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DISTRIBUTIVE-DRIVING OF DISPLAY PANEL

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to International Application No. PCT/CN2016/111387,
filed on December 21, 2016, entitled “DISTRIBUTIVE-DRIVING OF DISPLAY PANEL,” which
claims priority to U.S. Provisional Application No. 62/426,882, filed on November 28, 2016,
entitled “DISTRIBUTIVE-DRIVING OF DISPLAY PANEL,” both of which are hereby
incorporated by reference in their entireties.

BACKGROUND

[0002] The disclosure relates generally to display technologies, and more particularly, to driving
of display panel.

[0003] Display resolution is limited by the physical size of a display panel in each of the width
dimension (i.e., in the row/horizontal direction) and the height dimension (i.e., in the
column/vertical direction), as well as the minimum pattern size of fabricating the components on
the display panel in each dimension. Depending on the ratio of subpixels to pixels, known display
systems can have a very large number of source lines (a.k.a. data lines) arranged in the row direction,
which can increase the manufacturing complexity and cost. For example, a wide quad high-
definition (WQHD) display panel (e.g., resolution is 1440x2560) with the real-RGB subpixel
arrangement (the ratio is 3), the number of the source lines may be 4320. Moreover, it became
increasingly desirable to narrow the bezel surrounding the display panel, allowing for more screen
area. The very large number of gate lines (a.k.a. scan lines) and the corresponding driving circuits
for high resolution displays, however, limit the narrow-bezel or bezel-less designs.

[0004] The large number of source lines and/or gate lines is particularly a challenge for flexible
displays. For example, flexible organic light-emitting diode (OLED) displays are usually
manufactured using chip-on-film (COF) package. For example, due to the limit on film pitch of
COF package, multiple-layer COF package becomes necessary to accommodate the large number
of source lines (e.g., 4320 for WQHD display panels), which can significantly increase the cost of
flexible OLED displays.

SUMMARY

[0005] The disclosure relates generally to display technologies, and more particularly, to driving
of display panel.

[0006] In one example, an apparatus includes an active region, a source driving circuit, and a light
emitting driving circuit. The active region includes an array of light emitting elements
corresponding to an array of pixels arranged in M rows and N columns. The number of the array of
light emitting elements is & times of the number of the array of pixels. The apparatus includes xM
light emitting lines and (k/x)N source lines, wherein x is a positive fraction, and each of xM and
(k/x)N is a positive integer. The source driving circuit is operatively coupled to the active region
via the (k/x)N source lines and configured to write display data of a frame to the array of light
emitting elements. The light emitting driving circuit is operatively coupled to the active region via
the xM light emitting lines and configured to cause the array of light emitting elements to emit light.
[0007] In another example, an apparatus includes an active region, light emitting lines, gate lines,
source lines, a gate driving circuit, a source driving circuit, and a light emitting driving circuit. The
active region includes an array of light emitting elements and an array of pixel circuits. The array
of light emitting elements correspond to an array of pixels arranged in M rows and N columns. The
number of the array of light emitting elements is & times of the number of the array of pixels. The
array of pixel circuits are operatively coupled to the array of light emitting elements. Each pixel
circuit in the array of pixel circuits is configured to drive i light emitting elements in the array of
light emitting elements. The apparatus includes xM light emitting lines, (x/{)M gate lines, and (k/x)N
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source lines, wherein x is a positive fraction, and each of xM, (x/i)M, and (k/x)N is a positive integer.
The gate driving circuit is operatively coupled to the active region via the (x/)M gate lines and
configured to scan the array of light emitting elements. The source driving circuit is operatively
coupled to the active region via the (k/x)N source lines and configured to write display data of a
frame to the array of light emitting elements. The light emitting driving circuit operatively coupled
to the active region via the xM light emitting lines and configured to cause each of i light emitting
elements driven by a same pixel circuit to sequentially emit light in a period of the frame.

[0008] In still another example, an apparatus includes a data converting module. The data
converting module is configured to provide display data in a frame to an array of pixel circuits of
a display panel. The array of pixel circuits are configured to drive a plurality of subpixels of the
display panel in at least a first color, a second color, and a third color. The display data in the frame
includes a first set of display data to be provided to a first row of the array of pixel circuits
configured to drive a first set of the subpixels consisting of subpixels in the first and second colors.
The display data in the frame also includes a second set of display data to be provided to a second
row of the array of pixel circuits configured to drive a second set of the subpixels consisting of
subpixels in the first and third colors. The display data in the frame further includes a third set of
display data to be provided to a third row of the array of pixel circuits configured to drive a third
set of the subpixels different from the first set of the subpixels and different from the second set of
the subpixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The embodiments will be more readily understood in view of the following description
when accompanied by the below figures and wherein like reference numerals represent like
elements, wherein:

[0010] FIG. 1 is a block diagram illustrating an apparatus including a display and control logic in
accordance with an embodiment;

[0011] FIGs. 2A and 2B are block diagrams illustrating the display shown in FIG. I including
driving circuits in accordance with an embodiment;

[0012] FIG. 3 is a depiction of an arrangement of gate lines and source lines for driving a display
panel having an array of pixels;

[0013] FIG. 4 is a block diagram illustrating one example of the control logic shown in FIG. 1 in
accordance with an embodiment;

[0014] FIG. 5A is a depiction of an arrangement of gate lines and source lines for driving of
subpixels in an example arrangement;

[0015] FIG. 5B is a depiction of an arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 5A in accordance with an
embodiment;

[0016] FIG. 5C is a depiction of another arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 5A in accordance with an
embodiment;

[0017] FIG. 5D is a depiction of still another arrangement of gate lines and source lines for
distributive-driving of subpixels in the example arrangement shown in FIG. 5A in accordance with
an embodiment;

[0018] FIG. 6A is a depiction of an arrangement of gate lines and source lines for driving of
subpixels in another example arrangement;

[0019] FIG. 6B is a depiction of an arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 6A in accordance with an
embodiment;

[0020] FIG. 6C is a depiction of another arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 6A in accordance with an
embodiment;
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[0021] FIG. 6D is a depiction of still another arrangement of gate lines and source lines for
distributive-driving of subpixels in the example arrangement shown in FIG. 6A in accordance with
an embodiment;

[0022] FIG. 7A is a depiction of an arrangement of gate lines and source lines for driving of
subpixels in still another example arrangement;

[0023] FIG. 7B is a depiction of an arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 7A in accordance with an
embodiment;

[0024] FIG. 7C is a depiction of another arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 7A in accordance with an
embodiment;

[0025] FIG. 7D is a depiction of still another arrangement of gate lines and source lines for
distributive-driving of subpixels in the example arrangement shown in FIG. 7A in accordance with
an embodiment;

[0026] FIG. 8A is a depiction of an arrangement of gate lines and source lines for driving of
subpixels in yet another example arrangement;

[0027] FIG. 8B is a depiction of an arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 8A in accordance with an
embodiment;

[0028] FIG. 8C is a depiction of another arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 8A in accordance with an
embodiment;

[0029] FIG. 9A is a depiction of an arrangement of gate lines and source lines for driving of
subpixels in yet another example arrangement;

[0030] FIG. 9B is a depiction of an arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 9A in accordance with an
embodiment;

[0031] FIG. 9C is a depiction of another arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 9A in accordance with an
embodiment;

[0032] FIG. 10 is a block diagram illustrating a demultiplexing module operatively coupled to the
control logic and source driving circuit shown in FIG. 2A in accordance with an embodiment;
[0033] FIG. 11 is a block diagram illustrating one example of the demultiplexing module shown in
FIG. 10 in accordance with an embodiment;

[0034] FIG. 12A is a depiction of an arrangement of gate lines and source lines for distributive-
driving with source-demultiplexing of subpixels in the example arrangement shown in FIG. 5A in
accordance with an embodiment;

[0035] FIG. 12B is a depiction of another arrangement of gate lines and source lines for
distributive-driving with source-demultiplexing of subpixels in the example arrangement shown in
FIG. 5A in accordance with an embodiment;

[0036] FIGs. 13A-13D are depictions of an arrangement of gate lines and source lines for
distributive-driving with source-demultiplexing of subpixels in the example arrangement shown in
FIG. 6A in accordance with an embodiment;

[0037] FIG. 14 is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of light emitting elements driven by an array of pixel circuits in accordance with an
embodiment;

[0038] FIG. 15 is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of light emitting elements driven by an array of pixel circuits with a pixel circuit-
sharing scheme in accordance with an embodiment;
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[0039] FIG. 16 is a depiction of an arrangement of gate lines, source lines, and light emitting lines
for distributive-driving and pixel circuit-sharing of display panel in accordance with an
embodiment;

[0040] FIG. 17A is a circuit diagram illustrating one example of a pixel circuit shared by two light
emitting elements in accordance with an embodiment;

[0041] FIG. 17B is a timing diagram of the pixel circuit shown in FIG. 17A in accordance with an
embodiment;

[0042] FIG. 18A is a depiction of an arrangement of gate lines, source lines, and light emitting
lines and an array of pixel circuits for driving of light emitting elements in an example arrangement;
[0043] FIG. 18B is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of pixel circuits for distributive-driving of light emitting elements in the example
arrangement shown in FIG. 18A in accordance with an embodiment;

[0044] FIG. 18C is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of pixel circuits for distributive-driving and pixel circuit-sharing of light emitting
elements in the example arrangement shown in FIG. 18A in accordance with an embodiment;
[0045] FIG. 19A is a depiction of an arrangement of gate lines, source lines, and light emitting
lines and an array of pixel circuits for driving of light emitting elements in another example
arrangement;

[0046] FIG. 19B is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of pixel circuits for distributive-driving of light emitting elements in the example
arrangement shown in FIG. 19A in accordance with an embodiment;

[0047] FIG. 19C is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of pixel circuits for distributive-driving and pixel circuit-sharing of light emitting
elements in the example arrangement shown in FIG. 19A in accordance with an embodiment;
[0048] FIG. 20 is a depiction of pixel circuit region changes by distributive-driving and/or pixel
circuit-sharing in accordance with an embodiment;

[0049] FIG. 21A is a depiction of an arrangement of gate lines and source lines and an array of
pixel circuits for driving subpixels in an example arrangement; and

[0050] FIG. 21B is a depiction of an arrangement of gate lines and source lines and an array of
pixel circuits for distributive-driving subpixels in the example arrangement shown in FIG. 21A in
accordance with an embodiment.

DETAILED DESCRIPTION

[0051] In the following detailed description, numerous specific details are set forth by way of
examples in order to provide a thorough understanding of the relevant disclosures. However, it
should be apparent to those skilled in the art that the present disclosure may be practiced without
such details. In other instances, well known methods, procedures, systems, components, and/or
circuitry have been described at a relatively high-level, without detail, in order to avoid
unnecessarily obscuring aspects of the present disclosure.

[0052] Throughout the specification and claims, terms may have nuanced meanings suggested or
implied in context beyond an explicitly stated meaning. Likewise, the phrase “in one
embodiment/example” as used herein does not necessarily refer to the same embodiment and the
phrase “in another embodiment/example” as used herein does not necessarily refer to a different
embodiment. It is intended, for example, that claimed subject matter include combinations of
example embodiments in whole or in part.

[0053] In general, terminology may be understood at least in part from usage in context. For
example, terms, such as “and”, “or”, or “and/or,” as used herein may include a variety of meanings
that may depend at least in part upon the context in which such terms are used. Typically, “or” if
used to associate alist, such as A, B or C, is intended to mean A, B, and C, here used in the inclusive
sense, as well as A, B or C, here used in the exclusive sense. In addition, the term “one or more”
as used herein, depending at least in part upon context, may be used to describe any feature,
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structure, or characteristic in a singular sense or may be used to describe combinations of features,
structures or characteristics in a plural sense. Similarly, terms, such as “a,” “an,” or “the,” again,
may be understood to convey a singular usage or to convey a plural usage, depending at least in
part upon context. In addition, the term “based on” may be understood as not necessarily intended
to convey an exclusive set of factors and may, instead, allow for existence of additional factors not
necessarily expressly described, again, depending at least in part on context.

[0054] As will be disclosed in detail below, among other novel features, the distributive-driving of
display panel disclosed herein can reduce the number of source lines or gate lines. By distributing
the driving load to the source and gate lines according to an optimal ratio, the timing specification
of display panels can be optimized. According to some aspects of the present disclosure, the
reduction of source lines may be achieved by distributing the driving load to the source and gate
lines according to an optimal ratio based on the specific subpixel arrangement of the display panel.
On the other hand, the distributive-driving of display panel disclosed herein may not overburden
the gate scan (e.g., by doubling the number of gate lines) and thus, would not significantly reduce
the scan period of each subpixel.

[0055] According to some aspects of the present disclosure, the reduction of gate lines may be
achieved by distributing the driving load to the source and gate lines according to an optimal ratio
based on the specific subpixel arrangement of the display panel. The reduction of gate lines, as well
as the corresponding driving circuits, can help to achieve the narrow-bezel or bezel-less designs.
Moreover, the scan period of each subpixel can be increased because of the less gate lines to be
scanned in each frame. In some embodiments, source-demultiplexing can be combined with the
distributive-driving so that the number of data channels (a.k.a. source channels) provided by control
logic, e.g., driver integrated circuit (IC), does not need to increase to the same number of the source
lines, thereby avoiding increasing the design and manufacturing complexity and cost. In some
embodiments in which the display is an active-matrix organic light-emitting diode (AMOLED)
display, the extra wiring caused by the distributive-driving may not reduce the aperture ratio of
display because each subpixel is a top emitting OLED.

[0056] Moreover, by balancing the number of source lines and gate lines with an optimal ratio (e.g.,
making the number of source lines and gate lines to be comparable to each other), the situation in
which the number of source lines is much larger than the number of gate lines may be avoided.
Thus, the single-layer COF package can be used for flexible displays, such as for packaging driver
ICs of flexible displays with high resolution, thereby reducing the manufacturing cost compared
with the traditional flexible displays using multi-layer COF package.

[0057] Additional novel features will be set forth in part in the description which follows, and in
part will become apparent to those skilled in the art upon examination of the following and the
accompanying drawings or may be learned by production or operation of the examples. The novel
features of the present disclosure may be realized and attained by practice or use of various aspects
of the methodologies, instrumentalities, and combinations set forth in the detailed examples
discussed below.

[0058] FIG. 1 illustrates an apparatus 100 including a display 102 and control logic 104. Apparatus
100 may be any suitable device, for example, a virtual reality (VR) or augmented reality (AR)
device (e.g., VR headset, etc.), handheld device (e.g., dumb or smart phone, tablet, etc.), wearable
device (e.g., eyeglasses, wrist watch, etc.), automobile control station, gaming console, television
set, laptop computer, desktop computer, netbook computer, media center, set-top box, global
positioning system (GPS), electronic billboard, electronic sign, printer, or any other suitable device.
In this embodiment, display 102 is operatively coupled to control logic 104 and is part of apparatus
100, such as but not limited to, a head-mounted display, handheld device screen, computer monitor,
television screen, head-up display (HUD), dashboard, electronic billboard, or electronic sign.
Display 102 may be an OLED display, liquid crystal display (LCD), E-ink display,
electroluminescent display (ELD), billboard display with LED or incandescent lamps, or any other
suitable type of display.
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[0059] Control logic 104 may be any suitable hardware, software, firmware, or combination thereof,
configured to receive display data 106 (e.g., pixel data) and generate control signals 108 for driving
the subpixels on display 102. Control signals 108 are used for controlling writing of display data
106 (either in its original form or in a converted form) to the subpixels and directing operations of
display 102. For example, subpixel rendering (SPR) algorithms for various subpixel arrangements
may be part of control logic 104 or implemented by control logic 104. As described below in detail
with respect to FIG 4, control logic 104 in one embodiment may include a control signal generating
module 402 having a timing controller (TCON) 408 and a clock generator 410, a data interface 404,
and a data converting module 406 having a storing unit 412 and a data reconstructing unit 414 .
Control logic 104 may include any other suitable components, such as an encoder, a decoder, one
or more processors, controllers, and storage devices. Control logic 104 may be implemented as a
standalone IC chip, such as an application-specific integrated circuit (ASIC) or a field-
programmable gate array (FPGA). Apparatus 100 may also include any other suitable components
such as, but not limited to tracking devices 110 (e.g., inertial sensors, camera, eye tracker, GPS, or
any other suitable devices for tracking motion of eyeballs, facial expression, head movement, body
movement, and hand and body gesture), input devices 112 (e.g., a mouse, keyboard, remote
controller, handwriting device, microphone, scanner, etc.), and speakers (not shown).

[0060] In some embodiments, control logic 104 may be manufactured in a chip-on-glass (COG)
package, for example, when display 102 is a rigid display. In some embodiments, control logic 104
may be manufactured in a COF package, for example, when display 102 is a flexible display, e.g.,
a flexible OLED display. As described below in detail, the distributive-driving of display panel can
optimize the numbers of source lines and gate lines. As a result, in some embodiments, control
logic 104 may be manufactured in a single-layer COF package due to the less number of source
lines. It is to be appreciated that control logic 104 may be integrated with driving circuits, such as
gate driving circuits, source driving circuits, and light emitting driving circuits, in a driver IC. The
driver IC, including control logic 104 and driving circuits, may be manufactured in a COF package,
such as a single-layer COF package.

[0061] In this embodiment, apparatus 100 may be a handheld or a VR/AR device, such as a smart
phone, a tablet, or a VR headset. Apparatus 100 may also include a processor 114 and memory 116.
Processor 114 may be, for example, a graphics processor (e.g., graphics processing unit (GPU)),
an application processor (AP), a general processor (e.g., APU, accelerated processing unit; GPGPU,
general-purpose computing on GPU), or any other suitable processor. Memory 116 may be, for
example, a discrete frame buffer or a unified memory. Processor 114 is configured to generate
display data 106 in display frames and may temporally store display data 106 in memory 116 before
sending it to control logic 104. Processor 114 may also generate other data, such as but not limited
to, control instructions 118 or test signals, and provide them to control logic 104 directly or through
memory 116. Control logic 104 then receives display data 106 from memory 116 or from processor
114 directly.

[0062] FIGs. 2A and 2B are block diagrams illustrating display 102 shown in FIG. 1 including
driving circuits in accordance with an embodiment. Display 102 in this embodiment includes a
display panel having an active region 200 including a plurality of subpixels 201. The display panel
may also include on-panel driving circuits, e.g., a gate driving circuit 202 and a source driving
circuit 204. It is to be appreciated that in some embodiments, gate driving circuit 202 and source
driving circuit 204 may not be on-panel driving circuits, i.e., not parts of the display panel, but
instead are operatively coupled to the display panel.

