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Fig. 4
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DISPLAY DRIVER INTEGRATED CIRCUITS AND
LIQUID CRYSTAL DISPLAYS HAVING THE SAME

PRIORITY STATEMENT

[0001] This U.S. non-provisional patent application
claims priority under 35 US.C. § 119 to Korean Patent
Application No. 10-2006-0065042 filed on Jul. 11, 2006 in
the Korean Intellectual Property Office (KIPO), the entire
contents of which are incorporated herein by reference.

BACKGROUND

[0002] Information processing apparatuses may have vari-
ous patterns, functions and increasing operation rates. Dis-
play units may be included in information processing appa-
ratuses to enable users to monitor results of processing
information. Flat panel display units may be used to reduce
size and/or power consumption.

[0003] A conventional flat panel display unit such as a
liquid crystal display (LCD) may embed a gate driver IC by
way of tape carrier package (TCP) or chip-on-glass (COG),
but reducing these architectures in terms of cost and/or
topological design may be limited. LCD structures do not
include driver ICs, for example, a plurality of shift registers
with amorphous-silicon thin film transistors (a-Si TFTs)
conducting operations accomplished by the conventional
gate driver IC.

[0004] The plurality of shift registers employing a-Si TFTs
may be formed on a liquid crystal panel. Driver control
signals for controlling the shift registers may be different
from those for controlling the conventional gate driver IC.
Thus, a display driver IC (DDI) for converting control
signals, which are output from a timing controller, into the
driver control signals for the plurality of shift registers may
be needed.

[0005] A conventional DDI may be connected to a liquid
crystal panel in a COG, chip-on-flexible-printed-circuit
(COF), or anisotropic conductive film (ACF). Because sig-
nal lines connecting a DDI with a liquid crystal panel is
arranged on a two-dimensional plane, the DDI is joined or
attached to a specific position of the liquid crystal panel.

[0006] A DDI may be coupled to multiple positions or
portions of a liquid crystal panel in an LCD. But, joining a
DDI with a liquid crystal panel without tangling signal lines
interconnecting the DDI and the liquid crystal panel may be
relatively difficult.

SUMMARY

[0007] Example embodiments relate to liquid crystal dis-
play (LCD) apparatuses, for example, display driver inte-
grated circuits (IC) and liquid crystal displays having the
same.

[0008] Example embodiments are directed to LCDs
capable of joining or attaching a display driver integrated
circuit (DDI) to a liquid crystal panel in a plurality of
positions. Example embodiments also provide DDIs capable
of being joined or attached to multiple positions of a liquid
crystal panel.

[0009] In at least one example embodiment, a display
driver may include a display driver integrated circuit. The
display driver integrated circuit may determine a correspon-
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dence between a plurality of clock signals and a plurality of
terminals in accordance with a position at which the display
driver integrated circuit is attached to a liquid crystal panel,
and output the plurality of clock signals to the liquid crystal
panel through the plurality of terminals based on the deter-
mined correspondence.

[0010] According to at least one example embodiment, a
liquid crystal display may include a liquid crystal panel and
a display driver. The liquid crystal panel may include a
plurality of gate lines, a plurality of source lines, an array of
pixels arranged at intersections of the gate and source lines,
and a gate driver connected to the gate lines and operating
the gate lines in response to the plurality of clock signals.
The display driver may include a display driver integrated
circuit. The display driver integrated circuit may determine
a correspondence between a plurality of clock signals and a
plurality of terminals in accordance with a position at which
the display driver integrated circuit is attached to a liquid
crystal panel, and output the plurality of clock signals to the
liquid crystal panel through the plurality of terminals based
on the determined correspondence.

[0011] According to at least one example embodiment, a
liquid crystal display may include a liquid crystal panel and
a display driver integrated circuit providing plurality of
clock signals to the liquid crystal panel through plurality of
terminals. The liquid crystal panel may include a plurality of
gate lines, a plurality of source lines, an array of pixels
arranged at intersections of the gate and source lines, and a
gate driver connected to the gate lines and operating the gate
lines in response to the plurality of clock signals. The display
driver integrated circuit may determine a correspondence
between the plurality of clock signals and the plurality of
terminals in accordance with positions of joining with the
liquid crystal panel.

