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Methods and related liquid crystal display devices are dis-
closed that reduce/avoid a tearing effect in displayed images.
A scan time of a scan clock signal of a display is detected. A
write time of a write clock signal that writes data into a
memory for display on the display is detected. The write time
is regulated in response to a comparison of the scan time of the
scan clock signal to the write time of the write clock signal.
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FIG. 1A (RELATED ART)
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FIG. 1B (RELATED ART)
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FIG. 2A (RELATED ‘ART)
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FIG. 2B (RELATED ART)
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FIG. 3
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METHODS AND LIQUID CRYSTAL DISPLAY
DEVICES THAT REDUCE/AVOID TEARING
EFFECTS IN DISPLAYED IMAGES

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2007-0007251, filed on Jan. 23, 2007, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to methods of display-
ing images and related liquid crystal display (LCD) devices.

BACKGROUND OF THE INVENTION

[0003] Liquid crystal displays (LCDs), such as thin film
transistor LCDs, are increasingly being used in electronic
devices, such as in mobile phones. One design constraint on
the use of LCD:s is their ability to provide sufficiently com-
pact and low-cost displays capable of clearly displaying mov-
ing images. New controllers have emerged that are targeted at
specifically controlling the display of moving images on
LCDs. However, these specialized controllers may be pro-
hibitively expensive for use in some electronic devices, such
as in some mobile phones. Moreover, the display architecture
may require the use of a conventional controller along with
the specialized controller. The use of two controllers may lead
to the use of interrupt-based processing for large amounts of
image data, which may decrease the efficiency at which mov-
ing images are processed and may increase the complexity of
the control software.

[0004] FIG. 1A illustrates a conventional LCD device 100.
Referring to FIG. 1A, the LCD device 100 includes an LCD
panel 101, an LCD driver 110, and a controller 120.

[0005] The controller 120 controls the display of image
data on the LCD panel 101. The controller 120 generates and
outputs control signals, which can include a chip selection
“CS” signal, a write clock “WR” signal. a DATA signal, and
the like.

[0006] TheCS signalisused to select and enable individual
pixels on the LCD panel 101. The WR signal is used to write
data (e.g., image data), which is received from circuitry exter-
nal to the LCD device 100, to a memory 113 included in the
LCD driver 110. Hereinafter, the write clock signal will be
referred to as CLK_W. The DATA signal refers to image data
that is generated from data that is received from circuitry that
is external to the LCD device 100.

[0007] The LCD driver 110 includes a source driver/gate
driver 111, the memory 113, and an oscillator 115.

[0008] The image data from the controller 120 is written
into the memory 113. The write operation is performed using
the write clock signal CLK_W which is output by the con-
troller 120, and which may be used as an internal operational
clock for the controller 120.

[0009] The source driver/gate driver 111 reads the image
data from the memory 113 and outputs therefrom an image
signal to the LCD panel 101 in response to a control signal
which is generated by the controller 120.

[0010] The source driver/gate driver 111 also responds to
the control signal transmitted from the controller 120 by
controlling positioning of the image signal on the LCD panel
101. Such structure and operation of the source driver/gate
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driver 111 is well known to those of ordinary skill in the art
and, accordingly, further details thereof will be omitted for
brevity.

[0011] The oscillator 115 generates a scan clock signal
CLK_FLM which is used by the LCD driver 110 to scan an
image signal from the source driver/gate driver 111 onto the
display of the LCD panel 101. The scanning operation using
the scan clock signal CLK_FLM will be described with ref-
erence to FI1G. 1B.

[0012] FIG. 1B is a timing diagram that illustrates relative
timing between the write clock signal CLK_W and the scan
clock signal CLK_FLM and operation thereof, and further
illustrates a tearing effect that occurs during the operation of
the LCD device 100.

[0013] Inthe conventional LCD device 100 of FIG. 1A, the
write clock signal CLK_W, used for regulating writing of
image data into the memory 113, and the scan clock signal
CLK_FLM, used to scan image data on the display of the
LCD panel 101, are not synchronized to one another.