[0063] Each subpixel 201 may be any of the units that make up a pixel, i.e., a subdivision of a pixel.
For example, a subpixel 201 may be a single-color display element that can be individually
addressed. In some embodiments in which display 102 is an OLED display, each subpixel 201 may
include an OLED, such as a top emitting OLED, and a pixel circuit for driving the OLED. Each
OLED can emit a light in a predetermined brightness and color, such as but not limited to, red,
green, blue, yellow, cyan, magenta, or white. Each pixel circuit includes thin film transistors (TFTs)
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and is configured to drive the corresponding subpixel 201 by controlling the light emitting from
the respective OLED according to control signals 108 from control logic 104. The pixel circuit may
be in a 2T 1C configuration (i.e., including a switching transistor, a driving transistor, and a storage
capacitor) or may include a compensation circuit with more transistors and/or capacitors for
brightness uniformity, such as in a 7T1C, STI1C, ST2C, or 6T1C configuration.

[0064] In some embodiments in which display 102 is an LCD, each subpixel 201 may include a
color filter, a liquid crystal region, and a pixel circuit for driving the liquid crystal region.
Depending on the characteristics (e.g., color, thickness, etc.) of the respective color filter, a subpixel
201 may present a distinct color and brightness, such as but not limited to, red, green, blue, yellow,
cyan, magenta, or white. Each pixel circuit includes at least one TFT (e.g., a switching transistor)
and a storage capacitor.

[0065] In this embodiment, the plurality of subpixels correspond to an array of pixels arranged in
M rows and N columns. The number of the subpixels may be & times of the number of the pixels.
That is, k& subpixels may constitute one pixel, and each pixel may consist of & subpixels. kK may be
any positive integer larger than 1. In some embodiments, k may be 2, 3, or 4. It is to be appreciated
that in some embodiments, £ may be a positive fraction. That is, the number of subpixels may not
be an integer multiple of the number of pixels. In some embodiments, each row of pixels may
include N pixels arranged in the row/horizontal direction (but are not necessarily in a straight line),
which include kN subpixels. Similarly, in some embodiments, each column of pixels may include
M pixels arranged in the column/vertical direction (but are not necessarily in a straight line), which
include M subpixels. It is to be appreciated that the k subpixels of each pixel (and the &N subpixels
in each row of pixels and the M subpixels in each column of pixels) may not be physically aligned.
In other words, the centers of the & subpixels of each pixel (and the kN subpixels in each row of
pixels and the M subpixels in each column of pixels) may not be in a straight line in the
row/horizontal direction and/or in a straight line in the column/vertical direction. It is also to be
appreciated that, the colors, sizes, and/or shapes of the k subpixels of each pixel may not be the
same as well.

[0066] In this embodiment, display 102 (and the display panel thereof) has a resolution of NxM,
which corresponds to the array of pixels arranged in the M rows and N columns. That is, display
102 can be characterized by its display resolution, which is the number of distinct pixels in each
dimension that can be displayed. For example, for a WQHD display with a resolution of 1440x2560,
the corresponding array of pixels is arranged in 2560 rows and 1440 columns. In this embodiment,
display data 106 is provided by processor 114 in display frames. For each frame, display data 106
includes MxN pieces of pixel data, and each piece of pixel data corresponds to one pixel of the
array of pixels. Each pixel may be considered as a sample of an original image represented by a
piece of pixel data having multiple components, such as multiple color components or a luminance
and multiple chrominance components. In some embodiments, each piece of pixel data includes a
first component representing a first color, a second component representing a second color, and a
third component representing a third color. The first, second, and third colors may be three primary
colors (i.e., red, green, and blue) so that each pixel can present a full color. That is, display data
106 may be programmed at the pixel-level.

[0067] In some embodiments, three subpixels may constitute one pixel, i.e., k is 3. In these
embodiments, each of the three components of a piece of pixel data may be used to render one of
the three subpixels of the respective pixel. In some embodiments, four subpixels may constitute
one pixel, i.e., k is 4. In these embodiments, one of the four subpixels of a pixel (e.g., a white
subpixel) may be rendered based on at least one of the three components of the respective piece of
pixel data. One example is disclosed in U.S. Patent No. 9,165,526, having a title of “Subpixel
Arrangement of Displays and Methods for Rendering the Same,” which is incorporated herein by
reference. In some embodiments, two subpixels may constitute one pixel, i.e., k is 2. In these
embodiments, SPR algorithms may be used to render the two subpixels of each pixel based on the
specific subpixel arrangement. Examples are disclosed in U.S. Patent No. 8,786,645, having a title
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of “Subpixel Arrangement of Displays and Methods for Rendering the Same,” U.S. Patent No.
9,418,586, having a title of “Subpixel Arrangement of Displays and Methods for Rendering the
Same,” U.S. Patent Application Publication No. 2015/0339969, having a title of “Method and
Apparatus for Subpixel Rendering,” U.S. Patent Application Publication No. 2016/0240593,
having a title of “Subpixel Arrangement of Displays and Methods for Rendering the Same,” and
U.S. Patent Application Publication No. 2016/0275846, having a title of “Subpixel Arrangement
of Displays and Driving Circuit Thereof,” each of which is incorporated herein by reference. It is
to be appreciated that any subpixel arrangements corresponding to any number of k£ may be applied
by the distributive-driving of display panel disclosed herein. The applications of the distributive-
driving scheme to exemplary subpixel arrangements are described below in detail.

[0068] Gate driving circuit 202 in this embodiment is operatively coupled to active region 200 via
a plurality of gate lines (a.k.a. scan lines) and configured to scan the plurality of subpixels 201
based on at least some of control signals 108. For example, gate driving circuit 202 applies a
plurality of scan signals, which are generated based on control signals 108 from control logic 104,
to the plurality of gate lines for scanning the plurality of subpixels 201 in a gate scanning order. A
scan signal is applied to the gate electrode of a switching transistor of each pixel circuit during the
scan period to turn on the switching transistor so that the data signal for the corresponding subpixel
201 can be written by source driving circuit 204. It is to be appreciated that although one gate
driving circuit 202 is illustrated in FIG. 2A, in some embodiments, multiple gate driving circuits
may work in conjunction with each other to scan the subpixels 201.

[0069] In some display systems, such as the example illustrated in FIG. 3, M gate lines (G1, G2, ...,
Gm) are provided for an array of pixels (PX) arranged in M rows and N columns. Subpixels in each
of the M rows of pixels are operatively coupled to one gate line and are scanned by a scan signal
transmitted via the gate line. In other words, the number of the gate lines is the same as the number
of the rows of pixels (M). In some display systems (not shown), subpixels in each of the M rows of
pixels are operatively coupled to two gate lines and are scanned by two scan signals transmitted via
the two gate lines. That is, the number of the gate lines is twice of the number of the rows of pixels
(i.e., dual-gate driving). For example, one half of the subpixels in a row of pixels may be scanned
via one gate line, and the other half of the subpixels in the same row of pixels may be scanned via
another gate line.

[0070] Referring backing to FIG. 2A, in a first embodiment, to achieve the distributive-driving of
display panel, the number of the gate lines is xM, wherein x is a faction between 1 and 2. In other
words, in average, subpixels in each of the M rows of pixels are operatively coupled to more than
one but less than two gate lines and are scanned by scan signals transmitted via the gate lines. In
other words, the number of the gate lines is larger than the number of the rows of pixels, but less
than twice of the number of the rows of pixels. In this embodiment, x may be represented as p/q,
wherein each of p and ¢ is a positive integer, and p is larger than ¢ and is smaller than 2g. In some
embodiments, x may be 3/2, 4/3,5/3,5/4,7/4, 6/5,7/5, 8/5,9/5,7/6, 11/6, 8/7,9/7, 10/7, 11/7, 12/7,
13/7,9/8, 11/8, 13/8, 15/8, 10/9, 11/9, 13/9, 14/9, 16/9, or 17/9, to name a few. It is to be appreciated
that x is not limited to the examples given above and may be any faction between 1 and 2. As will
be described below in detail with respect to various examples, the value of x may be determined
based on the specific subpixel arrangement to balance the driving load between the gate and source
lines (e.g., the numbers of gate and source lines) and/or to simplify the wiring of gate lines and/or
source lines on the display panel. It is to be appreciated that in this embodiment, the number of
gate/scan channels provided by control logic 104 may be the same as or different from the number
of gate lines, e.g., smaller than M due to demultiplexing.

[0071] In a second embodiment, to achieve the distributive-driving of display panel, the number of
the gate lines is xM, wherein x is a faction between 0 and 1. In other words, in average, subpixels
in each of the M rows of pixels are operatively coupled to less than one gate line, and subpixels in
more than one row of pixels are scanned by scan signal transmitted via one gate line. In other words,
the number of the gate lines is smaller than the number of the rows of pixels. In this embodiment,
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x may be represented as p/g, wherein each of p and ¢ is a positive integer, and q is larger than p. In
some embodiments, p may be equal to 1. For example, subpixels in every g rows of pixels are
operatively coupled to one gate line. In some embodiments, p may be larger than 1. For example,
subpixels in every g rows of pixels are operatively coupled to p gate lines. As will be described
below in detail with respect to various examples, the value of x may be determined based on the
specific subpixel arrangement to balance the driving load between the gate and source lines (e.g.,
the numbers of gate and source lines) and/or to simplify the wiring of gate lines and/or source lines
on the display panel. Consequently, compared with the example shown in FIG. 3, the number of
gate lines (and the corresponding driving circuits, e.g., in gate driving circuit 202) can be reduced
by a factor of (1-x) so that the scan period of each subpixel can be increased in each frame. The
reduction of gate lines and corresponding driving circuits can also help the narrow-bezel or bezel-
less designs of the display panel. It is to be appreciated that in this embodiment, the number of
gate/scan channels in control logic 104 may be the same as or different from the number of gate
lines, e.g., smaller than M due to demultiplexing.

[0072] Source driving circuit 204 in this embodiment is operatively coupled to active region 200
via a plurality of source lines (a.k.a. data lines) and configured to write display data 106 in a frame
to the plurality of subpixels 201 based on at least some of control signals 108. For example, source
driving circuit 204 may simultaneously apply a plurality of data signals to the plurality of source
lines for the subpixels 201. That is, source driving circuit 204 may include one or more shift
registers, digital-analog converters (DAC), multiplexers (MUX), and arithmetic circuit for
controlling a timing of application of voltage to the source electrode of the switching transistor of
each pixel circuit (i.e., during the scan period in each frame) and a magnitude of the applied voltage
according to gradations of display data 106. It is to be appreciated that although one source driving
circuit 204 is illustrated in FIG. 2A, in some embodiments, multiple source driving circuits may
work in conjunction with each other to apply the data signals to the source lines for the subpixels
201.

[0073] Referring to the example illustrated in FIG. 3, the number of subpixels are k& times of the
number of pixels. In other words, the subpixels may be represented as Mx/Nxk. In this example,
the k subpixels constituting one pixel are operatively coupled to the same gate line, and the
subpixels may be represented as MxkN. As a result, kN source lines (S1, ... Sk, S(k+1), ... S2k, ...,
S(nk-1), ... , Skn) are provided for the array of pixels. For each pixel, k£ source lines are provided.
Subpixels in each of the N columns of pixels are operatively coupled to k source lines and are
written with &k data signals transmitted via the & source lines. In other words, the number of the
source lines is & times of the number of the columns of pixels (N). It is to be appreciated that in
some embodiments, the source lines may be operatively coupled to the columns of subpixels in a
“zigzag” manner. As a result, the number of the source lines may be more than k times of the
number of the columns of pixels (). For example, the number of the source lines may be kN+1. In
the example of dual-gate driving, the k subpixels constituting one pixel are operatively coupled to
two gate lines, and the subpixels may be represented as 2Mx(k/2)N. Thus, in average, subpixels in
each of the N columns of pixels are operatively coupled to &/2 source lines and are written with
data signals transmitted via the &/2 source lines. That is, the number of the gate lines is /2 times of
the number of the columns of pixels (V).

[0074] Referring backing to FIG. 2A, in the first embodiment described above, to achieve the
distributive-driving of display panel, the number of the source lines is yN, where y is &/x. The
subpixels are represented as xM X (k/x)N. Each of xM and (k/x)N is a positive integer. In other words,
in average, subpixels in each of the N columns of pixels are operatively coupled to k/x source lines
and are written with data signals transmitted via the &/x source lines. Because x is between 1 and 2
in this embodiment, the number of the source lines ((k/x)N) is smaller than the number of the
columns of pixels multiplied by the ratio & of the subpixels to the pixels (kN), but is larger than one
half of the number of the columns of pixels multiplied by the ratio k& ((k/2)N). Consequently,
compared with the example shown in FIG. 3, the number of source lines can be reduced by a factor
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of (I-1/x) so that the manufacturing complexity and cost may be reduced. It is to be appreciated
that the number of source/data channels in control logic 104 may be the same as or different from
the number of source lines due to demultiplexing.

[0075] In the second embodiment described above, to achieve the distributive-driving of display
panel, the number of the source lines is yN, where y is &/x. The subpixels are represented as
xMx(k/x)N. Each of xM and (k/x)N is a positive integer. In other words, in average, subpixels in
each of the N columns of pixels are operatively coupled to &/x source lines and are written with data
signals transmitted via the &/x source lines. Because x is between 0 and 1 in this embodiment, the
number of the source lines ((k/x)N) is larger than the number of the columns of pixels multiplied
by the ratio k of the subpixels to the pixels (kN). As described below in detail, in some embodiments,
the number of source/data channels provided by control logic 104 may be different from the number
of source lines due to demultiplexing. That is, the number of data channels may maintain the same
by the source-demultiplexing even the number of source lines increases due to the distributive-
driving.

[0076] In general, to achieve the distributive-driving of display panel, the number of the gate lines
may be xM, and the number of the source lines may be (k/x)N, wherein x is a faction between 0 and
2, and each of xM and (k/x)N is a positive integer. x may be represented as p/g, wherein each of p
and q is a positive integer, and p is smaller than 2¢g and does not equal to g. The value of x (i.e., p
and ¢g) may be determined based on the specific subpixel arrangement to balance the driving load
between the gate and source lines (e.g., the numbers of gate and source lines) and/or to simplify the
wiring of gate lines and/or source lines on the display panel. It is to be appreciated that in some
embodiments, the number of gate lines and/or source lines may be more than xM and (k/x)N,
respectively due to the “zigzag” connection of gate lines or source lines. For example, the number
of source lines may be (k/x)N+1 or (k/x)N+2 when the source lines are operatively coupled to the
columns of subpixels in a “zigzag” manner.

[0077] It is to be appreciated that x is not limited to a fraction between 0 and 2 as described above
in the first and second embodiments and may be any positive fraction. In some embodiments, x
may be a fraction larger than 2. In these embodiments, x may be represented as p/q, wherein each
of p and ¢ is a positive integer, and p is larger than 2¢. In other words, in average, subpixels in each
of the M rows of pixels are operatively coupled to more than two gate lines and are scanned by scan
signals transmitted via the gate lines. That is, the number of the gate lines is larger than twice of
the number of the rows of pixels. Also, in average, subpixels in each of the N columns of pixels are
operatively coupled to &/x source lines and are written with data signals transmitted via the &/x
source lines. Because x is a fraction larger than 2 in these embodiments, the number of the source
lines ((k/x)N) is smaller than one half of the number of the columns of pixels multiplied by the ratio
k of the subpixels to the pixels ((&/2)N). As described below in detail with respect to various
examples, by setting x as a fraction, as opposed to an integer, the distributive-driving scheme of the
present disclosure provides a great level of flexibility to be applied to any subpixel arrangement
and/or achieve any desired rearrangement of gate lines and source lines.

[0078] Additionally or optionally, a light emitting driving circuit 206 may be included on the
display panel in some embodiments in which each subpixel 201 on display 102 is a light emitting
element, such as an OLED. Light emitting driving circuit 206 may be operatively coupled to active
region 200 and configured to cause each subpixel to emit light in each frame based on at least some
of control signals 108. For example, light emitting driving circuit 206 may receive part of control
signals 108 including clock signals and enable signals (e.g., start emission STE signals) and
generate a set of light emitting signals. Light emitting driving circuit 206 may include one or more
shift registers. It is to be appreciated that although one light emitting driving circuit 206 is
illustrated in FIG. 2A, in some embodiments, multiple light emitting driving circuits may work in
conjunction with each other.

[0079] FIG. 4 is a block diagram illustrating one example of control logic 104 shown in FIG. 1 in
accordance with an embodiment. In this embodiment, control logic 104 is an IC (but may
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alternatively include a state machine made of discrete logic and other components), which provides
an interface function between processor 114/memory 116 and display 102. Control logic 104 may
provide various control signals 108 with suitable voltage, current, timing, and de-multiplexing, to
cause display 102 to show the desired text or image. Control logic 104 may be an application-
specific microcontroller and may include storage units such as RAM, flash memory, EEPROM,
and/or ROM, which may store, for example, firmware and display fonts. In this embodiment,
control logic 104 includes control signal generating module 402, data interface 404, and data
converting module 406. Data interface 404 may be any display data interface, such as but not
limited to, display serial interface (DSI), display pixel interface (DPI), and display bus interface
(DBI]) by the Mobile Industry Processor Interface (MIPI) Alliance, unified display interface (UDI),
digital visual interface (DVI), high-definition multimedia interface (HDMI), and DisplayPort (DP).
Data interface 404 is configured to receive display data 106 in multiple frames and any other control
instructions 118 or test signals. Display data 106 may be received in consecutive frames at any
frame rates, such as 30, 60, 72, 120, or 240 frames per second (fps). The received display data 106
is forwarded by data interface 404 to control signal generating module 402 and data converting
module 406.

[0080] In this embodiment, control signal generating module 402 provides control signals 108 to
gate driving circuit 202, source driving circuit 204, and light emitting driving circuit 206 to drive
the subpixels in active region 200. Control signal generating module 402 may include TCON 408
and clock generator 410. TCON 408 may provide a variety of enable signals to gate driving circuit
202, source driving circuit 204, and light emitting driving circuit 206, respectively. Clock generator
410 may provide a variety of clock signals to gate driving circuit 202, source driving circuit 204,
and light emitting driving circuit 206, respectively.

