3585
12 (511,1537) C10 C13 2k+1=1023 | 2k-
1=3073
13 (513,1535) C15 C13 2k+1=1027 | 2k-
1=3069
14 (1023,1025) C11 C13 2k+1=2047 | 2k-
1=2049
15 (2048,/) C12 / 2k=4096

[0114] This table (Table 9) is assigned values as if the image code were 15 bits, hence 1 bit less than the actual input
data, meaning that there would be 2"/N = 215/16 = 2048 time slots per sub-frame. The recoding of the bits in accordance
with the present invention, however, takes into account the amended number of time slots assigned. If, during the first
selection, running a data bit during k=2048 time slots is proposed, in the actual implementation 4096 (2k) time slots are
used for running that data bit, In such case, no second selection takes place. If, during the first selection, another value
k is proposed for running the data bit, in the actual implementation 2k+1 time slots are used. During the subsequent
second selection another value k is proposed for running another data bit, and in the actual implementation 2k-1 time
slots are used.

[0115] The length of the pulses thus becomes 2k or 2k+1 for pulses in the first selection, and 2k-1 for pulses in the
second selection, with k being the number of time slots proposed if the image code would consist of n=15 bits (although
it actually consists of 16 bits).

[0116] FIG. 5 schematically shows a digital driven AMOLED display architecture 50, as a particular type of active
matrix display, in accordance with an aspect of the presentinvention. This architecture 50 comprises an AMOLED display
55 comprising an array of OLED pixel elements (not illustrated in detail in FIG. 5) logically organised in rows and columns.
The driving circuitry for driving these OLED pixel elements is based on digital select line (row) driving circuitry 51 using
two select signals for at least one of the rows, for instance implemented by running ones, and digital data line (column)
driving circuitry 52. Digital driving can be done for instance using Pulse Density Modulation methods, for instance Pulse
Width Modulation. It is an advantage of this architecture as compared to existing digital driving architectures that switching
of the transistors in the backplane of the display can be slower and that the driving circuitry can be less complex and
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less space consuming.

[0117] Inamethod for digital pixel driving according to an aspect of the present invention, the select line driving circuitry
51 provides two select signals, for instance two running ones, providing a first selection and a second selection, thereby
sequentially selecting at least one, and preferably at least 35% of the plurality of rows, twice within each sub-frame.
Within the sub-frames which are selected twice, the second select signal, for instance the second running one, has a
fixed predetermined delay with respect to the first running one. This predetermined delay can be different for each sub-
frame, thus enabling different digital output combinations, as further explained.

[0118] The method first and second selection of rows is as described in WO 2014/068017, incorporated herein by
reference, and not explained again. The only difference is the number of time slots assigned to the bit values, as explained
above.

[0119] In the example shown in Table 4, in the first sub-frame, the fixed delay between the first running one and the
second running one corresponds to the duration of 256 time slots. This means that no second selection will be made.
In the 256 time slots of the first sub-frame, the pixel is driven by one of the most significant bits (C10). If C10 is a logical
1, the pixel is ON during these 256 time slots; if C10 is a logical 0, the pixel is OFF. In the second sub-frame the fixed
delay between the first running one and the second running one corresponds to the duration of 1 time slot (i.e., 2k+1).
In the first time slot of the second sub-frame the pixel has bit value C0 and in the remaining 255 time slots of the second
sub-frame the most significant bit (C11) drives the pixel. If the most significant bit is a logical 1, the pixel is ON during
these 255 time slots; if the most significant bit is a logical 0, the pixel is OFF. In the third sub-frame the fixed delay
between the first running one and the second running one corresponds to the duration of 3 time slots (i.e., 2k+1). In the
first three time slots of the third sub-frame one of the least significant bits (C1) drives the pixel, and in the remaining 253
time slots of the third sub-frame again the most significant bit (C11) drives the pixel. This continues similarly for the other
subframes.

[0120] In another aspect, the present invention relates to digital driving circuitry for driving an active matrix display
such as, but not limited thereto, an AMOLED display arranged with pixels, the display comprising, for instance, LED
pixel elements or OLED pixel elements such as fluorescent OLEDs, phosphorescent OLEDs, or light-emitting polymers,
or Quantum dot LEDs (QLEDs). The pixels can be logically arranged in rows and columns, so the display forms a matrix
capable of displaying images in consecutive frames of a certain duration.