[0012] According to at least some example embodiments,
the display driver integrated circuit may be joined or
attached to the liquid crystal panel by way of chip-on-glass.
The gate driver may include plurality of gate driver units
connected each to the gate lines, and may sequentially drive
the gate lines in response to a vertical sync start signal. The
display driver integrated circuit may include a clock gen-
erator configured to generate the plurality of clock signals,
and a switching circuit for outputting the plurality of clock
signals in correspondence with the plurality of terminals one
by one in response to a selection signal.

[0013] Inaliquid crystal display, according to at least one
other example embodiment, a liquid crystal panel may
include a plurality of gate lines, a plurality of source lines,
an array of pixels arranged at intersections of the gate and
source lines. A display driver integrated circuit may provide
first through fourth clock signals to the liquid crystal panel
through first through fourth terminals. A first gate driver may
be connected to the gate lines of a first group and may
operate the gate lines of the first group in response to the first
and second clock signals. A second gate driver may be
connected to the gate lines of a second group and may
operate the gate lines of the second group in response to the
third and fourth clock signals. The display driver integrated
circuit may define the first through fourth clock signals to be
output to the plurality of terminals based on positions to
which the display driver integrated circuit is attached to the
driver of the liquid crystal panel.
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[0014] According to at least some example embodiments,
the display driver integrated circuit may include a clock
generator configured to generate the first through fourth
clock signals, and a switching circuit configured to output
the first through fourth clock signals corresponding to the
first through fourth terminals one by one in response to
selection signals. If the display driver integrated circuit is
joined or attached on a first side of the liquid crystal panel,
the switching circuit may output the first and second clock
signals to the second and first terminals, respectively, and
may output the third and fourth clock signals to the fourth
and third terminals, respectively. If the display driver inte-
grated circuit is joined or attached on a second side of the
liquid crystal panel, the switching circuit may output the first
and second clock signals to the third and fourth terminals,
respectively, and may output the third and fourth clock
signals to the first and second terminals, respectively.

[0015] According to at least some example embodiments,
the display driver integrated circuit may provide the liquid
crystal panel with plurality of source drive signals for
activating the plurality of source lines, through plurality of
data output terminals. If the display driver integrated circuit
is joined or attached on a second side of the liquid crystal
panel, the display driver integrated circuit may output plu-
rality of source drive signals to the plurality of data output
terminals in a reverse sequence. The source drive signals
may activate the plurality of source lines. The first and
second sides may be opposite to each other on the array of
the pixels.

[0016] According to at least some example embodiments,
if the display driver integrated circuit is joined or attached
under a first side of the liquid crystal panel, the switching
circuit may output the first and second clock signals to the
fourth and third terminals, respectively, and may output the
third and fourth clock signals to the second and first termi-
nals, respectively. If the display driver integrated circuit is
joined or attached under a second side of the liquid crystal
panel, the switching circuit may output the first and second
clock signals to the first and second terminals, respectively,
and may output the third and fourth clock signals to the third
and fourth terminals, respectively.

[0017] According to at least some example embodiments,
if the display driver integrated circuit is joined or attached
under a first side of the liquid crystal panel, the display
driver integrated circuit may output plurality of source drive
signals to the plurality of data output terminals in a reverse
sequence. The plurality of source drive signals may activate
the plurality of source lines. The first gate driver may include
plurality of first gate driver circuits connected each to the
first gate lines and the second gate driver may include a
plurality of second gate driver circuits connected each to the
second gate lines. The first gate driver may drive (e.g.,
sequentially) the first gate lines in sync with a first vertical
sync start signal and the second gate driver may drive (e.g.,
sequentially) the second gate lines in sync with a second
vertical sync start signal. The first through fourth clock
signals may have the same or substantially the same fre-
quency, while the first and second clock signals may be
contrary to each other in phase. The third and fourth clock
signals may be contrary to each other in phase, and the first
and second clock signals may be different from the third and
fourth clock signals in phase by about a Y4 cycle.
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[0018] At least one other example embodiment provides a
display driver integrated circuit including a timing control-
ler, a source driver and a clock generator. The timing
controller may be configured to output an image data signal,
a control signal and first and second selection signals. The
source driver may be configured to drive a plurality of
source lines in response to the image data signal and the
control signal. The clock generator may be configured to
output a plurality of clock signals to a plurality of terminals,
for example, the clock generator may output each of the
plurality of clock signals to one of the plurality of terminals
based on the first and second selection signals.

