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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Patent
Korean Application No. 10-2009-0126780, filed on Dec. 18,
2009, which is hereby incorporated by reference as if fully set
forth herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present disclosure relates to liquid crystal dis-

play devices, and more particularly, to aliquid crystal display
device which can improve a charge rate to pixels.

[0004] 2. Discussion of the Related Art

[0005]  As the liquid crystal display device becomes larger,
lengths of gate lines and data lines of the liquid crystal display
device increase relatively. As the length of the data line
becomes the longer, increasing resistance and capacitance of
the data line to make a portion of the data line far from an
output terminal of a data driver to receive a pixel voltage with
relatively great distortion compared to other portion, the
charge rate of the pixel connected to the data line portion can
not, but become poor, thereby making a picture quality poor.

BRIEF SUMMARY

[0006] A liquid crystal display device includes a display
panel that displays a picture thereon, a plurality of gate drive
1Cs that forward scan pulses for driving gate lines on the
display panel, a plurality of upper data drive ICs that supply
pixel voltages to data lines on one side of the display panel
respectively, a plurality of lower data drive ICs that supply the
pixel voltages to the data lines on the other side of the display
panel respectively, a first timing controller that generates and
supplies an upper data control signal to the upper data drive
1Cs for controlling operation of the upper data drive ICs, and
asecond timing controller that generates and supplies a lower
data control signal to the lower data drive ICs for controlling
operation of the lower data drive ICs.

[0007] Itistobeunderstood that both the foregoing general
description and the following detailed description of the
present disclosure are exemplary and explanatory and are
intended to provide further explanation of the disclosure as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the disclosure and together with the
description serve to explain the principle of the disclosure. In
the drawings:

[0009] FIG. 1illustrates a circuit diagram of a liquid crystal
display device in accordance with a preferred embodiment of
the present disclosure.

[0010] FIG. 2 illustrates a block diagram of an upper data
driver having the upper data drive ICs in FIG. 1, in detail.
[0011] FIG. 3 illustrates a timing diagram of a read control
signal being supplied to a timing controller.

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY
Preferred Embodiments

[0012] Reference will now be made in detail to the specific
embodiments of the present disclosure, examples of which
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are illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0013] FIG. 1illustrates a circuit diagram of a liquid crystal
display device in accordance with a preferred embodiment of
the present disclosure.

[0014] Referring to FIG. 1, the liquid crystal display device
includes a display panel PN having a plurality of pixels
defined by a plurality of gate lines GL and a plurality of data
line DL crossing each other, a plurality of gate drive 1Cs
GD1~GDm for forwarding scan pulses in succession for driv-
ing the gate lines GL, a plurality of upper data drive 1Cs
UDD1~UDDn for supplying pixel voltages to the data lines
on one side of the display panel PN respectively, a plurality of
lower data drive ICs BDD1~BDDn for supplying pixel volt-
ages to the data lines on the other side of the display panel PN
respectively, a first timing controller TC1 for generating and
supplying an upper data control signal to the upper data drive
1Cs UDD1~UDDn for controlling operation of the upper data
drive ICs UDD1~UDDn, and a second timing controller TC2
for generating and supplying a lower data control signal to the
lower data drive ICs UDD1~UDDn for controlling operation
of the lower data drive ICs UDD1~UDDn.

[0015] FIG. 2 illustrates a block diagram of an upper data
driver DD having the upper data drive ICs UDD1~UDDn in
FIG. 1, including a shift register array 101, a latch array 102,
aMUX array, a digital/analog converter array (hereafter DAC
array) and a buffer array.

[0016] The shift register array 101 shifts sequentially
source start pulse from the first timing controller TC1 in
response to source shift clock to generate sapling clocks.
[0017] The latch array 102 samples picture data from the
first timing controller TC1 18 in response to the sampling
clocks from the shift register array 101 and latches picture
data of one line portion sampled thus. The latch array 102 also
forwards the picture data of one line portions latched thus at
atime in response to a source enable signal SOE from the first
timing controller TC1 18.

[0018] The MUX array 103 forwards the picture data from
the latch array 102 in horizontal period units as they are or
shifts the picture data of one line portions from the latch array
102 to right side output lines by one line before forwarding
the picture data. If the picture data from the latch array 102 are
datain an odd horizontal period, the MUX array 103 forwards
the picture data of one line portions from the latch array 102
as they are. Different from this, if the picture data from the
latch array 102 are data in an even horizontal period, the
MUX array 103 shifts the picture data of one line portions
from the latch array 102 to right side output lines by one line
before forwarding the picture data, respectively.