[0121] The digital driving circuitry may comprise digital select line driving circuitry 51 for sequentially selecting the
plurality of rows and digital data line driving circuitry 52 for writing the digital image code, represented by an n-bit image
code, to corresponding pixels in a selected row. The digital select line driving circuitry 51 is adapted for sequentially
selecting, within one sub-frame, at least one of the plurality of rows twice, so as to, upon a first selection, write a first
digital code to the selected row and, upon a second selection, write a second digital code to the selected row, there
being a predetermined time delay between the second selection and the first selection.

[0122] FIG. 6 shows an exemplary select line driving circuit 90 that can be used for generating a first and a second
select signal under the form of a first running one and a second running one. In the select line driving circuit 90 shown
in FIG. 6, the first running one and the second running one are each generated using a linear array 91, 92 of D-flip-flops,
each array 91, 92 comprising maximum a single logical one, which advances through the array of flip-flops 91, 92 by
one position each clock pulse. The first running one advances row by row through the lines of the display 55, progressing
one row at each clock pulse. The second running one also advances row by row through the lines of the display 55,
progressing one row at each clock pulse, but with a delay corresponding to a predetermined number of clock pulses
with respect to the first running one. The invention is not restricted to D-flip-flops; any other suitable implementation of
a dynamic or static shift register can be used. An even more compact implementation of the time delay determination
circuit is a transparent latch with, for instance, two or three clocks.

[0123] As can be seen from FIG. 6, in order not to provide the first and the second select signal to the same row at
the same time, a number of selectors, e.g. multiplexers 93i, are provided, having as input both the first and the second
select signal, and as output any of the first or second select signal, depending on a control signal for controlling the
selectors 93;, which control signal may be emanating from a controller and may be generated taking into account the
number of time slots the code needs to be applied.

[0124] Consider, for instance, a first and a second running one are cycling through the arrays 91, 92 of D flip-flops,
the first running one for instance residing in flip-flop 91, and the second running one residing in flip-flop 924, there thus
being a delay of 1 clock cycle between both. The control signal to the selectors 93, may be such that during a first time
period, equal to a first predetermined number of time slots, the first running one is applied to the rows, and during a
second time period, equal to a second predetermined number of time slots, the second running one is applied to the
rows. During the first time period, the first running one will be applied to the row corresponding and connected to selector
93,, and image data present on and provided by the data line driving circuitry 52 will be put on this corresponding row.
During the second time period, the second running one will be applied to the row corresponding and connected to selector
93,4, and image data present on and provided by the data line driving circuitry 52 will be put on this corresponding row.
This way, data cannot be written to two rows simultaneously, despite the two select signals, e.g. two running ones, being
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present in the digital select line driving circuitry 51.

[0125] Alternatively to the embodiment illustrated in FIG. 6, a select line driving circuit 100 as illustrated in FIG. 7 can
be used, in which the multiplexers 93; have been substituted by output enable circuitry 101, grouped in blocks according
to the minimum delay between selections. An odd number of clocks may be provided for driving the output enable
circuitry 101.

[0126] The foregoing description details certain embodiments of the disclosure. It will be appreciated, however, that
no matter how detailed the foregoing appears in text, the disclosure may be practiced in many ways. It should be noted
that the use of particular terminology when describing certain features or aspects of the disclosure should not be taken
to imply that the terminology is being re-defined herein to be restricted to including any specific characteristics of the
features or aspects of the disclosure with which that terminology is associated.

[0127] While the above detailed description has shown, described, and pointed out novel features of the invention as
applied to various embodiments, it will be understood that various omissions, substitutions, and changes in the form
and details of the device or process illustrated may be made by those skilled in the technology without departing from
the spirit of the invention.

Claims

1. Amethod fordigital driving of an active matrix display (55) with a predetermined frame rate, the display (55) comprising
a plurality of pixels logically organized in a plurality of rows and a plurality of columns, the method comprising:

representing each of the plurality of pixels of an image to be displayed within aframe by an n-bit digitalimage code;
dividing the image frame into a natural number N of sub-frames, each sub-frame being further divided into time
slots, a number of time slots being assigned to each bit of the n-bitimage code according to each bit’s significance
in the code;

within at least one sub-frame, sequentially selecting at least one of the plurality of rows twice, wherein upon a
first selection a first digital code is written to the selected row and upon a second selection a second digital code
is written to the selected row, there being a predetermined time delay between the second selection and the
first selection

wherein the time delay between the second selection and the first selection in at least one of the sub-frames
deviates from a power of two.