[0019] According to at least some example embodiments,
the clock generator may include a clock generation circuit
for generating the first through fourth clock signals and a
switching circuit for outputting the first through fourth clock
signals in correspondence with the first through fourth
terminals one by one in response to the first and second
selection signals. The first through fourth clock signals may
have the same or substantially the same frequency and the
first and second clock signals may be contrary to each other
in phase. The third and fourth clock signals may be contrary
to each other in phase, and the first and second clock signals
may be different from the third and fourth clock signals in
phase by about a Y2 cycle.

BRIEF DESCRIPTION OF THE FIGURES

[0020] Example embodiments will be described with ref-
erence to the following figures, wherein like reference
numerals refer to like parts throughout the various figures
unless otherwise specified. In the figures:

[0021] FIG. 1 is a block diagram illustrating an organiza-
tion of a liquid crystal display according to an example
embodiment;

[0022] FIG. 2 is a block diagram illustrating a more
detailed, example structure of the first and second gate
drivers shown in FIG. 1;

[0023] FIGS. 3 through 6 are diagrams showing example
operations of a plurality of clock signals output from a
plurality of output terminals of a display driver IC according
to example embodiments;

[0024] FIG. 7 is a block diagram illustrating a more
detailed, example structure of a clock generator according to
an example embodiment; and

[0025] FIG. 8 is a timing diagram of the first through
fourth clock signals generated from the clock generator
shown in FIG. 7.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0026] Various example embodiments of the present
invention will now be described more fully with reference to
the accompanying drawings in which some example
embodiments of the invention are shown. In the drawings,
the thicknesses of layers and regions are exaggerated for
clarity.

[0027] Detailed illustrative embodiments of the present
invention are disclosed herein. However, specific structural
and functional details disclosed herein are merely represen-
tative for purposes of describing example embodiments of
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the present invention. This invention may, however, may be
embodied in many alternate forms and should not be con-
strued as limited to only the embodiments set forth herein.

[0028] Accordingly, while example embodiments of the
invention are capable of various modifications and alterna-
tive forms, embodiments thereof are shown by way of
example in the drawings and will herein be described in
detail. It should be understood, however, that there is no
intent to limit example embodiments of the invention to the
particular forms disclosed, but on the contrary, example
embodiments of the invention are to cover all modifications,
equivalents, and alternatives falling within the scope of the
invention. Like numbers refer to like elements throughout
the description of the figures.

[0029] Tt will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only 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 element, without departing from the scope of
example embodiments of the present invention. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0030] 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
intervening elements present. Other words used to describe
the relationship between elements should be interpreted in a
like fashion (e.g., “between” versus “directly between”,
“adjacent” versus “directly adjacent”, etc.).

[0031] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of example embodiments 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 under-
stood that the terms “comprises”, “comprising,”, “includes”
and/or “including”, when used herein, specify 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 features, integers, steps,

operations, elements, components, and/or groups thereof.

[0032] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of
the order noted in the figures. For example, two figures
shown in succession may in fact be executed substantially
concurrently or may sometimes be executed in the reverse
order, depending upon the functionality/acts involved.

[0033] FIG. 1 is a block diagram illustrating a liquid
crystal display (LCD) according to an example embodiment.
Referring to FIG. 1, the LCD may include a liquid crystal
panel 100 and a display driver integrated circuit (DDI) 150.
The liquid crystal panel 100 may employ, for example,
amorphous-silicon thin film transistors (a-Si TFTs) or the
like. First and second gate drivers 120 and 130 may be
formed on a glass substrate including a pixel array 110. The
first and second gate drivers 120 and 130 may drive gate
lines G1~Gn.
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[0034] The pixel array 110 may include a plurality of the
gate lines G1~Gn, a plurality of source lines S1~Sm, and a
plurality of pixels (not shown) formed at regions defined by
intersections of the gate lines G1~Gn and source lines
S1~Sm. Each pixel may include a switching element (not
shown) connected to corresponding gate and source lines,
and liquid crystal and storage capacitors (not shown) con-
nected to the switching element.

