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(57) ABSTRACT

The exemplary embodiment relates to a liquid crystal display
device. The liquid crystal display according to the exemplary
embodiment includes: a liquid crystal display panel on which
a plurality of data lines cross a plurality of gate lines, wherein
each data line and each gate line is connected to a thin film
transistor; a source drive IC supplying data voltages to the
data lines; a gate drive IC supplying gate pulses to the gate
lines; a system board equipped with a scaler that transmits
data from the scaler through an interface that comprises 4-pair
of data transmitting lines; and a control board equipped with
atiming controller that receives the data through the interface
and supplies the data to the source drive IC and controls the
operating timing of the source drive IC and the gate drive IC.
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LIQUID CRYSTAL DISPLAY

[0001] This application is a divisional application of U.S.
patent application Ser. No. 12/314,447 filed Dec. 10, 2008,
now U.S. Pat. No. 8,633,883, and claims the benefit of Korea
Patent Applications No. 10-2007-00128483 filed on Dec. 11,
2007 and No. 10-2008-0052261 filed on Jun. 3, 2008, which
are all hereby incorporated by reference for all purposes as if
fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal displays may have the characteristics

of being light weight, slim, and low power. Liquid crystal
displays are applied to portable computers such as note book
personal computers, official automation devices, audio/video
devices, and external/internal advertising display devices.
The transparent type of liquid crystal display device which is
the type most often used, displays the picture data by modu-
lating the luminescence of the light incident from the back-
light unit by controlling the electric field applied to a liquid
crystal layer.

[0006] The liquid crystal display device includes a liquid
crystal display module and a driving circuit for the liquid
crystal display module. The driving circuit of the liquid crys-
tal display module includes the following: a data driving
circuit for supplying data voltages to the data lines of the
liquid crystal display panel, a gate driving circuit for supply-
ing a scan pulse to the scan lines of the liquid crystal display
panel, and a timing controller for controlling the operating
timing of the driving circuits. The timing controller is
equipped with a control board and the ICs of the data driving
circuit are mounted on a source PCB (Printed Circuit Board).
A FPC (Flexible Printed Circuit) is located between the con-
trol board and the source PCB. Digital video data and the
timing control signals are transmitted through the FPC. The
control board is connected to the system board through an
interface cable. A scaler converts the resolution of the video
data according to the resolution of the liquid crystal display
panel and sends the data to the control board.

[0007] The number of lines of the interface cable connect-
ing between the system board and the control board is deter-
mined by the amount of the data and the clock signals to be
sent. Typically, when the liquid crystal display device is in the
Full-HD 120 Hz mode, the interface cable between the sys-
tem board and the control board can have 48 lines if the type
of interface thatis appliedis LVDS (Low-Voltage Differential
Signaling). As mentioned above, even though the LVDS
interface type is used, the interface cable still may have a lot
of lines. Therefore, the number of connector pins used for
connecting the interface cable to the system board and the
control board may be a lot as well. Costs increase due to the
number of interface cables and connectors used. Further-
more, due to the high frequencies being transmitted through
the interface cable by the clock signal there is a high EMI
(Electromagnetic interference) problem.

[0008] Recently, new interface types having lower EMIand
fewer transmitting lines than those of LVDS interface types
are being developed. However, until the conventional LVDS
interface may be fully replaced with the new type interface,
the newly developed interfaces and the conventional LVDS
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interfaces should be used contemporaneously. Therefore,
there is a need to connect the newly developed interfaces with
the conventional LVDS interfaces making them compatible
with one another.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to a
liquid crystal display (LCD) that substantially obviates one or
more of the problems due to limitations and disadvantages of
the related art.

[0010] An advantage of the present invention is to provide
a liquid crystal display device that is compatible with the
connections of at least two different interfaces.

[0011] Another advantage of the present invention is to
provide a fewer number of data transmitting lines required for
the second interface type than the number of data transmitting
lines required for the first interface type.

[0012] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0013] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, the present invention provides a liquid
crystal display device including: a liquid crystal display panel
on which a plurality of data lines cross a plurality of gate
lines; a source drive IC that supplies data voltages to the data
lines; a gate drive IC that supplies gate pulses to the gate lines;
asystem board equipped with a scaler that transmits data from
the scaler with a first interface specification; an interface
board that receives the data according to the first interface
specification, and transmitting the data with a second inter-
face specification; and a control board equipped with a timing
controller receiving the data in the second interface specifi-
cation and supplying the data to the source drive IC, and
controlling the operating timing ofthe source drive IC and the
gate drive IC; wherein a number of the data transmitting lines
required in the second interface specification is less than a
number of data transmitting line required in the first interface
specification.

[0014] In another aspect of the present invention the liquid
crystal display device includes: a liquid crystal display panel
onwhich a plurality of data lines cross a plurality of gate lines,
wherein each data line and each gate lineis connected to a thin
film transistor; a source drive IC supplying data voltages to
the data lines; a gate drive IC supplying gate pulses to the gate
lines; a system board equipped with a scaler that transmits
data from the scaler through an interface that comprises 4-pair
of data transmitting lines: and a control board equipped with
atiming controller that receives the data through the interface
and supplies the data to the source drive IC and controls the
operating timing of the source drive IC and the gate drive IC.
[0015] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are included to
provide a further understanding of the invention and are
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incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0017] In the drawings:

[0018] FIG.1isa blockdiagram illustrating a liquid crystal
display device according to one exemplary embodiment of
the present application.

[0019] FIG. 2 is a block diagram illustrating a system
board, an interface board and a control board shown in the
FIG. 1 in detail.

[0020] FIG. 3isablock diagram illustrating a liquid crystal
display device according to another embodiment of the
present application.

[0021] FIG. 4 is a block diagram illustrating the first
embodiment of the system board and the control board shown
in the FIG. 3.

[0022] FIG. 5 is a block diagram illustrating the second
embodiment of the system board and the control board shown
in the FIG. 3.