2. A method according to claim 1, wherein the time delay between the second selection and the first selection in the
at least one sub-frame corresponds to one time slot longer than the delay needed for actually shifting the select
lines, in order to take into account more accurately the delay linked with the alternation between the driving of both
selections.

3. A method according to claim 2, wherein upon the second selection in that at least one sub-frame, the second digital
code is written to the selected row during a number of time slots equal to one less than the delay needed for actually
shifting the select lines, in order to take into account more accurately the delay linked with the alternation between
the driving of both selections.

4. A method according to any of the previous claims, wherein dividing the image frame comprises dividing the image
frame into sub-frames of substantially equal duration.

5. A method according to any of claims 1 to 4, n not being a natural power of two, wherein dividing the image frame
into sub-frames comprises dividing the image frame into N sub-frames, wherein N is the power of 2 superior and
closest to n.

6. A method according to claim 5, wherein each sub-frame is further divided into 2"/N time slots.

7. A method according to claim 6, further assigning more than 2m-1 time slots to the mth bit of the n-bit image code, if
the mth bit belongs to the least significant bits of the n-bit image code.

8. A method according to any of claims 6 or 7, further assigning less than 2M-1 time slots to the mth bit of the n-bit
image code, if the mth bit belongs to the middle significant bits of the n-bit image code.

9. A method according to any of claims 6 to 8, further assigning 2m-1 time slots to the mth bit of the n-bit image code,
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if the mth bit belongs to the most significant bits of the n-bit image code.

A method according to any of the previous claims, wherein writing the first code and writing the second code
comprises driving the first code and the second code using pulse-width modulation.

Digital driving circuitry for driving, with a predetermined frame rate, an active matrix display (55) comprising a plurality
of pixels logically organized in a plurality of rows and a plurality of columns, so as to display subsequent frames of
an image to be displayed, the image being represented by an n-bit digital image code for each pixel,

the digital driving circuitry comprising:

digital select line driving circuitry (51) for sequentially selecting the plurality of rows;

digital data line driving circuitry (52) for writing the digital image code to corresponding pixels in a selected row;
the digital select line driving circuitry (51) being adapted for sequentially selecting, within one sub-frame, at
least one of the plurality of rows twice, so as to, upon a first selection, write a first digital code to the selected
row and, upon a second selection, write a second digital code to the selected row, there being a predetermined
time delay between the second selection and the first selection, wherein the time delay between the second
selection and the first selection in at least one of the sub-frames deviates from a power of 2.

Digital driving circuitry according to claim 11, wherein the digital select line driving circuitry (51) comprises a time
delay implementation circuit for implementing the predetermined time delay between the second selection and the

first selection.

Active matrix display (55) comprising an array of light emitting elements arranged for being driven by a digital driving
circuitry according to any of claims 11 or 12.

Active matrix display (55) according to claim 13, wherein the active matrix display is an AMLED display, an AMOLED
display or an AMQLED display.

Active matrix display (55) according to claim 14, wherein the light emitting elements are any of crystalline semicon-
ducting LEDs, fluorescent OLEDs, phosphorescent OLEDs, light emitting polymers, Quantum dot QLEDs.