[0081] As described above, display data 106 may be programmed at the pixel-level. In each frame,
display data 106 may include MxN pieces of pixel data corresponding to the array of pixels
arranged in the M rows and N columns. Because of the distributive-driving of display panel
disclosed herein, the number of the source lines is no longer the same as the number of the columns
of pixels multiplied by the ratio k (kN), i.e., the number of data channels (kN), but instead becomes
(k/x)N. Thus, in some embodiments, display data 106 may be converted into converted display data
416 to accommodate the source line and gate line arrangement due to the specific distributive-
driving scheme. In this embodiment, data converting module 406 provides converted display data
416 to source driving circuit 204 based on the source line and gate line arrangement on the display
panel. In some embodiments, the timing of each data signal may be re-arranged according to the
gate scanning order as well.

[0082] In this embodiment, data converting module 406 in this embodiment includes storing unit
412 and data reconstructing unit 414. Storing unit 412 is configured to receive display data 106
(original display data) and store display data 106 in each frame because the conversion of display
data 106 may be performed at the frame-level. Storing unit 412 may be data latches or line buffers
that temporally store display data 106 forwarded by data interface 404. Data reconstructing unit
414 is operatively coupled to storing unit 412 and configured to reconstruct, in each frame, display
data 106 into corresponding converted display data 416 based on the source line and gate line
arrangement on the display panel. Data reconstructing unit 414 of data converting module 406 may
convert display data 106 into converted display data 416 based on the number of source lines
((k/x)N) according to the distributive-driving scheme. For example, any suitable sampling
algorithms may be used by data reconstructing unit 414 to obtain converted display data 416
suitable for the (k/x)N source lines. It is to be appreciated that in some embodiments, data
converting module 406 may not be included in control logic 104. Instead, processor 114 may adjust
the timing of display data 106 to accommodate the source line and gate line arrangement on the
display panel.

[0083] FIG. 5A is a depiction of an arrangement of gate lines and source lines for driving of
subpixels in an example arrangement. In this example, the display panel includes an array of
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subpixels in a first color A, a second color B, and a third color B, arranged in rows and columns.
A, B, and C denote three different colors, such as but not limited to, red, green, blue, yellow, cyan,
magenta, or white. It is to be appreciated that the “array,” “row,” and “column” of subpixels may
not correspond to the “array,” “row,” and “column” of pixels described above. Subpixels A, B, and
C are alternatively arranged in every three adjacent rows of the array of subpixels. Every two
adjacent rows of the array of subpixels are staggered with each other. In one example, a first
subpixel in one of the A, B, and C colors and a second subpixel in the same color as the first
subpixel may be by 3 units in the row/horizontal direction and 4 units in the column/vertical
direction. The first and second subpixels may have a minimum distance among subpixels in the
same color. Details of one example of the subpixel arrangements illustrated in this example are
provided in U.S. Patent Application Publication No. 2016/0275846, having a title of “Subpixel
Arrangement of Displays and Driving Circuit Thereof.” It is to be appreciated that the relative
spatial relationship (i.e., 3 units in the row/horizontal direction and 4 units in the column/vertical
direction) is not limited to the example described above.

[0084] FIG. 5A illustrates a portion of the display panel including 24 subpixels. Depending on the
ratio k of subpixels to pixels, the resolution of the display panel may be 4x2 (k=3) or 6x2 (k=2).
Regardless, the array of pixels in this example is arranged in two rows and is operatively coupled
to two gate lines G1 and G2. As to the source lines, the array of pixels may be arranged in four
columns, each of which is operatively coupled to three source lines, or arranged in six columns,
each of which is operatively coupled to two source lines. In any event, the array of pixels in this
example is operatively coupled to 12 source lines S1 to S12. In other words, the number of the gate
lines (2) is the same as the number of the rows of pixels (2), and the number of the source lines (12)
is the same as the number of the columns of pixels multiplied by the ratio k (4x3 or 6x2).

[0085] FIG. 5B is a depiction of an arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 5A in accordance with an
embodiment. In this embodiment, the display panel with the same subpixel arrangement illustrated
in FIG. 5A is driven by a distributive-driving scheme to reduce the number of source lines. In this
embodiment, the array of pixels is operatively coupled to three gate lines G1-G3, which is one and
a half (3/2) times of the number of the rows of pixels (2). The number of the gate lines in this
embodiment may be represented as (3/2)M, where x=3/2 (a fraction between 1 and 2) and M is the
number of the rows of pixels. For example, every two rows of pixels are driven by gate driving
circuit 202 via three gate lines. The scan period of each subpixel is reduced to two thirds (2/3) of
the scan period of each subpixel in the example shown in FIG. 5A, which is greater than the scan
period of the example using the dual-gate driving (i.e., one half (1/2) of the scan period of each
subpixel in the example shown in FIG. 5A). It is to be appreciated that the gate lines shown in FIGs.
5A and 5B represent the logical connections between subpixels. The actual wiring of the gate lines
may be understood by a person of ordinary skill in the art based on the logical connections and may
be different in different examples.

[0086] As to the source lines, the array of pixels is operatively coupled to eight source lines S1-S8,
which is two thirds (2/3) of the number of the columns of pixels multiplied by the ratio k (12). The
number of the source lines in this embodiment may be represented as (2/3)kN, where & is the ratio
of subpixels to pixels and N is the number of the columns of pixels. In other words, the number of
the source lines in the example in FIG. 5A is reduced by one third (1/3) in the example in FIG. 5B
by the distributive-driving of display panel disclosed herein. For example, for a WQHD display
panel, the number of source lines can be reduced from 2880 to 1920. It is to be appreciated that in
FIGs. 5A and 5B, subpixels labeled with the same source line number (e.g., S1, S2, S3, ..., S8) are
connected by the same corresponding source line. Compared with the example in FIG. 5A, the
wiring of gate lines and source lines in this embodiment can be simplified as well.

[0087] FIG. 5C is a depiction of another arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 5A in accordance with an
embodiment. In this embodiment, the display panel with the same subpixel arrangement illustrated
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in FIG. 5A is driven by a distributive-driving scheme to reduce the number of gate lines. In this
embodiment, the array of pixels is operatively coupled to one gate line G1, which is one half (1/2)
of the number of the rows of pixels (2). The number of the gate lines in this embodiment may be
represented as (1/2)M, where x=1/2 (a fraction between 0 and 1) and M is the number of the rows
of pixels. For example, every two rows of pixels are driven by gate driving circuit 202 via one gate
line. In other words, the number of the gate lines in the example in FIG. 5A is reduced by one half
(1/2) in the example in FIG. 5C by the distributive-driving of display panel disclosed herein. For
example, for a WQHD display panel, the number of gate lines can be reduced from 2560 to 1280.
The scan period of each subpixel may increase to twice of the scan period of each subpixel in the
example shown in FIG. 5A. It is to be appreciated that the gate lines shown in FIG. 5C represent
the logical connections between subpixels. The actual wiring of the gate lines may be understood
by a person of ordinary skill in the art based on the logical connections and may be different in
different examples.

[0088] As to the source lines, the array of pixels is operatively coupled to 24 source lines S1-524,
which is twice of the number of the columns of pixels multiplied by the ratio & (12). The number
of the source lines in this embodiment may be represented as 2kN, where k is the ratio of subpixels
to pixels and N is the number of the columns of pixels. It is to be appreciated that in FIG. 5C,
subpixels labeled with the same source line number (e.g., S1, S2, S3, ..., S24) are connected by the
same corresponding source line.

[0089] FIG. 5D is a depiction of still another arrangement of gate lines and source lines for
distributive-driving of subpixels in the example arrangement shown in FIG. 5A in accordance with
an embodiment. In this embodiment, the display panel with the same subpixel arrangement
illustrated in FIG. 5A is driven by a distributive-driving scheme to reduce the number of gate lines.
In this embodiment, the array of pixels is operatively coupled to one gate line GI and one half of
gate line G2, which is three fourths (3/4) of the number of the rows of pixels (2). The number of
the gate lines in this embodiment may be represented as (3/4)M, where x=3/4 (a fraction between
0 and 1) and M is the number of the rows of pixels. For example, every four rows of pixels are
driven by gate driving circuit 202 via three gate lines. In other words, the number of the gate lines
in the example in FIG. 5A is reduced by one fourth (1/4) in the example in FIG. 5D by the
distributive-driving of display panel disclosed herein. For example, for a WQHD display panel, the
number of gate lines can be reduced from 2560 to 1920. The scan period of each subpixel may
increase to four thirds (4/3) of the scan period of each subpixel in the example shown in FIG. 5A.
It is to be appreciated that the gate lines shown in FIG. 5D represent the logical connections between
subpixels. The actual wiring of the gate lines may be understood by a person of ordinary skill in
the art based on the logical connections and may be different in different examples.

[0090] As to the source lines, the array of pixels is operatively coupled to 16 source lines S1-S16,
which is four thirds (4/3) of the number of the columns of pixels multiplied by the ratio k£ (12). The
number of the source lines in this embodiment may be represented as (4/3)kN, where & is the ratio
of subpixels to pixels and N is the number of the columns of pixels. It is to be appreciated that in
FIG. 5D, subpixels labeled with the same source line number (e.g., S1, S2, S3, ..., S16) are
connected by the same corresponding source line.

[0091] FIG. 6A is a depiction of an arrangement of gate lines and source lines for driving of
subpixels in another example arrangement. In this example, the display panel includes an array of
subpixels in a first color A, a second color B, and a third color B, arranged in rows and columns.
A, B, and C denote three different colors, such as but not limited to, red, green, blue, yellow, cyan,
magenta, or white. It is to be appreciated that the “array,” “row,” and “column” of subpixels may
not correspond to the “array,” “row,” and “column” of pixels as described above. In one example,
the array of subpixels may be considered as the rotation of the array of subpixels in FIG. SA by 90
degrees. In another example, the array of subpixels includes a first subpixel repeating group
represented by A-B-C and a second subpixel repeating group represented by C-A-B that are
alternatively applied to two adjacent rows of the array of subpixels. The two adjacent rows of the
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array of subpixels are staggered with each other. Details of one example of the subpixel
arrangements illustrated in this example are provided in U.S. Patent Application Publication No.
2015/0339969, having a title of “Method and Apparatus for Subpixel Rendering.”

[0092] FIG. 6A illustrates a portion of the display panel including 36 subpixels. Depending on the
ratio k of subpixels to pixels, the resolution of the display panel may be 4x3 (k=3) or 6x3 (k=2).
Regardless, the array of pixels in this example is arranged in three rows and is operatively coupled
to three gate lines G1-G3. As to the source lines, the array of pixels may be arranged in four
columns, each of which is operatively coupled to three source lines, or arranged in six columns,
each of which is operatively coupled to two source lines. In any event, the array of pixels in this
example is operatively coupled to 12 source lines S1 to S12. In other words, the number of the gate
lines (3) is the same as the number of the rows of pixels (3), and the number of the source lines (12)
is the same as the number of the columns of pixels multiplied by the ratio k (4x3 or 6x2).

[0093] FIG. 6B is a depiction of an arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 6A in accordance with an
embodiment. In this embodiment, the display panel with the same subpixel arrangement illustrated
in FIG. 6A is driven by a distributive-driving scheme to reduce the number of source lines. In this
embodiment, the array of pixels is operatively coupled to four gate lines G1-G4, which is four
thirds (4/3) of the number of the rows of pixels (3). The number of the gate lines in this embodiment
may be represented as (4/3)M, where x=4/3 (a fraction between 1 and 2) and M is the number of
the rows of pixels. For example, every three rows of pixels are driven by gate driving circuit 202
via four gate lines. The scan period of each subpixel is reduced to three fourth (3/4) of the scan
period of each subpixel in the example shown in FIG. 6A, which is greater than the scan period of
the example using the dual-gate driving (i.e., one half (1/2) of the scan period of each subpixel in
the example shown in FIG. 6A). It is to be appreciated that the gate lines shown in FIGs. 6A and
6B represent the logical connections between subpixels. The actual wiring of the gate lines may be
understood by a person of ordinary skill in the art based on the logical connections and may be
different in different examples.

[0094] As to the source lines, the array of pixels is operatively coupled to nine source lines S1-S9,
which is three fourth (3/4) of the number of the columns of pixels multiplied by the ratio & (12).
The number of the source lines in this embodiment may be represented as (3/4)kN, where & is the
ratio of subpixels to pixels and N is the number of the columns of pixels. In other words, the number
of the source lines in the example in FIG. 6A is reduced by one fourth (1/4) in the example in FIG.
6B by the distributive-driving of display panel disclosed herein. For example, for a WQHD display
panel, the number of source lines can be reduced from 2880 to 2160. It is to be appreciated that in
FIGs. 6A and 6B, subpixels labeled with the same source line number (e.g., S1, S2, S3, ..., S9) are
connected by the same corresponding source line. Compared with the example in FIG. 6A, the
wiring of gate lines and source lines in this embodiment can be simplified as well.

[0095] As described above, in some embodiments, the source lines may be operatively coupled to
the columns of subpixels in a “zigzag” manner as shown, for example, in FIG. 6C. FIG. 6C is
similar to FIG. 6B except that the source lines are operatively coupled to the columns of subpixels
in a “zigzag” manner. For example, in each odd row (e.g., 1 and 3), the source lines start from S1,
while in each even row (e.g., 2 and 4), the source lines start from SO. As a result, the number of
source lines in FIG. 6C is one more than the number of source lines in the embodiment of FIG. 6B
(i.e., is (3k/4)N+1). Nevertheless, a person of ordinary skill in the art would understand that even
with the “zigzag” manner of source line arrangement, the number of source lines on a display panel
with distributive-driving is substantially (k/x)N.

[0096] FIG. 6D is a depiction of another arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 6A in accordance with an
embodiment. In this embodiment, the display panel with the same subpixel arrangement illustrated
in FIG. 6A is driven by a distributive-driving scheme to reduce the number of gate lines. In this
embodiment, the array of pixels is operatively coupled to two gate lines G1 and G2, which is two
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thirds (2/3) of the number of the rows of pixels (3). The number of the gate lines in this embodiment
may be represented as (2/3)M, where x=2/3 (a fraction between O and 1) and M is the number of
the rows of pixels. For example, every three rows of pixels are driven by gate driving circuit 202
via two gate lines. In other words, the number of the gate lines in the example in FIG. 6A is reduced
by one third (1/3) in the example in FIG. 6D by the distributive-driving of display panel disclosed
herein. For example, for a WQHD display panel, the number of gate lines can be reduced from
3840 to 2560. The scan period of each subpixel may increase to one and a half (3/2) times of the
scan period of each subpixel in the example shown in FIG. 6A. It is to be appreciated that the gate
lines shown in FIG. 6D represent the logical connections between subpixels. The actual wiring of
the gate lines may be understood by a person of ordinary skill in the art based on the logical
connections and may be different in different examples.

[0097] As to the source lines, the array of pixels is operatively coupled to 18 source lines S1-S18,
which is one and a half (3/2) times of the number of the columns of pixels multiplied by the ratio &
(12). The number of the source lines in this embodiment may be represented as (3/2)kN, where & is
the ratio of subpixels to pixels and N is the number of the columns of pixels. It is to be appreciated
that in FIG. 6D, subpixels labeled with the same source line number (e.g., S1, S2, S3, ..., S18) are
connected by the same corresponding source line.

[0098] FIG. 7A is a depiction of an arrangement of gate lines and source lines for driving of
subpixels in still another example arrangement. In this example, the display panel includes an array
of subpixels in a first color A, a second color B, and a third color B, arranged in rows and columns.
A, B, and C denote three different colors, such as but not limited to, red, green, blue, yellow, cyan,
magenta, or white. It is to be appreciated that the “array,” “row,” and “column” of subpixels may
not correspond to the “array,” “row,” and “column” of pixels as described above. In this example,
the array of subpixels includes a subpixel repeating group represented by A-B-C, which repeats
itself in both the row/horizontal direction and the column/vertical direction. One example of such
subpixel arrangement is known as the “real-RGB” or “RGB strips” arrangement.

[0099] FIG. 7A illustrates a portion of the display panel including 24 subpixels. Depending on the
ratio k of subpixels to pixels, the resolution of the display panel may be 4x2 (k=3, e.g., the adjacent
A, B, and C subpixels constitute one pixel) or 6x2 (k=2). Regardless, the array of pixels in this
example is arranged in two rows and is operatively coupled to two gate lines G1-G2. As to the
source lines, the array of pixels may be arranged in four columns, each of which is operatively
coupled to three source lines, or arranged in six columns, each of which is operatively coupled to
two source lines. In any event, the array of pixels in this example is operatively coupled to 12
source lines S1 to S12. In other words, the number of the gate lines (2) is the same as the number
of the rows of pixels (2), and the number of the source lines (12) is the same as the number of the
columns of pixels multiplied by the ratio k (4x3 or 6x2).

[0100] FIG. 7B is a depiction of an arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 7A in accordance with an
embodiment. In this embodiment, the display panel with the same subpixel arrangement illustrated
in FIG. 7A is driven by a distributive-driving scheme to reduce the number of source lines. In this
embodiment, the array of pixels is operatively coupled to three gate lines G1-G3, which is one and
a half (3/2) times of the number of the rows of pixels (2). The number of the gate lines in this
embodiment may be represented as (3/2)M, where x=3/2 (a fraction between 1 and 2) and M is the
number of the rows of pixels. For example, every two rows of pixels are driven by gate driving
circuit 202 via three gate lines. The scan period of each subpixel is reduced to two thirds (2/3) of
the scan period of each subpixel in the example shown in FIG. 7A, which is greater than the scan
period of the examples using the dual-gate driving (i.e., one half (1/2) of the scan period of each
subpixel in the example shown in FIG. 7A). It is to be appreciated that the gate lines shown in FIGs.
7A and 7B represent the logical connections between subpixels. The actual wiring of the gate lines
may be understood by a person of ordinary skill in the art based on the logical connections and may
be different in different examples.
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[0101] As to the source lines, the array of pixels is operatively coupled to eight source lines S1-S8,
which is two thirds (2/3) of the number of the columns of pixels multiplied by the ratio k (12). The
number of the source lines in this embodiment may be represented as (2/3)kN, where & is the ratio
of subpixels to pixels and N is the number of the columns of pixels. In other words, the number of
the source lines in the example in FIG. 7A is reduced by one third (1/3) in the example in FIG. 7B
by the distributive-driving of display panel disclosed herein. For example, for a WQHD display
panel, the number of source lines can be reduced from 2880 to 1920. It is to be appreciated that in
FIGs. 7A and 7B, subpixels labeled with the same source line number (e.g., S1, S2, S3, ..., S8) are
connected by the same corresponding source line.

