US 20160189596A1

a2y Patent Application Publication o) Pub. No.: US 2016/0189596 A1

a9 United States

KIM et al.

43) Pub. Date: Jun. 30, 2016

(54) TIMING CONTROLLER AND DISPLAY
APPARATUS INCLUDING THE SAME

(71) Applicant: Samsung Display Co., LTD.,
Yongin-City (KR)

(72) Inventors: Min-Je KIM, Suwon-si (KR); Won-Bok
LEE, Seongnam-si (KR); Jae-Hyoung
PARK, Suwon-si (KR); Ki-Tae YOON,
Seoul (KR); Jae-Gwan JEON, Incheon
(KR)

(21) Appl. No.: 14/733,266

Publication Classification

(51) Int.CL
G09G 3/20 (2006.01)
G09G 3/36 (2006.01)
(52) US.CL
CPC ... G09G 3/2055 (2013.01); GO9IG 3/3607
(2013.01); GO9G 3/3685 (2013.01); GOIG
2310/027 (2013.01); GO9G 2320/0242
(2013.01)
(57) ABSTRACT

A timing controller includes a plurality of image enhance-
ment blocks, a plurality of dithering blocks and a random
number generating block. The plurality of image enhance-
ment blocks performs image quality enhancement operations
for input image data. The plurality of dithering blocks per-
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TIMING CONTROLLER AND DISPLAY
APPARATUS INCLUDING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2014-0192156, filed on Dec. 29, 2014,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the content of which in its entirety is herein incorporated by
reference.

BACKGROUND

[0002] 1. Field

[0003] Exemplary embodiments relate generally to a dis-
play apparatus, and more particularly to a timing controller of
a display apparatus and a display apparatus including the
timing controller.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display apparatus is a type of flat
panel display (“FPD”), which is widely used in recent years.
The FPD may include, but are not limited to, a liquid crystal
display (“LCD”), a plasma display panel (“PDP”) and an
organic light emitting display (“OLED”), for example.
[0006] Typically, a display apparatus, e.g., an LCD appa-
ratus, includes a display panel and a timing controller. The
timing controller controls overall operations of the display
panel. For example, the timing controller controls the display
panel to display an image on the display panel. The timing
controller further performs an image quality enhancement
operation.

SUMMARY

[0007] Recently, a plurality of image quality enhancement
operations are performed for one image, and a plurality of
random dithering operations are performed. When the ran-
dom dithering operations are performed for one image, dith-
ering noise may occur, and thus the image quality may be
degraded due to the dithering noise.

[0008] Exemplary embodiments of the invention relate to a
timing controller that efficiently performs a plurality of image
quality enhancement operations and a plurality of random
dithering operations.

[0009] Exemplary embodiments of the invention relate to a
display apparatus including the timing controller.

[0010] According to an exemplary embodiment, a timing
controller includes a plurality of image enhancement blocks,
a plurality of dithering blocks and a random number gener-
ating block. In such an embodiment, the plurality of image
enhancement blocks performs image quality enhancement
operations for input image data, the plurality of dithering
blocks perform random dithering operations for outputs of
the plurality of image enhancement blocks based on a plural-
ity of random number tables, and the random number gener-
ating block generates the plurality of random number tables
which is provided to the plurality of dithering blocks.
[0011] Inanexemplary embodiment, the plurality of image
enhancement blocks may include a first image enhancement
block and a second image enhancement block, the plurality of
dithering blocks may include a first dithering block and a
second dithering block, and the plurality of random number
tables may include a first random number table and a second
random number table. In such an embodiment, the first image
enhancement block may perform a first image quality
enhancement operation for the input image data to generate
first image data. In such an embodiment, the first dithering
block may perform a first random dithering operation for the
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first image data based on the first random number table to
generate first dithering data. In such an embodiment, the
second image enhancement block may perform a second
image quality enhancement operation for the first dithering
data to generate second image data. In such an embodiment,
the second dithering block may perform a second random
dithering operation for the second image data based on the
second random number table to generate second dithering
data.

[0012] Inan exemplary embodiment, each of a bit number
of the first image data and a bit number of the second image
data may be greater than a bit number of the input image data.
In such an embodiment, each of a bit number of the first
dithering data and a bit number of the second dithering data
may be the same as the bit number of the input image data.
[0013] In an exemplary embodiment, the random number
generating block may generate a plurality of horizontal ran-
dom number groups and a plurality of vertical random num-
ber groups, and may combine the plurality of horizontal ran-
dom number groups and the plurality of vertical random
number groups to generate a random number table among the
plurality of random number tables.

[0014] In an exemplary embodiment, the random number
generating block may repeatedly perform a random number
generation, a modular arithmetic and a loop operation to
generate a horizontal random number group among the plu-
rality of horizontal random number groups. In such an
embodiment, an initial random number may be generated by
the random number generation, a random number of the
horizontal random number group may be generated by the
modular arithmetic on the initial random number, and a dupli-
cacy of the random number may be determined based on the
loop operation.

[0015] In an exemplary embodiment, the horizontal ran-
dom number group may include K numbers from zero
through (K-1), where K is a natural number equal to or greater
than two. In such an embodiment, the random number gen-
eration, the modular arithmetic and the loop operation may be
repeatedly performed until the horizontal random number
group includes all of the K numbers from zero through (K-1).
[0016] In an exemplary embodiment, the random number
generating block may generate each of random numbers in
the random number table by arranging the plurality of hori-
zontal random number groups in a row, arranging the plurality
of vertical random number groups in a column, adding a
respective horizontal random number in the row to a respec-
tive vertical random number in the column, and performing a
modular arithmetic on a sum of the respective horizontal
random number and the respectively vertical random number.
[0017] In an exemplary embodiment, the plurality of ran-
dom number tables may be periodically updated.