[0014] Referring to FIG. 1B, when the scan clock signal
CLK_FLM is low, the image signal is scanned to pixels in the
LCD panel 101. A bottom pixel line is referred to as Line 1
and a top pixel line is referred to as Line 160. When the scan
clock signal CLK_FLM generated by the oscillator 115 is
low, the LCD driver 110 performs a scanning operation from
Line 1 of'the LCD panel 101 up to Line 160 of the LCD panel
101.

[0015] When the write clock signal CLK_W is low, the
image data transmitted by the controller 120 is written to the
memory 113. The write operation is performed in units of
frame data. In other words, the image data is written during
the low level period of the write clock signal CLK_W and
single frame data is written to the memory 113 during a single
interval of the low level period. For reference, a general scan
clock signal CLK_FLM can have a frequency of 60 Hz and a
general write clock signal CLK_W can have a frequency band
of 15-30 Hz. Thus, when the scanning operation is performed
three or four times, the write operation is performed once.
When new image data is not input, the LCD driver 110 scans
stored image data and displays the image data on the LCD
panel 101.

[0016] In the LCD device 100, the write clock signal
CLK_W and the scan clock signal CLK_FLM are not syn-
chronized with each other. Moreover, the duration of the low
level period of the write clock signal CLK_W can be constant,
and an operating frequency band and an active period are not
matched. Consequently, at a point “a” in FIG. 1B, the write
clock signal CLK_W and the scan clock signal CLK_FLM,
overlap each other at timing coordinates (a, X).

[0017] FIG. 1C illustrates an image that is displayed on the
LCD panel 101 and which exhibits a tearing effect as a result
of the relative signal timing shown in FIG. 1B.

[0018] Before time “a”, the LCD driver 110 scans the image
data that was previously stored in the memory 113. However,
after time “a”, the LCD driver 110 scans image data that is
newly stored in the memory 113 after the time “a”. In the
example of FIG. 1C, the LCD driver 110 displays white pixel
color from Line 1 to a line X in response to the image data that
was stored in the memory 113 before time “a”, and displays
black pixel color from the line X to Line 160 in response to
other image data that was stored in the memory 113 after time

00

a
[0019] Accordingly, a tearing effect in the displayed image
occurs at the line X of the LCD panel 101. The tearing effect
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corresponds to a lack of logical association among image data
that is displayed on the LCD panel 101. In the present
example, the white pixels are associated with the same image,
however the black pixels are associated with another image
that is intended to displayed subsequent to the display of the
white image. The timing intersection of the scan clock signal
CLK_FLM and the write clock signal CLK_W corresponds
to the location of the tearing effect on the image that is
displayed on the LCD device 101.

[0020] FIG. 2A illustrates a conventional LCD device 200
device that is configured to attempt to prevent the occurrence
of a tearing effect.

[0021] The LCD device 200 includes an LCD panel 201, an
LCD driver 210, and a controller 220, which can be config-
ured to operate in a similar manner to the LCD panel 101, the
LCD 110, and the controller 120 described above, and,
accordingly, further description of these components is omit-
ted for brevity.

[0022] 1In an attempt to prevent a tearing effect in a dis-
played image, the LCD device 200 includes a synchroniza-
tion processing unit 222 in the controller 220. The operation
of the synchronization processing unit 222 will be described
in detail with reference to FIG. 2B.

[0023] FIG. 2B is a block diagram that illustrates various
operations of the controller 220 and the LCD driver 210.

[0024] Referring to FIG. 2B, the controller 220 of the LCD
device 200 receives a signal FLM_Vsync providing synchro-
nization information for a scan clock signal from the LCD
driver 210. The synchronization processing unit 222 of the
controller 220 is configured to synchronize the write clock
signal CLK_W with the scan clock signal CLK_FLM using
the received signal FLM_Vsync. The synchronization pro-
cessing unit 222 synchronizes the scan clock signal CLK_
FLM and the write clock signal CLK_W in response to each
transition of the write clock signal CLK_W from high to low.

[0025] Inthe conventional LCD devices 100 and 200 illus-
trated in FI1G. 1A and FIG. 2A, the controllers 120 and 220
cannot perform other operations (i.e., stop carrying-out other
operations) while they process image data. Because other
operations are interrupted while image data is processed, the
processing can be referred to as interrupt processing.

