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7) ABSTRACT

A data driver IC of a liquid crystal display is provided. The
data driver IC includes a latch circuit latching digital pixel
data, a digital-to-analog converter converting an output of
the latch circuit into an analog video signal, and an analog

(22) Filed: Jun. 14, 2004 amplifier amplifying the analog video signal converted in
the digital-to-analog converter. The analog amplifier
(30) Foreign Application Priority Data includes a NAND gate, a capacitor connected to an input
terminal of the NAND gate, and a switch for connecting the
Jun. 20, 2003 (KR) ..o 2003-40013 input terminal and an output terminal of the NAND gate.
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DRIVING IC OF LIQUID CRYSTAL DISPLAY

[0001] This application claims the benefit of Korean
Patent Application No. 2003-40013, filed on Jun. 20, 2003,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a driving integrated
circuit (IC) for a liquid crystal display, and more particularly,
to a driving IC for a liquid crystal display that can overcome
RC delay of data lines in which the driving IC is integrated
with the liquid crystal display.

[0004] 2. Discussion of the Related Art

[0005] Liquid ecrystal displays (LCDs) have become
widely used for displaying various images including still
pictures or moving pictures, and their use has become more
widespread with the accelerated improvement of picture
quality from improved liquid crystal material and develop-
ment of pixel processing techniques as well as the display’s
advantages of lightweight, slimness, and low power con-
sumption.

[0006] An active matrix LCD (AM-LCD) generally
includes an array substrate as a lower substrate of a liquid
crystal panel for displaying images. On the array substrate,
a plurality of pixels are arranged in a matrix configuration,
a plurality of thin film transistors (TFTs) functioning as a
switching element are also formed, and a plurality of gate
lines and a plurality of data lines crossing the plurality of
gate lines are arranged.

[0007] FIG.1isablock diagram of a related art AM-LCD.

[0008] Referring to FIG. 1, the related art AM-LCD
includes a data driver IC 3 for providing a liquid crystal
panel 6 with image data inputted by an external video card
1, a gamma voltage IC 4 for supplying a signal voltage to the
data driver IC 3, a gate driver IC 5, which provides the liquid
crystal panel 6 with a scanning signal for controlling a
switching operation of thin film transistors of the liquid
crystal panel 6, and a controller 2 for controlling the data
driver IC 3 and the gate driver IC 3.

[0009] The liquid crystal panel 5 with a resolution of XGA
(1024*768 pixels) level has 1024*3 (RGB) data lines. For
instance, in an LCD with an XGA resolution, 8 data driver
ICs each having 384 output terminals and 4 gate driver ICs
each having 200 output terminals are used.

[0010] Video data provided by a video card in a main body
of a computer is supplied to the data driver IC 3 by a relay
of the controller 2. In another example, an analog image
signal inputted from a computer is converted into digital
video data by an interface module in an LCD monitor, which
then inputs the converted digital video data into the LCD.

[0011] The gate driver IC 5 applies a scanning pulse once
per frame period to each scanning line. The timing of the
scanning pulse is interlaced from an upper side of the liquid
crystal panel to a lower side. The data driver IC 3 applies a
liquid crystal driving voltage, which corresponds to pixels of
the row to which the scanning pulse is applied, i.e., it applies
a signal voltage to each data line.

1. Field of the Invention
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[0012] In selected pixels to which the scanning pulse is
applied, as voltages of corresponding gate electrodes con-
nected to the data line increases, corresponding thin film
transistors are turned on.

[0013] At this time, the liquid crystal driving voltage is
applied to the liquid crystal from the data line via the drain
electrode and the source electrode of each of the thin film
transistors, so that each of the corresponding pixels charges
a pixel capacitance corresponding to a sum of liquid crystal
capacitance and storage capacitance. By repeating the above
operation, a voltage corresponding to an image signal is
applied repeatedly per frame period to a pixel capacitance of
the liquid crystal panel.

[0014] FIG. 2 is a block diagram of the data driver IC of
FIG. 1.
[0015] Referring to FIG. 2, a data latch 41 latches video

data input on lines 10, 11 and 12 from outside the data drive
IC 3. When the LCD receives even and odd video data, the
data latch 41 latches input video data in groups of two pixels.