[0018] According to an exemplary embodiment, a display
apparatus includes a display panel and a timing controller. In
such an embodiment, the display panel includes a plurality of
pixels and displays an image based on output image data. In
such an embodiment, the timing controller controls an opera-
tion of the display panel and generates the output image data
based on input image data. In such an embodiment, the timing
controller includes a plurality of image enhancement blocks,
a plurality of dithering blocks and a random number gener-
ating block. In such an embodiment, the plurality of image
enhancement blocks perform image quality enhancement
operations for the input image data, the plurality of dithering
blocks perform random dithering operations for outputs of
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the plurality of image enhancement blocks based on a plural-
ity of random number table, and the random number gener-
ating block generates the plurality of random number tables
which is provided to the plurality of dithering blocks.

[0019] Inanexemplary embodiment, the plurality of image
enhancement blocks may include a first image enhancement
block and a second image enhancement block, the plurality of
dithering blocks may include a first dithering block and a
second dithering block, and the plurality of random number
tables may include a first random number table and a second
random number table. In such an embodiment, the first image
enhancement block may perform a first image quality
enhancement operation for the input image data to generate
first image data. In such an embodiment, the first dithering
block may perform a first random dithering operation for the
first image data based on the first random number table to
generate first dithering data. In such an embodiment, the
second image enhancement block may perform a second
image quality enhancement operation for the first dithering
data to generate second image data. In such an embodiment,
the second dithering block may perform a second random
dithering operation for the second image data based on the
second random number table to generate the output image
data.

[0020] Inan exemplary embodiment, each of a bit number
of the first image data and a bit number of the second image
data may be greater than a bit number of the input image data.
In such an embodiment, each of a bit number of the first
dithering data and a bit number of the output image data may
be the same as the bit number of the input image data.

[0021] In an exemplary embodiment, the random number
generating block may generate a plurality of horizontal ran-
dom number groups and a plurality of vertical random num-
ber groups, and may combine the plurality of horizontal ran-
dom number groups and the plurality of vertical random
number groups to generate a random number table among the
plurality of random number tables.

[0022] In an exemplary embodiment, the random number
generating block may repeatedly perform a random number
generation, a modular arithmetic and a loop operation to
generate a horizontal random number group among the plu-
rality of horizontal random number groups. In such an
embodiment, an initial random number may be generated by
the random number generation, a random number of the
horizontal random number group may be generated by the
modular arithmetic on the initial random number, and a dupli-
cacy of the random number may be determined based on the
loop operation.

[0023] In an exemplary embodiment, the horizontal ran-
dom number group may include K numbers from zero
through (K-1), where K is a natural number equal to or greater
than two.

[0024] Insuchanembodiment, the random number genera-
tion, the modular arithmetic and the loop operation may be
repeatedly performed until the horizontal random number
group includes all of the K numbers from zero through (K-1).

[0025] In an exemplary embodiment, the random number
generating block may generate each of random numbers in
the random number table by arranging the plurality of hori-
zontal random number groups in a row, arranging the plurality
of vertical random number groups in a column, adding a
respective horizontal random number in the row to a respec-
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tive vertical random number in the column, and performing a
modular arithmetic on a sum of the respective horizontal and
vertical random numbers.

[0026] In an exemplary embodiment, the plurality of ran-
dom number tables may be periodically updated

[0027] Inanexemplary embodiment, the display panel may
be divided into a plurality of pixel groups, each of which
includes at least two of the plurality of pixels. IN such an
embodiment, each of a plurality of random numbers in the
plurality of random number tables may correspond to a
respective one of the plurality of pixel groups.

[0028] In an exemplary embodiment, each of the plurality
of pixel groups may include four pixels arranged in a 2x2
matrix formation.

[0029] Inanexemplary embodiment, the display apparatus
may further include a gate driver and a data driver. In such an
embodiment, the gate driver may generate gate signals to
apply the gate signals to the display panel, and the data driver
may generate data voltages based on the output image data to
apply the data voltages to the display panel.

[0030] Inan exemplary embodiment, the timing controller
may further include a control signal generator. In such an
embodiment, the control signal generator may generate a first
control signal for the gate driver and a second control signal
for the data driver based on an input control signal.

[0031] In exemplary embodiments of the invention, the
random dithering operations may be independent and sepa-
rate from each other, and a single random number generating
block may generate the random number tables that are uti-
lized for performing the random dithering operations. In such
embodiment, the random number tables may be generated by
performing two steps. Accordingly, the correlativity of ran-
dom numbers included in the random number tables may be
substantially reduced, and the random number tables may be
independent from each other. Accordingly, in such embodi-
ment, the dithering noise due to the repetition of the random
dithering operations may be effectively prevented, and the
plurality of image quality enhancement operations and the
plurality of random dithering operations may be efficiently
performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other features of the invention will
become more apparent by describing in detailed exemplary
embodiments thereof with reference to the accompanying
drawings, in which:

[0033] FIG. 11is a block diagram illustrating an exemplary
embodiment of a display apparatus according to the inven-
tion;

[0034] FIG. 2 is ablock diagram illustrating a an exemplary
embodiment of timing controller according to the invention;
[0035] FIG. 3 is a block diagram illustrating an exemplary
embodiment of a random number generating block included
in the timing controller of FIG. 2;

[0036] FIG. 4 is a flow chart illustrating an operation of an
exemplary embodiment of the random number generating
block included in the timing controller of FIG. 2;

[0037] FIG. 5 is a diagram illustrating an exemplary
embodiment of a display panel in the display apparatus of
FIG. 1,

[0038] FIG. 6 is a flow chart showing an exemplary
embodiment of generating a plurality of horizontal and ver-
tical random number groups in FIG. 4;
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[0039] FIGS. 7 and 8 are diagrams showing an exemplary
embodiment of generating a plurality of random number
tables in FIG. 4.