[0023] FIG. 6 is a block diagram illustrating the third
embodiment of the system board and the control board shown
in the FIG. 3.

[0024] FIG. 7 is a block diagram illustrating the fourth
embodiment of the system board and the control board shown
in the FIG. 3.

[0025] FIG. 8 is a block diagram illustrating the fifth
embodiment of the system board and the control board shown
in the FIG. 3.

[0026] FIG. 9 is a block diagram illustrating the sixth
embodiment of the system board and the control board shown
in the FIG. 3.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0027] Reference will now be made in detail to an embodi-
ment of the present invention, examples of which are illus-
trated in the accompanying drawings.

[0028] Referring to FIG. 1, the liquid crystal display device
according to the first exemplary embodiment includes a liquid
crystal display panel 10, a plurality of gate drive IC’s (Inte-
grated Circuit) 151 to 153, a plurality of source drive IC’s 131
to 136, a system board (SB), an interface board (INTB), and
a control board (CTRB).

[0029] The liquid crystal display panel 10 comprises two
glass substrates and a liquid crystal layer substantially located
in between the glass substrates. Liquid crystal cells of the
liquid crystal display panel 10 are disposed in substantially a
matrix pattern formed by the data lines 14 crossing gate lines
16.

[0030] On the lower glass substrate of the liquid crystal
display panel 10, data lines 14, gate lines 16, TFTs (Thin Film
Transistor(s)), and liquid crystal cells (Clc) may be connected
to the TFTs and driven by the electric field between the pixel
electrodes 1 and the common electrode 2, and storage capaci-
tors (Cst).

[0031] On the upper glass substrate of the liquid crystal
display panel 10, a black matrix, a color filter, and a common
electrode 2 may be formed.

[0032] The common electrode 2 may be substantially
formed on the upper glass substrate for the vertical electric
field driving type such as TN mode (Twisted Nematic mode)
and VA mode (Vertical Alignment mode). However, for the
horizontal electric field driving type such as an IPS mode
(In-Plane Switching mode) and a FFS mode (Fringe Field
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Switching mode), the common electrode 2 may be substan-
tially formed on the lower glass substrate with the pixel elec-
trode 1. On the outer surfaces of the upper and lower glass
substrates of the liquid crystal display panel 10, polarization
plates may be attached. On the inner surface of the upper and
lower glass substrate of the liquid crystal display panel 10,
alignment layers to provide a pre-tilt angle of the liquid crys-
tal material may be formed.

[0033] The source drive ICs 131 to 136 receive the digital
video data transmitted by the mini LVDS (Low-voltage dif-
ferential signaling) method, from the control board (CTRB),
converts the data into analog data voltages according to the
data timing control signal from the control board (CTRB),
and supplies the data to the data lines 14 of the liquid crystal
display panel 10. Each source drive ICis equipped with a mini
LVDS receiving circuit for receiving and demodulating the
mini LVDS data.

[0034] Each gate drive IC, 151 to 153, generates a gate
pulse according to the gate timing control signals from the
control board (CTRB) and sequentially supply the gate pulse
to the gate lines 16.

[0035] The system board (SB) can substantially convert the
resolution of the digital video data to the proper resolution of
the liquid crystal display panel 10. Then, by using the LVDS
interfacing method, the system board (SB) may send digital
video data and timing signals from the LVDS clock to the
interface board (INTB). The timing signals include a V synch
signal, a Hsynch signal, the data enable signal, and a Dot
clock signal.

[0036] The interface board (INTB) may receive the digital
video data and LVDS clock signals from the system board
through the LVDS interface receiving circuit, and may con-
vert these signals to a Vbyone interface type signal. After
sending the auxiliary signal to the Vbyone receiving circuit
with the Vbyone interface method and then receiving the
response signal from the Vbyone receiving circuit, the inter-
face board (INTB) may transmit the digital video data and the
timing signal to the control board (CTRB). Electromagnetic
interface may be decreased when the auxiliary signals are sent
at a low frequency prior to the digital video data and the
timing signals being sent.

[0037] The control board (CTRB) may receive Vbyone
data and may substantially convert this data to mini LVDS
data. Along with the mini TVDS data, the control board
(CTRB) may also transmit the mini LVDS clock data to the
source drive ICs 131 to 136. Also, the control board (CTRB)
may generate the data timing control signal for controlling the
operating timing of the source drive ICs 131 to 136 and the
gate timing control signal for controlling the operating timing
of the gate drive ICs 151 to 153. Next explained will be the
signal wiring connection and operation of the system board
(SB), interface board (INTB) and control board (CTRB) of
the liquid crystal display panel 10 with respect to the Full-HD
120 Hz mode.

[0038] FIG. 2 illustrates the system board (SB), the inter-
face board (INTB), and the control board (CTRB) in detail.

[0039] Referring to FIG. 2, the system board (SB) may be
equipped with a scaler (SCL). The scaler (SCL) may be
equipped with the LVDS transmitting circuit. The scaler
(SCL) may substantially convert the resolution of the digital
video data, and transmit the digital video data along with the
timing signal and the LVDS clock data to the interface board
(INTB) through the LVDS transmitting circuit.
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[0040] The system board (SB) and the interface board
(INTB) may be connected through connectors to the first and
the second cables (CON1 and CON2). The first and the sec-
ond cables (CON1 and CON2) each may have 24-pair of
transmitting lines. The 24-pairs of transmitting lines include
both a 20-pair data transmitting lines for sending the digital
video data and 4-pairs of LVDS clock transmitting lines for
sending the timing signals. The first cable (CON1) may
include a 10-pair data transmitting line and a 2-pair LVDS
clock transmitting line. The second cable (CON2) may
include a 10-pair data transmitting line and 2-pair of LVDS
clock transmitting line.