[0026] Ifsuchinterrupt processing is to be avoided, thereby
avoiding interruption of other operations in response to the
input of a signal FLM, the LCD device 200 illustrated in FIG.
2A can include a separate processor that is configured to
synchronize the write clock signal CLK_W in response to the
input signal FLM_Vsync. The separate processor may be
included in the synchronization processing unit 222 of the
LCD device 200.

[0027] FIG. 2C is a timing diagram illustrates relative tim-
ing between the write clock signal CLK_W and the scan clock
signal CLK_FLM during the operation of the LCD device
200 of FIG. 2A. Referring to FIG. 2C, when the write clock
signal CLK_W is synchronized with the scan clock signal
CLK_FLM, an intersecting point “a” between such signals
described in FIG. 1B does not occur and, therefore, occur-
rence of the tearing effect may thereby be reduced.

[0028] Although the tearing effect is reduced, the inventors
of the present application have determined that the tearing
effect may not be completely prevented, possibly because of
a change in the operating frequency of the scan clock signal
CLK_FLM and/or dispersion of the write clock signal
CLK_W generated by the controller 220.
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[0029] As described above, in the conventional LCD device
100, the scan clock signal CLK_FLM and the write clock
signal CLK_W are not synchronized with each other and the
write speed of the write clock signal CLK_W is constant,
which results in occurrence of the tearing effect.

[0030] Moreover, although the LCD device 200 can reduce
the occurrence of the tearing effect, the synchronization pro-
cessing unit 220 needs to have a separate processor that
carries out the signal synchronization. Furthermore, the tear-
ing effect may not be completely prevented, possibly because
of changes in the operating frequency of'the scan clock signal
CLK_FLM and/or dispersion of the write clock signal
CLK_W generated by the controller 220.

SUMMARY OF EMBODIMENTS OF THE
INVENTION

[0031] Various embodiments of the present invention are
directed to reducing/avoiding the occurrence of a tearing
effect in displayed images, and which may be provided
although the signal interfaces to a display device are sub-
jected to varying frequencies and without necessitating the
use of a plurality of separate processors with a display driver.
[0032] A method of reducing/avoiding a tearing effect in
displayed images can include detecting a scan time of a scan
clock signal of a display, detecting a write time of a write
clock signal that writes data into a memory for display on the
display, and regulating the write time in response to a com-
parison of the scan time to the write time.

[0033] Insome further embodiments, the write time of the
write clock signal may be regulated by adjusting the write
time to be equal to the scan time of the scan clock signal.
When the write time is greater than the scan time, the write
time can be reduced in response to the difference between the
write time and the scan time. When the write time is less than
the scan time, the write time can be increased in response to
the difference between the write time and the scan time.
[0034] In some further embodiments, color information
can be written to the memory at a rate that is controlled by the
regulated write time of the write clock signal. The memory
can be configured as a display memory for a liquid crystal
display (LCD) driver. The color information can be scanned
from the memory onto a LCD panel. The color information
can be scanned from the memory in response to the scan clock
signal to control colors of pixels of the LCD panel. The color
information for each of the pixels of the LCD panel can be
written to the memory in response to the write clock signal.
[0035] Insome further embodiments, the color information
for an entire screen of pixels of the LCD panel can be repeti-
tively scanned at a rate corresponding to the scan time. The
color information for an entire screen of pixels of the LCD
panel can be repetitively written to the memory at a rate
corresponding to the write time.

[0036] Some other embodiments of present invention are
directed to a LCD device that includes an LCD panel, a
controller, and an LCD driver. The controller is configured to
receive image data from circuitry external to the LCD device
and to generate a write clock signal defining a write time. The
LCD driver is configured to store image data from the con-
troller at a rate defined by the write time of the write clock
signal, to generate a scan clock signal having a scan time, and
to generate an image signal in response to the stored image
data. The image signal has a rate defined by the scan time of
the scan clock signal. The LCD driver scans the image signal
into the LCD panel at a rate defined by the scan time of the
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scan clock signal to display an image on the LCD panel. The
controller regulates the write time of the write clock signal in
response to a comparison of the scan time of the scan clock
signal to the write time of the write clock signal.