DETAILED DESCRIPTION

[0040] The invention now will be described more fully with
reference to the accompanying drawings, in which various
embodiments are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
inventive concept to those skilled in the art. Like reference
numerals refer to like elements throughout this application.
[0041] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be therebe-
tween. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.

[0042] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first ele-
ment, without departing from the scope thereof. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0043] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.).

[0044] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting of the inventive concept. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes” and/or “including,” when used
herein, specity the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other.

[0045] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0046] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this inventive concept belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
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consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0047] Hereinafter, exemplary embodiments of the inven-
tion will be described in detail with reference to the accom-
panying drawings.

[0048] FIG. 11is a block diagram illustrating an exemplary
embodiment of a display apparatus according to the inven-
tion.

[0049] Referring to FIG. 1, an exemplary embodiment of a
display apparatus 10 includes a display panel 100, a timing
controller 200, a gate driver 300 and a data driver 400.

[0050] The display panel 100 includes a plurality of gate
lines GL. connected to the gate driver 300 and a plurality of
data lines DL connected to the data driver 400. The display
panel 100 may display an image having a plurality of gray-
scales based on output image data RGBD'. The gate lines GL.
may extend substantially in a first direction D1, and the data
lines DL may extend substantially in a second direction D2
crossing (e.g., substantially perpendicular to) the first direc-
tion D1.

[0051] The display panel 100 may include a plurality of
pixels (e.g., pixels P in FIG. 5) that are arranged substantially
in a matrix form. Each pixel may be electrically connected to
a corresponding gate line of the gate lines GL and a corre-
sponding data line of the data lines DL.

[0052] Each pixel may include a switching element (not
illustrated), a liquid crystal capacitor (not illustrated) and a
storage capacitor (not illustrated). The liquid crystal capacitor
and the storage capacitor may be electrically connected to the
switching element. In one exemplary embodiment, for
example, the switching element may be a thin film transistor.
The liquid crystal capacitor may include a first electrode
connected to a pixel electrode and a second electrode con-
nected to a common electrode. A data voltage may be applied
to the first electrode of the liquid crystal capacitor. A common
voltage may be applied to the second electrode of the liquid
crystal capacitor. The storage capacitor may include a first
electrode connected to the pixel electrode and a second elec-
trode connected to a storage electrode. The data voltage may
be applied to the first electrode of the storage capacitor. A
storage voltage may be applied to the second electrode of the
storage capacitor. The storage voltage may be substantially
equal to the common voltage.

[0053] Each pixel may have a rectangular shape. In one
exemplary embodiment, for example, each pixel may have a
relatively short side in the first direction D1 and a relatively
long side in the second direction D2. The relatively short side
of each pixel may be substantially parallel to the gate lines
GL. The relatively long side of each pixel may be substan-
tially parallel to the data lines DL.

[0054] The timing controller 200 controls an operation of
the display panel 100, and controls operations of the gate
driver 300 and the data driver 400. The timing controller 200
receives input image data RGBD and an input control signal
CONT from an external device (e.g., a host). The input image
data RGBD may include a plurality of input pixel data for the
plurality of pixels. Each input pixel data may include red
grayscale data R, green grayscale data G and blue grayscale
data B for a respective one of the plurality of pixels. The input
control signal CONT may include a master clock signal, a
data enable signal, a vertical synchronization signal, a hori-
zontal synchronization signal, etc.
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[0055] The timing controller 200 generates the output
image data RGBD), a first control signal CONT1 and a second
control signal CONT2 based on the input image data RGBD
and the input control signal CONT.

[0056] In one exemplary embodiment, for example, the
timing controller 200 may generate the output image data
RGBD' based on the input image data RGBD. The output
image data RGBD' may be provided to the data driver 400. In
some exemplary embodiments, the output image data RGBD'
may be image data that is substantially the same as the input
image data RGBD. In other exemplary embodiments, the
output image data RGBD' may be compensated image data
that is generated by compensating the input image data
RGBD. In such an embodiment, the output image data
RGBD' may include a plurality of output pixel data for the
plurality of pixels.

[0057] The timing controller 200 may generate the first
control signal CONT1 based on the input control signal
CONT. The first control signal CONT1 may be provided to
the gate driver 300, and a driving timing of the gate driver 300
may be controlled based on the first control signal CONT1.
The first control signal CONT1 may include a vertical start
signal, a gate clock signal, etc. The timing controller 200 may
generate the second control signal CONT2 based on the input
control signal CONT. The second control signal CONT2 may
be provided to the data driver 400, and a driving timing of the
data driver 400 may be controlled based on the second control
signal CONT2. The second control signal CONT2 may
include a horizontal start signal, a data clock signal, a data
load signal, a polarity control signal, etc.

[0058] Inan exemplary embodiment, the timing controller
200 performs image quality enhancement operations for the
input image data RGBD, performs random dithering opera-
tions for results of the image quality enhancement operations,
and generates a plurality of random number tables utilized for
performing the random dithering operations. Such configu-
rations and operations of the timing controller 200 will be
described below in greater detail with reference to FIGS. 2
through 8.

[0059] The gate driver 300 receives the first control signal
CONT1 from the timing controller 200. The gate driver 300
generates a plurality of gate signals for driving the gate lines
GL based on the first control signal CONT1. The gate driver
300 may sequentially apply the plurality of gate signals to the
gate lines GL.