[0102] FIG. 7C is a depiction of another arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 7A in accordance with an
embodiment. In this embodiment, the display panel with the same subpixel arrangement illustrated
in FIG. 7A is driven by a distributive-driving scheme to reduce the number of gate lines. In this
embodiment, the array of pixels is operatively coupled to one gate line G1, which is one half (1/2)
of the number of the rows of pixels (2). The number of the gate lines in this embodiment may be
represented as (1/2)M, where x=1/2 (a fraction between 0 and 1) and M is the number of the rows
of pixels. For example, every two rows of pixels are driven by gate driving circuit 202 via one gate
line. In other words, the number of the gate lines in the example in FIG. 7A is reduced by one half
(1/2) in the example in FIG. 7C by the distributive-driving of display panel disclosed herein. For
example, for a WQHD display panel, the number of gate lines can be reduced from 2560 to 1280.
The scan period of each subpixel may increase to twice of the scan period of each subpixel in the
example shown in FIG. 7A. It is to be appreciated that the gate lines shown in FIG. 7C represent
the logical connections between subpixels. The actual wiring of the gate lines may be understood
by a person of ordinary skill in the art based on the logical connections and may be different in
different examples.

[0103] As to the source lines, the array of pixels is operatively coupled to 24 source lines S1-S24,
which is twice of the number of the columns of pixels multiplied by the ratio &k (12). The number
of the source lines in this embodiment may be represented as 2k, where & is the ratio of subpixels
to pixels and N is the number of the columns of pixels. It is to be appreciated that in FIG. 7C,
subpixels labeled with the same source line number (e.g., S1, 52, S3, ..., S24) are connected by the
same corresponding source line.

[0104] FIG. 7D is a depiction of still another arrangement of gate lines and source lines for
distributive-driving of subpixels in the example arrangement shown in FIG. 7A in accordance with
an embodiment. In this embodiment, the display panel with the same subpixel arrangement
illustrated in FIG. 7A is driven by a distributive-driving scheme to reduce the number of gate lines.
In this embodiment, the array of pixels is operatively coupled to one gate line Gl and one third
(1/3) of gate line G2, which is two thirds (2/3) of the number of the rows of pixels (2). For example,
in some rows of subpixels (pixels), e.g., the even rows, one half of the subpixels are operatively
coupled to one gate line, while the other half of the subpixels are operatively coupled to another
gate line. The number of the gate lines in this embodiment may be represented as (2/3)M, where
x=2/3 (a fraction between 0 and 1) and M is the number of the rows of pixels. For example, every
three rows of pixels are driven by gate driving circuit 202 via two gate lines. In other words, the
number of the gate lines in the example in FIG. 7A is reduced by one third (1/3) in the example in
FIG. 7D by the distributive-driving of display panel disclosed herein. For example, for a WQHD
display panel, the number of gate lines can be reduced from 3840 to 2560. The scan period of each
subpixel may increase to one and a half (3/2) times of the scan period of each subpixel in the
example shown in FIG. 7A. It is to be appreciated that the gate lines shown in FIG. 7D represent
the logical connections between subpixels. The actual wiring of the gate lines may be understood
by a person of ordinary skill in the art based on the logical connections and may be different in
different examples.
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[0105] As to the source lines, the array of pixels is operatively coupled to 18 source lines S1-S18,
which one and a half (3/2) times of the number of the columns of pixels multiplied by the ratio k
(12). The number of the source lines in this embodiment may be represented as (3/2)kN, where & is
the ratio of subpixels to pixels and N is the number of the columns of pixels. It is to be appreciated
that in FIG. 7D, subpixels labeled with the same source line number (e.g., S1, S2, S3, ..., S18) are
connected by the same corresponding source line.

[0106] FIG. 8A is a depiction of an arrangement of gate lines and source lines for driving of
subpixels in yet another example arrangement. In this example, the display panel includes an array
of subpixels in a first color A, a second color B, and a third color B, arranged in rows and columns.
A, B, and C denote three different colors, such as but not limited to, red, green, blue, yellow, cyan,
magenta, or white. It is to be appreciated that the “array,” “row,” and “column” of subpixels may
not correspond to the “array,” “row,” and “column” of pixels as described above. In this example,
the array of subpixels includes a first subpixel repeating group represented by A-B-C-B and a
second subpixel repeating group represented by C-B-A-B that are alternatively applied to two
adjacent rows of the array of subpixels. The two adjacent rows of the array of subpixels are aligned
with each other. The number of subpixels B on the display panel is twice of the number of the
subpixels A or C. One example of such subpixel arrangement is known as the “PenTile RGBG”
arrangement in which A denotes red (R) subpixels, B denotes green (G) subpixels, and C denotes
blue (B) subpixels. In the “PenTile RGBG” arrangement, the sizes of subpixels R, G, and B may
be different. For example, the size of subpixels R or subpixels B may be larger than that of subpixels
G.

[0107] FIG. 8A illustrates a portion of the display panel including 24 subpixels. Depending on the
ratio k of subpixels to pixels, the resolution of the display panel may be 4x2 (k=3, e.g., the adjacent
A, B, and C subpixels constitute one pixel) or 6x2 (k=2). Regardless, the array of pixels in this
example is arranged in two rows and is operatively coupled to two gate lines G1-G2. As to the
source lines, the array of pixels may be arranged in four columns, each of which is operatively
coupled to three source lines, or arranged in six columns, each of which is operatively coupled to
two source lines. In any event, the array of pixels in this example is operatively coupled to 12
source lines S1 to S12. In other words, the number of the gate lines (2) is the same as the number
of the rows of pixels (2), and the number of the source lines (12) is the same as the number of the
columns of pixels multiplied by the ratio k (4x3 or 6x2).

[0108] FIG. 8B is a depiction of an arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 8A in accordance with an
embodiment. In this embodiment, the display panel with the same subpixel arrangement illustrated
in FIG. 8A is driven by a distributive-driving scheme to reduce the number of source lines. In this
embodiment, the array of pixels is operatively coupled to three gate lines G1-G3, which is one and
a half (3/2) times of the number of the rows of pixels (2). The number of the gate lines in this
embodiment may be represented as (3/2)M, where x=3/2 (a fraction between 1 and 2) and M is the
number of the rows of pixels. For example, every two rows of pixels are driven by gate driving
circuit 202 via three gate lines. The scan period of each subpixel is reduced to two thirds (2/3) of
the scan period of each subpixel in the example shown in FIG. 8A, which is greater than the scan
period of the example using the dual-gate driving (i.e., one half (1/2) of the scan period of each
subpixel in the example shown in FIG. 8A). It is to be appreciated that the gate lines shown in FIGs.
8A and 8B represent the logical connections between subpixels. The actual wiring of the gate lines
may be understood by a person of ordinary skill in the art based on the logical connections and may
be different in different examples.

[0109] As to the source lines, the array of pixels is operatively coupled to eight source lines S1-S8,
which is two thirds (2/3) of the number of the columns of pixels multiplied by the ratio k (12). The
number of the source lines in this embodiment may be represented as (2/3)kN, where & is the ratio
of subpixels to pixels and N is the number of the columns of pixels. In other words, the number of
the source lines in the example in FIG. 8A is reduced by one third (1/3) in the example in FIG. 8B
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by the distributive-driving of display panel disclosed herein. For example, for a WQHD display
panel, the number of source lines can be reduced from 2880 to 1920. It is to be appreciated that in
FIGs. 8A and 8B, subpixels labeled with the same source line number (e.g., S1, S2, S3, ..., S8) are
connected by the same corresponding source line.

[0110] FIG. 8C is a depiction of another arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 8A in accordance with an
embodiment. In this embodiment, the display panel with the same subpixel arrangement illustrated
in FIG. 8A is driven by a distributive-driving scheme to reduce the number of gate lines. In this
embodiment, the array of pixels is operatively coupled to one gate line G1, which is one half (1/2)
of the number of the rows of pixels (2). The number of the gate lines in this embodiment may be
represented as (1/2)M, where x=1/2 (a fraction between 0 and 1) and M is the number of the rows
of pixels. For example, every two rows of pixels are driven by gate driving circuit 202 via one gate
line. In other words, the number of the gate lines in the example in FIG. 8A is reduced by one half
(1/2) in the example in FIG. 8C by the distributive-driving of display panel disclosed herein. For
example, for a WQHD display panel, the number of gate lines can be reduced from 2560 to 1280.
The scan period of each subpixel may increase to twice of the scan period of each subpixel in the
example shown in FIG. 8A. It is to be appreciated that the gate lines shown in FIG. 8C represent
the logical connections between subpixels. The actual wiring of the gate lines may be understood
by a person of ordinary skill in the art based on the logical connections and may be different in
different examples.

[0111] As to the source lines, the array of pixels is operatively coupled to 24 source lines S1-S24,
which is twice of the number of the columns of pixels multiplied by the ratio &k (12). The number
of the source lines in this embodiment may be represented as 2k, where & is the ratio of subpixels
to pixels and N is the number of the columns of pixels. It is to be appreciated that in FIG. 8C,
subpixels labeled with the same source line number (e.g., S1, S2, S3, ..., S24) are connected by the
same corresponding source line.

[0112] FIG. 9A is a depiction of an arrangement of gate lines and source lines for driving of
subpixels in yet another example arrangement. In this example, the display panel includes an array
of subpixels in a first color A, a second color B, and a third color B, arranged in rows and columns.
A, B, and C denote three different colors, such as but not limited to, red, green, blue, yellow, cyan,
magenta, or white. It is to be appreciated that the “array,” “row,” and “column” of subpixels may
not correspond to the “array,” “row,” and “column” of pixels as described above. In this example,
the subpixel arrangement is similar to the example in FIG. 8A except that the subpixels B are in
separate rows from the subpixels A and C. The subpixel arrangement in FIG. 9A may be considered
as a special case of the subpixel arrangement in FIG. 8A because the arrangement of gate lines and
source lines for the subpixel arrangement in FIG. 9A is the same as that in FIG. 8A. The size of
subpixels B may be smaller than that of the subpixels A or C. One example of such subpixel
arrangement is known as the “PenTile diamond” arrangement. It is to be appreciated that the sizes
and shapes of subpixels A, B, and C are not limited to the example shown in FIG. 9A.

[0113] FIG. 9A illustrates a portion of the display panel including 24 subpixels. Depending on the
ratio k of subpixels to pixels, the resolution of the display panel may be 4x2 (k=3, e.g., the adjacent
A, B, and C subpixels constitute one pixel) or 6x2 (k=2). Regardless, the array of pixels in this
example is arranged in two rows and is operatively coupled to two gate lines G1-G2. As to the
source lines, the array of pixels may be arranged in four columns, each of which is operatively
coupled to three source lines, or arranged in six columns, each of which is operatively coupled to
two source lines. In any event, the array of pixels in this example is operatively coupled to 12
source lines S1 to S12. In other words, the number of the gate lines (2) is the same as the number
of the rows of pixels (2), and the number of the source lines (12) is the same as the number of the
columns of pixels multiplied by the ratio k (4x3 or 6x2).

[0114] FIG. 9B is a depiction of an arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 9A in accordance with an
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embodiment. In this embodiment, the display panel with the same subpixel arrangement illustrated
in FIG. 9A is driven by a distributive-driving scheme to reduce the number of source lines. In this
embodiment, the array of pixels is operatively coupled to three gate lines G1-G3, which is one and
a half (3/2) times of the number of the rows of pixels (2). The number of the gate lines in this
embodiment may be represented as (3/2)M, where x=3/2 (a fraction between 1 and 2) and M is the
number of the rows of pixels. For example, every two rows of pixels are driven by gate driving
circuit 202 via three gate lines. The scan period of each subpixel is reduced to two thirds (2/3) of
the scan period of each subpixel in the example shown in FIG. 9A, which is greater than the scan
period of the example using the dual-gate driving (i.e., one half (1/2) of the scan period of each
subpixel in the example shown in FIG. 9A). It is to be appreciated that the gate lines shown in FIGs.
9A and 9B represent the logical connections between subpixels. The actual wiring of the gate lines
may be understood by a person of ordinary skill in the art based on the logical connections and may
be different in different examples.

[0115] As to the source lines, the array of pixels is operatively coupled to eight source lines S1-S8,
which is two thirds (2/3) of the number of the columns of pixels multiplied by the ratio k (12). The
number of the source lines in this embodiment may be represented as (2/3)kN, where & is the ratio
of subpixels to pixels and N is the number of the columns of pixels. In other words, the number of
the source lines in the example in FIG. 9A is reduced by one third (1/3) in the example in FIG. 9B
by the distributive-driving of display panel disclosed herein. For example, for a WQHD display
panel, the number of source lines can be reduced from 2880 to 1920. It is to be appreciated that in
FIGs. 9A and 9B, subpixels labeled with the same source line number (e.g., S1, S2, S3, ..., S8) are
connected by the same corresponding source line.

[0116] Compared with the example in FIG. 8B, the arrangement of gate lines and source lines for
distributive-driving of subpixels in FIG. 9B is not the same, although the original arrangement of
gate lines and source lines is the same for both examples in FIGs. 9A and 9B. That is, for the same
arrangement of gate lines and source lines of subpixels, different arrangements of gate lines and
source lines for distributive-driving of subpixels can be achieved. It is also noted that x equals to
3/2 in both examples of FIGs. 8B and 9B. That is, to achieve the same ratio (x) of distributive-
driving of subpixels, different arrangements of gate lines and source lines for distributive-driving
of subpixels may be applied as well.

[0117] FIG. 9C is a depiction of another arrangement of gate lines and source lines for distributive-
driving of subpixels in the example arrangement shown in FIG. 9A in accordance with an
embodiment. In this embodiment, the display panel with the same subpixel arrangement illustrated
in FIG. 9A is driven by a distributive-driving scheme to reduce the number of gate lines. In this
embodiment, the array of pixels is operatively coupled to one gate line G1, which is one half (1/2)
of the number of the rows of pixels (2). The number of the gate lines in this embodiment may be
represented as (1/2)M, where x=1/2 (a fraction between 0 and 1) and M is the number of the rows
of pixels. For example, every two rows of pixels are driven by gate driving circuit 202 via one gate
line. In other words, the number of the gate lines in the example in FIG. 9A is reduced by one half
(1/2) in the example in FIG. 9C by the distributive-driving of display panel disclosed herein. For
example, for a WQHD display panel, the number of gate lines can be reduced from 2560 to 1280.
The scan period of each subpixel may increase to twice of the scan period of each subpixel in the
example shown in FIG. 9A. It is to be appreciated that the gate lines shown in FIG. 9C represent
the logical connections between subpixels. The actual wiring of the gate lines may be understood
by a person of ordinary skill in the art based on the logical connections and may be different in
different examples.

[0118] As to the source lines, the array of pixels is operatively coupled to 24 source lines S1-S24,
which is twice of the number of the columns of pixels multiplied by the ratio &k (12). The number
of the source lines in this embodiment may be represented as 2k, where & is the ratio of subpixels
to pixels and N is the number of the columns of pixels. It is to be appreciated that in FIG. 9C,
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subpixels labeled with the same source line number (e.g., S1, 52, S3, ..., S24) are connected by the
same corresponding source line.

[0119] It is to be appreciated that the examples illustrated in FIGs. 5B, 6B, 6C, 7B, 8B, and 9B are
for the illustrative purpose only and do not limit the distributive-driving of display panel to only
the subpixel arrangements illustrated in these examples. It is also to be appreciated that even for
the same subpixel arrangement disclosed in any of the examples illustrated in FIGs. 5B, 6B, 6C,
7B, 8B, and 9B, any other suitable distributive-driving schemes may be applied as well. For
example, the value of x is not limited to 3/2 and 4/3 as disclosed in the examples illustrated in FIGs.
5B, 6B, 6C, 7B, 8B, and 9B, and can be any fraction between 1 and 2. That is, every g rows of
pixels may be driven by gate driving circuit 202 via p gate lines as long as p is larger than g but
smaller than 2g. Also, the value of & is not limited to 2 and 3 as disclosed in the examples illustrated
in FIGs. 5B, 6B, 6C, 7B, 8B, and 9B, and can be any other positive integer larger than 1, such as
4.

[0120] Similarly, it is to be appreciated that the examples illustrated in FIGs. 5C, 5D, 6D, 7C, 7D,
8C, and 9C are for the illustrative purpose only and do not limit the distributive-driving of display
panel to only the subpixel arrangements illustrated in these examples. It is also to be appreciated
that even for the same subpixel arrangement disclosed in any of the examples illustrated in FIGs.
5C, 5D, 6D, 7C, 7D, 8C, and 9C, any other suitable distributive-driving schemes may be applied
as well. For example, the value of x is not limited to 1/2, 2/3, and 3/4 as disclosed in the examples
illustrated in FIGs. 5C, 5D, 6D, 7C, 7D, 8C, and 9C, and can be any fraction between 0 and 1. That
is, every g rows of pixels may be driven by gate driving circuit 202 via p gate lines as long as ¢ is
larger than p. Also, the value of & is not limited to 2 and 3 as disclosed in the examples illustrated
in FIGs. 5C, 5D, 6D, 7C, 7D, 8C, and 9C, and can be any other positive integer larger than 1, such
as 4. It is to be appreciated that in some embodiments, k£ may be a positive fraction. That is, the
number of subpixels may not be an integer multiple of the number of pixels.

[0121] FIG. 10 is a block diagram illustrating a demultiplexing module 1002 operatively coupled
to control logic 104 and source driving circuit 204 shown in FIG. 2A in accordance with an
embodiment. In some embodiments, such as illustrated with respect to FIGs. 5C, 5D, 6D, 7C, 7D,
8C, and 9C, the number of gate lines can be reduced by the distributive-driving to reduce the
corresponding circuits (e.g., in the gate driving circuit 202) and the scan period of each subpixel.
On the other hand, the number of source lines are increased accordingly. To avoid increasing the
number of data channels provided by control logic 104, a source-demultiplexing scheme may be
applied in conjunction with the distributive-driving scheme. As shown in FIG. 10, control logic
104 may provide display data, either in its original form (e.g., original display data 106) or in its
converted form (e.g., converted display data 416) in multiple data channels, for example, kN data
channels via kN output pins. In this embodiment, demultiplexing module 1002 may be operatively
coupled to the data channels and route the display data to multiple source lines (e.g., (k/x)N source
lines) via source driving circuit 204. In the embodiments in which x is between 0 and 1, the number
of the data channels (e.g., kN) is smaller than the number of the source lines (e.g., (k/x)N). Thus,
demultiplexing module 1002 may cause display data in each data channel to be provided to multiple
source lines in different clock periods. It is to be appreciated that although the source-
demultiplexing scheme may cause the scan period of each subpixel to be reduced, because the
number of gate lines is reduced by the distributive-driving as well, the overcall scan period of each
subpixel may remain the same. Consequently, the distributive-driving with source-demultiplexing
can optimize the timing specification of display panels and help to achieve the narrow-bezel or
bezel-less designs of display panels. In some embodiments, demultiplexing module 1002, control
logic 104, source driving circuit 204, gate driving circuit 202, and light emitting driving circuit 206
may be manufactured in a COF package, such as a single-layer COF package.