[0037] In some further embodiments, the controller detects
the write time of the write clock signal, detects the scan time
of the scan clock of the scan clock signal, compares the scan
time of the scan clock signal to the write time of the write
clock signal, and adjusts the write time of the write clock
signal in response to the comparison.

[0038] In some further embodiments, the controller adjusts
the write time of the write clock signal to the equal to the scan
time of the scan clock signal.

[0039] In some further embodiments, the LCD driver com-
prises a memory, and writes image data from the controller
into the memory at a rate defined by the write time of the write
clock signal.

[0040] In some further embodiments, the LCD driver fur-
ther includes an oscillator that generates the scan clock signal.
[0041] In some further embodiments, the LCD driver fur-
ther includes a source driver that is configured to read the
image data from the memory and to output the image signal to
the LCD panel at a rate defined by the write time of the write
clock signal, and includes a gate driver that is configured to
respond to the write clock signal to control a position where
the image signal is to be displayed.

[0042] In some further embodiments, the controller
responds to the write time being greater than the scan time by
reducing the write time, and responds to the write time being
less than the scan time by increasing the write time. The
controller may adjust the write time to be equal to the scan
time.

[0043] In some further embodiments, the LCD driver
includes a memory. The image data includes color informa-
tion. The LCD driver is further configured to output the color
information from the memory to the LCD panel to control
colors of pixels of the LCD panel in response to the scan clock
signal. The LCD driver may be further configured to repeti-
tively display the color information for an entire screen of
pixels of the LCD panel at a rate corresponding to the scan
time, and to repetitively write to the memory the color infor-
mation for an entire screen of pixels of the LCD display at a
rate corresponding to the write time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The above and other features and potential advan-
tages of the present invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

[0045] FIG. 1A illustrates a conventional liquid crystal dis-
play (LCD) device;

[0046] FIG. 1B is a timing diagram that illustrates relative
timing between the write clock signal CLK_W and the scan
clock signal CLK_FLM and operation thereof, and further
illustrates a tearing effect that occurs during the operation of
the LCD device of FIG. 1A,

[0047] FIG. 1C illustrates an LCD screen that may occur as
aresult of a tearing effect caused by the signal timing of FIG.
1B;

[0048] FIG. 2A illustrates a conventional LCD device that
is configured to attempt to prevent the occurrence of a tearing
effect;
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[0049] FIG. 2B is a block diagram that illustrates various
operations of the controller and the LCD driver illustrated in
FIG. 24,

[0050] FIG. 2C is a timing diagram that illustrates relative
timing between the write clock signal CLK_W and the scan
clock signal CLK_FLM during the operation of the LCD
device of FIG. 2A,;

[0051] FIG. 3 is a flowchart of methods for reducing/avoid-
ing the tearing effect according to a first exemplary embodi-
ment of the present invention;

[0052] FIG. 4A illustrates an LCD device configured to
reducing/avoid the tearing effect according to a second exem-
plary embodiment of the present invention; and

[0053] FIG. 4B is a timing diagram that illustrates relative
timing between the write clock signal CLK_W and the scan
clock signal CLK_FLM during exemplary operation of the
LCD device of FIG. 4A.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0054] The present invention is described more fully here-
inafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This inven-
tion may, however, be embodied in many different forms and
should not be construed 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 invention to those skilled in the art. In
the drawings, the sizes and relative sizes of layers and regions
may be exaggerated for clarity.

[0055] It will be understood that when an element or layer
1s referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like reference numer-
als refer to like elements throughout. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items.

[0056] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer ot section
without departing from the teachings of the present invention.
[0057] Is The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. 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” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0058] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
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as commonly understood by one of ordinary skill in the art to
which the present invention 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
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.

[0059] FIG. 3is a flowchart of methods for reducing/avoid-
ing a tearing effect according to a first exemplary embodi-
ment of the present invention.

[0060] Referring to FIG. 3, a write clock signal CLK_W
generated by a controller is detected in operation 301. More
particularly, the active period duration (time) of the write
clock signal CLK_W can be detected. Hereinafter, the active
period duration of the write clock signal CLK_W will be
referred to as “write time.” The write clock signal CLK_W is
used by the controller to write image data through a write
operation into a memory in the LCD driver.