[0060] The data driver 400 receives the second control sig-
nal CONT2 and the output image data RGBD' from the tim-
ing controller 200. The data driver 400 generates a plurality of
data voltages (e.g., analog data voltages) based on the second
control signal CONT2 and the output image data RGBD'
(e.g., digital image data). The data driver 400 may apply the
plurality of data voltages to the data lines DL.

[0061] In some exemplary embodiments, the data driver
400 may include a shift register (not illustrated), a latch (not
illustrated), a signal processor (not illustrated) and a buffer
(not illustrated). The shift register may output a latch pulse to
the latch. The latch may temporarily store the output image
data RGBD', and may output the output image data RGBD'to
the signal processor. The signal processor may generate the
analog data voltages based on the digital output image data
RGBD', and may output the analog data voltages to the buffer.
The buffer may output the analog data voltages to the data
lines DL.
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[0062] In some exemplary embodiments, the gate driver
300 and/or the data driver 400 may be disposed, e.g., directly
mounted, on the display panel 100, or may be connected to the
display panel 100 in a tape carrier package (“TCP”) type.
Alternatively, the gate driver 300 and/or the data driver 400
may be integrated circuits provided on the display panel 100.
[0063] FIG. 2 is a block diagram illustrating an exemplary
embodiment of a timing controller according to the invention.
[0064] Referring to FIG. 2, a timing controller 200 includes
an image processor 210. The timing controller 200 may fur-
ther include a control signal generator 250. The timing con-
troller 200 is illustrated in FIG. 2 as being divided into two
elements for convenience of illustration, however, the timing
controller 200 may not be physically divided.

[0065] The image processor 210 performs the image qual-
ity enhancement operations for the input image data RGBD
and the random dithering operations for the results of the
image quality enhancement operations to generate the output
image data RGBD'. The image processor 210 includes a
plurality of image enhancement blocks, a plurality of dither-
ing blocks and a random number generating block 240.
[0066] The plurality of image enhancement blocks per-
forms the image quality enhancement operations for the input
image data RGBD. In one exemplary embodiment, for
example, the image quality enhancement operations may
include an image quality compensation, a spot compensation,
an adaptive color correction (“ACC”) and/or a dynamic
capacitance compensation (“DCC”) for the input image data
RGBD. Each image enhancement block may perform a
respective one of the image quality enhancement operations.
[0067] The plurality of dithering blocks performs the ran-
dom dithering operations for outputs of the plurality of image
enhancement blocks based on a plurality of random number
tables. The random number generating block 240 generates
the plurality of random number tables that are utilized by the
plurality of dithering blocks. In an exemplary embodiment of
the timing controller 200, more than two random dithering
operations may be performed. Each of the random dithering
operations may be individually and independently performed
based on a respective one of different random number tables.
[0068] In some exemplary embodiments, the plurality of
image enhancement blocks may include first through N-th
image enhancement blocks 220_1,220_2, ...,220_N, where
N is a natural number equal to or greater than two. The
plurality of dithering blocks may include first through N-th
dithering blocks 230_1,230_2, . .., 230_N. The plurality of
random number tables may include first through N-th random
number tables RNT1, RNT2, ..., RNTN.

[0069] Insomeexemplary embodiments, the image quality
enhancement operations and the random dithering operations
may be alternately and sequentially performed. In one exem-
plary embodiment, for example, the first image enhancement
block 220_1 may perform a first image quality enhancement
operation for the input image data RGBD to generate first
image data D1. The first dithering block 230_1 may perform
a first random dithering operation for the first image data D1
based on the first random number table RNT1 to generate first
dithering data D1'. The second image enhancement block
220_2 may perform a second image quality enhancement
operation for the first dithering data D1' to generate second
image data D2. The second dithering block 230_2 may per-
form a second random dithering operation for the second
image data D2 based on the second random number table
RNT2 to generate second dithering data D2'. The N-th image
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enhancement block 220_N may perform an N-th image qual-
ity enhancement operation for (N-1)-th dithering data D(N-
1) to generate N-th image data DN. The N-th dithering block
230_N may perform a N-th random dithering operation for
the N-th image data DN based on the N-th random number
table RNTN to generate N-th dithering data (e.g., the output
image data RGBD").

[0070] In some exemplary embodiments, a bit number of
the first image data D1, a bit number of the second image data
D2 and a bit number of the N-th image data DN may be
greater than a bit number of the input image data RGBD,
respectively. A bit number of the first dithering data D1', a bit
number of the second dithering data D2' and a bit number of
the N-th dithering data (e.g., the output image data RGBD")
may be substantially the same as the bit number of the input
image data RGBD, respectively. In such an embodiment, a bit
number of image data may be increased by the image quality
enhancement operations and may be decreased by the random
dithering operations. In one exemplary embodiment, For
example, when the input image data RGBD is 10-bit RGB
data, each of the first through N-th image data D1, D2, . . .,
DN may be 12-bit or 14-bit RGB data, and each of the first

through N-th dithering data D1', D2, . . . , RGBD' may be
10-bit RGB data.
[0071] In some exemplary embodiments, each of the plu-

rality of dithering blocks may obtain a dither table based on a
respective one of the plurality of random number tables, and
may perform the random dithering operation based on the
obtained dither table. In the display field, the random dither-
ing operation has been widely used for improving image
fidelity of a digital display and/or for providing digital dis-
plays with greater image fidelity, and thus detailed descrip-
tions of the random dithering operation will be omitted.

[0072] The random number generating block 240 may gen-
erate a plurality of horizontal random number groups and a
plurality of vertical random number groups, and may com-
bine the plurality of horizontal random number groups and
the plurality of vertical random number groups to generate the
plurality of random number tables. Configurations and opera-
tions of the random number generating block 240 will be
described below in greater detail with reference to FIGS. 3
through 8.