[0122] FIG. 11 is a block diagram illustrating one example of demultiplexing module 1002 shown
in FIG. 10 in accordance with an embodiment. In this embodiment, demultiplexing module 1002
includes a selecting unit 1102 and kN demultiplexers 1104. Selecting unit 1102 may be part of
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display 102, such as on the display panel, or may be part of control logic 104. Selecting unit 1102
may be configured to generate kN sets of selecting signals for kN demultiplexers 1104, respectively.
Each demultiplexer 1104 may be part of source driving circuit 204 and operatively coupled to
selecting unit 1102 to receive the respective set of selecting signal. Depending on the value of x,
each demultiplexer 1104 may be any suitable 1:X demultiplexer, where X = (1/x) and x is a fraction
between 0 and 1. Each demultiplexer 1104 may be operatively coupled to one data channel and 1/x
source lines. Each demultiplexer 1104 may be configured to receive input display data from one of
the kN data channels and provide output display data to one of the 1/x source lines at each clock
period based on the respective set of selecting signals from selecting unit 1102.

[0123] In this embodiment, DEMUX | may be operatively coupled to data channel 1 and receive
input display data from data channel 1. DEMUX 1 may be operatively coupled to 1/x source lines
S11 to S1(1/x) and provide output display data to one of the source lines S11 to SI(1/x) at each
clock period based on the respective set of selecting signals from selecting unit 1102. Similarly,
DEMUX &N may be operatively coupled to data channel kN and receive input display data from
data channel kAN. DEMUX k&N may be operatively coupled to 1/x source lines S(kN)1 to S(AN)(1/x)
and provide output display data to one of the source lines S(kN)1 to S(kN)(1/x) at each clock period
based on the respective set of selecting signals from selecting unit 1102. For example, when x
equals to 1/2, each of DEMUX 1 to DEMUX kN may be a 1:2 demultiplexer that can provide output
display data to one of the two source lines at each clock period.

[0124] FIG. 12A is a depiction of an arrangement of gate lines and source lines for distributive-
driving with source-demultiplexing of subpixels in the example arrangement shown in FIG. 5A in
accordance with an embodiment. The arrangement of gate lines and source lines for distributive-
driving in FIG. 12A is similar to the example shown in FIG. 5D in which the number of gate lines
is decreased by the factor x equal to 3/4 compared with the number of rows of pixels, while the
number of source lines is increased by the factor 1/x equals to 4/3 compared with the number of
columns of pixels. It is to be appreciated that although the connections representing the gate lines
shown in FIG. 12A appear to be different from those in FIG. 5D, the logical connections of gate
lines between subpixels are the same in FIG. 12A and FIG. 5D.

[0125] Different from the example in FIG. 5D, the source-demultiplexing scheme is applied in this
embodiment. Thus, two source lines may be operatively coupled to a 1:2 demultiplexer and receive
display data from the same data channel in different clock periods. For example, the source lines
Sla and S1b may receive display data from data channel 1, and the source lines S8a and S8b may
receive display data from data channel 8. As a result, only one half of the number of data channels
may be needed compared with the number of source lines on the display panel. In FIGs. 12A,
subpixels labeled with the same source line number (e.g., Sla, S1b, ..., S8a, S8b) are connected by
the same corresponding source line.

[0126] FIG. 12B is a depiction of another arrangement of gate lines and source lines for
distributive-driving with source-demultiplexing of subpixels in the example arrangement shown in
FIG. 5A in accordance with an embodiment. The arrangement of gate lines and source lines for
distributive-driving in FIG. 12B is similar to the example shown in FIG. 5C in which the number
of gate lines is decreased by the factor x equal to 1/2 compared with the number of rows of pixels,
while the number of source lines is increased by the factor 1/x equals to 2 compared with the number
of columns of pixels. It is to be appreciated that although the connections representing the gate
lines shown in FIG. 12B appear to be different from those in FIG. 5C, the logical connections of
gate lines between subpixels are the same in FIG. 12B and FIG. 5C.

[0127] Different from the example in FIG. 5C, the source-demultiplexing scheme is applied in this
embodiment. Thus, three source lines may be operatively coupled to a 1:3 demultiplexer and
receive display data from the same data channel in different clock periods. For example, the source
lines Sla, S1b, and Slc may receive display data from data channel 1, and the source lines S8a,
S8b, and S8c may receive display data from data channel 8. As a result, only one third of the number
of data channels may be needed compared with the number of source lines on the display panel. In
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FIGs. 12B, subpixels labeled with the same source line number (e.g., Sla, S1b, Slc, ..., S8a, S8b,
S8c) are connected by the same corresponding source line.

[0128] FIGs. 13A-13D are depictions of an arrangement of gate lines and source lines for
distributive-driving with source-demultiplexing of subpixels in the example arrangement shown in
FIG. 6A in accordance with an embodiment. The arrangement of gate lines and source lines for
distributive-driving in FIGs. 13A-13D is similar to the example shown in FIG. 6D in which the
number of gate lines is decreased by a factor x equal to 2/3 compared with the number of rows of
pixels, while the number of source lines is increased by a factor 1/x equals to 3/2 compared with
the number of columns of pixels. It is to be appreciated that although the connections representing
the gate lines shown in FIGs. 13A-13D appear to be different from those in FIG. 6D, the logical
connections of gate lines between subpixels are the same in each pf FIGs. 13A-13D and FIG. 6D.
For example, FIGs. 13A-13C and FIG. 6D each represents the same logic connections of gate lines
between subpixels although the appearances of those “solid lines” representing the logic
connections are not identical in FIGs. 13A-13C and FIG. 6D. As described above, the actual wiring
of the gate lines may be understood by a person of ordinary skill in the art based on the logical
connections and may be different in different examples. In one example, FIG. 13C may also
represent one example of the actual wiring of the gate lines, but any other suitable wiring of gate
lines may be applied as well. The same logic connections of gate lines between subpixels may be
represented without the “solid lines” used in FIGs. 13A-13C and FIG. 6D. For example in FIG.
13D, the logic connections of gate lines are the same as those in FIGs. 13A-13C and FIG. 6D as
the subpixels labeled with the same gate line number (e.g., G1 and G2) are connected by the same
corresponding gate line. The same understandings explained above shall be applied to all the
examples described in the present disclosure.

[0129] Different from the example in FIG. 6D, the source-demultiplexing scheme is applied in this
embodiment. Thus, two source lines may be operatively coupled to a 1:2 demultiplexer and receive
display data from the same data channel in different clock periods. For example, the source lines
Sla and S1b may receive display data from data channel 1, and the source lines S9a and S9b may
receive display data from data channel 9. As a result, only one half of the number of data channels
may be needed compared with the number of source lines on the display panel. In FIGs. 13A-13D,
subpixels labeled with the same source line number (e.g., Sla, S1b, ..., S9a, S9b) are connected by
the same corresponding source line.

[0130] It is to be appreciated that FIGs. 12A, 12B, and 13A-13D are for the illustrative purpose
only, and the distributive-driving with source-demultiplexing of display panel may be applied to
subpixels in any of the example arrangements disclosed in the present disclosure or any other
suitable arrangements. It is also to be appreciated that the number of source lines that can receive
display data from the same data channel is also not limited to the examples shown in FIGs. 12A,
12B, and 13A-13D and can be any suitable number in different subpixel arrangements.

[0131] It is to be appreciated that the “array of pixels” disclosed herein is not limited to all the
pixels on the display panel (i.e., the entire display panel) and may be a portion of all the pixels on
the display panel. That is, the M rows of pixels in the “array of pixels” may be the same or less than
the vertical resolution of display 102, and the N columns of pixels in the “array of pixels” may be
the same or less than the horizontal resolution of display 102. For example, for a WQHD display
panel with a resolution of 1440x2560 (i.e., the number of rows of pixels and the vertical resolution
is 2560) and when x equals to 4/3, because 2560%(4/3) is not an integer, the “array of pixels” in
this example may have 2559 rows (i.e., M = 2559). Accordingly, the distributive-driving scheme
may be applied to 2559 rows of pixels, and the number of gate lines for that particular “array of
pixels” may be increased to 3412 (2559%(4/3)). As to the entire display panel, the last row of pixels
may be operatively coupled to one gate line without distributive-driving so that the total number of
gate lines is 3413 in this example. Similarly, when x equals to 2/3 in the example above, because
2560x%(2/3) is not an integer, the “array of pixels” in this example may have 2559 rows (i.e., M =
2559). Accordingly, the distributive-driving scheme may be applied to 2559 rows of pixels, and
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the number of gate lines for that particular “array of pixels” may be decreased to 1706 (i.e.,
2559%(2/3)). As to the entire display panel, the last row of pixels may be operatively coupled to
one gate line without distributive-driving so that the total number of gate lines is 1707 in this
example.

[0132] According to some aspects of the present disclosure, in addition to applying the distributive-
driving, the number of gate lines or source lines of a display panel can be further reduced by sharing
each pixel circuit by multiple subpixels. In some embodiments, in order to reduce the number of
source lines, the distributive-driving scheme may be applied to increase the number of gate lines.
The pixel circuit-sharing scheme then may be applied so that a plurality of subpixels connected to
the same source line may share the same pixel circuit. As a result, the plurality of subpixels
previously connected to different gate lines, respectively, can now be connected to the same gate
line, thereby reducing the total number of gate lines. That is, the combined scheme of distributive-
driving and the pixel circuit-sharing can reduce both the number of gate lines and the number of
source lines.

[0133] According to some aspects of the present disclosure, in addition to adjusting the
arrangement (e.g., the number) of gate lines and source lines on a display panel, the distributive-
driving scheme in the present disclosure can also change the layout of pixel circuits driving the
subpixels on the display panel, i.e., the design of the panel back-plane. In some embodiments, the
size and/or shape of each pixel circuit region may be adjusted to improve the layout efficiency and
simplify the layout placement. For example, the aperture ratio of the pixel circuit layout may be
optimized by the distributive-driving scheme to approach to square. Moreover, the pixel circuit-
sharing scheme can further adjust the layout of pixel circuits by reducing the average number of
transistors required for each subpixel while maintaining the same compensation effect for
brightness uniformity of the subpixels. In other words, the average size of pixel circuit per subpixel
can be reduced, which further improves the layout efficiency and simplifies the layout placement.

[0134] FIG. 14 is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of light emitting elements driven by an array of pixel circuits in accordance with an
embodiment. In this embodiment, the array of pixel circuits 1402 are arranged in rows and columns,
and each pixel circuit 1402 is configured to drive one light emitting element 1404. Light emitting
element 1404 is an example of subpixel 201 that can emit light in response to an external signal,
such as an electric current. One example of light emitting element 1404 is an OLED. Pixel circuits
1402 in the same row are operatively coupled to one gate line. Thus, the number of rows of pixel
circuits is the same as the number of gate lines in this embodiment. To control the timing and
duration of light emission of each light emitting element 1404, pixel circuits 1402 in the same row
are also operatively coupled to one light emitting line. Thus, the number of rows of pixel circuits
is also the same as the number of light emitting lines in this embodiment. Pixel circuits 1402 in the
same column are operatively coupled to one source line for receiving the display data of light
emitting elements 1404 driven by pixel circuits 1402 in the column. Thus, the number of columns
of pixel circuits is the same as the number of source lines. It is to be appreciated that because the
arrangement of light emitting elements 1404, e.g., the layout of the fine metal mask (FMM) used
for patterning OLEDs, may not match the arrangement (layout) of the array of pixel circuits 1402,
the actual electrical connections between each pair of pixel circuit 1042 and the corresponding light
emitting element 1404 may differ in some embodiments.

[0135] FIG. 15 is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of light emitting elements driven by an array of pixel circuits with a pixel circuit-
sharing scheme in accordance with an embodiment. In this embodiment, each pixel circuit 1502 is
configured to drive two light emitting elements 1404. It is to be appreciated that the number of light
emitting elements 1404 that can be driven by each pixel circuit 1502 is not limited to two and can
be larger than two in some embodiments. In this embodiment, the two light emitting elements 1404
sharing the same pixel circuit 1502 receive the display data via the same source line, i.e., they are
operatively coupled to the same source line. Thus, the number of columns of pixel circuits 1502 in
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FIG. 15 is the same as the number of columns of pixel circuits 1402 in FIG. 14, which is also the
same as the number of source lines. The number of rows of pixel circuits 1502 in FIG. 15, however,
is one-half of the number of rows of pixel circuits 1402 in FIG. 14. As a result, the number of gate
lines in FIG. 15 is also one-half of the number of gate lines in FIG. 14.

[0136] In this embodiment, as two light emitting elements 1404 share the same pixel circuit 1502,
the light emission for each of the two light emitting elements 1404 occurs in a respective sub-frame
in each frame. That is, a time-division light emission approach may be applied in conjunction with
the pixel circuit-sharing scheme in this embodiment so that each of the two light emitting elements
1404 sharing the same pixel circuit 1502 sequentially emits light in the time period of a frame.
Thus, the number of light emitting lines in FIG. 15 is still the same as the number of light emitting
lines in FIG. 14, which is twice of the number of rows of pixel circuits 1502. Accordingly, the pixel
circuit-sharing scheme in this embodiment can reduce the number of gate lines, but maintain the
same number of source lines and light emitting lines. In this embodiment, because the two light
emitting elements 1404 sharing the same pixel circuit 1502 receive the display data via the same
source line, i.e., they are operatively coupled to the same source line, the charging time for each
light emitting element 1404 would not be reduced by the pixel circuit-sharing scheme.

[0137] FIG. 16 is a depiction of an arrangement of gate lines, source lines, and light emitting lines
for distributive-driving and pixel circuit-sharing of a display panel in accordance with an
embodiment. In this embodiment, a display panel 1600 has a resolution of NxM. That is, display
panel 1600 includes an active region having an array of light emitting elements and an array of
pixel circuits. The array of light emitting elements correspond to an array of pixels arranged in M
rows and N columns. The number of the light emitting elements in the array of light emitting
elements is k times of the number of the pixels in the array of pixels. As described above in detail,
k may be any positive integer or any positive {raction. In some embodiments, display panel 1600
may be an AMOLED display panel, and each light emitting element may be an OLED, such as a
top-emitting OLED.

[0138] In this embodiment, because of the pixel circuit-sharing scheme, each pixel circuit is
configured to drive i light emitting elements, where i is an integer larger than 1. Display panel 1600
includes xM light emitting lines, (x/i)M gate lines, and (k/x)N source lines, where x is a positive
fraction, and each of xM, (x//)M, and (k/x)N is a positive integer. The parameter x is the ratio used
in the distributive-driving scheme as described above in detail and will not be repeated again. As
described above in detail with respect to various examples, by setting x as a {raction, as opposed to
an integer, the distributive-driving scheme of the present disclosure provides a great level of
flexibility to be applied to any subpixel arrangement and/or achieve any desired rearrangement of
gate lines and source lines. i represents the number of light emitting elements driven by the same
pixel circuit and may be, for example, 2, 3, 4, 5, 6, etc. In this embodiment, the i light emitting
elements driven by the same pixel circuit receive display data via the same source line. Thus, the
charging time for each light emitting element would not be reduced by the pixel circuit-sharing
scheme. The i light emitting elements driven by the same pixel circuit are scanned via the same
gate line.

[0139] As described above with respect to FIG. 2A, display panel 1600 may also include gate
driving circuit 202, source driving circuit 204, and light emitting driving circuit 206. Gate driving
circuit 202 may be operatively coupled to the active region via the (x//)M gate lines and configured
to scan the array of light emitting elements. For example, gate driving circuit 202 may be configured
to sequentially scan each of the i light emitting elements driven by the same pixel circuit in the
period of a frame. Source driving circuit 204 may be operatively coupled to the active region via
the (k/x)N source lines and configured to write display data of a frame to the array of light emitting
elements. It is to be appreciated that, as described above, the number of source/data channels may
be the same as or different from the number of source lines ((k/x)N) due to demultiplexing. Light
emitting driving circuit 206 may be operatively coupled to the active region via the xM light
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emitting lines and configured to cause each of the i light emitting elements driven by the same pixel
circuit to sequentially emit light in the period of a frame.

[0140] In this embodiment, the number of rows of pixel circuits is the same as the number of gate
lines, and the number of columns of pixel circuits is the same as the number of source lines. Thus,
the array of pixel circuits in the active region of display panel 1600 are arranged in (x//)M rows and
(k/x)N columns. It is to be appreciated that any features described above with respect to the
distributive-driving scheme may be applied to display panel 1600 described in this embodiment of
FIG. 16, which will not be repeated again.

[0141] FIG. 17A is a circuit diagram illustrating one example of a pixel circuit shared by two light
emitting elements in accordance with an embodiment. The pixel circuit in this example is shared
by two light emitting elements D1 and D2 representing two subpixels. The pixel circuit in this
example includes a storage capacitor 1702, a light emitting control transistor 1704, a driving
transistor 1706, two light emitting transistors 1708-1 and 1708-2, and a switching transistor 1710.
The light emitting elements D1 and D2 may be OLEDs, such as top-emitting OLEDs, and each
transistor may be a p-type transistor, such as a PMOS TFT. The pixel circuit may be operatively
coupled to gate driving circuit 202 via a gate line 1714 and to source writing circuit 204 via a source
line 1716. Additionally or optionally, a compensation circuit 1712 may be included in the pixel
circuit to ensure the brightness uniformity between the light emitting elements D1 and D2.
Compensation circuit 1712 can be in any configurations as known in the art, which includes one or
more transistors and capacitors. The pixel circuit may be suitable for any configuration of the direct-
charging type of pixel circuits because the data signal is directly applied via data line 1716 to
driving transistor 1706 when switching transistor 1710 is turned on during the charging period.
[0142] In this example, light emitting control transistor 1704 includes a gate electrode operatively
coupled to a light emitting control signal EMC, a source electrode operatively coupled to a supply
voltage Vdd, and a drain electrode. The light emitting control signal EMC may be provided by a
light emitting control circuit of light emitting driving circuit 206. The light emitting control signal
EMC 1in this example turns on light emitting control transistor 1704 during each of the two light
emitting periods for the two light emitting elements D1 and D2, respectively, within a frame period.
Driving transistor 1706 includes a gate electrode operatively coupled to one electrode of storage
capacitor 1702, a source electrode operatively coupled to the drain electrode of light emitting
control transistor 1704, and a drain electrode. In each light emitting period (i.e., when light emitting
control transistor 1704 is turned on), driving transistor 1706 provides a driving current to one of
the light emitting elements D1 and D2 at a level determined based on the voltage level currently at
storage capacitor 1702.