22



EP 3 547 302 A1

(1esond) T -Ol4

47

(erep) va

(109195) Vs

23



EP 3 547 302 A1

(e soud) 2 ‘Ol4

Aejdsip 310NV

(suo
duiuunu
|ensip)
SUIALIp
Qul| 199|9S

(se3eyjon Sojeue 3uisn SUlALIp)
SUIALlIp BUI| eleq

24



EP 3 547 302 A1

(1e soud) € ‘Ol4

Aejdsip 310NV

A1inouin
|0J3U0D
Sulwn

Qul| 199|9S

(se3eyjon |e1SIp Suisn SUlALIp)
SUIALlIp BUI| eleq

25



EP 3 547 302 A1

awn

¢ awel)
A

¥ "Old

Z dwel}
AL

T sweu}
A

v T
Ju=a4ind 3o

26



EP 3 547 302 A1

SOl

Aejdsip Q3T10NV

(ssuo
duiuunu
OM1])
3UIALIp
CINRBEIER
|eu3Ig

(s@8eyjoA |eudip Suisn SuIAlIp)
3UlAlIp Bul| eleQg

Nm\

0§

27



EP 3 547 302 A1

T Suluunu _
puodas |

T duluunu 1sa1}

3[=5 199|9S
e _ tep _ leg mem_o_:_:cc indino
N y4 \ AR L ___\
_ _ _
T T T T o
A RLE -tz A
| 1 1 1 I
(e 1| [Fes 3 1] |6 ¢ || |'ee ¢
. i i i H
- 0D o.._l_ 0 dt+-+|40° o._l._l 0O QfH- — —
| ] - —T o o —-_—d e—_—_— ]
e Bt B Ty Bk B & Bl s HAT
116 ¢ 16 ¢~ ‘16 ¢-- 6 ¢
40 @ 0 d 0 a 0 4~
e N IIIIIIIIIIIIIIIIII ! S~
06

28



EP 3 547 302 A1

L Old

109|aS 109|9S 109|9S 139|9S 139|°S 1J09|9S 109|°S 102|aS

10T

{

310

—\

T30

29



EP 3 547 302 A1

H o H T 11|11 ]|T
Tjp1}|1]t]o
T 1|1 ]o]|T
T]1 1o fjT]|T
0 0 1 o 1] ]:
o | ¢ | o ||
H H o o | o | e | e | o
o H o e | o | e | o | o
o]lJ]oj]JojJoOo|T
olJ]oj]Jo]JT]|]oO
olJoj]T]O0O]O
1 0 0 v oo fo]o
o o o o]J]oj]J]ojJo]o

099

129

ralt

8 'Ol

2 nq

X3 03 T2 20 € ?28382£280  6J0IDTID

9|qe3 dmjooj

493Unod>

0919 c¢q¢eq $95999/989 ¥95999/989 69019119

30



EP 3 547 302 A1

[OpE Tpe Zpe gpe ype]

[09 19 Z9 €q]
[039 129 22q]

+

6 ‘Old

—

X2 00 1D 20 € ¥262923£080 62 0T T1D

9|qe3 dmjooj

Joppe

099139239

09T9¢29¢q ¥459999 /989 ¥95999.989 690T9119

31



EP 3 547 302 A1

0 T T T T 0¢
0 0 T T T 6T
T T 0 T T ST
0 T 0 T T LT
0 0 0 T T 9T
0 T T 0 T qT
0 0 T 0 T 7T
T T 0 0 T €T
0 T 0 0 T cT
0 0 0 0 T T
T T T T 0 0T
0 T T T 0 6
0 0 T T 0 8
T T 0 T 0 L
0 T 0 T 0 9
0 0 0 T 0 q
0 T T 0 0 74
0 0 T 0 0 €
T T 0 0 0 c
0 T 0 0 0 T
0 0 0 0 0 0
Il T| €| S| TT [ ]
X200 12| pe

o
S

0T Sid

X3 03 1O 2 € 7263924380 600TDTTD

(1N7) @19e3 dmjoo)

JA93Unod
3q

0919¢29¢9 746994 /989 $95999/989 690T4TIq

32



EP 3 547 302 A1

1T 'Old

vq

¢q

)
T

oﬂg ﬁﬂg
S S
O usppe|ng 09| 12 usppe yey O
q e e
[ |
59 39 L9

a|qey dmjoo|

094T19¢9¢€9

Jajunod
)q

|

¥469 /2989 ¥95999./989

33



EP 3 547 302 A1

¢T "Old

[Ope Tpe zpe gpe pype]

[0 T4 29 €4q]
[099 199 72q]

+

)

X2 02 12 20 € ¥262923£080

9|qej dmjooj

Joppe

099{139,¢39

09T19¢29¢q9 7a499 /[989 ¥99999.989

34



EP 3 547 302 A1

& o-Hooo|loHnood|ooHoo|oodo o
U\-l AT A OO A O | d 1 O A A | O A A0 dA| O —dA A O
O cordHo|loordHu|oood-|oo o« -
O coood|ddddd|oocoocooco | dAdd-d
(!I;‘II coocoocoooo|looocooco o | ddd A A | A A Ao
-
ol NN N]|ONOWOO
[ o J— dTaNnmgnm|orNa A Ao Ao | H N
o
= -
—
P o) s}
~ -l
o) ~ o
3 - -
—
8 ]
o ~
_a o
<
! - 4 3
LN 8 L
< c
3
S o
0
0
<
S <
‘3 e
< Q
Qo o
e O
~ ~
0 Q
o0 o0
e Q