[0035] The first gate driver 120 may be arranged at a first
side of the pixel array 110. The first gate driver 120 may
drive (e.g., sequentially drive) a first group of gate lines, for
example, the gate lines G1, G3, . . ., Gn-1 (hereinafter,
G1~Gn-1). The first gate driver 120 may drive the first group
of gate lines G1~Gn-1 in sync with a first vertical start signal
STV1 and first and second clock signals CKV1 and CKV2
provided from the DDI 150. The second gate driver 130 may
be arranged at a second side of the pixel array 110. For
example, the second gate driver 130 may be arranged
opposite the first gate driver 120. The second gate driver 130
may drive (e.g., sequentially drive) a second group of gate
lines, for example, gate lines G2, G4, . . ., Gn (hereinafter,
G2~Gn). The second group of gate lines G2~Gn may be in
sync with a second vertical start signal STV2 and third and
fourth clock signals CKV3 and CKV4 provided from the
DDI 150.

[0036] FIG. 2 is a block diagram illustrating a more
detailed, example structure of the first and second gate
drivers 120 and 130 shown in FIG. 1.

[0037] Referring to FIG. 2, the first gate driver 120 may
include plurality of shift registers 121~124, each corre-
sponding to one of the gate lines G1~Gn-1 in the first group
of gate lines. If the first vertical start signal STV1 is
activated, the shift register 121 may drive the gate line G1
in response to the first clock signal CKV1. By activating the
gate line G1, the shift register 122 may drive the gate line G3
in response to the second clock signal CKV2. Accordingly,
the gate lines G1~Gn-1 of the first group may be activated
in sequence or sequentially.

[0038] The second gate driver 130 may include plurality
of shift registers 131~134, each corresponding to one of the
gate lines in the second group of the gate lines G2~Gn. If the
second vertical start signal STV2 is activated, the shift
register 131 may drive the gate line G2 in response to the
third clock signal CKV3. By activating the gate line G2, the
shift register 132 may drive the gate line G4 in response to
the fourth clock signal CKV4. Accordingly, the gate lines
G2~Gn of the second group may be activated in sequence or
sequentially.

[0039] Returning to FIG. 1, the DDI 150 may be joined or
attached to the liquid crystal panel 100 in a COG, COF, ACF
or the like. The DDI 150 may include a timing controller
152, a memory controller 154, a memory 156 and/or a
source driver 160.

[0040] The timing controller 152 may receive an image
data signal RGB, a horizontal sync signal HSYNC, a vertical
sync signal VSYNC and a data-enabling signal DE from an
external system. The timing controller 152 may output an
image data signal RGB' and control signals for driving the
liquid crystal panel 100.

[0041] The memory controller 154 may store the image
data signal RGB' in the memory 156, and output the image
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data signal RGB' to the source driver 160. The memory
controller 154 may determine a position of the memory 156
in which the image data signal RGB' may be stored. The
memory controller 154 may store the image data signal
RGB! according to a selection signal SEL3 output from the
timing controller 152.

[0042] The memory 156 may have a size or storage
capacity capable of storing the image data signals RGB' for
driving a line or frame of the pixel array 110.

[0043] The source driver 160 may drive the source lines
S1~Sm using the image data signals RGB' from the memory
156, in response to control operation by the timing controller
152.

[0044] The clock generator 158 may generate the first
through fourth clock signals CKV1~CKV4. The clock gen-
erator 158 may apply the first through fourth clock signals
CKV1~CKV4 to the first and second gate drivers 120 and
130 in response to first and second selection signals SEL1
and SEL2 from the timing controller 152. The first through
fourth clock signals CKV1~CKV4 may be output through
output terminals OUT1~OUT4.

[0045] As illustrated in FIG. 1, the DDI 150 may be joined
or attached to a top portion of a lower side or end of the
liquid crystal panel 100. Based on the position at which the
DDI 150 is joined or attached to the liquid crystal panel 100
(e.g., above or below, the upper or lower end), the first
through fourth clock signals CKV1~CKV4 may be output
on corresponding output terminals OUT1~OUT4 to sup-
press and/or prevent intersections among signal lines sup-
plying the first through fourth clock signals CKV1~CKV4 to
the liquid crystal panel 100.