[0019] The DAC array 104 decodes the picture data from
the MUX array 103 into analog values and selects a positive
gamma compensation voltage GH or a negative gamma com-
pensation voltage GL from the analog values decoded thus in
response to a polarity control signal POL from the first timing
controller TC1 18. That is, the DAC array 104 converts the
digital data from the MUX array 103 into the positive gamma
compensation voltage GH or the negative gamma compensa-
tion voltage GL and the digital data having output lines
thereof shifted by the MUX array 103 into the positive
gamma compensation voltage GH or the negative gamma
compensation voltage GL.

[0020] The data having output lines shifted at every hori-
zontal line and having polarities inverted by the MUX array



US 2011/0148852 Al

103 and the DAC array 104 are supplied to the data lines
DL1~DLi by the buffer array 105.

[0021] In the meantime, the lower data driver DD having
the lower data drive ICs BDD1~BDDn also has a configura-
tion identical to the upper data driver UDD, except that the
lower data driver DD is controlled by the second timing
controller TC2 instead of the first timing controller TC1.
[0022] The gate driver GD having a plurality of gate drive
1Cs GD1~GDm supplies scan pulses to the gate lines GL in
succession by using the gate start pulse GSP, the gate shift
clock GSC and the gate output enable GOE from one of the
first and second timing controllers TC1 and TC2.

[0023] The first timing controller TC1 18 re-arranges the
picture data from a system SYS and supplies the picture data
to the upper data drive ICs UDD1~UDDn matching to tim-
ings, and the upper data drive ICs UDD1~UDDn generate the
pixel voltages based on the picture data from the first timing
controller TC1. The first timing controller TC1 18 also gen-
erates upper data control signal and gate control signal by
using horizontal synchronizing signal Hsync, vertical syn-
chronizing signal Vsync and clock signals CLK from the
systems SYS, respectively.

[0024] Theupper data control signal includes a dot clock, a
source start pulse, a source shift clock, a source enable and a
polarity inverting signal POL. The gate control signal
includes a gate start pulse GSP, a gate shift clock GSP, and a
gate output enable GOE.

[0025] The second timing controller TC2 re-arranges the
picture data from a system SYS and supplies the picture data
to the lower data drive ICs BDD1~BDDn matching to tim-
ings, and the lower data drive ICs BDD1~BDDn generate the
pixel voltages based on the picture data from the second
timing controller TC2. The second timing controller TC2 also
generates lower data control signal and gate control signal by
using horizontal synchronizing signal Hsync, vertical syn-
chronizing signal Vsync and clock signals CLK from the
systems SYS, respectively.

[0026] The lower data control signal includes a dot clock, a
source start pulse, a source shift clock, a source enable and a
polarity inverting signal POL. The gate control signal
includes a gate start pulse GSP, a gate shift clock GSP, and a
gate output enable GOE.

[0027] The first timing controller TC1 supplies the picture
data starting from the upper data drive IC positioned at one
side edge of the display panel PN to the upper data drive IC
positioned at the other side edge of the display panel PN in
succession. Opposite to this, the second timing controller
TC2 supplies the picture data starting from the lower data
drive IC positioned at one side edge of the display panel PN to
the lower data drive IC positioned at the other side edge of the
display panel PN in succession. For an example, the first
timing controller TC1 supplies the picture data starting from
the first upper data drive IC to the nth upper data drive IC in
succession, and the second timing controller TC2 supplies the
picture data starting from the first lower data drive IC to the
nth lower data drive IC in succession. In this instance, the first
timing controller TC1 and the second timing controller TC2
forward the picture data in orders opposite to each other. That
is, the first timing controller TC1 forwards the picture data
starting the picture data of the first upper data drive IC to the
picture data of the nth upper data drive IC in succession, and
the second timing controller TC2 forwards the picture data
starting from the picture data of the first lower data drive IC to
the picture data of the nth lower data drive IC in succession.
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As an alternative to this, opposite to this, it can be made that
the second timing controller TC2 forwards the picture data
starting from the picture data of the nth lower data drive IC to
the picture data of the first lower data drive IC in succession
and the first timing controller TC1 forwards the picture data
starting the picture data of the nth upper data drive 1C to the
picture data of the first upper data drive IC in succession.

[0028] Either of the first timing controller TC1 and the
second timing controller TC2 is operative a master mode ora
slave mode depending on an external mode control signal.

[0029] In detail, when driven in the master mode, the first
timing controller TC1 generates and forwards a gate control
signal to the gate drive ICs GD1~GDm for controlling opera-
tion of the gate drive ICs GD1~GDm in addition to the picture
data and the upper data control signal. Opposite to this, when
driven in the slave mode, the first timing controller TC1
forwards the picture data and the upper data control signal to
the upper data drive ICs UDD1~UDDn.