35

FIG. 13



EP 3 547 302 A1

—

O A~

— O

— O -

O

— o - O

- OO COo

o 4000

00— 00O

(=R =l ol =]

O OO 0O -

(=}

(=}

(=]

(=}

0%9

199

229

LD <

LD LN

O WO

L N

71514

X2 00 T2 20 €

0919¢q¢eq

28092408 60012110 TID

J423Uunod
3jq

$468499.489 ¥95999.989 69019119219

36



EP 3 547 302 A1

[ope Tpe zpe gpe ype]

[00 Ta 9 €dq]
[029 199 Z2q]

+

ST°OI4

——

X2020T222¢€D ¥26292/282 62 0T2 T12 CID

a|qe) dmjooj

Joppe

029139229

09T9¢29¢q ¥959999./989 ¥95999/989 69019119719

37



EP 3 547 302 A1

0 T T T T 0¢
0 0 T T T 6T
T T 0 T T ST
0 T 0 T T LT
0 0 0 T T 9T
0 T T 0 T qT
0 0 T 0 T i7"
T T 0 0 T €T
0 T 0 0 T T
0 0 0 0 T TT
T T T T 0 0T
0 T T T 0 6
0 0 T T 0 8
T T 0 T 0 A
0 T 0 T 0 9
0 0 0 T 0 q
0 T T 0 0 ¥
0 0 T 0 0 €
T T 0 0 0 c
0 T 0 0 0 T
0 0 0 0 0 0
I| T| €| S| TT [ ]
X200 | pe

™M
O

91 "Oid

X20) 1D 20 € #2829 4080 62012 112 CID

) | (LN7) 1923 dnjeo)

J493unod
3q

0979¢c9¢€q ¥99999/989 ¥945999/989 69019T119¢C1q

38



EP 3 547 302 A1

LT ‘Ol

,T, Jo Jaqunu |e101
3Y3 01 Sulpuodsaliod Jaquinu Aleulq g €

N

e $931e342 )20|] SIy1 ‘sjeusdis indui 9 uo pasegq

\

X2 00713 23 € ¥ §392428360 OIDTIDTID ¢TI ¥IDSID

a|qe3 dmjoo]

091929¢€9v9

Jajunod j1q

5499798969 01911919 €19
5999/989

69
€1q

39



EP 3 547 302 A1

LEO=

[Ope Tpe zpe gpe ype gpe]

[00 Tq zg €9 vq]
[029 199 Z2q]

+

81 'Ol

X2 00 10 23 €2 ¥

a1qe) dmjooj

§2923/38263 QOIDTIDTID ¢1)

Jappe

Jajunod 31q

09T9Z9¢€qvq

5999/989
69
€1q

§999/98969 019 TT9ZT9 €149

40



EP 3 547 302 A1

e61 "Old

0 0 0 I I 0 9T
0 I I 0 I 0 ST
0 0 I 0 I 0 1
I I 0 0 I 0 €T
0 ) 0 0 ) 0 4 l
0 0 0 0 I 0 IT
I I I I 0 0 0T
0 I I I 0 0 6
0 0 I I 0 0 8
I I 0 I 0 0 L
0 I 0 I 0 0 9
0 0 0 I 0 0 S
0 I I 0 0 0 v
0 0 I 0 0 0 3
I I 0 0 0 0 4
0 I 0 0 0 0 I
0 0 0 0 0 0 0
T 1| €| s| tqct| ]
X110 12|20 pe

€

<
)