[0046] FIGS. 3 through 6 are diagrams showing example
operations of the first through fourth clock signals
CKV1~CKV4 output from the first through fourth output
terminals OUT1~OUT4 of a display driver IC according to
a position at which the display driver IC is joined or attached
to a liquid crystal panel.

[0047] FIG. 3 shows an example case of joining a DDI 350
on a top portion of the lower side or end of a liquid crystal
panel 300. Referring to FIG. 3, the first output terminal
OUT1 may be disposed at the left upper end of the DDI 350
and the second output terminal OUT2 may be disposed at the
lower left. The third output terminal OUT3 may be disposed
at the upper right and the fourth output terminal OUT4 may
be disposed at the lower right in the DDI 350. To suppress
and/or prevent tangle of signal lines supplying the clock
signals CKV1~CKV4 to first and second drivers 320 and
330 of the liquid crystal panel 300, the first, second, third,
and fourth output terminals, OUT1, OUT2, OUT3, and
OUT4 may be arranged to output the second, first, fourth,
and third clock signals, CKV2, CKV1, CKV4, CKV3,
respectively. Accordingly, the first through fourth clock
signals CKV1~CKV4 may be output to the first and second
drivers 320 and 330 with little or no intersection among the
signal lines.

[0048] FIG. 4 shows another example case of joining a
DDI 450 on a top portion of an upper side or end of a liquid
crystal panel 400. Referring to FIG. 4, the first, second, third,
and fourth output terminals, OUT1, OUT2, OUT3, and
OUT4 of the DDI 450 may be arranged to output the third,
fourth, first, and second clock signals, CKV3, CKV4,
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CKV1, CKV2, respectively. Accordingly, intersection
among the signal lines supplying the first through fourth
clock signals CKV1~CKV4 to first and second drivers 420
and 430 of the liquid crystal panel 400 may be suppressed
and/or prevented.

[0049] FIG. 5 shows another example case of attaching or
joining a DDI 550 to a bottom portion of a lower side or end
of a liquid crystal panel 500. Referring to FIG. 5, the first,
second, third, and fourth output terminals, OUT1, OUT2,
OUT3, and OUT4 of the DDI 550 may be arranged to output
the fourth, third, second, and first clock signals, CKV4,
CKV3, CKV2, CKV1, respectively. Accordingly, intersec-
tion among the signal lines supplying the first through fourth
clock signals CKV1~CKV4 to first and second drivers 520
and 530 of the liquid crystal panel 500 may be suppressed
and/or prevented.

[0050] FIG. 6 shows another example case of joining or
attaching a DDI 650 to a bottom portion of a lower side or
end of a liquid crystal panel 600. Referring to FIG. 6, the
first, second, third, and fourth output terminals, OUTI,
OUT2, OUT3, and OUT4 of the DDI 650 may be arranged
to output the first, second, third, and fourth clock signals,
CKV1, CKV2, CKV3, CKV4, respectively. Accordingly,
intersection among the signal lines supplying the first
through fourth clock signals CKV1 CKV4 to first and
second drivers 620 and 630 of the liquid crystal panel 600
may be suppressed and/or prevented.

[0051] As illustrated in FIGS. 3 through 6, each of the first
through fourth clock signals CKV1~CKV4 may correspond
to one of the first through fourth output terminals
OUT1~0UT4 in accordance with positions at which a DDI
is joined or attached to the liquid crystal panel. As a result,
intersection and/or tangle among the signal lines supplying
the first through fourth clock signals CKV1~CKV4 to first
and second drivers of the liquid crystal panel may be
suppressed and/or prevented.

[0052] FIG. 7 is a block diagram illustrating a structure of
a clock generator according to an example embodiment. The
clock generator 158 in FIG. 7 may be used as the clock
generator 158 shown in FIG. 1.

[0053] Referring to FIG. 7, the clock generator 158 may
include a clock generation circuit or unit 710 and a selection
circuit or unit 720. The selection circuit 720 may include a
plurality of (e.g., eight) multiplexers 721~724 and 731~734.
Example operating waveforms for the first through fourth
clock signals CKV1~CKV4 generated by the clock genera-
tion circuit 710 are illustrated in FIG. 8.