[0143] Each of light emitting transistors 1708-1 and 1708-2 includes a gate electrode operatively
coupled to a respective light emitting line EM1 1718-1 or EM2 1718-2, a source electrode
operatively coupled to the drain electrode of driving transistor 1706, and a drain electrode
operatively coupled to the respective light emitting element D1 or D2. It is to be appreciated that
in the examples in which compensation circuit 1712 is included in the pixel circuit, the source
electrode of light emitting transistor 1708-1 or 1708-2 may not directly connect to the drain
electrode of driving transistor 1706. In any event, during a light emitting period (i.e., when light
emitting control transistor 1704 is turned on), a driving current path is formed through the supply
voltage Vdd, light emitting control transistor 1704, driving transistor 1706, one of light emitting
transistors 1708-1 and 1708-2, and one of the light emitting elements D1, D2. Each of light emitting
signals received from a respective light emitting line 1718-1 or 1718-2 turns on the respective light
emitting transistor 1708-1 or 1708-2 during a respective one of the two light emitting periods within
a frame period to cause the respective light emitting element D1 or D2 to emit light.

[0144] In this example, switching transistor 1710 includes a gate electrode operatively coupled to
gate line 1714 transmitting a scan signal, a source electrode operatively coupled to source line 1716
transmitting a data signal, and a drain electrode. The scan signal may turn on switching transistor
1710 during each of the two charging periods within a frame period to cause storage capacitor 1702
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to be charged at a respective level in the data signal for the respective light emitting element D1 or
D2. The timing of the display data may be re-arranged in the converted display data by data
converting module 406 of control logic 104 to accommodate the distributive-driving and pixel
circuit-sharing schemes in the present disclosure. In this example, storage capacitor 1702 is charged
twice in one frame period for the two light emitting elements D1 and D2. During each charging
period, the light emitting control signal EMC turns off light emitting control transistor 1704 to
block the supply voltage Vdd.

[0145] FIG. 17B is a timing diagram of the pixel circuit shown in FIG. 17A in accordance with an
embodiment. In this example, a frame period is divided into two sub-frames for each of the two
light emitting elements D1 and D2. The light emitting control signal EMC turns on light emitting
control transistor 1704 in each of the two sub-frames (i.e., light emitting control transistor 1704 is
turned on twice in the frame period). Accordingly, the first light emitting signal EM1 turns on first
light emitting transistor 1708-1 during first light emitting period 1720-1 in the first sub-frame, and
the second light emitting signal EM?2 turns on second light emitting transistor 1708-2 during second
light emitting period 1720-2 in the second sub-frame. That is, the timings of the light emitting
control signal EMC and the two light emitting signals EM1 and EM2 are designed to coordinate
with each other to create the two subsequent light emitting periods 1720-1 and 1720-2 within one
frame period.

[0146] In FIG. 17B, the scan signal GATE turns on switching transistor 1710 to charge storage
capacitor 1702 with the data signal DATA in each of the two sub-frames (i.e., storage capacitor
1702 is charged twice in the frame period) before the light emitting control signal EMC turns on
light emitting control transistor 1704. That is, the scan signal GATE creates two charging periods
1722-1 and 1722-2 in one frame period for the two light emitting elements D1 and D2, respectively.
During first charging period 1722-1, storage capacitor 1702 is charged with the data signal DATA
at the level for the first light emitting element D1. Then, during first light emitting period 1720-1,
the first light emitting element D1 emits light at a brightness level determined based on the charged
voltage level of storage capacitor 1702. At second charging period 1722-2, storage capacitor 1702
is charged with the data signal DATA at the level for the second light emitting element D2. Then,
during second light emitting period 1720-2, the second light emitting element D2 emits light at a
brightness level determined based on the charged voltage level of storage capacitor 1702. In this
example, the light emitting control signal EMC turns off light emitting control transistor 1704
during charging periods 1722-1 and 1722-2.

[0147] FIGs. 17A and 17 B illustrate one example of pixel circuits that are suitable for the pixel
circuit-sharing scheme in the present disclosure. It is to be appreciated that other examples of pixel
circuits may be applied by the pixel circuit-sharing scheme in the present disclosure as well, such
as the examples described in PCT Patent Application Publication No. WO 2016141777, having a
title of “Display Device and Pixel Circuit Thereof,” which is incorporated herein by reference.
[0148] FIG. 18A is a depiction of an arrangement of gate lines, source lines, and light emitting
lines and an array of pixel circuits for driving of light emitting elements in an example arrangement.
In this example, the arrangement of the light emitting elements (represented by dots) is the same as
the arrangement of the subpixels described in FIG. SA and will not be repeated again. It is to be
appreciated that because each subpixel is a light emitting element, light emitting lines are needed
to control the light emission. In this example, the light emitting lines and gate lines have the same
logic connections between light emitting elements and thus, use the same representations (solid
lines labeled as G/EM). The actual wiring of the light emitting lines and/or gate lines may be
understood by a person of ordinary skill in the art based on the logical connections and may be
different in different examples.

[0149] As shown in FIG. 18A, there are 24 pixel circuits for driving the 24 light emitting elements
(i.e., illustrating the layout design of the panel back-plane). Each region of a pixel circuit is
represented by a dashed box. In this example, the 24 pixel circuits are arranged in an array having
two rows and 12 columns. The number of rows of pixel circuits (2) is the same as the number of
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gate lines or light emitting lines (2), which is also the same as the number of rows of pixels (2).
The number of columns of pixel circuits (12) is the same as the number of source lines (12), which
is also the same as the number of columns of pixels multiplied by the ratio k (4x3 or 6x2).

[0150] In this example, because the arrangement of the light emitting elements does not match the
arrangement (layout) of the pixel circuits, the length of an electrical connection between one pair
of a light emitting element and the corresponding pixel circuit may be different from the length of
an electrical connection between another pair of a light emitting element and the corresponding
pixel circuit. In FIG. 18A, the electrical connections between each pair of a light emitting element
and the corresponding pixel circuit are represented by dashed lines unless it is clear that the light
emitting element is within the region of the corresponding pixel circuit (in the dashed box).

[0151] FIG. 18B is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of pixel circuits for distributive-driving of light emitting elements in the example
arrangement shown in FIG. 18A in accordance with an embodiment. In this example, the
rearrangement of gate lines and source lines by the distributive-driving scheme is the same as that
described in FIG. 5B and will not be repeated again. Again, the light emitting lines and gate lines
have the same logic connections between light emitting elements and thus, use the same
representations (solid lines labeled as G/EM). The actual wiring of the light emitting lines and/or
gate lines may be understood by a person of ordinary skill in the art based on the logical connections
and may be different in different examples.

[0152] In FIG. 18B, the rearranged pixel circuits (i.e., the new layout design of the panel back-
plane) caused by the distributive-driving of light emitting elements are illustrated as well. In this
example, the 24 pixel circuits are rearranged into an array having three rows and 8 columns. The
number of rows of pixel circuits (3) is the same as the number of gate lines or light emitting lines
(3), which becomes one and a half (3/2) times of the number of the rows of pixels (2). The number
of the gate lines or light emitting lines in this embodiment may be represented as (3/2)M, where
x=3/2 and M is the number of the rows of pixels. The number of columns of pixel circuits (8) is the
same as the number of source lines (8), which becomes two thirds (2/3) of the number of columns
of pixels multiplied by the ratio & (12). The number of the source lines in this embodiment may be
represented as (2/3)kN, where k is the ratio of light emitting elements to pixels and N is the number
of columns of pixels.

[0153] Compared with the example in FIG. 18A, the layout of the pixel circuits is adjusted for easy
placement and better layout efficiency. For example, as shown in FIG. 20, 2002 represents the
region of a pixel circuit in FIG. 18 A without distributive-driving. Region 2002 has a width W and
a length L. 2004 represents the region of a pixel circuit in FIG. 18B with distributive-driving.
Because of the reduction of the number of source lines (and pixel circuits in the row direction), e.g.,
from 12 to 8, the width of region 2004 can be increased from the width W of region 2002. In this
example, the width of region 2004 may be increased by one-half to become 1.5W based on the
percentage of pixel circuit number reduction (50%). On the other hand, due to the increase of the
number of gate lines/light emitting lines (and pixel circuits in the column direction, e.g., from 2 to
3, the length of region 2004 is deceased from the length L of region 2002. In this example, the
length of region 2004 may be decreased by one-third to become (2/3)L based on the percentage of
pixel circuit number increase (33.3%).

[0154] It is to be appreciated that the degree of change to the dimensions is not limited to the values
described above as long as the width of region 2004 is increased compared with the width of region
2002 and the length of region 2004 is decreased compared with the length of region 2002. That is,
region 2004 is compressed in the column direction and stretched in the row direction compared
with region 2002. As a result, the aperture ratio of a pixel circuit approaches to square due to
distributive-driving, which is favorable for layout placement and can improve layout efficiency.
[0155] Turning back to FIG. 18B, in the array of pixel circuits, each row of pixel circuits drive
light emitting elements in two colors. For example, the first row of pixel circuits drive light emitting
elements in colors A and C, the second row of pixel circuits drive light emitting elements in colors
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B and A, and the third row of pixel circuits drive light emitting elements in colors C and B. Control
logic 104, gate driving circuit 202, source driving circuit 204, and/or light emitting driving circuit
206 and thus send the corresponding signals based on the color arrangement of the array of pixel
circuits. The color arrangement of the array of pixel circuits in FIG. 18B is different from that in
FIG. 18A in which each row of pixel circuits drive light emitting elements in three colors, A, B,
and C.

[0156] In one embodiment, control logic 104 may provide converted display data 416 to the array
of pixel circuits based on the color arrangement of the array of pixel circuits, for example, as shown
in FIG. 18B. Converted display data 416 may include a first set of display data to be provided to
the first row of the array of pixel circuits configured to drive a first set of light emitting elements
consisting of light emitting elements in the first and second colors, such as colors A and C in FIG.
18B. Converted display data 416 may also include a second set of display data to be provided to
the second row of the array of pixel circuits configured to drive a second set of light emitting
elements consisting of light emitting elements in the first and third colors, such as colors A and B
in FIG. 18B. Converted display data 416 may further include a third set of display data to be
provided to the third row of the array of pixel circuits configured to drive a third set of light emitting
elements different from the first set of light emitting elements and different from the second set of
light emitting elements. For example, as shown in FIG. 18B, the third set of light emitting elements
may consist of light emitting elements in colors B and C. It is to be appreciated that although FIGs.
18A and 18B are used an example to describe the change of color arrangement of the array of pixel
circuits as well as the corresponding rearrangement of display data because of the distributive-
driving, any other examples in the present disclosure or any other suitable subpixel arrangements
may have the similar change to the color arrangement of the array of pixel circuits as well as the
corresponding rearrangement of display data.

[0157] It is to be appreciated that in order to be different from the first and second sets of light
emitting elements, the third set of light emitting elements driven by the third row of pixel circuits
may have more than or less than two colors. In some embodiments, the third row of pixel circuits
may be configured to drive the third set of light emitting elements in three colors, such as colors A,
B, and C, or even more than three colors, such as four colors. In some embodiments, the third row
of pixel circuits may be configured to drive the third set of light emitting elements in one color,
such as color A, B, or C. It is also to be appreciated that for the first and second sets of light emitting
elements, the first, second, and third colors are not necessarily selected from three colors and may
be selected from more than three colors, such as four colors A, B, C, and D as long as the first set
of light emitting elements have one color that is common to the second set of light emitting elements
and have another color that is not in the second set of light emitting elements. It is also to be
appreciated that the first, second, and third rows of pixel circuits described above may be adjacent
rows as shown in FIG. 18B, and the same pattern may be repeated for every three adjacent rows of
pixel circuits. In some embodiments, at least two of the first, second, and third rows of pixel circuits
described above may not be adjacent to each other.

[0158] As described above with respect to FIG. 4, data interface 404 may be configured to receive
original display data 106 and provide original display data 106 to data converting module 406 so
that original display data 106 can be converted into converted display data 416 based on the color
arrangement of the array of pixel circuits as described above. Control signal generating module 402
may be configured to provide control signals 108 to the various driving circuits (and the array of
pixel circuits in some embodiments) to cause the array of pixel circuits to drive the light emitting
elements based, at least in part, on converted display data 416 provided by data converting module
406 based on the color arrangement of the array of pixel circuits.

[0159] FIG. 18C is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of pixel circuits for distributive-driving and pixel circuit-sharing of light emitting
elements in the example arrangement shown in FIG. 18A in accordance with an embodiment. In
this example, the pixel circuit-sharing scheme causes the rearrangement of pixel circuits and gate
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lines compared with the example in FIG. 18B. The arrangement of light emitting lines and source
lines remains the same.

[0160] Because two light emitting elements connected to the same source line (e.g., adjacent light
emitting elements A and B connected to S1) share the same pixel circuit in FIG. 18C, the two pixels
circuits in the same column previously driving the two light emitting elements in FIG. 18B now
become one pixel circuit in FIG. 18C. As a result, the number of source lines (8) in FIG. 18C
remains the same as the number of source lines (8) in FIG. 18B. As to the gate lines, because two
light emitting elements connected to the same source line can share the same gate line, one gate
line G1 in FIG. 18C can replace the two gate lines G1 and G2 in FIG. 18B, and one gate line G2 in
FIG. 18C can connect to the 8 light emitting elements connected to the gate line G3 in FIG. 18B as
well as another 8 light emitting elements (shown as dashed dots). That is, the number of gate lines
(1.5) needed for driving the 24 light emitting elements in FIG. 18C is one-half of the number of
gate lines (3) in FIG. 18B. As to the light emitting lines, the number (3) is no longer the same as
the number of gate lines (1.5) because the number of light emitting lines is not changed due to the
pixel circuit-sharing.

[0161] Because two light emitting elements connected to the same source line share the same pixel
circuit in FIG. 18C, the two pixels circuits in the same column previously driving the two light
emitting elements in FIG. 18B now become one pixel circuit in FIG. 18C. As a result, the 24 pixel
circuits in FIGs. 18A and 18B can be reduced to 8 full pixel circuits in a first row and 8 half pixel
circuits in a second row (shared by another 8 light emitting elements that are not parts of the 24
light emitting elements). That is, the total number of pixel circuits is reduced by the factor i (2),
which is the number of light emitting elements sharing the same pixel circuit.

[0162] Compared with the example in FIG. 18B, the layout of the pixel circuits is adjusted by pixel
circuit-sharing for easy placement. For example, as shown in FIG. 20, 2006 represents the region
of a pixel circuit in FIG. 18C with distributive-driving and pixel-circuit sharing. Because of the
reduction of the number of gate lines (and pixel circuits in the column direction), e.g., from 3 to
1.5, the length of region 2006 can be increased from the length (2/3)L of region 2004. In this
example, the length of region 2006 may be doubled to become (4/3)L based on the percentage of
pixel circuit number reduction (50%). On the other hand, the width of region 2006 remains the
same as the width 1.5W of region 2004. It is to be appreciated that the degree of change to the
dimensions is not limited to the values described above as long as the length of region 2006 is
increased compared with the length of region 2004. That is, region 2006 is stretched in the column
direction compared with region 2004. As a result, for each pixel circuit region, the decrease of
length due to distributive-driving can be compensated by the increase of length from pixel circuit-
sharing so that more space can be allocated for arranging the transistors, capacitors, and wirings of
each pixel circuit. Moreover, as described above, since pixel circuit-sharing can also reduce the
average number of transistors per light emitting element, more space can be reserved for easy
placement of pixel circuits by the combined scheme of distributive-driving and pixel-circuit sharing.
[0163] FIG. 19A is a depiction of an arrangement of gate lines, source lines, and light emitting
lines and an array of pixel circuits for driving of light emitting elements in another example
arrangement. In this example, the arrangement of the light emitting elements (represented by dots)
is the same as the arrangement of the subpixels described in FIG. 7A (“real-RGB” or “RGB strips™)
and will not be repeated again. It is to be appreciated that because each subpixel is a light emitting
element, light emitting lines are needed to control the light emission. In this example, the light
emitting lines and gate lines have the same logic connections between light emitting elements and
thus, use the same representations (solid lines labeled as G/EM). The actual wiring of the light
emitting lines and/or gate lines may be understood by a person of ordinary skill in the art based on
the logical connections and may be different in different examples.

[0164] As shown in FIG. 19A, there are 24 pixel circuits for driving the 24 light emitting elements
(i.e., illustrating the layout design of the panel back-plane). Each region of a pixel circuit is
represented by a dashed box. In this example, the 24 pixel circuits are arranged in an array having
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two rows and 12 columns. The number of rows of pixel circuits (2) is the same as the number of
gate lines or light emitting lines (2), which is also the same as the number of rows of pixels (2).
The number of columns of pixel circuits (12) is the same as the number of source lines (12), which
is also the same as the number of columns of pixels multiplied by the ratio k (4x3 or 6x2).

[0165] FIG. 19B is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of pixel circuits for distributive-driving of light emitting elements in the example
arrangement shown in FIG. 19A in accordance with an embodiment. In this example, the
rearrangement of gate lines and source lines by the distributive-driving scheme is the same as that
described in FIG. 7B and will not be repeated again. Again, the light emitting lines and gate lines
have the same logic connections between light emitting elements and thus, use the same
representations (solid lines labeled as G/EM). The actual wiring of the light emitting lines and/or
gate lines may be understood by a person of ordinary skill in the art based on the logical connections
and may be different in different examples.

[0166] As shown in FIG. 19B, the rearranged pixel circuits (i.e., the new layout design of the panel
back-plane) caused by the distributive-driving of light emitting elements are illustrated as well. In
this example, the 24 pixel circuits are rearranged in a new array having three rows and 8 columns.
The number of rows of pixel circuits (3) is the same as the number of gate lines or light emitting
lines (3), which becomes one and a half (3/2) times of the number of the rows of pixels (2). The
number of the gate lines or light emitting lines in this embodiment may be represented as (3/2)M,
where x=3/2 and M is the number of the rows of pixels. The number of columns of pixel circuits
(8) is the same as the number of source lines (8), which becomes two thirds (2/3) of the number of
columns of pixels multiplied by the ratio £ (12). The number of the source lines in this embodiment
may be represented as (2/3)kN, where k is the ratio of light emitting elements to pixels and N is the
number of columns of pixels.