[0041] The interface board (INTB) may include: a first,
second, third, and fourth LVDS receiving circuits (LIP1 to
LIP4), a LVDS-Vbyone relay circuit (LVC), and a first and a
second Vbyone transmitting circuit (VIX1 and VIX2).
[0042] By configuring the first cable (CON1) with 10-pairs
of data transmitting lines and 2-pairs of LVDS clock trans-
mitting lines the first LVDS receiving circuit (LIP1) may
receive the digital video data and the timing signals associ-
ated with the LVDS clock from the system board (SB). From
an LVDS clock perspective, the first LVDS receiving circuit
(LIP1) may demodulate the digital video data and transmit
the data to the LVDS-Vbyone relay circuit (LVC). By con-
figuring the first cable (CON1) with 10-pairs of data trans-
mitting lines and 2-pair of LVDS clock transmitting lines, the
second LVDS receiving circuit (LIP2) may receive the digital
video data and the timing signals associated with the LVDS
clock from the system board (SB). From a LVDS clock per-
spective, the second LVDS receiving circuit (LIP2) may
demodulate the digital video data and transmit the data to the
LVDS-Vbyone relay circuit (LVC). By configuring the sec-
ond cable (CON2) to include 10-pair of data transmitting
lines and 2-pair of LVDS clock transmitting lines, the third
LVDS receiving circuit (LIP3) may receive the digital video
data and the timing signals associated with the LVDS clock,
from the system board (SB). From an LVDS clock per-
specitve, the third LVDS receiving circuit (LIP3) may
demodulate the digital video data and transmit the data to the
LVDS-Vbyone relay circuit (LVC). By configuring the sec-
ond cable (CON2) to include 10-pair of data transmitting
lines and 2-pairs of LVDS clock transmitting lines, the fourth
LVDS receiving circuit (LIP4) may receive the digital video
data and the timing signals associated with the LVDS clock,
from the system board (SB). From an LVDS clock perspec-
tive, the fourth LVDS receiving circuit (LLIP4) may demodu-
late the digital video data and transmits the data to the LVDS-
Vbyone relay circuit (LVC).

[0043] The LVDS-Vbyone relay circuit (LVC) may include
a LVDS receiving circuit. By disposing the LVDS-Vbyone
relay circuit (LVC) between the LVDS receiving circuits
(LIP1 to LIP4) and the Vbyone receiving circuits (VX1 and
VTX2), the digital video data may be demodulated from the
LVDS receiving circuits (LIP1 to L1P4) with the LVDS clock.
The LVDS-Vbyone relay circuit (LVC) may substantially
distribute the demodulated digital video data and the timing
signals to the Vbyone transmitting circuit (VIX1 and VIX2).
[0044] The first Vbyone transmitting circuit (VIX1) may
be connected to the LVDS-Vbyone relay circuit (LVC) for
substantially compressing the digital video data and for out-
putting the compressed digital video data with the timing
signals. The second Vbyone transmitting circuit (VTX2) may
be connected to the LVDS-Vbyone relay circuit (LVC) for
substantially compressing the digital video data and for out-
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putting the compressed digital video data with the timing
signals. Each of the Vbyone transmitting circuits (VIX1 or
VTX2) may not generate the clock signal nor generate an
auxiliary signal for switching the operation of the Vbyone
receiving circuit of the control board (CTEB) to the receiving
mode.

[0045] Theinterface board (INTB) may be connected to the
control board (CTRB) via the third cable (CON3) through the
connector. The third cable (CON3) may include 4-pair of data
transmitting lines and 2-pair of auxiliary signal transmitting
lines. The digital video data and the timing signals output
from the first Vbyone transmitting circuit (VITX1) may be
sent to the control board (CTRB) through 2-pair of data
transmitting lines located at the third cable (CON3). The
auxiliary signal outputted from the first Vbyone transmitting
circuit (VTX1) may be sent to the control board (CTRB)
through 1-pair of auxiliary signal transmitting lines located at
the third cable (CON3). The digital video data and the timing
signal outputted from the second Vbyone transmitting circuit
(VTX2) may be sent to the control board (CTRB) through the
other 2-pair of data transmitting lines located at the third cable
(CON3). The auxiliary signals output from the second Vby-
one transmitting circuit (VIX2) may be sent to the control
board (CTRB) through another pair of auxiliary signal trans-
mitting lines located at the third cable (CON3).

[0046] The control board (CTRB) may include first and
second Vbyone receiving circuits (VRX1 and VRX2), a Vby-
one-LVDS relay circuit (VLC), fifth, sixth, seventh, and
eighth LVDS receiving circuits (LIP5 to LIP8), and a timing
controller (TCON).

[0047] After sending a response signal with the first
Vboyne transmitting circuit (VTX1) in response to receiving
an auxiliary signal, the first Vbyone receiving circuit (VRX1)
may receive and demodulate the digital video data received
from the first Vbyone transmitting circuit (V'IX1) through the
third cable (CON3), and then the Vboyne receiving circuit
(VRX1) may then send the data to the Vbyone-LVDS relay
circuit (VLC). After sending a response signal with the sec-
ond Vbyone transmitting circuit (VIX2) in response to
receiving an auxiliary signal, the second Vbyone receiving
circuit (VRX2) may receive and demodulate the digital video
data received from the second Vbyone transmitting circuit
(VTX2)through the third cable (CON3), and then the Vbyone
receiving circuit (VRX2) may then send the data to the Vby-
one-LVDS relay circuit (VLC).

[0048] TheVbyone-LVDS relay circuit (VLC) may include
a LVDS transmitting circuit for substantially converting the
digital video data of the Vbyone-LVDS and for substantially
generating the LVDS clock signal in substantial accordance
with the LVDS interface specification. The Vbyone-LVDS
relay circuit (VLC) may convert the digital video data from
the first and the second Vbyone receiving circuits (VRX1 and
VRX2) in substantial accordance with the LVDS interface
specification, and may substantially distribute the digital
video data and the LVDS clock signal with the timing signals
to the fifth, sixth, seventh, and eighth LVDS receiving circuits
(LIPS to LIPS).