[0061] A scanclock signal CLK_FLM is detected in opera-
tion 305. The scan clock signal CLK_FLM is used by the
LCD driver to perform a scan operation with respect to an
LCD panel, so as to scan image data from the memory into an
image that is displayed on the LCD panel. The active period
duration (time) of the scan clock signal CLK_FLM 1is
detected. Hereinafter, the active period duration of the scan
clock signal CLK_FLM will be referred to as “scan time.”
[0062] A determination is made in operation 310 as to
whether the scan time of the scan clock signal CLK_FLM and
the write time of the write clock signal CLK_W are equal to
each other. If not, a further determination is carried out in
operation 315 as to whether the write time is greater than the
scan time.

[0063] When the write time is greater than the scan time,
the write time of the write clock signal CLK_W is reduced in
operation 317 to be equal to the scan time.

[0064] When the write time is less than the scan time, the
write time of the write clock signal CLK_W is increased in
operation 319 to be equal to the scan time.

[0065] When the scan time and the write time are equal to
each other, in operation 310, the controller writes image data
in operation 320 to the memory of the LCD driver synchro-
nously with the adjusted write clock signal CLK_W.

[0066] The LCD driver then performs in operation 325 a
scan operation to display the image data on the LCD panel
synchronously with the scan clock signal CLK_FLM.
[0067] Accordingly, the write time of the write clock signal
CLK_W isadjusted (regulated) in responseto the scan time of
the scan clock CLK_FLM, so as to cause the controller to
write image data at the same speed that the LCD driver scans
image data onto the LCD panel. Consequently, an intersect-
ing timing point between the write clock signal CLK_W and
the scan clock signal CLK_FLM is avoided, which may pre-
vent the occurrence of a tearing effect in the image displayed
in the LCD panel. Moreover, the write clock signal CLK_W
can be dynamically adjusted to respond to changes in the
operating frequency of the scan clock signal CLK_FLM,
which can thereby compensate for signaling changes from
circuitry that is external to the LCD device.

[0068] FIG. 4A illustrates an LCD device 400 that is con-
figured to reduce/avoid occurrence of a tearing effect and a
display image in accordance with a second exemplary
embodiment of the present invention. The LCD device 400
may be configured to operate according to the methods
described above with regard to FIG. 3.
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[0069] Referring to FIG. 4A, the LCD device 400 includes
an LCD panel 401, an LCD driver 410, and a controller 420.
The LCD driver 410 includes a source driver/gate driver 411,
a memory 413, and an oscillator 415.

[0070] The source driver/gate driver 411 retrieves image
data that is stored in the memory 413 and outputs, in response
thereto, an image signal to the LCD panel 401 in response to
a control signal generated by the controller 420. The image
signal may contain image data that was received from cir-
cuitry external to the LCD device 400, or may include image
data that has been further processed 1o, for example, cancel
noise and/or improve image that will be displayed. The image
signal may be, for example, a red(R)/green(G)/blue(B) sig-
nal.

[0071] The source driver/gate driver 411 responds to the
control signal from the controller 420 by controlling position-
ing of where the image signal is to be displayed on the LCD
panel 401.

[0072] The oscillator 415 generates a scan clock signal
CLK_FLM that is used by the LCD driver 110 to scan the
image signal from the source driver/gate driver 411 onto the
LCD panel 401 for display.

[0073] The controller 420 controls display of the image
data onto the LCD panel 401. The controller 420 may, for
example, process image data that is received from an external
complementary metal-oxide-semiconductor (CMOS) image
sensor to generate image data, and/or it may determine when
and how the generated image data is to be displayed on the
LCD panel 401. The controller 120 generates and outputs
control signals such as a CS signal, a WR signal, a DATA
signal and the like, so that the image data can be output to the
LCD driver 410 and displayed through the LCD panel 401.
[0074] The CS signal is a chip selection signal that is used
to select and enable individual pixels on the LCD panel 401,
so that the individual pixels can be controlled in response to
the image data to display a screen image on the LCD panel
401. The WR signal is a write clock signal that is used to write
data, which is received from circuitry external to the LCD
device 400, into a memory 413 in the LCD driver 410. As
described above, the write clock signal is referred to as CLK _
W. The DATA signal contains image data that is received from
circuitry external to the LCD device 400.