[0167] Compared with the example in FIG. 19A, the layout of the pixel circuits is adjusted for easy
placement and better layout efficiency. As described above with respect to FIGs. 18B and 20, the
aperture ratio of a pixel circuit approaches to square due to the distributive-driving scheme, which
is favorable for layout placement and can improve layout efficiency.

[0168] In this embodiment, because the arrangement of the light emitting elements does not match
the arrangement (layout) of the pixel circuits, the length of an electrical connection between one
pair of a light emitting element and the corresponding pixel circuit may be different from the length
of an electrical connection between another pair of a light emitting element and the corresponding
pixel circuit. In FIG. 19B, the electrical connections between each pair of a light emitting element
and the corresponding pixel circuit are represented by dashed lines unless it is clear that the light
emitting element is within the region of the corresponding pixel circuit (in the dashed box).
[0169] FIG. 19C is a depiction of an arrangement of gate lines, source lines, and light emitting lines
and an array of pixel circuits for distributive-driving and pixel circuit-sharing of light emitting
elements in the example arrangement shown in FIG. 19A in accordance with an embodiment. In
this example, the pixel circuit-sharing scheme causes the rearrangement of pixel circuits and gate
lines compared with the example in FIG. 19B. The arrangement of light emitting lines and source
lines remains the same.

[0170] Because two light emitting elements connected to the same source line (e.g., adjacent light
emitting elements A and B connected to S1) share the same pixel circuit in FIG. 19C, the two pixels
circuits in the same column previously driving the two light emitting elements in FIG. 19B now
become one pixel circuit in FIG. 19C. As a result, the number of source lines (8) in FIG. 19C
remains the same as the number of source lines (8) in FIG. 19B. As to the gate lines, the number of
gate lines (1.5) in FIG. 19C is one-half of the number of gate lines (3) in FIG. 19B. As to the light
emitting lines, the number (3) is no longer the same as the number of gate lines (1.5) because the
number of light emitting lines is not changed due to the pixel circuit-sharing scheme.

[0171] Because two light emitting elements connected to the same source line share the same pixel
circuit in FIG. 19C, the two pixels circuits in the same column previously driving the two light
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emitting elements in FIG. 19B now become one pixel circuit in FIG. 19C. As a result, the 24 pixel
circuits in FIGs. 19A and 19B can be reduced to 8 full pixel circuits in a first row and 8 half pixel
circuits in a second row (shared by another 8 light emitting elements that are not parts of the 24
light emitting elements). That is, the total number of pixel circuits is reduced by the factor i (2),
which is the number of light emitting elements sharing the same pixel circuit.

[0172] Compared with the example in FIG. 19B, the layout of the pixel circuits is adjusted by pixel
circuit-sharing for easy placement. As described above with respect to FIGs. 18C and 20, for each
pixel circuit region, the decrease of length due to distributive-driving can be compensated by the
increase of length from pixel circuit-sharing so that more space can be allocated for arranging the
elements (e.g., transistors, capacitors, and wirings) of each pixel circuit. Moreover, as described
above, since pixel circuit-sharing can also reduce the average number of transistors per light
emitting element, more space can be reserved for easy placement of pixel circuits by the combined
scheme of distributive-driving and pixel-circuit sharing.

[0173] In this example, because the arrangement of the light emitting elements does not match the
arrangement (layout) of the pixel circuits, the length of an electrical connection between one pair
of a light emitting element and the corresponding pixel circuit may be different from the length of
an electrical connection between another pair of a light emitting element and the corresponding
pixel circuit. In FIG. 19C, the electrical connections between each pair of a light emitting element
and the corresponding pixel circuit are represented by dashed lines unless it is clear that the light
emitting element is within the region of the corresponding pixel circuit (in the dashed box).

[0174] It is to be appreciated that although FIGs. 18C and 19C illustrate applying the distributive-
driving and pixel circuit-sharing schemes to two example subpixel arrangements, the combined
scheme of distributive-driving and pixel circuit-sharing in the present disclosure is not limited to
any specific subpixel arrangement, but can be applied to other example subpixel arrangements
disclosed in the present disclosure as well as any other subpixel arrangements. Similarly, it is to be
appreciated that the rearrangement of pixel circuit layout due to distributive-driving and/or pixel
circuit-sharing is also not limited to the examples illustrated in FIGs. 18A-18C and 19A-19C, but
can be applied to other example subpixel arrangements disclosed in the present disclosure as well
as any other subpixel arrangements. It is also to be appreciated that the combined scheme of
distributive-driving and pixel circuit-sharing can work in conjunction with the source-
demultiplexing scheme as described above with respect to FIGs. 10, 11, 12A-12B, and 13A-13D.
[0175] FIG. 21A is a depiction of an arrangement of gate lines and source lines and an array of
pixel circuits for driving subpixels in an example arrangement. In this example, 18 pixel circuits
(each represented in a dashed box) are arranged in an array of two rows and 9 columns. Each row
of pixel circuits are operatively coupled to one gate line G1-G2, and each column of pixel circuits
are operatively coupled to one source line S1-S9. Each pixel circuit is labeled as one of three colors
A, B, and C, indicating the specific color of subpixel driven by each pixel circuit. Each row of pixel
circuits drive subpixels in three colors A, B and C. It is to be appreciated that the arrangement of
the subpixels (e.g., the layout of FMM patterns) can be the same as or different from the
arrangement (layout) of the pixel circuits as described above. In other words, the example
arrangement of pixel circuit as well as the gate lines and source lines in this embodiment can be
used for different arrangements of subpixels.

[0176] FIG. 21B is a depiction of an arrangement of gate lines and source lines and an array of
pixel circuits for distributive-driving subpixels in the example arrangement shown in FIG. 21A in
accordance with an embodiment. In this embodiment, the distributive-driving scheme is applied to
adjust the arrangement of pixel circuit as well as the gate lines and source lines shown in FIG. 21A.
As a result, the number of gate lines is reduced from 2 to 1.5, and the number of source lines is
increased from 9 to 12. The pixel circuits are also re-arranged into an array of 3 rows and 6 columns.
Each row of pixel circuits drive subpixels in two colors, e.g., A and C in the first row, B and A in
the second row, and C and B in the third row. Control logic 104, gate driving circuit 202, source
driving circuit 204, and/or light emitting driving circuit 206 and thus send the corresponding signals
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based on the color arrangement for the array of pixel circuit. FIG. 21B illustrates one example of
wirings connecting the gate lines G1-G2 and source lines S1-S12 to the array of pixel circuits. It is
to be appreciated that the wirings can be different in other examples. It is also to be appreciated
that the example arrangement of pixel circuit as well as the gate lines and source lines in this
embodiment can be used for different arrangements of subpixels.

[0177] In this embodiment, the source-demultiplexing scheme described in the present disclosure
may be applied as well. Thus, two source lines connecting to pixel circuits in the same column may
be operatively coupled to a 1:2 demultiplexer and receive display data from the same data channel
in different clock periods. For example, the source lines S1 and S2 connecting to the left-most
column of pixel circuits may receive display data from data channel 1, and the source lines S11 and
S12 connecting to the right-most column of pixel circuits may receive display data from data
channel 6. As a result, only one-half of the number of data channels (6) may be needed compared
with the number of the source lines (12).

[0178] Also, integrated circuit design systems (e.g., work stations) are known that create wafers
with integrated circuits based on executable instructions stored on a computer-readable medium
such as but not limited to CDROM, RAM, other forms of ROM, hard drives, distributed memory,
etc. The instructions may be represented by any suitable language such as but not limited to
hardware descriptor language (HDL), Verilog or other suitable language. As such, the logic, units,
and circuits described herein may also be produced as integrated circuits by such systems using the
computer-readable medium with instructions stored therein.

[0179] For example, an integrated circuit with the aforedescribed logic, units, and circuits may be
created using such integrated circuit fabrication systems. The computer-readable medium stores
instructions executable by one or more integrated circuit design systems that causes the one or more
integrated circuit design systems to design an integrated circuit. In one example, the designed
integrated circuit includes an active region, a source driving circuit, and a light emitting driving
circuit. The active region includes an array of light emitting elements corresponding to an array of
pixels arranged in M rows and N columns. The number of the array of light emitting elements is &
times of the number of the array of pixels. The apparatus includes xM light emitting lines and (k/x)N
source lines, wherein x is a positive fraction, and each of xM and (k/x)N is a positive integer. The
source driving circuit is operatively coupled to the active region via the (k/x)N source lines and
configured to write display data of a frame to the array of light emitting elements. The light emitting
driving circuit is operatively coupled to the active region via the xM light emitting lines and
configured to cause the array of light emitting elements to emit light..

[0180] In another example, the designed integrated circuit includes an active region, light emitting
lines, gate lines, source lines, a gate driving circuit, a source driving circuit, and a light emitting
driving circuit. The active region includes an array of light emitting elements and an array of pixel
circuits. The array of light emitting elements correspond to an array of pixels arranged in M rows
and N columns. The number of the array of light emitting elements is k times of the number of the
array of pixels. The array of pixel circuits are operatively coupled to the array of light emitting
elements. Each pixel circuit in the array of pixel circuits is configured to drive i light emitting
elements in the array of light emitting elements. The apparatus includes xM light emitting lines,
(x/I)M gate lines, and (k/x)N source lines, wherein x is a positive fraction, and each of xM, (x/i))M,
and (k/x)N is a positive integer. The gate driving circuit is operatively coupled to the active region
via the (x/i)M gate lines and configured to scan the array of light emitting elements. The source
driving circuit is operatively coupled to the active region via the (k/x)N source lines and configured
to write display data of a frame to the array of light emitting elements. The light emitting driving
circuit operatively coupled to the active region via the xM light emitting lines and configured to
cause each of 7 light emitting elements driven by a same pixel circuit to sequentially emit light in a
period of the frame.

[0181] In still another example, the designed integrated circuit includes a data converting module.
The data converting module is configured to provide display data in a frame to an array of pixel
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circuits of a display panel. The array of pixel circuits are configured to drive a plurality of subpixels
of the display panel in at least a first color, a second color, and a third color. The display data in the
frame includes a first set of display data to be provided to a first row of the array of pixel circuits
configured to drive a first set of the subpixels consisting of subpixels in the first and second colors.
The display data in the frame also includes a second set of display data to be provided to a second
row of the array of pixel circuits configured to drive a second set of the subpixels consisting of
subpixels in the first and third colors. The display data in the frame further includes a third set of
display data to be provided to a third row of the array of pixel circuits configured to drive a third
set of the subpixels different from the first set of the subpixels and different from the second set of
the subpixels.

[0182] The above detailed description of the disclosure and the examples described therein have
been presented for the purposes of illustration and description only and not by limitation. It is
therefore contemplated that the present disclosure cover any and all modifications, variations or
equivalents that fall within the spirit and scope of the basic underlying principles disclosed above
and claimed herein.
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CLAIMS
What is claimed is:

1. An apparatus, comprising:

an active region comprising an array of light emitting elements, wherein the array of light
emitting elements correspond to an array of pixels arranged in M rows and N columns, and a number
of the array of light emitting elements is & times of a number of the array of pixels;

xM light emitting lines, and (k/x)N source lines, wherein x is a positive {raction, and each
of xM and (k/x)N is a positive integer;

a source driving circuit operatively coupled to the active region via the (k/x)N source lines
and configured to write display data of a frame to the array of light emitting elements; and

a light emitting driving circuit operatively coupled to the active region via the xM light
emitting lines and configured to cause the array of light emitting elements to emit light.

2. The apparatus of claim 1, wherein the active region further comprises:

an array of pixel circuits operatively coupled to the array of light emitting elements, each
pixel circuit in the array of pixel circuits configured to drive a plurality of light emitting elements
in the array of light emitting elements; and

wherein the light emitting driving circuit is configured to cause each of the plurality of light
emitting elements driven by a same pixel circuit to sequentially emit light in a period of the frame.

3. The apparatus of claim 2, wherein the plurality of light emitting elements driven by the
same pixel circuit receive display data from the source driving circuit via a same source line.

4. The apparatus of claim 2, further comprising:

(x/1)M gate lines, where 7 represents the number of the plurality of light emitting elements
driven by the same pixel circuit; and

a gate driving circuit operatively coupled to the active region via the (x//)M gate lines and
configured to scan the array of light emitting elements.

5. The apparatus of claim 4, wherein the i light emitting elements driven by the same pixel
circuit are scanned by the gate driving circuit via a same gate line.

6. The apparatus of claim 5, wherein the gate driving circuit is configured to sequentially
scan each of the i light emitting elements driven by the same pixel circuit in the period of the frame.

7. The apparatus of claim 4, further comprising control logic operatively coupled to the
gate driving circuit, the source driving circuit, and the light emitting driving circuit, the control
logic comprising:

a data interface configured to receive original display data;

a data converting module configured to convert the original display data into converted
display data based on the (k/x)N source lines; and

a control signal generating module configured:

provide a first set of control signals to the gate driving circuit to control the gate
driving circuit to scan the array of light emitting elements via the (x/7)M gate lines,

provide a second set of control signals to the source driving circuit to control the
source driving circuit to write the converted display data to the array of light emitting
elements via the (k/x)N source lines, and

provide a third set of control signals to the light emitting driving circuit to control
the light emitting driving circuit to cause each of the i light emitting elements driven by the
same pixel circuit to sequentially emit light in 7 sub-frames in the frame.
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8. The apparatus of claim 7, wherein the control logic is in a chip-on-film (COF) package.
9. The apparatus of claim 8, wherein the COF package is a single-layer COF package.

10. The apparatus of claim 1, wherein the display data in the frame comprises MxN
pieces of pixel data, each piece of pixel data corresponding to one of the array of pixels and
comprising a first component representing a first color, a second component representing a second
color, and a third component representing a third color.

11. The apparatus of claim 1, wherein the apparatus is a display with a resolution of
NxM.

12. The apparatus of claim 1, wherein
x is represented as p/q;

each of p and ¢ is a positive integer; and
p 1is larger than q.

13. The apparatus of claim 12, wherein p is smaller than 2g.
14. The apparatus of claim 12, wherein p is larger than 2gq.

15. The apparatus of claim 1, wherein
x is represented as p/q;

each of p and ¢ is a positive integer; and
q is larger than p.

16. The apparatus of claim 1, wherein each light emitting element in the array of light
emitting elements is a top-emitting organic light emitting diode (OLED).

17. The apparatus of claim 1, wherein & is a {raction.

18. The apparatus of claim 1, further comprising a demultiplexing module operatively
coupled to the (k/x)N source lines and configured to:

receive the display data in kN data channels; and

route the display data to the (k/x)N source lines.

19. The apparatus of claim 18, wherein the demultiplexing module comprises:

a selecting unit configured to generate kN sets of selecting signals; and

kN demultiplexers, each demultiplexer operatively coupled to the selecting unit and //x
source lines and configured to receive input display data from one of the kN data channels, and
provide output display data to one of the //x source lines at each clock period based on the
respective set of selecting signals.

20. The apparatus of claim 4, wherein the array of pixel circuits are arranged in (x/))M
rows and (k/x)N columns.

21. The apparatus of claim 2, wherein a first length of a first electrical connection
between a first light emitting element in the array of light emitting elements and the corresponding
pixel circuit driving the first light emitting element is different from a second length of a second
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electrical connection between a second light emitting element in the array of light emitting elements
and the corresponding pixel circuit driving the second light emitting element.

22. An apparatus, comprising:
an active region comprising:
an array of light emitting elements, wherein the array of light emitting elements
correspond to an array of pixels arranged in M rows and N columns, and a number of the
array of light emitting elements is & times of a number of the array of pixels, and
an array of pixel circuits operatively coupled to the array of light emitting elements,
wherein each pixel circuit in the array of pixel circuits is configured to drive i light emitting
elements in the array of light emitting elements;
xM light emitting lines, (x//)M gate lines, and (k/x)N source lines, wherein x is a positive
fraction, and each of xM, (x/i)M, and (k/x)N is a positive integer;
a gate driving circuit operatively coupled to the active region via the (x//)M gate lines and
configured to scan the array of light emitting elements;
a source driving circuit operatively coupled to the active region via the (k/x)N source lines
and configured to write display data of a frame to the array of light emitting elements; and
a light emitting driving circuit operatively coupled to the active region via the xM light
emitting lines and configured to cause each of i light emitting elements driven by a same pixel
circuit to sequentially emit light in a period of the frame.

23. An apparatus, comprising:

a data converting module configured to provide display data in a frame to an array of pixel
circuits of a display panel, wherein

the array of pixel circuits are configured to drive a plurality of subpixels of the display panel
in at least a first color, a second color, and a third color;

the display data in the frame comprises:

a first set of display data to be provided to a first row of the array of pixel circuits
configured to drive a first set of the subpixels consisting of subpixels in the first and second
colors,

a second set of display data to be provided to a second row of the array of pixel
circuits configured to drive a second set of the subpixels consisting of subpixels in the first
and third colors, and

a third set of display data to be provided to a third row of the array of pixel circuits
configured to drive a third set of the subpixels different from the first set of the subpixels
and different from the second set of the subpixels.

24. The apparatus of claim 23, wherein
wherein the third set of the subpixels consist of subpixels in the second and third colors.

25. The apparatus of claim 23, further comprising:

a data interface configured to receive original display data, wherein the data converting
module is configured to convert the original display data to the display data provided to the array
of pixel circuits; and

a control signal generation module operatively coupled to the data interface and configured
to provide a plurality of control signals to cause the array of pixel circuits to drive the plurality of
subpixels based, at least in part, on the display data provided by the data converting module.

36



WO 2018/094953

DISPLAY

/102

?