[0049] Each of the LVDS receiving circuits (LIP5 to LIPS)
may receive the LVDS clock signal along with the digital
video data and the timing signals through the 10-pairs of data
transmitting lines and the pair of LVDS clock transmitting
lines located at the control board (CTRB). After substantially
demodulating the digital video data in accordance with the
LVDS clock, each of the LVDS receiving circuits (LIP3 to
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LIP8) may transmit the demodulated video data to the timing
controller (TCON). Therefore, located between the Vbyone-
LVDS relay circuit (VLC) and the LVDS receiving circuits
(LIP5to LIP8), there can be 40-pair of data transmitting lines
and 4-pair of LVDS clock transmitting lines.

[0050] Thetiming controller (TCON) may include a timing
control signal generating circuit in the driving circuit, a data
sampling circuit, and a mini LVDS transmitting circuit. By
using the received timing signals such as Vsync, Hsync, data
enable signal, and the dot clock signal, the timing controller
(TCON) may generate the data timing control signal for con-
trolling the operation timing of the source drive ICs 131 to
136 and for controlling the polarity of the data voltage sup-
plied to the liquid crystal display panel 10. The timing con-
troller (TCON) may also generate the gate timing control
signal for controlling the operating timing of the gate drive
ICs 151 to 153. In addition, the timing controller (TCON)
may transmit the mini LVDS clock signal along with the
digital video data to the source drive ICs 131 to 136 in sub-
stantial accordance with the mini LVDS interface specifica-
tion.

[0051] Therefore, the liquid crystal display device accord-
ing to the first exemplary embodiment may transmit the data
from the system board (SB) to the interface board (INTB)
using the LVDS interface transmitting method. The liquid
crystal display device may also transmit the data from the
interface board (INTB)to the control board (CTRB) using the
Vbyone interface transmitting method. As a result, it may be
possible to remove the clock transmitting lines between the
interface board (INTB) and the control board (CTRB) so that
the EMI may be minimized between the boards.

[0052] FIG. 3 illustrates the liquid crystal display device
according to the second exemplary embodiment.

[0053] Referring to FIG. 3, the liquid crystal display device
according to the second exemplary embodiment may include
aliquid crystal display panel 10, a plurality of gate driver ICs
151t0 153, a plurality of source drive ICs 131 to 136, a system
board (SB), and a control board (CTRB). The liquid crystal
display panel 10, the gate drive ICs 151 to 153, and the source
drive ICs 131 to 136 may be substantially the same with those
of the first embodiment so that the same reference numbers
are used and the explanation for them are omitted.

[0054] The system board (SB) may convert the resolution
of the digital video data to be in substantial accordance with
the resolution of the liquid crystal display panel 10, and then
send the digital video data and the timing signals in substan-
tial accordance with the Vbyone interface specification.
[0055] The control board (CTRB) receives the Vbyone data
and may convert the data into mini LVDS data. The control
board (CTRB) may send the mini LVDS clock signal with the
mini LVDS data to the source drive ICs 131 to 136. Also, the
control board (CTRB) may generate the data timing control
signal for controlling the operating timing of the source drive
1Cs 131 to 136 and the gate timing control signal for control-
ling the operating timing of the gate drive ICs 151 to 153.
[0056] FIG. 4 illustrates a more detailed first exemplary
embodiment of the system board (SB) and the control board
(CTRB) than as illustrated in the FIG. 3.

[0057] Referring to FIG. 4, the system board (SB) may be
equipped with a scaler (SCL), and a first and second Vbyone
transmitting circuit (VIX1 and VIX2). The scaler (SCL)
may be equipped with a LVDS transmitting circuit. The scaler
(SCL) may substantially convert the resolution of the digital
video data and may send the digital video data and the timing
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signal with the LVDS clock signal to the first and second
Vbyone transmitting circuits (VIX1 and VTX2) through the
LVDS transmitting circuit. There may be data transmission
between the scaler (SCL) and the first and second Vbyone
transmitting circuit (VTX1 and VTX2). On the system board
(SB), there may be 20-pairs of data transmitting lines and
4-pairs of clock transmission lines connecting the output
terminals of the scaler to the input terminals of the Vbyone
transmitting circuits (VIX1 and VTX2). The first Vbyone
transmitting circuit (VIX1) may include the digital video
data input from the scaler (SCL). The first Vbyone transmit-
ting circuit (VTX1) may output the timing signal with the
compressed digital video data. The second Vbyone transmit-
ting circuit (VTX2) may include the digital video data input
from the scaler (SCL) and may output the timing signal with
the compressed digital video. Each of the Vbyone transmit-
ting circuits (VIX1 or VIX2) may not generate the clock
signal nor the auxiliary signal for substantially switching the
operation of the Vbyone receiving circuit of the control board
(CTEB) to the receiving mode.

[0058] Substantially located on the control board (CTRB),
may be a first and a second receiving circuit (VRX1 and
VRX2), and a timing controller (TCON).

[0059] The system board (SB) and the control board
(CTRB) may be connected by a connector and a cable. The
cable may include 4-pair of data transmitting lines and 2-pair
of auxiliary signal transmitting lines, and may be in accor-
dance with to the Vbyone interface specification. The first
Vbyone transmitting circuit (VIX1) and the first Vbyone
receiving circuit (VRX1) may be substantially connected
through the 2-pair of data transmitting lines and 1-pair of
auxiliary signal transmitting lines. After sending a response
signal in response to the first Vbyone transmitting circuit
(VTX1) auxiliary signal, the first Vbyone receiving circuit
(VRX1) may receive and demodulate the digital video data
through the 2-pair data transmitting lines, and then may send
the demodulated data to the timing controller (TCON). After
sending a response signal in response to the second Vbyone
transmitting circuit (VIX2) receiving an auxiliary signal, the
second Vbyone receiving circuit (VRX2) may receive and
demodulate the digital video data through the 2-pair of data
transmitting lines, and then may send the demodulated data to
the timing controller (TCON).