[0073] In some exemplary embodiments, the plurality of
random number tables may be periodically updated. In one
exemplary embodiment, for example, the plurality of random
number tables may be updated at predetermined image
frames (e.g., every four image frames).

[0074] Insome exemplary embodiments, the random num-
ber generating block 240 may include a micro controller unit
(“MCU”). In such an embodiment, the random number gen-
erating block 240 may be a software-based random number
generator. In other exemplary embodiments, the random
number generating block 240 may include a linear feedback
shift register (“LFSR”). In such an embodiment, the random
number generating block 240 may be a hardware-based ran-
dom number generator.

[0075] The control signal generator 230 may receive the
input control signal CONT from the external device, and may
generate the first control signal CONT1 for the gate driver 300
and the second control signal CONT2 for the data driver 400
based on the input control signal CONT, as shown in FIG. 1.
The control signal generator 230 may output the first control
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signal CONT1 to the gate driver 300 and may output the
second control signal CONT?2 to the data driver 400, as shown
in FIG. 1.

[0076] Inan exemplary embodiment, the timing controller
200 may perform the image quality enhancement operations
and the random dithering operations. In an exemplary
embodiment of the timing controller 200, the random dither-
ing operations may be independent and separate from each
other, and a single random number generating block 240 may
generate the random number tables RNT1, RNT2,...,RNTN
that are utilized for performing the random dithering opera-
tions. Accordingly, the correlativity of random numbers
included in the random number tables RNT1, RNT2, . . .,
RNTN may be reduced, and dithering noise due to the rep-
etition of the random dithering operations may be effectively
prevented.

[0077] FIG. 3 is a block diagram illustrating an exemplary
embodiment of a random number generating block included
in the timing controller of FIG. 2.

[0078] Referring to FIG. 3, the random number generating
block 240 may include a random number group generating
unit 242 and a random number table generating unit 244.
[0079] The random number group generating unit 242 may
generate a plurality of random number groups. In one exem-
plary embodiment, for example, the random number group
generating unit 242 may generate a plurality of horizontal
random number groups HRNG and a plurality of vertical
random number groups VRNG.

[0080] Inanexemplary embodiment, each random number
group may be generated by repeatedly performing a random
number generation, a modular arithmetic and a loop opera-
tion. In such an embodiment, an initial random number may
be generated by the random number generation, a first ran-
dom number may be generated by the modular arithmetic on
the initial random number, and it may be determined based on
the loop operation whether the first random number is dupli-
cately generated. Operation of generating each random num-
ber group will be described below in greater detail with ref-
erence to FIG. 6.

[0081] Inanexemplary embodiment, each random number
group may include K numbers from zero through (K-1),
where K is a natural number equal to or greater than two. In
one exemplary embodiment, for example, if K is about 10,
each random number group may include 10 numbers from
zero through nine. In such an embodiment, the K numbers in
each random number group may be arranged in an order of the
generation. Since the K numbers in each random number
group are randomly generated, an order of arrangement of K
numbers in one random number group may be generally
different from an order of arrangement of K numbers in
another random number group.

[0082] In such an embodiment, the random number table
generating unit 244 may combine the plurality of random
number groups (e.g., the plurality of horizontal random num-
ber groups and the plurality of vertical random number
groups) to generate the plurality of random number tables
RNT1, RNT2, . . ., RNTN. Operation of generating each
random number table will be described below in greater detail
with reference to FIGS. 7 and 8.

[0083] FIG. 4 is a flow chart illustrating an operation of an
exemplary embodiment of the random number generating
block included in the timing controller of FIG. 2.

[0084] Referring to FIGS. 2, 3 and 4, the random number
generating block 240 may generate the plurality of horizontal



US 2016/0189596 Al

random number groups HRNG and the plurality of vertical
random number groups VRNG (S100). The random number
generating block 240 may combine the plurality of horizontal
random number groups HRNG and the plurality of vertical
random number groups VRNG to generate the plurality of
random number tables RNT1, RNT2, . . ., RNTN (5200).
Such operations of the random number generating block 240
(8100 and S200) may be performed by the random number
group generating unit 242 and the random number table gen-
erating unit 244, respectively.

[0085] Inan exemplary embodiment, the timing controller
200 may generate, by performing operations of S100 and
5200, the plurality of random number tables RNT1, RNT2, .
.., RNTN each of which corresponds to the whole area of the
display panel 100 in FIG. 1. Accordingly, the random number
tables RNT1, RNT2, . .., RNTN may be independent from
each other, and the results of the operations of the dithering
blocks 230a, 2305, . . ., 230n based on the random number
tables RNT1, RNT2, . . . ; RNTN may have a relatively
improved randomness.

[0086] FIG. 5 is a diagram illustrating an exemplary
embodiment of a display panel included in the display appa-
ratus of FIG. 1.

[0087] Referring to FIG. 5, the display panel 100 may
include a plurality of pixels P. As described above with ref-
erence to FIG. 1, each of the plurality of pixels P may be
electrically connected to a respective one of the gate lines GL.
and a respective one of the data lines DL. In some exemplary
embodiments, each of the plurality of pixels P may include at
least two subpixels.

[0088] Inanexemplary embodiment, the display panel 100
may be divided into a plurality of pixel groups PG to perform
the random dithering operations. Each ofthe plurality of pixel
groups PG may include at least two of the plurality of pixels
P. In one exemplary embodiment, for example, as illustrated
in FIG. 5, each of the plurality of pixel groups PG may include
four pixels arranged in a 2x2 matrix formation. However, a
configuration of each pixel group may not be limited thereto
and may be variously changed.