[0054] Referring to FIG. 8, the first through fourth clock
signals CKV1~CKV4 may have the same or substantially
the same frequency. The first and second clock signals,
CKV1 and CKV2, may have different (e.g., opposite)
phases, and the third and fourth clock signals, CKV3 and
CKV4, may have different (e.g., opposite) phases. The first
and second clock signals, CKV1 and CKV2, may be differ-
ent from the third and fourth clock signals CKV3 and CKV4
in phase by about % cycle.

[0055] Returning to FIG. 7, the multiplexers, 721 and 722,
may receive the first and second clock signals CKV1 and
CKV2; while the multiplexers, 723 and 724, may receive the
third and fourth clock signals CKV3 and CKV4. The mul-
tiplexers 731 and 733 may receive outputs from the multi-
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plexers 721 and 723. The multiplexers 732 and 734 may
receive outputs from the multiplexers 722 and 724. Each of
the multiplexers 721~724 may selectively output one of
input signals in response to the first selection signal SEL1
provided from the timing controller 152 shown in FIG. 1.
The multiplexer 731 may selectively output one of input
signals to the first output terminal OUT1 in response to the
second selection signal SEL2 provided from the timing
controller 152 shown in FIG. 1. The multiplexer 732 may
selectively output one of input signals to the second output
terminal OUT2 in response to the second selection signal
SEL2. The multiplexer 733 may selectively output one of
input signals to the third output terminal OUT3 in response
to the second selection signal SEL2. The multiplexer 734
may selectively output one of input signals to the fourth
output terminal OUT4 in response to the second selection
signal SEL2.

[0056] The clock generator 158 shown in FIG. 7 may
generate the first through fourth clock signals
CKV1~CKV4, and output one of the first through fourth
clock signals CKV1~CKV4 to each of the first through
fourth output terminals OUT1~OUT4, in response to the
selection signals SEL1 and SEL2. Thus, each of the first
through fourth clock signals CKV1~CKV4 may be selec-
tively output to each of the first through fourth output
terminals OUT1~OUT4 as desired.

[0057] Referring back to FIGS. 3 through 6, output posi-
tions of the source drive signals S1~Sm may be altered in
accordance with a position at which the DDI is joined or
attached to the liquid crystal panel. As shown in FIG. 3,
when the DDI 350 is attached to a top portion of a lower side
of the liquid crystal panel 300, the source drive signals
S1~Sm may be output through the source output terminals
SD1~SDm, respectively, in a forward sequence. Similarly,
as shown in FIG. 6, when the DDI 650 is attached to a
bottom portion of an upper side of the liquid crystal panel
600, the source drive signals S1~Sm may be output through
the source output terminals SD1~SDm, respectively, in a
forward sequence. In each of FIGS. 3 and 6, the first source
drive signal S1 may be output through the first source output
terminal SD1 and the last source drive signal Sm may be
output through the last source output terminal SDm.

[0058] As shown in FIG. 4, when the DDI 450 is attached
to a top portion of an upper side of the liquid crystal panel
400, the source drive signals S1~Sm may be output through
the source output terminals SD1~SDm, respectively, in a
reverse sequence. Similarly, as shown in FIG. 5, when the
DDI 550 is attached to a bottom portion of a lower side of
the liquid crystal panel 500, the source drive signals S1~Sm
may be output through the source output terminals
SD1~SDm, respectively, in a reverse sequence. For
example, in each of FIGS. 4 and 5, the first source drive
signal S1 may be output through the last source output
terminal SDm and the last source drive signal Sm may be
output through the first source output terminal SD1.

[0059] This corresponding relation between the source
drive signals S1~Sm and the source output terminals
SD1~SDm may be arranged by the memory controller
shown in FIG. 1. The memory controller 154 may store the
image data signals RGB' in the memory 156 from the timing
controller 152 in a forward sequence when the third selec-
tion signal SEL3 is at a first level (e.g., a logic high or low
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level). The memory controller 154 may store the image data
signals RGB' in the memory 156 from the timing controller
152 in the reverse sequence when the third selection signal
SEL3 is at a second level (e.g., a logic high or low level).
The image data signals RGB' stored in the memory 156 may
be output to the source driver 160 in accordance with control
operations by the timing controller 152 and the memory
controller 154. Thus, according to a position at which the
DDI is joined or attached to the liquid crystal panel, the
source drive signals S1~Sm through the source output
terminals SD1~SDm may be output in a forward or reverse
sequence.