[0060] Thetiming controller (TCON)may include a timing
control signal generating circuit of the driving circuit, a data
sampling circuit, and a mini LVDS transmitting circuit. By
using the received timing signals such as Vsync, Hsync, data
enable signal, and the dot clock signal, the timing controller
(TCON) may generate the data timing control signal for con-
trolling the operation timing of the source drive ICs 131 to
136 and for controlling the polarity of the data voltage sup-
plied to the liquid crystal display panel 10. The timing con-
troller (TCON) may also generate the gate timing control
signal for controlling the operating timing of the gate drive
1Cs 151 to 153. In addition, the timing controller (TCON)
may transmit the mini LVDS clock signal along with the
digital video data to the source drive ICs 131 to 136 in sub-
stantial accordance with the mini LVDS interface specifica-
tion.

[0061] Therefore, the liquid crystal display device accord-
ing to the second exemplary embodiment may directly con-
nect the system board (SB) with the control board (CTRB),
and transmits the data between them using the Vbyone inter-
face without substantially requiring the clock transmitting
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line. As a result, the EMI and the number of data transmitting
lines can be substantially reduced.

[0062] FIG. 5illustrates a more detailed second exemplary
embodiment of the system board (SB) and the control board
(CTRB) than as illustrated in the FIG. 3.

[0063] Referring to FIG. 5, the system board (SB) may be
equipped with a scaler (SCL) and more. The scaler (SCL)
may be equipped with a Vbyone transmitting circuit. The
scaler (SCL) may substantially convert the resolution of the
digital video data. The timing signal along with the digital
video data, of which resolution may be converted and com-
pressed by the Vbyone transmitting circuit which may be
embedded into the scaler (SCL) which may be in substantial
accordance with the Vbyone interface specification. The sig-
nal may then be sent to the control board (CTRB). Also, the
Vbyone transmitting circuit of the scaler (SCL) may send the
auxiliary signal to the control board (CTRB) prior to the data
transmission.

[0064] The system board (SB) and the control board
(CTRB) may be connected by a connector and a cable. The
cable may include 4-pair data transmitting lines and 1-pair
auxiliary signal transmitting lines, being in substantial accor-
dance with the Vbyone interface specification. In this exem-
plary embodiment, the data may be sent by the Vbyone inter-
face, between the scaler (SCL), which may be embedded into
the system board (SB), and the timing controller (TCON),
which may be embedded into the control board (CTRB),by
using 1-pair of auxiliary signal transmitting lines.

[0065] The control board (CTRB) may be equipped with
the timing controller (TCON).

[0066] The timing controller (TCON) may include a Vby-
one receiving circuit, a timing control signal generating cit-
cuit of the driving circuit, a data sampling circuit, and a mini
LVDS transmitting circuit. By using the received timing sig-
nals such as Vsync, Hsync, data enable signal, and the dot
clock signal, the timing controller (TCON) may generate the
data timing control signal for controlling the operation timing
of the source drive ICs 131 to 136 and for controlling the
polarity of the data voltage supplied to the liquid crystal
display panel 10. The timing controller (TCON) may also
generate the gate timing control signal for controlling the
operating timing of the gate drive ICs 151 to 153. In addition,
by using the Vbyone receiving circuit, the timing controller
(TCON) may substantially demodulate the data substantially
compressed by the Vbyone interface specification. By using
the mini LVDS transmitting circuit, the timing controller
(TCON) may convert the digital video data in substantial
accordance with the mini LVDS interface specification, and
may send the data with the mini LVDS clock signal to the
source drive ICs 131 to 136.

[0067] According to the exemplary embodiment illustrated
in FIG. 5, the number of parts related to the interface and
embedded into both, the system board (SB) and the control
board (CTRB) may be reduced. The data transfer between the
system board (SB) and the control board (CTRB) may be
performed using the Vbyone interface wherein substantially
no clock transmitting line is required. Therefore, it may be
possible to reduce the EMI and the number of data transmit-
ting lines.

[0068] Inthe interim, as illustrated in FIG. 5, substantially
any one of the scalers (SCL) and system boards (SB) may be
equipped with the Vbyone transmitting circuit or receiving
circuit. In this exemplary embodiment, as the number of
auxiliary signal outputs from the Vbyone interface transmit-
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ting terminal differ from the number of auxiliary signals
required at Vbyone interface receiving terminal, a signal line
switching circuit may be required for matching the number of
auxiliary signal to substantially maintain compatibly. FIGS. 6
through 8 illustrate exemplary embodiments of using a signal
line switching circuit for matching the lines between the
Vbyone interface transmitting terminal.

[0069] FIG. 6 illustrates a more detailed third exemplary
embodiment of the system board (SB) and the control board
(CTRB) than that illustrated in FIG. 3.

[0070] Referring to FIG. 6, the system board (SB) may be
equipped with a scaler (SCL), and a line switching circuit
(LSW). The scaler (SCL) may be equipped with a Vbyone
transmitting circuit. The Vbyone transmitting circuit which
may be substantially embedded into the scaler (SCL) may
send an auxiliary signal to the control board (CTRB) and may
receive a response signal from the Vbyone receiving circuit.
The Vbyone transmitting circuit may then compress the digi-
tal video data and the timing signals in substantial accordance
with the Vbyone interface specification, and may send the
data and signals to the control board (CTRB).

[0071] The scaler (SCL) and the line switching circuit
(LSW) may be connected through 4-pair of data transmitting
lines and the 1-pair of auxiliary signal transmitting lines
without any clock transmitting line.