[0089] In some exemplary embodiments, the number of
random numbers included in one random number group may
be determined based on a configuration of each pixel group.
In one exemplary embodiment, for example, where each of
the plurality of pixel groups PG includes four pixels arranged
in a 2x2 matrix formation, the number of random numbers
included in one random number group may be about 24
because the number of possible arrangements of four pixels is
about 24. In such an embodiment, one random number group
may include 24 numbers from zero through twenty-three, for
example.

[0090] In some exemplary embodiments, the number of
random numbers included in one random number table and
the number of random number groups used for generating one
random number table may be determined based on a resolu-
tion of the display panel 100 (e.g., the number of the pixels P
included in the display panel 100) and a configuration of each
pixel group. In one exemplary embodiment, for example,
where the display panel 100 includes about 3840x2160 pixels
(e.g.,ifabout 3840 pixels are arranged in the first direction D1
and about 2160 pixels are arranged in the second direction
D2), and where each of the plurality of pixel groups PG
includes four pixels arranged in a 2x2 matrix formation, the
display panel 100 may be divided into about 1920x1080 pixel
groups. In an exemplary embodiment, as described above,
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when each of the plurality of pixel groups PG includes four
pixels arranged in a 2x2 matrix formation, the number of the
random numbers included in one random number group may
be about 24. Thus, in such an embodiment, about 80x45
random number groups may be defined to generate one ran-
dom number table.

[0091] Insuchanembodiment, wherethe display panel 100
includes about 3840x2160 pixels, and where each of the
plurality of pixel groups PG includes four pixels arranged in
a 2x2 matrix formation, about 80 horizontal random number
groups and about 45 vertical random number groups may be
used to generate one random number table, and one random
number table may include about 1920x1080 random num-
bers.

[0092] Hereinafter, exemplary embodiments where the dis-
play panel includes about 3840x2160 pixels and is divided
into about 1920x1080 pixel groups, each of which includes
four pixels arranged in a 2x2 matrix formation, will be
described in greater detail.

[0093] FIG. 6 is a flow chart for describing an exemplary
embodiment of generating a plurality of horizontal and ver-
tical random number groups in FIG. 4. For convenience of
description, an operation of generating one random number
group will be described in detail with reference to FIG. 6.
[0094] Referring to FIG. 6, to generate a first horizontal
random number group among the plurality of horizontal and
vertical random number groups HRNG and VRNG in FIG. 3,
an initial random number may be generated by the random
number generation (S110). In one exemplary embodiment,
for example, the initial random number may be generated
based on a software random function and may be a 64-bit
random number.

[0095] A random number, e.g., a first random number, may
be generated by the modular arithmetic on the initial random
number (S120). The modular arithmetic may be referred to as
a remainder operation and may indicate an operation of
obtaining a remainder of the division of a number A by a
number B. In one exemplary embodiment, for example, when
one random number group includes K (e.g., about 24) num-
bers from zero through (K-1), the first random number may
correspond to a remainder of the division of the initial random
number by K.

[0096] In such an embodiment, a duplicacy of the first
random number may be determined based on the loop opera-
tion, that is, it may be determined based on the loop operation
whether the first random number is duplicately generated.
When the first random number is already included in the first
horizontal random number group because the same random
number is previously generated, e.g., when there is a dupli-
cacy of the first random number or the first random number is
duplicated (S130: YES), the first random number may be
unselected as an element of the first horizontal random num-
ber group (S150). When the first random number is not
included in the first horizontal random number group because
the same random number is not previously generated, e.g.,
when there is no duplicacy of the first random number or the
first random number is not duplicated (S130: NO), the first
random number may be selected as an element of the first
horizontal random number group (S140).

[0097] Therandom number generation (S110), the modular
arithmetic (S120) and the loop operation (S130, S140 and
S150) may be repeatedly performed until the first horizontal
random number group includes all of the K numbers from
zero through (K-1). When the first horizontal random number
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group does not include all of the K numbers from zero
through (K-1), e.g., when the first horizontal random number
group is not completed (S160: NO), the processes or opera-
tions described above S110, S120, S130, S140 and S150 may
be repeated. In one exemplary embodiment, for example,
another initial random number may be generated, a second
random number may be generated based on the another initial
random number, and the second random number may be
selectively included in the first horizontal random number
group based on such determination. When the first horizontal
random number group includes all of the K numbers from
zero through (K-1), e.g., when the first horizontal random
number group is completed (S160: YES), the operation of
generating the first horizontal random number group may be
terminated.

[0098] After the first horizontal random number group is
completely generated, the plurality of horizontal random
number groups HRNG other than the first horizontal random
number group may be sequentially generated. After the plu-
rality of horizontal random number groups HRNG are com-
pletely generated, the plurality of vertical random number
groups VRNG may be sequentially generated.

[0099] FIGS. 7 and 8 are diagrams showing an exemplary
embodiment of generating a plurality of random number
tables in FIG. 4. For convenience of description, an operation
of generating one random number table will be described
with reference to FIGS. 7 and 8.

[0100] Referring to FIGS. 7 and 8, to generate a random
number table, e.g., the first random number table RNT1,
among the plurality of random number tables RNT1, RNT2,
..., RNTN, the plurality of horizontal random number groups
HRNG in FIG. 3 may be arranged in a row or in a row
direction of the random number table (S210). In one exem-
plary embodiment, for example, (X/K) (e.g., about 80) hori-
zontal random number groups including a first horizontal
random number group HRNG1 may be arranged along the
first direction D1, and thus X (e.g., about 1920) horizontal
random numbers HRN1, HRN2, ... ,HRNK, ..., HRNX may
be arranged along the first direction D1.