[0060] As described above, the first through fourth clock
signals may correspond to the first through fourth output
terminals according to a position at which the DDI is
attached or joined to the liquid crystal panel. As a result,
intersection and/or tangle of the signal lines supplying the
first through fourth clock signals to first and second drivers
of the liquid crystal panel may be suppressed and/or pre-
vented. Accordingly, the DDI may be joined or attached to
various positions of the liquid crystal panel.

[0061] The above-disclosed subject matter is to be con-
sidered illustrative, and not restrictive, and the appended
claims are intended to cover all such modifications,
enhancements, and other example embodiments, which fall
within the true spirit and scope of the present invention.
Thus, to the maximum extent allowed by law, the scope of
the present invention is to be determined by the broadest
permissible interpretation of the following claims and their
equivalents, and shall not be restricted or limited by the
foregoing detailed description.

What is claimed is:
1. A display driver comprising:

a display driver integrated circuit configured to determine
a correspondence between a plurality of clock signals
and a plurality of terminals based on a position at which
the display driver is attached to a liquid crystal panel,
the display driver integrated circuit being further con-
figured to output the plurality of clock signals to the
liquid crystal panel through the plurality of terminals
based on the determined correspondence.

2. A liquid crystal display comprising:

the display driver as set forth in claim 1, and

a liquid crystal panel to which the display driver is
attached, the liquid crystal panel including,

an array of pixels arranged at intersections of a plurality
of gate lines and a plurality of source lines, and

a first gate driver connected to at least a portion of the
plurality of gate lines, the first gate driver being
configured to operate at least a portion of the plu-
rality of gate lines based on at least a portion of the
plurality of clock signals.

3. The liquid crystal display as set forth in claim 2,
wherein the first gate driver is connected to each of the
plurality of gate lines, and the first gate driver is configured
to operate the plurality of gate lines based on the plurality of
clock signals,

4. The liquid crystal display as set forth in claim 3,
wherein the display driver is attached to the liquid crystal
panel by way of chip-on-glass.
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5. The liquid crystal display as set forth in claim 3,
wherein the first gate driver includes, a plurality of first gate
driver circuits, each of the plurality of first gate driver
circuits corresponding to one of the plurality of gate lines.

6. The liquid crystal display as set forth in claim 3,
wherein the first gate driver sequentially drives the plurality
of gate lines in response to a vertical sync start signal.

7. The liquid crystal display as set forth in claim 3,
wherein the display driver integrated circuit includes,

a clock generator configured to generate the plurality of
clock signals, and

a switching circuit configured to output each of the
plurality of clock signals to one of the plurality of
terminals based on at least one selection signal.

8. The liquid crystal display as set forth in claim 2,
wherein the first gate driver is connected to a first group of
the plurality of gate lines, the first gate driver being config-
ured to operate the first group of the plurality of gate lines
based on a first and a second of the plurality of clock signals,
the liquid crystal display further including,

a second gate driver connected to a second group of the
plurality of gate lines, the second gate driver being
configured to operate the second group of the plurality
of gate lines based on a third and a fourth of the
plurality of clock signals.

9. The liquid crystal display as set forth in claim 8,

wherein the display driver integrated circuit includes,

a clock generator configured to generate the plurality of
clock signals, and

a switching circuit configured to output each of the
plurality of clock signals to one of the plurality of
terminals based on at least one selection signal.

10. The liquid crystal display as set forth in claim 9,
wherein the switching circuit outputs each of the plurality of
clock signals to a corresponding one of the plurality of
terminals based on an attachment position of the display
driver to the liquid crystal panel.

11. The liquid crystal display as set forth in claim 10,
wherein if the display driver is attached to a top portion of
a lower side of the liquid crystal panel, the switching circuit
outputs the first and second clock signals to a second and
first of the plurality of terminals, respectively, and outputs
the third and fourth clock signals to a fourth and third of the
plurality of terminals, respectively.