CONTROL
SIGNALS

108 104
-

CONTROL LOGIC

<

/-118

—
o

TRACKING DEVICE

/114

PCT/CN2017/079638

/110

/-112

PROCESSOR

106

/-116

<4— INPUT DEVICE

106

DISPLAY DATA—

MEMORY

<—DISPLAY DATA

FIG. 1

1/33




WO 2018/094953

/-1 04

CONTROLLOGIC ~ p—»

PCT/CN2017/079638

/204

SOURCE DRIVING CIRCUIT

{-200

S1 Syn
! | .
. JO[OIO O
Ol0|10| @)
§|O|o Ol O
CIRCUIT CIRCUIT
Gxm
EMAxm “[e[e[e @)
\206 \202

FIG. 2A

2/33



WO 2018/094953

K— 202

PCT/CN2017/079638

/- 204

SOURCE DRIVING CIRCUIT

GATE DRIVING CIRCUIT

/-201

ACTIVE REGION
200

/-201

FIG. 2B

3/33



WO 2018/094953 PCT/CN2017/079638

S1 Sk S(k+1) S2k S(nk-1)  Skn
G1 PX11 PX12 PX1n
G2 PX21 PX22 men PX2n
Gm PXm1 PXm2 me- PXmn
FIG. 3

4/33



WO 2018/094953

ORIGINAL
DISPLAY

—
o
L

PCT/CN2017/079638

K402

/-404

DATA

=

DATA INTERFACE

106

CONTROL SIGNAL GENERATING MODULE

/—408

/—410

TIMING
CONTROLLER CLOCK GENERATOR
/406
DATA CONVERTING MODULE
/412 /414
DATA
»|  STORING UNIT RECONSTRUCTING
UNIT

FIG. 4

5/33

108

CONTROL
SIGNALS

16

CONVERTED
DISPLAY
DATA



PCT/CN2017/079638

WO 2018/094953

01S

1S

&)

IS

6/33



WO 2018/094953 PCT/CN2017/079638

S8
S9
S24

s3 S5 s7
52 o S4 o S6 0
G s14 G 512 o 510
15 @ S13 G S11 e
° $19 ° 521 o 523
518 e S20 ° 522 °
FIG. 5C

S1
516
S17

G1

7/33



PCT/CN2017/079638

WO 2018/094953

8S

S

0l1S

LS

LS

9S

clS

¢S

€IS

S

v1S

€S

G1S

¢S

IS

8/33



PCT/CN2017/079638

WO 2018/094953

01S

8S

(9]

[43)

1O

9/33



LS ¢ls €IS A% GIS 91S LIS
LS 9S 4 ¥S €S ¢S
AW® O—)—)—O)—D——0)
O/ —/ o/ O/ —/ —/ O/
0lS LS ¢lS €IS ¥1S GIS 91S LIS
N—D—D—O—D—O—O—0)
—/ —/ \/ —/ —/ / —/
6S 8S LS 9S ) ¥S €S [
99 "Old
O—D)—)—D)—D—O—0)
8S LS 9S ) ¥S €S ¢S
LS 9S ¢S IS ) ¢S IS
8S LS 9S gs S €S ¢S



S2 S3 S4 S5 S6 S7 S8 S9 510 S11 $12

51

WO 2018/094953

G1

S2 S3 S4 S S6 S7 S8 S9 510 S 512

S1

G2

FIG. 7A

31/\\32 33/\\34 85/\\86 37/\\ S8

PCT/CN2017/079638

S1 \_/32 83\_/84 S5 UG 37\_/33
FIG. 7B

11/33

&) &)
M~
w
m o
[2e]
w
<C <C
&) &)
wn
w
m o
<©
w
<C <C
&) &)
o
w
m [an]
<t
w
<C <C
&) &)
0
m o
[}
w
<C <C
b (] (32
O O] )



..... S S T S T WUt TR N SN SN SN N S WU S SN S VU S S S S

r

PCT/CN2017/079638

€lS 4 G1S 9ils LS 81S IS ¢S €S ¥S ) 9S

4% LS 0Ls 6S 8S LS 9s ¢S IS €S ¢S IS

3. "9OId

€S viS G1S 91S LS 8lS 61S 0¢s IeS ¢eS €es vcs

WO 2018/094953

4% LS 0Ls 6S 8S LS 9s ¢S IS €S ¢S IS

12/33



S2 S3 S4 S5 S6 S7 S8 S9 510 S11 $12

51

WO 2018/094953

G1

S2 S3 S4 S S6 S7 S8 S9 510 S 512

S1

G2

FIG. 8A

31/\\32 33/\\34 85/\\86 37/\\ S8

PCT/CN2017/079638

S1 \_/32 83\_/84 S5 UG 37\_/33
FIG. 8B

13/33

m [an]
%
O <C
[2e]
w
m m
<C o
wn
w
m m
<©
w
o <C
m [an]
o
<C 2 &
<t
w
m m
o <C
0
m m
[}
w
<C o
b (] (32
O O] )



WO 2018/094953 PCT/CN2017/079638

$12
B

S13
B

S11
C
514
A

510
B
515
B

S9
A
516
C

S8
B
S17
B

S7
C
518
A

FIG. 8C

S6
B
519
B

S
A
520
C

S4
B
S21
B

S3
C
S22
A

S2
B
523
B

51
A
524
C

G1

14/33



PCT/CN2017/079638

WO 2018/094953

15/33



WO 2018/094953 PCT/CN2017/079638

FIG. 9C

16/33



WO 2018/094953

CONTROLLOGIC 1%

DATA CHANNELS | ...

DEMUX MODULE /- 1002

SOURCE DRIVING /204
CIRCUIT

SOURCE LINES

FIG. 10

17/33

PCT/CN2017/079638



WO 2018/094953 PCT/CN2017/079638

DATA CHANNEL 1 DATA CHANNEL kN

K-1104 /-1104

DEMUX1  f€—— ——>»{  DEMUXkN
K1102
SELECTING UNIT
v \ v \
S11 S1(1/x) SKNYT  S(kN)(1/%)
FIG. 11

18/33



PCT/CN2017/079638

WO 2018/094953

a8s

S

q9s

Vel "Old

EGS

S

egs

qcs

19/33



PCT/CN2017/079638

WO 2018/094953

gcl 'Old

98S 298 S ¢S

O, ® ® O,
918 9GS €S 918

/S eGS ees e|s

20/33



PCT/CN2017/079638

WO 2018/094953

€65

B6S

acl 'Old

veElL 'Old
%S 983 as 99S qss s %S azs
g v o g v o g
—/ —/ \_/ —/ —/ O/ -/
egs 8/S 293 BGS eys Bes ezs
96S %8S qs 99S q5s S %S as
g v ) g v ) g
—/ —/ / —/ —/ —/ —/
2gS B/S 293 IS eyS BgS BZS

A3]

1O

[43)]

1O

21/33



PCT/CN2017/079638

WO 2018/094953

act oid

@ > @ @0 O @ @ Oo @

a6S a8s a.S q9S q¢s avs acs qcs qis

@ @ O O @ @ O @ @

€6S €8S 7S e9s eGS EYS egs eCsS ElS

@ @ @ @ @0 @ Qo Do O

a6S a8s a.S q9S q¢s arsS aes qcs )

@ @ @& O @ @ O @ O

€6S ) /S €9S eGsS EYS egs ecs ElS

o€l "OId
96S %8s as 99S 9ss s %S 9zs ais

@ © O Q Q Q Q Q O,

@ O 000000 OO

e6S €8S elS B9S BG¢S eyS egs €S LS
q6S q8s q/8 q9s q6S ars qes qcs qais

@ © O Q Q Q9 Q O,

@ O 0 Q0000 O

B6S egS /S B9S BGS ByS egs ee¢S S

22/33



PCT/CN2017/079638

WO 2018/094953

vl 'Old

O oy N
ONILLINT LHOIN
1IN3dID 14XId LINJdID 13XId
3ANIT 31O
Noi.\ Noﬂ.\
1404 mqoq NI
ONILLINT LHOIT
LIN2dID 13XId LIN2dID 13XId
ANITA1VYO
No_:\ NoS\
3N AN
304N0S 304N0S

23/33



PCT/CN2017/079638

WO 2018/094953

14045

gl Old

1INJd10 13aXId

061 \ lovl

3N
304N0S

2061 \ ol

aNIn
304N0S

1475
aNM
ONILLINT LHOIT
11N2dI0 13XId ENREINA)
aNIT
ONILLING LHOIT

24/33



WO 2018/094953 PCT/CN2017/079638

SOURCE LINE
(kXN
L
()
" DISPLAY PANEL 5
Z S NX M _
w g 1600 : <3
<C =z
O ®
L
=
m
FIG. 16

25/33



WO 2018/094953 PCT/CN2017/079638
SOURCE VDD
/-1716
@
1714 f-1704
GATE / EMC 1702
1710 I f
/-1706 T
41712
1718-1 : | COMPENSATION CIRCUIT I
EM1
‘ /-1708-1 -
l I l &
C}Q@
VSS 1718-2
EM2 K
‘ f-wos-z
l ' I &
@m
VSS
FIG. 17A

26/33



PCT/CN2017/079638

WO 2018/094953

a.l 'Old

cocLi

_ O3

¢4

N N\
N

|

1-0¢L) —
4 E|

|

_ EIND)

cecll

< JAVY4

JANVHA

\-¢cli

B

P-4
!
—‘Im_s_,qm_“_-m_zw Pré JAVE4-GNs + JAVHI-ANS

re—

JAVY4-d Dw|v—

27/33



WO 2018/094953

onsmssssssssssssssssss, srmmmscsccccccccccccaa,

P LT TN
-

( Y —1
seccacewa
’
(S —

Cascasoow=’

emerceone,
Cesssveowm’

emmemenea,
[
1
1
1
1
1
1
1
1

‘esvecncm’

»

pJ
L ]
.

Seececsom?

FIG. 18A

L . [Ryyppp—

ceaccnapecccccaccmannna, essssas,

Saascasam’
Ceveccesom?

prmmmmmm——

PELII T LT
‘ececassem’

U
cemsceccmmmmsadpedennas’ Yeocmcccccccnnccaaaa.

soseccewm’

[ ——— srmmmscscccscafeccccaaa,

3
.

'

[

‘eaccccom®

Secesvacsam’

(Y

LSl

,
Cesseccesssssscccennnn®

;: = - O
o 8=

28/33

S3

RITITIILTT I LT

.aaeaa PCT/CN2017/079638 |

Ll A
.

PLET T T T
A )

TTT T 14

goescscsccsscsan,

PRIYTY T LY LT
PECY T T T T

‘eecennnfonns’

pmccccfeccaa,

cosssssssscacsw’

| P ——
Y

CLTTT T g

PLITTY LY TTT LY T0N
PLITTIEYTEY LY LY L

ymcamnasacananea,

Sececmaa= [ Y I Semcccm=

)

“memmleaanans’

L]
)
.
»
»
»

PRITITITL T TY LT

L Y d

(3

Senadeccccaae

*
1
1
1

PEYTTR VT T T

PLLLL D LI T [y
.

-

cosesnww’

PLIIITI T LY LT
PET T T Y Yy

:a \' K ‘I ‘|
H [ ' []
H [ ’ [
H [ ’ [
H y 0 ’ ]
H » 0 ’ ]
H ) 0 " »
_ HE H H
[ J—} N "
% A=) | =
H ) ' [
H [ "o ]
‘~-----------"‘ ‘h “ “-----------"’

= 5 :-:\-l------' = g

o~
O o5 O

FIG. 18B



PCT/CN2017/079638

WO 2018/094953

o8l "OId

1AE

7

’

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

cossssscssnrssccshecccccccaan’

llllllllllllllllllllllllllllllllll

[

4 E|

llllllllllllllllllllllllllllllllllllllllllllllllllllll

PYTTT Y TLTTT T TP T T
PITTTTFFEY LTTEETY PRPFF LY LT
Csssceccsssssscchesssssncccs?

lllllllllllllll

lllllllllllllllll

IN3

29/33



PCT/CN2017/079638

WO 2018/094953

m § 3 ¥ i 3 L ena
: i o ' i i i o )
{MEEANMIMELIEM NI AN

m 3 i A~ A1 tong
R e s et | e M || D N0
! lnnn-unnu-oo. nhn-llu ! llulu.nll.a.. -\. nnnnnnnn u.a. ! U7 :o. o nnnl:.-. ! lnnnn.lll.o-. \.-nn- llllll ...

il 9 & 1 i Vi o it Vo il A HTE

31 S ] I 1 N N OV O [ O 1 O L
| I T O L O I I O L R L I R 2
s LT s e T

{ I 1 I ] O O L IO LT'E
IR IR e I IR v R 1 I e It I B S

30/33



PCT/CN2017/079638

o061 "OId

EN3

WO 2018/094953

1O

: ST -~ A A [ o 2 " ¢Nd
m Fsifi B Fosill ¥ Jesil: 3 gl m
i o @1 v o a1 v o gl v B o] (& v |
m ¥ i H ¥ H ¥ ¥ N3
-l l’ ’ - -- -o ) n l\.. -o s o \~- -—a s 0 ;.-

31/33



PCT/CN2017/079638

WO 2018/094953

A 4 a- !
! "
: < i
—m—— - eescscccssssscscagecscana, '
= i =g H &
@ SERER f
1 /. N :
= : ; ;
h i | |
: :

) 4 r:

AAAY

FIG. 20

32/33



gi¢ 'Old

PCT/CN2017/079638

|

AN I S 1 R I ) O Y R S Y I
(e i (e i |e i e i e i |e !
C el il el i el il e i e 1 ¢f
0 1 1 ¥ I S 1 ¥ B O T
it i Lleit | H.,.m ] N ..m
e iE e iE Pe i e i [e i e
CIS/11S 018/6S 85/4S 95/6S ¥S/ES ¢SS

vic ‘Old

WO 2018/094953

e[ i v 11 if 9 1 FII B B R
A I A I I B I T I
bS 8S /S 98 ¥S €S ¢S 1S

33/33



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2017/079638

A. CLASSIFICATION OF SUBJECT MATTER
GO09G 3/32(2016.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G09G

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT,CNKLWPLEPODOC:RGB, time, light emit+,driv+,light emitting lines,pixel,gate line,data line,light emitting driv+,0led,
active region,souce line,gate driver,source driver,subpixel,row,column

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

PX WO 2017036430 A2 (VIEWTRIX TECHNOLOGY CO., LTD.) 09 March 2017 1-25
(2017-03-09)
description, paragraphs [0043]-[0119] and figures 1-13D

Y US 2011025679 A1 (PARK, OK-KYUNG) 03 February 2011 (2011-02-03) 1-22
description, paragraphs [0017]-[0034] and figures 1-2

Y CN 101000414 A (SAMSUNG ELECTRONICS CO., LTD.) 18 July 2007 (2007-07-18) 1-22
description, page8, paragraph 3 to paragraph 6 and fig. 3

X CN 104732928 A (BOE TECHNOLOGY GROUP CO., LTD.ET AL.) 24 June 2015 23-25
(2015-06-24)
description, paragraphs [0030]-[0036] and fig. 1

A CN 102955310 A (BOE TECHNOLOGY GROUP CO., LTD. ET AL.) 06 March 2013 1-25
(2013-03-06)
the whole document

A US 2010149228 A1 (SAMSUNG ELECTRONICS CO., LTD.) 17 June 2010 (2010-06-17) 1-25
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

#  Special categories of cited documents: “T” later document published after the international filing date or priority
P g ; . . o .
. S . date and not in conflict with the application but cited to understand the
“A” document defining the general state of the art which is not considered principle or theory underlying the invention
to be of particular relevance g . i i
o i licati b blished fter the i ionat X" document of particular relevance; the claimed invention cannot be
E” carlier application or patent but published on or after the Internation; considered novel or cannot be considered to involve an inventive step
filing date ) o ) o when the document is taken alone
“L? d_ocgment thﬁhhmtﬁy thrglw dqubt(siaon plgorltyhclalm(s)_ or Whlc{‘h 1S «wy” document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step wlen the document is
special reason (as specified) combined with one or more other such documents, such combination
“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«“p”” document published prior to tlie international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
01 August 2017 25 August 2017
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing YANG,Weiwei
100088
China
Facsimile No. (86-10)62019451 Telephone No. (86-10)62414359

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2017/079638
. Patc.ant document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
WO 2017036430 A2 09 March 2017 None
us 2011025679 Al 03 February 2011 us 8497833 B2 30 July 2013
KR 20110012990 A 09 February 2011
KR 101073556 Bl 17 October 2011
CN 101000414 A 18 July 2007 us 7796106 B2 14 September 2010
KR 20070075584 A 24 July 2007
JP 2007188089 A 26 July 2007
KR 101196860 Bl 01 November 2012
CN 101000414 B 01 September 2010
UsS 2007164964 Al 19 July 2007
JP 5414974 B2 12 February 2014
CN 104732928 A 24 June 2015 CN 104732928 B 24 May 2017
us 2017069252 Al 09 March 2017
us 9653017 B2 16 May 2017
WO 2016161815 Al 13 October 2016
CN 102955310 A 06 March 2013 CN 102955310 B 15 April 2015
us 2010149228 Al 17 June 2010 JP 5520587 B2 11 June 2014
JP 2010140029 A 24 June 2010
KR 101535919 Bl 13 July 2015
EP 2200012 A2 23 June 2010
us 8325208 B2 04 December 2012
KR 20100068049 A 22 June 2010

Form PCT/ISA/210 (patent family annex) (July 2009)



patsnap

TRBR(F) ERERN D AR

NSNS EP3545513A1 NFF(RE)R 2019-10-02
RiES EP2017873279 RiEH 2017-04-06
FRIRAA GU JING

PENG YU HSUN
TSENG SHIH WEI

REBEA GU, JING
PENG, YU-HSUN
TSENG, SHIH-WEI

IPCH %S G09G3/32

CPCH¥%S G09G3/3225 G09G3/20 G09G2300/0426 G09G2300/08 G09G2300/0804 G09G2300/0814 G09G2310
/0262 G09G2310/0297 G02F1/133514 G02F1/136286 G02F1/1368 G09G3/2074 G09G3/2096 GO9G3
13266 G09G3/3275 G09G3/3607 G09G3/3666 G09G3/3677 G09G3/3688 G09G2300/0465 G09G2310
/0202 G09G2310/021 G09G2310/0243 G09G2380/02

e 62/426882 2016-11-28 US
PCT/CN2016/111387 2016-12-21 WO

INEPeELE Espacenet

BE@®F)

—MRESEARX , RRE3 BERME AR B, BREESEX N
FUAMITHMINGIBESIM R R IR R A TR, RATHETINBER
BEETIHENKRE . ZRESEMELLM (k/x ) NNRE , Hepx
REDH , HEXMA (k/x) NFRE-—PMREBY, FIRE3BHRE
B (k/x) NNRIRE T RERBESIERXE , 7 BREEN /M E
TEREBEARLTHRED, KW BIREBHXMR AL TRELBEE
BRXE , 3 EWEENERXETHETIRK,


https://share-analytics.zhihuiya.com/view/0ee0bc6e-8307-4ee9-8021-04e77b1e057a
https://worldwide.espacenet.com/patent/search/family/058186708/publication/EP3545513A1?q=EP3545513A1