[0072] The line switching circuit (LSW) substantially con-
trols the auxiliary signal pair which may output in response to
the option signal (OPT1) input into the control terminal of
itself. The option signal (OPT1) may be decided by the volt-
age supplied to the control terminal of the line switching
circuit (LSW). For example in one exemplary embodiment, if
the common voltage (Vcce) is applied to the control terminal
of the line switching circuit (LSW), the logic value of the
option signal (OPT1) may be HI, that may be “1”. If a ground
voltage (GND) is supplied to the control terminal of the line
switching circuit (LSW) through a pull down resistor, the
logic value of the option signal (OPT1) may be LO, that may
be a “0”. In the exemplary embodiments illustrated in FIGS.
6 and 7, the line switching circuit (LSW) may generate 2-pair
of auxiliary signals when the HI option signal (OPT1) is
applied to the control terminal of the line switching circuit
(LSW). The line switching circuit (LSW) may generate a
1-pair auxiliary signal when the LO option signal (OPT1) is
supplied to the control terminal of the line switching circuit
(LSW). However, the operation of the line switching circuit
(LSW) may not be restricted by this condition. For example,
the line switching circuit (LSW) may generate a 1-pair aux-
iliary signal when the HI option signal (OPT1) is applied to
the control terminal of the line switching circuit (LSW). The
line switching circuit (LSW) may generate a 2-pair auxiliary
signal when the LO option signal (OPT1) is supplied to the
control terminal of the line switching circuit (LSW).

[0073] The control board (CTRB) may be equipped with
two Vbyone receiving circuits (VRXs), and a timing control-
ler (TCON). The system board (SB) and the control board
(CTRB) may be connected by a connector and a cable. The
cable may include the 4-pairs of data transmitting lines and
the 1-pair of auxiliary signal transmitting lines without any
clock signal transmitting line.

[0074] Each Vbyone receiving circuit (VRX) may be sup-
plied an auxiliary signal in order to receive the data with the
Vbyone interface. Therefore, each input terminal of the Vby-
one receiving circuit (VRX) should be connected to 2-pairs of
data transmitting lines and 1-pair of auxiliary signal transmit-
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ting lines. In the interim, the scaler (SCL) of the system board
(SB) may output the digital video data and the timing signal
through 4-pairs of data transmitting lines and the auxiliary
signal through [-pair of auxiliary transmitting lines. There-
fore, the number of auxiliary signals required for the Vbyone
transmitting terminal may not match the number of auxiliary
signals required for the Vbyone receiving terminal.

[0075] To match the number of auxiliary signal lines, the
control terminal of the line switching circuit (LSW) that may
be embedded into the system board (SB), HI logic option
signal (OPT1) may be applied. Therefore, the line switching
circuit (LSW) distributes the auxiliary signal from the scaler
(SCL) which may be input through 1-pair of auxiliary signal
lines to 2-pair of auxiliary signal transmitting lines, wherein
each of them may be connected to the Vbyone receiving
circuit (VRX). In addition, the line switching circuit (LSW)
may distribute the digital video data and the timing signals
from the scaler (SCL) through 4-pairs of data transmitting
lines to the 4-pair of auxiliary signal transmitting lines,
wherein each 2-pair may be connected to two Vbyone receiv-
ing circuits (VRXs).

[0076] Each of Vbyone receiving circuits (VRXs) may
transmit a response signal to the received auxiliary signal of
the Vbyone transmitting circuit of the scaler (SCL) through
the line switching circuit (LSW), and may demodulate the
digital video data transmitted in the Vbyone interface speci-
fication through the line switching circuit (LSW), and then
transmit the data with the timing signal to the timing control-
ler (TCON).

[0077] The timing controller (TCON) may include a timing
control signal generating circuit of the driving circuit, a data
sampling circuit, and a mini LVDS transmitting circuit. Using
the received timing signals received from two Vbyone receiv-
ing circuits (VRXs) such as Vsync, Hsync, data enable signal,
and dot clock, the timing controller (TCON) generate the data
timing control signal for controlling the operating timing of
the source drive ICs 131 to 136 and for controlling the polarity
of the data voltage supplied to the liquid crystal display panel
10. Further, the timing controller (TCON) may generate the
gate timing control signal for controlling the operating timing
of the gate drive ICs 151 to 153. According to the mini LVDS
interface specification, the timing controller (TCON) may
send the data with the mini LVDS clock signal to the source
drive ICs 131 to 136.

[0078] FIG. 7 illustrates a more detailed fourth exemplary
embodiment of the system board (3B) and the control board
(CTRB) then illustrated in FIG. 3.

[0079] Referring to FIG. 7, the configuration of the system
board (SB) is similar of which is illustrated in FIG. 6, except
that the LO logic option signal may be supplied to the control
terminal of the line switching circuit (LSW). Therefore, the
scaler (SCL) and the line switching circuit (LSW) may be
connected through 4-pair of data transmitting lines and 1-pair
of auxiliary transmitting lines without a clock transmitting
line. Through these transmitting lines, the scaler (SCL) may
transmit the digital video data, the timing signal which may
be substantially compressed by the Vbyone interface specifi-
cation, and the auxiliary signal to the line switching circuit
(LSW).

[0080] The control board (CTRB) is substantially the same
as the exemplary embodiment illustrated in FIG. 5. There-
fore, the control board (CTRB) may be equipped with the
timing controller (TCON). The control board (CTRB) may be
connected to the line switching circuit (LSW) of the system
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board (SB) through the cable including 4-pair of data trans-
mitting lines and 1-pair of auxiliary signal transmitting line
and the connector for linking the cable to each board.

[0081] The timing controller (TCON) may include a Vby-
one receiving circuit, a timing control signal generating cit-
cuit of the driving circuit, a data sampling circuit, and a mini
LVDS transmitting circuit. Therefore, the input terminal of
the timing controller (TCON) may be connected to 4-pair of
data transmitting lines and 1-pair of auxiliary signal transmit-
ting lines formed at the cable.