12. The liquid crystal display as set forth in claim 10,
wherein if the display driver is attached to a top portion of
an upper side of the liquid crystal panel, the switching circuit
outputs the first and second clock signals to a third and a
fourth of the plurality of terminals, respectively, and outputs
the third and fourth clock signals to a first and a second of
the plurality of terminals, respectively.

13. The liquid crystal display as set forth in claim 10,
wherein if the display driver is attached to a bottom portion
of a lower side of the liquid crystal panel, the switching
circuit outputs the first and second clock signals to a fourth
and third of the plurality of terminals, respectively, and
outputs the third and fourth clock signals to a second and
first of the plurality of terminals, respectively.

14. The liquid crystal display as set forth in claim 10,
wherein if the display driver is attached to a bottom portion
of an upper side of the liquid crystal panel, the switching
circuit outputs the first and second clock signals to a first and
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a second of the plurality of terminals, respectively, and
outputs the third and fourth clock signals to a third and a
fourth of the plurality of terminals, respectively.

15. The liquid crystal display as set forth in claim 8,
wherein the display driver integrated circuit is further con-
figured to output a plurality of source drive signals to the
liquid crystal panel for activating the plurality of source
lines, the plurality of source drive signals being output
through a plurality of data output terminals.

16. The liquid crystal display as set forth in claim 15,
wherein the display driver integrated circuit outputs the
plurality of source drive signals to the plurality of data
output terminals in a forward or reverse sequence based on
a side of the liquid crystal panel to which the display driver
is attached.

17. The liquid crystal display as set forth in claim 16,
wherein the plurality of source drive signals are output to the
plurality of data output terminals in a reverse sequence if the
display driver is attached to a bottom portion of a lower side
or a top portion of an upper side of the liquid crystal panel.

18. The liquid crystal display as set forth in claim 16,
wherein the plurality of source drive signals are output to the
plurality of data output terminals in a forward sequence if
the display driver is attached to a top portion of a lower side
or a bottom portion of an upper side of the liquid crystal
panel.

19. The liquid crystal display as set forth in claim 10,
wherein the first gate driver includes a plurality of first gate
driver circuits, each of the plurality of first gate driver
circuits being connected to a gate line in the first group of the
plurality of gate lines, and the second gate driver includes a
plurality of second gate driver circuits, each of the plurality
of second gate driver circuits being connected a gate line in
the second group of the plurality of gate lines.

20. The liquid crystal display as set forth in claim 19,
wherein the first gate driver sequentially drives the gate lines
in the first group of the plurality of gate lines in sync with
a first vertical sync start signal, and the second gate driver
sequentially drives the gate lines in the second group of the
plurality of gate lines in sync with a second vertical sync
start signal.

21. The liquid crystal display as set forth in claim 10,
wherein the display driver is attached to the liquid crystal
panel by way of chip-on-glass.

22. The liquid crystal display as set forth in claim 10,
wherein the plurality of clock signals includes first through
fourth clock signals, each of the first through fourth clock
signals having the same frequency, the first and second clock
signal having different phases, the third and fourth clock
signals having different phases, and the first and second
clock signals being different from the third and fourth clock
signals in phase by V% cycle.

23. The display driver as set forth in claim 1, wherein the
display driver integrated circuit includes,

a timing controller configured to output an image data
signal, a control signal and a plurality of selection
signals,

a source driver configured to drive a plurality of source
lines in response to the image data signal and the
control signal, and
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a clock generator configured to output each of a plurality
of clock signals to one of a plurality of terminals based
on the plurality of selection signals.

24. The display driver as set forth in claim 23, wherein the

clock generator includes,

a clock generation circuit configured to generate the
plurality of clock signals, and

a switching circuit configured to output the plurality of
clock signals to the plurality of terminals based on the
plurality of selection signals.
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25. The display driver as set forth in claim 23, wherein the
plurality of clock signals includes first through fourth clock
signals, each of the first through fourth clock signals having
the same frequency, the first and second clock signal having
different phases, the third and fourth clock signals having
different phases, and the first and second clock signals being
different from the third and fourth clock signals in phase by
Y cycle.
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