X2 02 1D 70 € ¥

a|qe) dnjooj

09T1929¢€qvqg

J4a3unod 3iq

§999/989
69
€1q

S§290L28360 QI TTOTID €ID¥IDSID

S499.98469 0T4 TTA¢T9 ETQ¥T9 919

41



EP 3 547 302 A1

O = O -

O O O« -

o B o B R o B o |

o B o B R o B o |

o B o B R o B o |

q961°514

LE
9¢
S€
123
€e

O O = OO O O - OO0

O i = O

O O O« -

O O O oo

Lo B o B B o B |

Lo B o B B o B |

[4°
T€
013
6¢
8¢

I 1 O

o B o B o R o B o |

o B o B o R o B o |

Le
9¢
S¢
L4
€c

O =1 O OO O O O -

I 1 O = O

O O - = O O O i =

OO OO -

O O O oo O O O oo

I v v

[44
T¢
0¢
61
81

o

LT

XJ

0

ad

: o

£

LT

"3

[ ]
pe

X203 10 23 €2 ¥

a|qe3 dmjooj

0aT929¢€qvq

Jajunod 31q

5999 /989
69
€1q

S090/,28360 0OIDTIDTID €10

S999.98969 0TATT9CT9 €19

42



EP 3 547 302 A1

0¢ ‘Si4

,T, 40 Jaquinu |e10}
ay31 03 3uipuodsaliod Jaqwinu Aldeulq 1q v

o

e $93e342 X20|] SIYy} ‘sjeusdis indul g uo paseg

/

X3 02 T2 20 € ¥

9|qe3 dmjooj

041T929¢9v9

S092/28360 QTIJTIDZID €ID¥ID

J4ajunod 31q

1l

5999 /989
6490149
€Taviq

S999.98969 019 TTqZTg €19 V19

43



EP 3 547 302 A1

6€7°0 =

[Ope Tpe zpe gpe ype gpe]

1< 'Old

[00 Td zZ9 €9 vq]
[029 199 799 €99 ]

+

—

X2 00 12 €3 € ¥d

a|qe3 dnjooj

S§290/,28360 OTDTIDTID €ID¥ID

Jappe

493unod 31q

091929¢9vq

5999/989
69019
eTqviq

5499798969 019119ZTq €19 v19

44



EP 3 547 302 A1

O

o O o

—

—

ec¢c ‘Ol

81
LT
91

OO = OO O O

O = O

OO O d -

QO O OO

™ v

ST
1’4’

€T
o1

I 1 O

o B o B B o B |

o1

O™~

O+ O OO O+ O O -

I = O «— O

O O = O O O i A

QO O O -

O OO OO O O O O o

O OO OO O O O O o OO OO o o O O

NN < W

o

o

o

XJ

0

ad

: o

£

)]
i

<
)

X203 122 € ¥

a|qe3 dmjooj

041T929¢9v9

4323unod 31q

9999 /989

6490149
eTqviq

§292/282363 OQTIDTIJDZID E€TIDV1ID

S4949/98969 019 119 ZTd €T V19

45



EP 3 547 302 A1

O d - O -

O O O

o B o R o B o B |

o B o R o B o B |

o B o R o B o B |

q¢Z¢c SOl

6¢
8¢
LE
9¢
S€

OO+ OO O O = OO

O d - O -

O O O

O OO O OO

o B o R o B o B |

o B o R o B o B |

ve

. —
[43

T€
013

I 1 O

o B o R o B o B |

o B o R o B o B |

6¢
8¢
Le
9¢
S¢

O =" O O O O+ O O -

I = O - O

O O = O O O i

OO OO

O O O OO O O O OO

o B o R o B o B o |

1’4
€c
[44
T¢
0¢

o

61

XJ

0

ad

: o

€

61

v

[ ]
pe

X2 02 T2 2O €3 ¥

a|qe) dmjooj

041T929¢9v9

493Unod 31q

§5999/989

69019
eTqviq

§292/28262 QIDTIDZID €IDVID

S499.98469 0TqTT92T9¢T9 ¥19

46



EP 3 547 302 A1

€Z 'Old

T, Jo Jagwnu |ej0}
dy1 03 3uipuodsasiod saquinu Aseuiq 3q
e S91eaJ2 )20|q Siy3 ‘sjeudis indul QT uo paseg

X2 0010 2 e 1D §292£38262  OIDTIDTID €IIYIDSTD

a|qe3 dnjooj

0919¢9¢cqv9 S499/98969 01911919 €194 #9519

§999/989
690719119
€19 ¥19 919

47



EP 3 547 302 A1

Iv0=

T
0

¢
I’

‘0=
‘0=

[Ope Tpe zpe gpe ppe gpe]

[00 Ta za €9 vq]
[099 199 299 €29 ]