[0016] A shift register 40 scquentially generates latch
enable signals, which are synchronized with an external
input clock signal to store video data in a line latch 42.

[0017] The line latch 42 sequentially stores the video data,
which are synchronized with the latch enable signals and
inputted by the shift register 40.

[0018] The line latch 42 includes first and second registers
cach having at least one line size (number of data lines
connected to one data driver IC, for example, 386 6 bits).
Once video data corresponding to one line is stored in the
first register, the line latch 42 transfers the video data
corresponding to one line stored in the first register to the
second register. Thereafter, the line latch 42 sequentially
stores video data for a next line.

[0019] A digital-to-analog converter 43 of the data driver
IC divides a selected digital signal voltage into several
voltages, converts the divided voltages into analog voltages,
and outputs the converted analog voltages to data lines as an
image signal through an output buffer 44.

[0020] In the related art LCD, a driving IC board, ie., a
board provided with a data driver IC and a gate driver IC is
installed separate from the liquid crystal panel.

[0021] However, as low temperature polysilicon allows
the use of larger-sized glass substrates and, as the integration
technology of drive ICs advances, it becomes possible to
integrate circuits related to the processing of display signals
on the glass substrate. Also, the number and variety of
circuits that can be integrated on the glass substrate
increases as well.

[0022] 1In other words, the above system-on-LCD includes
polysilicon TFTs formed on glass substrates for use in both
the pixel array and the drive ICs of a liquid crystal panel.

[0023] Because polysilicon has a much higher carrier
mobility than amorphous silicon, transistors for drive ICs
can be formed on a glass substrate along with the switching
transistors for the pixel electrodes. Thus, the fabrication
costs of modules in LCDs can be reduced and at the same
time power consumption can be also reduced.
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[0024] However, in the system-on-LCD, load capacitance
of the data bus lines increases, because so many data bus
lines are formed on the glass substrate, because the size of
the glass substrate increases and also because the number of
data lines increases. If the load capacitance is increased,
problems occur in that waveforms becomes smooth and RC
load of the data line is increased.

[0025] 1In the case of the system-on-LCD, the analog
voltage must be output from the data driver more stably. For
this purpose, the output buffer is required to operate stably
with a high output.

SUMMARY OF THE INVENTION

[0026] Accordingly, the present invention is directed to a
liquid crystal display module that substantially obviates one
or more problems due to limitations and disadvantages of
the related art.

[0027] An advantage of the present invention is to provide
a data driver IC of a liquid crystal display in a system-on-
LCD, which is capable of stably driving signal lines having
alarge Reload by providing an analog amplifier that includes
a NAND gate and a switch for connecting input/output
terminals of the NAND gate.

[0028] Additional advantages, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. These and other
advantages of the invention may be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

[0029] To achieve these and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, there is provided a data driver
IC of a liquid crystal display, which includes: a latch circuit
that latches digital pixel data; a digital-to-analog converter
that converts an output of the latch circuit into an analog
video signal; and an analog amplifier that amplifies the
analog video signal converted in the digital-to-analog con-
verter. The analog amplifier may include: a NAND gate; a
capacitor connected to an input terminal of the NAND gate;
and a switch that connects the input terminal and an output
terminal of the NAND gate.

[0030] The NAND gate may have two input terminals that
are shorted with each other, such that the same analog video
signals are inputted.

[0031] Also, the NAND gate may have two input termi-
nals, in which the analog video signal is input to a first input
terminal and an additional control signal is input to a second
input terminal.

[0032] A plurality of analog amplifiers constructed as
above are connected in cascade.

[0033] In another aspect of the present invention, there is
provided a data driver IC of a liquid crystal display, which
includes: a latch circuit that latches digital pixel data; a
digital-to-analog converter that converts an output of the
latch circuit into an analog video signal; and an analog
amplifier that amplifies the analog video signal converted in
the digital-to-analog converter, wherein the analog amplifier
includes: a NOR gate; a capacitor connected to an input
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terminal of the NOR gate; and a switch that connects the
input terminal and an output terminal of the NOR gate.

[0034] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion.

[0036] In the drawings:

[0037] FIG. 1 is a block diagram of a related art AM-
LCD;

[0038] FIG. 2 is a block diagram of the data driver IC of
FIG. 1;

[0039] FIG. 3 is a circuit diagram of a data driver IC

according to the present invention; and

[0040] FIGS. 4A to 4C are circuit diagrams of an analog
amplifier according to the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0041] Reference will now be made in detail to embodi-
ments of the present invention, examples of which 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.