[0082] The LO logic option signal (OPT1) may be applied
to the control terminal of the line switching circuit (LSW)
which can be located on the system board (SB). Therefore, the
line switching circuit (LSW) may bypass the auxiliary signal
which may input from the scaler (SCL) through the 1-pair of
auxiliary signal transmitting lines to the 1-pair auxiliary sig-
nal transmitting lines which may be connected to the auxil-
iary signal receiving terminal of the timing controller
(TCON). Further, the line switching circuit (LSW) may trans-
mit the digital video data and the timing signals received from
the scaler (SCL) through the 4-pair of data transmitting lines
to the 4-pair of data transmitting lines which may be con-
nected to the data input terminal of the timing controller
(TCON).

[0083] FIGS. 8 and 9 illustrate the 5th and 6th exemplary
embodiments of the system board (SB) and the control board
(CTRB), respectively, in more detail than illustrated in FIG.
3. Contrary to the 3rd and 4th embodiments, and in accor-
dance with the 5th and 6th embodiments, the line switching
circuit (LSW) may be mounted on the control board (CTRB).

[0084] Referring to the FIG. 8, the system board (SB) is
equipped with a scaler (SCL), a first and a second Vbyone
transmitting circuit (VTS1 and VTX2), substantially similar
to the embodiment illustrated in F1G. 4. The scaler (SCL) may
be equipped with the LVDS transmitting circuit. The scaler
(SCL) may output the digital video data and the timing signals
through the embedded IVDS transmitting circuits and the
20-pair of data transmitting lines. Through the 4-pair of clock
transmitting lines, the scaler (SCL) may output the LVDS
clock. Each of Vbyone transmitting circuits (VIX1 and
VTX2) may substantially compress the digital video data
received from the scaler (SCL) in substantial accordance with
the Vbyone interface specification, and may output the com-
pressed digital video data with the timing signal. Further,
each of Vbyone transmitting circuits (VTX1 and VTX2) may
output 1-pair of auxiliary signals. The output terminal of the
Vbyone transmitting circuit (VITX1 and VIX2) may be con-
nected to the input terminal of the line switching circuit
(LSW) which may be embedded on the control board (CTRB)
through the cable connecting the system board (SB) and the
control board (CTRB). The cable may include 4-pair of data
transmitting lines and 2-pair of auxiliary signal transmitting
lines.

[0085] The timing controller (TCON) substantially
mounted on the control board (CTRB) may include a Vbyone
receiving circuit, a timing control signal generating circuit of
the driving circuit, a data sampling circuit, and a mini LVDS
transmitting circuit. The Vbyone receiving circuit of the tim-
ing controller (TCON) may require 4-pair of data transmit-
ting lines and 1-pair of auxiliary signal transmitting lines. On
the contrary, each of Vbyone transmitting circuits of the sys-
tem board (SB) may generate a pair of auxiliary signals.
Therefore, the number of auxiliary signals output from the
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system board (SB) may not be matched with the number of
auxiliary signal input in to the timing controller (TCON).
[0086] The line switching circuit (LSW) may control the
pair of auxiliary signals output in accordance with the option
signal (OPT2) input to the control terminal of itself. The
option signal (OPT2) may be decided by the voltage applied
to the control terminal of the line switching circuit (LSW). In
the exemplary embodiments illustrated in FIGS. 8 and 9, the
line switching circuit (LSW) may substantially convert the
2-pair of auxiliary signals to 1-pair of auxiliary signal lines in
response to the HI logic option signal (OPT2), and may
transmit that through the 1-pair of auxiliary signal transmit-
ting line. In response to the LO logic option signal (OPT2),
the line switching circuit (LSW) may send the 2-pairs of
auxiliary signal to the 2-pair of auxiliary signal transmitting
lines directly. The operation of the line switching circuit
(LSW) may not be restricted by the above-mentioned condi-
tion. For example, the line switching circuit (LSW) may
output the 2-pair of auxiliary signals in response to the HI
logic option signal (OPT1) and output the 1-pair of auxiliary
signal in response to the LO logic signal (OPT1).

[0087] Inthe exemplary embodiment of FIG. 8, the HI logic
option signal (OPT2) may be input into the control terminal of
the line switching circuit (LSW). Therefore, the line switch-
ing circuit (LSW) may substantially convert the 2-pair of
auxiliary signals which are input through the 2-pair of auxil-
iary signal transmitting lines into the 1-pair of auxiliary sig-
nals, and supply the auxiliary signals to the timing controller
(TCON) through the 1-pair of auxiliary signal transmitting
lines. In addition, the line switching circuit (LSW) may sup-
ply the digital video data and the timing signals received
through the 4-pair of data transmitting lines to the data input
terminals and the timing signals input into the terminal
through the 4-pair of data transmitting lines.

[0088] Referring to FIG. 9, the system board may be sub-
stantially the same as the exemplary embodiment illustrated
in FIG. 8. Each of Vbyone transmitting circuits (VIX1 and
VTX2) of the system board (SB) may substantially compress
the digital video data input from the scaler (SCL) according to
the Vbyone interface specification, and may output the sub-
stantially compressed digital video signal with the timing
signal. Further, Each of Vbyone transmitting circuits (VIX1
and VTX2) output 1-pair of auxiliary signals. The system
board (SB) and the control board (CTRB) may be connected
by the connector and cable. Therefore, the system board (SB)
may transmit the digital video data and the timing signals to
the control board (CTRB) through the 4-pair of data trans-
mitting lines formed at the cable, and transmit the auxiliary
signals to the control board (CTRB) through the 2-pair of
auxiliary signal transmitting lines formed at the cable.
[0089] On the control board (CTRB), a line switching cir-
cuit (LSW), a first and a second Vbyone receiving circuit
(VRX1 and VRX2), and a timing controller (TCON) may be
included. The control board (CTRB) may be connected to the
line switching circuit (LSW) of the system board (SB)
through the cable the cable including 4-pairs of data trans-
mitting lines, 2-pair of auxiliary signal transmitting lines, and
the connectors for linking the cable to each board.