+

¢ "Sld

X3 02 T2 20 € I

a|qe3 dnjooj

S§290L28360 OTDTIDTID €IDVIDSID

——

Joppe

Jajunod 31q

09T1929¢9vq

5999/989
69019119
€1a¥19919

S999.98969 014 119 ¢T9 €ETQ¥T9 919

48



EP 3 547 302 A1

esc ‘Oid

0 T T T T 0 0¢
0 0 T T T 0 6T
T T 0 T T 0 ST
0 T 0 T T 0 LT
0 0 0 T T 0 9T
0 T T 0 T 0 qT
0 0 T 0 T 0 7T l
T T 0 0 T 0 cT
0 T 0 0 T 0 cT
0 0 0 0 T 0 T
T T T T 0 0 0T
0 T T T 0 0 6
0 0 T T 0 0 8
T T 0 T 0 0 L
0 T 0 T 0 0 9
0 0 0 T 0 0 q
0 T T 0 0 0 74
0 0 T 0 0 0 €
T T 0 0 0 0 c
0 T 0 0 0 0 T
0 0 0 0 0 0 0
Il T!| €| s| Tt []
X210 10| pe

&

<
)

X3 02712 2O €3 ¥

a|qe3 dmjooj

09T1929¢9vq

Jajunod 31q

5999/989

€

69019119
T9¥19 919

S§290L28360 OTDTIDTID €IDVIDSID

5994/98964 01911919 €T ¥T9STq

49



EP 3 547 302 A1

O == O

O O O -

Lo B B B o B |

Lo B B B o B |

Lo B B B o B |

qs<Z "Oid

1474
or
6¢
8¢
LE

O O+ OO O O = OO

O d - O -

O O O -

O OO O o

o B o R o B o B o |

o B o R o B o B o |

9¢
S€
123
€e
[4°

X2 00 1O 20 € ¥

a|qe) dnjooj

I 1 O

o B o R o B o B o |

o B o R o B o B o |

T€
013
6¢
8¢
Le

O =" O OO O+ OO -

I 1 O - O

O O = - 0O O O i i

OO OO -

O OO O o O OO O o

o B o R o B o B o |

9¢
S¢
L4
€c
[44

o

T¢

XJ

0

ad

9le

&

1c

v

[ ]
pe

09T19¢29¢€9qv9

493unod 31q

§999/989

€

69019119
T9¥19 919

S290/L28360 OIDTTOTID €ID¥IDSID

S999.98969 0TqTTY CTq €TA¥T9STq

50



10

15

20

25

30

35

40

45

50

55

EP 3 547 302 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 18 18 2989

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate,
of relevant passages

CLASSIFICATION OF THE
APPLICATION (IPC)

Relevant
to claim

X,D

US 2015/302795 Al (GENOE JAN [BE])

22 October 2015 (2015-10-22)

* paragraphs [0001], [0007], [0010],
[0018], [0024], [0028], [0049],
[0051], [0053], [0056] - [0057],
[0061]; figures 5,8 *

US 2010/188393 Al (SEKI SHUICHI [JP])
29 July 2010 (2010-07-29)

* paragraphs [0003] - [0004], [0020] -
[0021], [0064], [0086] - [0087],
[0124]; figures 1,7,10,1116 *

US 2012/320005 Al (GODEN TATSUHITO [JP])
20 December 2012 (2012-12-20)

* paragraphs [0035] - [0069]; figures
2,4,6 *

The present search report has been drawn up for all claims

1-15 INV.
G09G3/3258
G09G3/3266

G09G3/20

1-15

1,11

TECHNICAL FIELDS
SEARCHED (IPC)

GO9G

Place of search

The Hague

Date of completion of the search

16 January 2019

Examiner

Ladiray, Olivier

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

51




EP 3 547 302 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 18 18 2989

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

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

16-01-2019
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2015302795 Al 22-10-2015 CN 104781870 A 15-07-2015
JP 2016500850 A 14-01-2016
JP 2018025829 A 15-02-2018
KR 20150082376 A 15-07-2015
W 201426710 A 01-07-2014
US 2015302795 Al 22-10-2015
WO 2014068017 Al 08-05-2014
US 2010188393 Al 29-07-2010 JP 4968857 B2 04-07-2012
JP W02008018113 Al 24-12-2009
US 2010188393 Al 29-07-2010
WO 2008018113 Al 14-062-2008
US 2012320005 Al 20-12-2012 CN 102842272 A 26-12-2012
JP 5755045 B2 29-07-2015
JP 2013003462 A 07-01-2013
US 2012320005 Al 20-12-2012

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

52




EP 3 547 302 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« WO 2014068017 A [0006] [0043] [0044] [0050]
[0051] [0054] [0118]

53



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