[0030] Similarly, when driven in the master mode, the sec-
ond timing controller TC2 generates and forwards a gate
control signal to the gate drive ICs GD1~GDm for controlling
operation of the gate drive ICs GD1~GDm in addition to the
picture data and the lower data control signal. Opposite to
this, when driven in the slave mode, the second timing con-
troller TC2 forwards the picture data and the lower data
control signal to the lower data drive ICs BDD1~BDDn.

[0031] Inother words, when driven in the master mode, the
first or second timing controller TC1 or TC2 forwards the
picture data, the data control signal and the gate control
signal. However, when driven in the slave mode, the first or
second timing controller TC1 or TC2 forwards signals other
than the gate control signal, i.e., the picture data and the data
control signals.

[0032] In this instance, the first and second timing control-
ler TC1 and TC2 are driven in modes opposite to each other.
That is, when the first timing controller TC1 is driven in the
master mode, the second timing controller TC2 is driven in
the slave mode, and opposite to this, when the first timing
controller TC1 is driven in the slave mode, the second timing
controller TC2 is driven in the master mode.

[0033] Between the first timing controller TC1 and the
second timing controller TC2, there is at least one communi-
cation line CML connected thereto. By making communica-
tion between the first timing controller TC1 and the second
timing controller TC2, outputs of the first timing controller
TC1 and the second timing controller TC2 can be synchro-
nized.

[0034] That is, the timing controller in the master mode can
control operation of a timing controller in the slave mode
partially through the communication line CML. For an
example, the timing controller in the master mode controls
output timings for forwarding the pixel voltages thereofto the
data lines DL as well as the output timings for forwarding the
pixel voltages of the timing controller in the slave mode to the
data lines DL through the communication line CML. To do
this, the timing controller in the master mode controls the
timing controller in the slave mode such that the two timing
controllers supply the source output enables to the upper and
lower data drive ICs UDD1~UDDn and BDD1~BDDn at the
same time, respectively.

[0035] FIG. 1 illustrates an example in which the first tim-
ing controller TC1 is driven in the master mode and the
second timing controller TC2 is driven in the slave mode.
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Opposite to this, the first timing controller TC1 may be driven
in the slave mode and the second timing controller TC2 may
be driven in the master mode.

[0036] Theliquid crystal display device in accordance with
apreferred embodiment of the present disclosure may include
a memory MR having various correction data stored therein
for correction of the picture data from the first and second
timing controllers TC1 and TC2. In this instance, a first time
period in which the timing controller in the master mode
retrieves the correction data from the memory MR and a
second time period in which the timing controller in the slave
mode retrieves the correction data from the memory MR are
different from each other.

[0037] The memory MR may be an EEPROM (Electrically
Erasable Programmable Read-Only Memory).

[0038] FIG. 3 illustrates a timing diagram of a read control
signal being supplied to the timing controller.

[0039] Referring to FIG. 3, when the timing controller is
driven in the master mode, the timing controller retrieves the
correction data from the memory MR aftera tl time period in
response to a first read control signal RS1 which becomes
active afterthe t1 time period. Opposite to this, when the same
timing controller is driven in the slave mode, the timing
controller retrieves the correction data from the memory MR
after a 2 time period in response to a second read control
signal RS2 which becomes active after the t2 time period. For
an example, if the first timing controller TC1 is driven in the
master mode and the second timing controller TC2 1s driven
in the slave mode, the first timing controller TC1 communi-
cates with the memory MR in I°C communication system
during the read time period after the t1 time period in response
to the first read control signal RS1 supplied from an outside.
Opposite to this, the second timing controller TC2 commu-
nicates with the memory MR in the I*C communication sys-
tem during the read time period after the 2 time period in
response to the second read control signal RS2 supplied from
an outside. In this instance, the read time period of the first
timing controller TC1 and the read time period of the second
timing controller TC2 do not overlap. An SCL denotes a
source clock signal, and an SDA denotes a source data signal.
The first and second timing controllers TC1 and TC2 retrieve
the source data signal of the correction data from the memory
MR, respectively.

[0040] Or, the timing controller in the master mode controls
a read time period in which the same timing controller reads
the correction data from the memory MR, as well as controls
the read time period of the timing controller in the slave mode
through the communication line CML.

[0041] In the meantime, a ‘reset’ in FIG. 3 denotes a reset
signal. At a moment logic of the reset signal reset turns from
low to high, the first and second timing controllers TC1 and
TC2 become ready to read the memory MR.