[0090] The LO logic option signal (OPT2) is applied to the
control terminal of the line switching circuit (LSW). There-
fore, the line switching circuit (LSW) may output the 2-pair
of auxiliary signal inputs directly through the 2-pair of aux-
iliary signal transmitting lines in response to the LO logic
option signal (OPT2) to the 2-pair of auxiliary signal trans-
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mitting lines. The 2-pair of data and the 1-pair of auxiliary
signals coinciding with the output of the line switching circuit
(LSW) can be supplied to the first Vbyone receiving circuit
(VRX1) and the other 2-pair of data and 1-pair of auxiliary
signal may be supplied to the second Vbyone receiving circuit
(VRX2).

[0091] Each of the Vbyone receiving circuits (VRX1 and
VRX2) substantially demodulate the received digital video
data, according to the Vbyone interface specification, and
also supplies them to the timing controller (TCON).

[0092] In the interim, the above-mentioned exemplary
embodiments are examples of when the liquid crystal display
panel is operated in Full HD 120 Hz mode. Therefore, if the
resolution of the liquid crystal display panel or the driving
frequency is changed, then the number of lines of interfaces
may be different.

[0093] In the above-mentioned exemplary embodiments,
the Vbyone interface type may be replaced with any interface
type in which the required number of the transmitting lines
may be smaller than those of the LVDS interface type. For
example, the LVDS interface type may be replaced with the
RSDS (Reduced Swing Differential Signaling) interface
type.

[0094] As mentioned above, the liquid crystal display
device according to the exemplary embodiments may accept
the type of interface in which no clock transmitting line and
the number of the required data transmitting lines is less.
Therefore, it is realized that the number of signal transmitting
lines may be reduced and EMI problem may be substantially
improved and compatible with conventional interfaces.
[0095] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal display panel on which a plurality of data
lines cross a plurality of gate lines, wherein each data
line and each gate line is connected to a thin film tran-
sistor;

a source drive IC supplying data voltages to the data lines;

a gate drive IC supplying gate pulses to the gate lines;

a system board equipped with a scaler that transmits data
from the scaler through an interface that comprises
4-pair of data transmitting lines; and

a control board equipped with a timing controller that
receives the data through the interface and supplies the
data to the source drive IC and controls the operating
timing of the source drive IC and the gate drive IC.

2. The liquid crystal display device according to claim 1,

wherein the interface further comprises:

an interface transmitting circuit having 2-pair of auxiliary
signal transmitting lines for transmitting auxiliary sig-
nals, and equipped to the system board; and

an interface receiving circuit equipped to the control board
and that receives the auxiliary signals and the data and
transmitting the received data to the timing controller;

wherein the scaler transmits the data to the interface trans-
mitting circuit through a 20-pair data transmitting line,
and transmits the clock signal to the interface transmit-
ting circuit through a 4-pair clock transmitting line.
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3. The liquid crystal display device according to claim 1,
wherein the interface further comprises:
an interface transmitting circuit embedded into the scaler,
and further having 1-pair of auxiliary signal transmitting
lines that sends the auxiliary signal; and
an interface receiving circuit embedded into the timing
controller that receives the data after receiving the aux-
iliary system.
4. The liquid crystal display device according to claim 3,
wherein the interface further comprises:
an interface transmitting circuit embedded into the scaler,
and further having 1-pair of auxiliary signal transmitting
lines that sends the auxiliary signal;
an interface receiving circuit embedded on the control
board, and receiving the data through the 4-pair data
transmitting lines and receiving the auxiliary signal
through 2-pair of auxiliary transmitting lines;
wherein the system board further includes a line switching
circuit disposed between the scaler and the interface
transmitting circuit so as to distribute the auxiliary sig-
nals from the interface transmitting circuit to the 2-pair
of auxiliary signal transmitting lines.
5. The liquid crystal display device according to claim 3,
wherein the interface further comprises:
an interface transmitting circuit embedded into the scaler,
and further having 1-pair of auxiliary signal transmitting
lines that sends the auxiliary signal;
an interface receiving circuit embedded into the timing
controller that receives the data through the 4-pair data
transmitting lines and receiving the auxiliary signal
through 1-pair of auxiliary signal transmitting lines;
wherein the system board further includes a line switching
circuit disposed between the scaler and the interface
transmitting circuit so as to transmit the data and the
auxiliary signals from the scaler to the timing controller.
6. The liquid crystal display device according to claim 3,
wherein the interface further comprises:
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an interface transmitting circuit embedded on the system
board, and further having 2-pair of auxiliary signal
transmitting lines that sends the auxiliary signal;

an interface receiving circuit embedded into the timing
controller that receives data through the 4-pair data
transmitting lines that receives the auxiliary signal
through 1-pair of auxiliary signal transmitting lines;

wherein the control board further includes a line switching
circuit disposed between the interface transmitting cir-
cuit and the timing controller so as to transmit the aux-
iliary signals from the interface transmitting line to the
1-pair of auxiliary signal transmitting lines; and

wherein the scaler sends the data to the interface transmit-
ting circuit through the 20-pair of data transmitting lines
that sends the clock signal to the interface transmitting
circuit through the 4-pair clock of transmitting lines.

7. The liquid crystal display device according to claim 3,
wherein the interface further comprises:

an interface transmitting circuit embedded on the system
board, and further having 2-pair of auxiliary signal
transmitting lines that sends the auxiliary signal;

an interface receiving circuit embedded on the system
board that receives the data through the 4-pair of data
transmitting lines that receives the auxiliary signal
through the 2-pair of auxiliary signal transmitting lines;

wherein the control board further includes a line switching
circuit disposed between the interface transmitting cir-
cuit and the timing controller so as to transmit the aux-
iliary signals from the interface transmitting line to the
2-pair of auxiliary signal transmitting lines; and

wherein the scaler sends the data to the interface transmit-
ting circuit through the 20-pair of data transmitting lines
that sends the clock signal to the interface transmitting
circuit through the 4-pair clock of transmitting lines.
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