[0075] The controller 420 generates the control signals in
order to define which pixels and at what time image data is to
be displayed, and thereby controls the display of the image
data on the LCD panel 410 through the LCD driver 410.
[0076] The controller 420 receives scan time information
FLM for the scan clock signal CLK_FLM from the oscillator
415. The controller 420 adjusts a write time of the write clock
signal CLK_W generated inside the controller 420 in
response to the scan time information FLM. Adjustment of
the write clock signal CLK_W by adjustment of the write
time may, for example, be carried out only once during an
initial stage of displaying a moving image. Alternatively, the
write clock signal CLK_W may be repetitively adjusted, such
as being periodically adjusted at defined intervals.

[0077] As described above, the conventional LCD device
200 of FIG. 2A receives a synchronization information signal
FLM_Vsync of the scan clock signal CLK_FLM in response
to activation of the write clock signal CLK_W. For this rea-
son, the LCD device 200 needs to include a separate processor
to avoid the need for interrupt processing. In sharp contrast,
the LCD device 400 may be configured to operate withoutuse
of a separate processor and while avoiding the need for inter-
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rupt processing. Moreover, by dynamically changing the
write time in response to variation in the scan time, the occur-
rence of tearing effect in displayed images may be reduced/
prevented.

[0078] FIG. 4B is a timing diagram that illustrates relative
timing between the write clock signal CLK_W and the scan
clock signal CLK_FLM during exemplary operation of the
LCD device 400 illustrated in FIG. 4A.

[0079] According to the present example, the LCD device
400 has a write time T2 and a scan time T1 which are equal to
each other, such that the speed at which image data is written
to the memory 413 is equal to the speed at which image data
is scanned onto the LCD panel 401. Consequently, the write
clock signal CLK_W and the scan clock signal CLK_FLM
may not exhibit the intersecting timing and intersecting point
“a” shown in FIG. 1A. Consequently, the LCD device 400
may not exhibit a tearing effect in displayed images.

[0080] As described above, when a write clock signal of a
display memory and a scan clock signal for the display are
asynchronous relative to one another, the tearing effect in
displayed images can be reduced/avoided without necessitat-
ing the use of a separate processor for synchronization and
interrupt processing. Because the write time and scan time
can be made equal, a tearing effect may be prevented/reduced
in displayed images despite variations in the frequency of an
LCD driver and/or in clock signals.

[0081] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and detail may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:

1. A method of operating a display device, the method
comprising:

detecting a scan time of a scan clock signal of the display;

detecting a write time of a write clock signal that writes

data into a memory for display on the display; and
regulating the write time in response to a comparison of the
scan time to the write time.

2. The method of claim 1, wherein regulating the write time
comprises adjusting the write time of the write clock signal to
be equal to the scan time of the scan clock signal.

3. The method of claim 1, wherein regulating the write time
comprises:

when the write time is greater than the scan time, reducing

the write time in response to the difference between the
write time and the scan time; and

when the write time is less than the scan time, increasing

the write time in response to the difference between the
write time and the scan time.

4. The method of claim 1, further comprising:

writing color information to the memory at a rate that is

controlled by the regulated write time of the write clock
signal, wherein the memory is configured as a display
memory for a liquid crystal display (LCD) driver; and

scanning the color information from the memory onto a

LCD panel.

5. The method of claim 4, wherein scanning the color
information from the memory onto a LCD panel comprises
scanning the color information from the memory in response
to the scan clock signal to control colors of pixels of the LCD
panel.
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6. The method of claim 5, wherein writing color informa-
tion to the memory comprises writing the color information
for each of the pixels of the LCD panel to the memory in
response to the write clock signal.

7. The method of claim 6, further comprising:

repetitively scanning the color information for an entire
screen of pixels of the LCD panel at a rate corresponding
to the scan time; and

repetitively writing to the memory the color information
for an entire screen of pixels of the LCD panel at a rate
corresponding to the write time.