[0101] The plurality of vertical random number groups
VRNG in FIG. 3 may be arranged in a column or in a column
direction of the random number table (S220). In one exem-
plary embodiment, for example, (Y/K) (e.g., about 45) verti-
cal random number groups including a first vertical random
number group VRNG1 may be arranged along the second
direction D2, and thus Y (e.g., about 1080) vertical random
numbers VRN1, VRN2, .. ., VRNK, . . ., VRNY may be
arranged along the second direction D2.

[0102] Inanexemplary embodiment, each of random num-
bers RN11, RN12, RN1K, RN1X, RN21, RN22, RN2K,
RN2X, RNK1, RNK2, RNKK, RNKX, RNY1, RNY2,
RNYK, RNYX in the first random number table RNT1 may
be generated by adding a respective one of random numbers
HRNT1, ..., HRNX in the row to a respective one of random
numbers VRN, . .., VRNY in the column, and by perform-
ing the modular arithmetic on a sum of the respective one of
the random numbers HRN1, . . ., HRNX and the respective
one of the random numbers VRNI, . . ., VRNY (S230). In
such an embodiment, the first random number table RNT1
including XxY random numbers may be generated based on
X random numbers in the first row and Y random numbers in
the first column. In one exemplary embodiment, for example,
a first sum may be obtained by adding the random number
HRNT1 to the random number VRN1, the random number
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RN11 in the first random number table RNT1 may be gener-
ated by obtaining a remainder of the division of the first sum
by K (e.g., about 24).

[0103] In such an embodiment, the random number RN11
may be substantially the same as a value of shifting the
random number HRN1 by VRN1, the random number RN12
may be substantially the same as a value of shifting the
random number HRN2 by VRN1, and the random number
RN1K may be substantially the same as a value of shifting the
random number HRNK by VRN1. Thus, the random numbers
RN11,RN12,. .., RN1K may also include K numbers from
zero through (K-1).

[0104] After the first random number table RNT1 is com-
pletely generated, the second through N-th random number
tables RNT2, . .., RNTN may be sequentially generated.
[0105] In some exemplary embodiments, each of the ran-
dom numbers RN11, . . . , RNYX in the first random number
table RN'T1 may correspond to a respective one of the plural-
ity of pixel groups PG in FIG. 5. Similarly, each ofthe random
numbers in the second through N-th random number table
RNT2, ..., RNTN may correspond to the respective one of
the plurality of pixel groups PG in FIG. 5, respectively.
[0106] Inanexemplary embodiment of the display appara-
tus 10, the random dithering operations in the timing control-
ler 200 may be independent and separate from each other, and
a single random number generating block 240 may generate
the random number tables RNT1, RNT2, ..., RNTN that are
utilized for performing the random dithering operations. In
such an embodiment, the random number tables RNT1,
RNT2, ..., RNTN may be generated by performing two
processes S100 and S200. Accordingly, the correlativity of
random numbers included in the random number tables
RNT1, RNT2, ..., RNTN may be reduced, and the random
number tables RNT1,RNT2, ..., RNTN may be independent
from each other. The dithering noise due to the repetition of
the random dithering operations may be effectively pre-
vented, and the plurality of image quality enhancement
operations and the plurality of random dithering operations
may be efficiently performed.

[0107] Although some exemplary embodiments where the
display panel has a specific pixel group (e.g., 2x2 pixel group)
and a specific size (e.g., 3840x2160) have been described
herein, the invention is not limited thereto. In an alternative
exemplary embodiment, the display panel may have various
pixel groups and various sizes.

[0108] Exemplary embodiments described herein may be
used in a display apparatus and/or a system including the
display apparatus, such as a mobile phone, a smart phone, a
personal digital assistants (“PDA”), a portable multimedia
player (“PMP”), a digital camera, a digital television, a set-
top box, amusic player, a portable game console, a navigation
device, a personal computer (“PC”), a server computer, a
workstation, a tablet computer, a laptop computer, a smart
card, a printer, etc., but not being limited thereto.

[0109] The foregoing is illustrative of exemplary embodi-
ments and is not to be construed as limiting thereof. Although
a few exemplary embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the exemplary embodiments without
materially departing from the novel teachings and advantages
of the present inventive concept. Accordingly, all such modi-
fications are intended to be included within the scope of the
present inventive concept as defined in the claims. Therefore,
it is to be understood that the foregoing is illustrative of
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various exemplary embodiments and is not to be construed as
limited to the specific exemplary embodiments disclosed, and
that modifications to the disclosed exemplary embodiments,
as well as other exemplary embodiments, are intended to be
included within the scope of the appended claims.

What is claimed is:

1. A timing controller comprising:

a plurality of image enhancement blocks which performs
image quality enhancement operations for input image
data;

a plurality of dithering blocks which performs random
dithering operations for outputs of the plurality of image
enhancement blocks based on a plurality of random
number tables; and

a random number generating block which generates the
plurality of random number tables which are provided to
the plurality of dithering blocks.

2. The timing controller of claim 1, wherein

the plurality of image enhancement blocks comprises a
first image enhancement block and a second image
enhancement block,

the plurality of dithering blocks comprises a first dithering
block and a second dithering block, and

the plurality of random number tables comprises a first
random number table and a second random number
table,

wherein the first image enhancement block performs a first
image quality enhancement operation for the input
image data to generate first image data,

wherein the first dithering block performs a first random
dithering operation for the first image data based on the
first random number table to generate first dithering
data, p1 wherein the second image enhancement block
performs a second image quality enhancement operation
for the first dithering data to generate second image data,
and

wherein the second dithering block performs a second
random dithering operation for the second image data
based on the second random number table to generate
second dithering data.