[0042] As has been described, the liquid crystal display
device of the present disclosure has the following advantages.
[0043] First, the supply of the pixel voltages to opposite
sides of the data lines permits to improve a charge rate to the
data lines and the pixels connected thereto.

[0044] Second, the driving of the first timing controller and
the second timing controller in one of the master mode and the
slave mode permits to drive the upper drive ICs and the lower
drive ICs, smoothly.

[0045] Third, the first timing controller and the second
timing controller can synchronize output timings through the
communication line.
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[0046] Fourth, the setting of the retrieve time periods of the
first timing controller and the second timing controller differ-
ent from each other permits the two timing controllers to
retrieve required data by using only one memory.

[0047] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosures. Thus, it is intended that the present disclo-
sure covers the modifications and variations of this disclosure
provided they come within the scope of the appended claims
and their equivalents.

1. A liquid crystal display device comprising:

a display panel that displays a picture thereon;

a plurality of gate drive ICs that forward scan pulses for
driving gate lines on the display panel;

aplurality of upper data drive ICs that supply pixel voltages
to data lines on one side of the display panel respec-
tively;

a plurality of lower data drive ICs that supply the pixel
voltages to the data lines on the other side of the display
panel, respectively;

a first timing controller that generates and supplies an
upper data control signal to the plurality of upper data
drive ICs for controlling operation of the plurality of
upper data drive ICs; and

a second timing controller that generates and supplies a
lower data control signal to the plurality of lower data
drive ICs for controlling operation of the plurality of
lower data drive ICs.

2. The liquid crystal display device as claimed in claim 1,
wherein the first timing controller receives and re-arranges
picture data from a system and supplies the same to the upper
data drive ICs, matching to timings,

the plurality of upper data drive ICs generate the pixel
voltages base on the picture data from the first timing
controller,

the second timing controller receives and re-arranges pic-
ture data from a system and supplies the same to the
plurality of lower data drive 1Cs, matching to timings,
and

the plurality of lower data drive ICs generate the pixel
voltages base on the picture data from the second timing
controller.

3. The liquid crystal display device as claimed in claim 2,
wherein the first timing controller supplies the picture data
starting from the upper data drive IC positioned at one side
edge of'the display panel to the upper data drive IC positioned
at the other side edge of the display panel in succession, and

the second timing controller supplies the picture data start-
ing from the lower data drive IC positioned at one side
edge of the display panel to the lower data drive IC
positioned at the other side edge of the display panel in
succession.

4. The liquid crystal display device as claimed in claim 2,
wherein either of the first and second timing controllers is
operative in a master mode or a slave mode depending on an
external mode control signal,

when the first timing controller is driven in the master
mode, the first timing controller generates and forwards
a gate signal to the plurality of gate drive ICs for con-
trolling operation of the plurality of gate drive ICs in
addition to the picture data and the upper data control

signal,
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when the second timing controller is driven in the master
mode, the second timing controller generates and for-
wards the gate signal to the plurality of gate drive ICs for
controlling operation of the plurality of gate drive ICs in
addition to the picture data and the upper data control
signal,

when the first timing controller is driven in the slave mode,

the first timing controller forwards the picture data and
the upper data control signal to the plurality of upper
data drive ICs, and

when the second timing controller is driven in the slave

mode, the second timing controller forwards the picture
data and the upper data control signal to the plurality of
lower data drive ICs.

5. The liquid crystal display device as claimed in claim 4,
wherein the first and second timing controllers are driven in
different modes.

6. The liquid crystal display device as claimed in claim 5,
further comprising at least one communication line con-
nected between the first timing controller and the second
timing controller, and the timing controller in the master
mode controls operation of the timing controller in the slave
mode through the communication line, partially.

7. The liquid crystal display device as claimed in claim 6,
wherein the timing controller in the master mode controls
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output timings for forwarding the pixel voltages thereofto the
data lines as well as the output timings for forwarding the
pixel voltages of the timing controller in the slave mode to the
data lines through the communication line.
8. The liquid crystal display device as claimed in claim 7,
further comprising a memory having various correction data
stored therein for correction of the picture data from the first
and second timing controllers,
wherein a first time period in which the timing controller in
the master mode retrieves the correction data from the
memory and a second time period in which the timing
controller in the slave mode retrieves the correction data
from the memory are different from each other, and

the timing controller in the master mode controls the first
time period and the second time period.

9. The liquid crystal display device as claimed in claim 5,
further comprising a memory having various correction data
stored therein for correction of the picture data from the first
and second timing controllers,

wherein a first time period in which the timing controller in

the master mode retrieves the correction data from the
memory and a second time period in which the timing
controller in the slave mode retrieves the correction data
from the memory are different from each other.
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