8. A liquid crystal display (LCD) device comprising:

a LCD panel,

a controller that is configured to receive image data from
circuitry external to the LCD device and to generate a
write clock signal defining a write time; and

an LCD driver that is configured to store image data from
the controller at a rate defined by the write time of the
write clock signal, to generate a scan clock signal having
a scan time, and to generate an image signal in response
to the stored image data, the image signal having a rate
defined by the scan time of the scan clock signal,

wherein the LCD driver scans the image signal into the
LCD panel at a rate defined by the scan time of the scan
clock signal to display an image on the LCD panel, and

wherein the controller regulates the write time of the write
clock signal in response to a comparison of the scan time
of the scan clock signal to the write time of the write
clock signal.

9. The LCD device of claim 8, wherein the controller
detects the write time of the write clock signal, detects the
scan time of the scan clock of the scan clock signal, compares
the scan time of the scan clock signal to the write time of the
write clock signal, and adjusts the write time of the write
clock signal in response to the comparison.

10. The LCD device of claim 9, wherein the controller
adjusts the write time of the write clock signal to be equal to
the scan time of the scan clock signal.

11. The LCD device of claim 9, wherein:

the LCD driver comprises a memory; and

the LCD driver writes the image data from the controller
into the memory at arate defined by the write time of the
write clock signal.

12. The LCD device of claim 11, wherein the LCD driver
further comprises an oscillator that generates the scan clock
signal.

13. The LCD device of claim 11, wherein the LCD driver
further comprises:

a source driver that is configured to read the image data
from the memory and to output the image signal to the
LCD panel at a rate defined by the write time of the write
clock signal; and

a gate driver that is configured to respond to the write clock
signal to control a position where the image signal is to
be displayed.

14. The LCD device of claim 10, wherein the controller
responds to the write time being greater than the scan time by
reducing the write time, and responds to the write time being
less than the scan time by increasing the write time.

15. The LCD driver of claim 14, wherein the controller
adjusts the write time to be equal to the scan time.

16. The LCD device of claim 8, wherein:

the LCD driver comprises a memory;

the image data comprises color information; and
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the LCD driver is further configured to output the color

information from the memory to the LCD panel to con-

trol colors of pixels of the LCD panel in response to the
scan clock signal.

17. The LCD device of claim 16, wherein the LCD driver is

further configured to repetitively display the color informa-
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tion for an entire screen of pixels of the LCD panel at a rate
corresponding to the scan time, and to repetitively write to the
memory the color information for an entire screen of pixels of
the LCD display at a rate corresponding to the write time.

LI T T



TRBR(F) WA RS REGP RN 5 EFNR &
K (BE)S US20080174540A1

BRiES US11/821808

FRIBBE(FFROAF) =ZEaFHhatt

BE (T I A () SAMSUNG ELECTRONICS CO. , LTD.
LHFTERIE (LRI A(F) SAMSUNG ELECTRONICS CO. , LTD.

[#RI &8 A LEE JAE HOON

KREBA LEE, JAE-HOON

IPCHE& G09G3/36

CPCHZES G09G2340/0435 G09G5/395

i £ 1020070007251 2007-01-23 KR
H A0 FF Sk US8330697

SNERaE Espacenet USPTO

BEGR)

NFTRDEREREGPNHRBUNO G ENBAXNRRERRE,
BN ERENHENSHESHABNE, EARNSESHNEANE |, %
EANBESHHEEAFHBUEL RE LER. WETFAKNHE
SRR RSB #{E S B E Y EEBRR AT B,

LINE 180

patsnap

EREE
N (E)H 2008-07-24
RiFH 2007-06-26
CLINE 1 401 ’{w
‘LCD PANE! L

T

410

411

/GATE DRIVER

SOURCE DRIVER

MEMORY

- 413

415

OSCILLATOR

ifi

FLM
420

CONTROLLER



https://share-analytics.zhihuiya.com/view/7d308281-7c47-47d1-a3ea-ebe044b8ad52
https://worldwide.espacenet.com/patent/search/family/039628316/publication/US2008174540A1?q=US2008174540A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080174540%22.PGNR.&OS=DN/20080174540&RS=DN/20080174540