3. The timing controller of claim 2, wherein

each of'a bit number of the first image data and a bit number
of'the second image data is greater than a bit number of
the input image data, and

each of a bit number of the first dithering data and a bit
number of the second dithering data is the same as the bit
number of the input image data.

4. The timing controller of claim 1, wherein

the random number generating block generate a plurality
of horizontal random number groups and a plurality of
vertical random number groups, and

the random number generating block combine the plurality
of’horizontal random number groups and the plurality of
vertical random number groups to generate a random
number table among the plurality of random number
tables.

5. The timing controller of claim 4, wherein

the random number generating block repeatedly performs
a random number generation, a modular arithmetic and
aloop operation to generate a horizontal random number
group among the plurality of horizontal random number
groups,

wherein an initial random number is generated by the ran-
dom number generation,
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wherein a random number of the horizontal random num-
ber group is generated by the modular arithmetic on the
initial random number, and

wherein a duplicacy of the random number is determined
based on the loop operation.

6. The timing controller of claim 5, wherein

the horizontal random number group includes K numbers
from zero through (K-1), wherein K is a natural number
equal to or greater than two, and

the random number generation, the modular arithmetic and
the loop operation are repeatedly performed until the
horizontal random number group includes all of the K
numbers from zero through (K-1).

7. The timing controller of claim 4, wherein the random
number generating block generates each of random numbers
in the random number table by

arranging the plurality of horizontal random number
groups in a row,

arranging the plurality of vertical random number groups
in a column,

adding a respective horizontal random number in the row to
a respective vertical random number in the column, and

performing a modular arithmetic on a sum of the respective
horizontal random number and the respective vertical
random number.

8. The timing controller of claim 1, wherein the plurality of

random number tables are periodically updated.

9. A display apparatus comprising:

a display panel comprising a plurality of pixels, wherein
the display panel which displays an image based on
output image data; and

a timing controller which controls an operation of the dis-
play panel and generates the output image data based on
input image data,

wherein the timing controller comprises:

a plurality of image enhancement blocks which per-
forms image quality enhancement operations for the
input image data;

a plurality of dithering blocks which performs random
dithering operations for outputs of the plurality of
image enhancement blocks based on a plurality of
random number tables; and

a random number generating block which generates the
plurality of random number tables which is provided
to the plurality of dithering blocks.

10. The display apparatus of claim 9, wherein

the plurality of image enhancement blocks comprises a
first image enhancement block and a second image
enhancement block,

the plurality of dithering blocks comprises a first dithering
block and a second dithering block, and

the plurality of random number tables comprises a first
random number table and a second random number
table,

wherein the first image enhancement block performs a first
image quality enhancement operation for the input
image data to generate first image data,

wherein the first dithering block performs a first random
dithering operation for the first image data based on the
first random number table to generate first dithering
data,

wherein the second image enhancement block performs a
second image quality enhancement operation for the
first dithering data to generate second image data, and
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wherein the second dithering block performs a second
random dithering operation for the second image data
based on the second random number table to generate
the output image data.

11. The display apparatus of claim 10, wherein

each of'a bit number of the first image data and a bit number
of'the second image data is greater than a bit number of
the input image data, and

each of a bit number of the first dithering data and a bit
number of the output image data is the same as the bit
number of the input image data, respectively.

12. The display apparatus of claim 10, wherein

the random number generating block generates a plurality
of horizontal random number groups and a plurality of
vertical random number groups, and

the random number generating block combines the plural-
ity of horizontal random number groups and the plural-
ity of vertical random number groups to generate a ran-
dom number table among the plurality of random
number tables.

13. The display apparatus of claim 12, wherein

the random number generating block repeatedly performs
a random number generation, a modular arithmetic and
aloop operation to generate a horizontal random number
group among the plurality of horizontal random number
groups,

wherein an initial random number is generated by the ran-
dom number generation,

wherein a random number of the horizontal random num-
ber group is generated by the modular arithmetic on the
initial random number, and

wherein a duplicacy of the random number is determined
based on the loop operation.

14. The display apparatus of claim 13, wherein

the horizontal random number group includes K numbers
from zero through (K-1), wherein K is a natural number
equal to or greater than two,

wherein the random number generation, the modular arith-
metic and the loop operation are repeatedly performed

Jun. 30, 2016

until the horizontal random number group includes all of
the K numbers from zero through (K-1).

15. The display apparatus of claim 12, wherein the random
number generating block generates each of random numbers
in the random number table by

arranging the plurality of horizontal random number

groups in a row,

arranging the plurality of vertical random number groups

in a column,
adding a respective horizontal random number in the row to
a respective vertical random number in the column, and

performing a modular arithmetic on a sum of the respective
horizontal random number and the respective vertical
random number.

16. The display apparatus of claim 9, wherein the plurality
of random number tables are periodically updated.

17. The display apparatus of claim 9, wherein

the display panel is divided into a plurality of pixel groups,

each of which includes at least two of the plurality of
pixels,

wherein each of a plurality of random numbers in the

plurality of random number tables corresponds to a
respective one of the plurality of pixel groups.

18. The display apparatus of claim 17, wherein each of the
plurality of pixel groups includes four pixels arranged in a
2x2 matrix formation.

19. The display apparatus of claim 9, further comprising:

a gate driver which generates gate signals to apply the gate

signals to the display panel; and

a data driver which generates data voltages based on the

output image data to apply the data voltages to the dis-
play panel.

20. The display apparatus of claim 19, wherein the timing
controller further comprises:

a control signal generator which generates a first control

signal for the gate driver and a second control signal for
the data driver based on an input control signal.
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