[0042] FIG. 3 is a block diagram of a data driver IC
according to the present invention.

[0043] Tt is assumed that the data driver IC according to
the present invention is formed on the same substrate as a
pixel array of a liquid crystal panel. For this purpose, the
active layer of a thin film transistor (TFT) formed on the
substrate is formed of polysilicon.

[0044] Referring to FIG. 3, the data driver IC according to
the present invention includes a latch circuit, a digital-to-
analog converter, and an analog amplifier. Also, the latch
circuit includes a data latch, a shift register, and a line latch.
The operation of the data driver IC will now be described.

[0045] The data latch 41 latches external video data on
lines 10, 11 and 12 one pixel at a time. If an LCD receives
even and odd video data, the data latch 41 latches the input
video data in groups of two pixels.

[0046] The shift register 40 sequentially generates a latch
enable signal for storing the video, data in the line latch in
synchronization with an external clock signal. The line latch
42 sequentially stores the video data that are input in
synchronization with the latch enable signal.

[0047] The line latch 42 includes first and second transis-
tors (not shown) each having at least one line size (for
example, the number of data lines connected to one data
driver IC: 368*6 bits). If the video data for one line is stored
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in a first register, the line latch 42 shifts the stored video data
to a second register at the same time. Then, the line latch 42
sequentially stores video data for a next line in the first
register.

[0048] The digital-to-analog converter 43 receives a plu-
rality of signal voltages from a gamma voltage IC 4. Then,
the digital-to-analog converter 43 selects at least one or two
signal voltages from among the plurality of the signal
voltages input corresponding to the respective video data
that are supplied from the second register of the line latch.

[0049] The digital-to-analog converter 43 converts the
selected signal voltages into analog video signals corre-
sponding to the video data. The converted analog video
signals are amplified and output through an output buffer 54.

[0050] The output buffer 54 is configured with a plurality
of analog amplifiers 55. The plurality of analog amplifiers 55
are provided corresponding to the respective data lines in
order to amplify and transfer the respective analog video
signals to the respective data lines.

[0051] In the case of a system-on-LCD, the load capaci-
tance of the data bus lines increases, because so many data
bus lines are formed on the glass substrate, because the size
of the glass substrate increases and because the number of
data lines increases. As a result, the RC load of the data line
increases.

[0052] In order to resolve these problems, the analog
video data must be output to the data lines more stably. To
achieve this purpose, the analog amplifier according to the
present invention is constructed differently from that of the
related art.

[0053] FIGS. 4A to 4C are circuit diagrams of the analog
amplifier 55. The analog amplifier 55 is provided inside the
output buffer 54 of the data driver IC shown in FIG. 3.

[0054] Referring to FIG. 4A, the analog amplifier includes
a NAND gate 60, a capacitor 62 connected to input terminals
64 of the NAND gate 60, and a switch 68 for connecting the
input terminals 64 and an output terminal 66 of the NAND
gate 60.

[0055] The NAND gate 60 has two input terminals 64. The
two input terminals 64 are connected and thus receive the
same analog video signal. Also, the switch 68 is provided for
initializing a voltage.

[0056] The operation of the analog amplifier will now be
described. First, the switch 68 is closed to initialize the input
and output of the NAND gate 60 to an intermediate potential
of a power supply voltage that is applied to the NAND gate
60. The initialized voltage is stored in the capacitor 62,
which is connected to the input terminal 64 of the NAND
gate 60.

[0057] Then, the analog video signal is input through the
input terminals 64 of the NAND gate 60. A voltage corre-
sponding to a difference between the voltage of the analog
video signal and the initialized voltage is output through the
output terminal 66 of the NAND gate 60.

[0058] As a result, the analog voltage that is output
through the output terminal 66 of the NAND gate 60 is an
amplified value of the analog video signal that is converted
in the digital-to-analog converter (43, in FIG. 3). The analog
voltage is transferred 1o a corresponding data line.
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[0059] In other words, the signal output to the data line is
monitored and fed back to the analog video signal that is
converted in the digital-to-analog converter (43, in FIG. 3).
Through this operation, the voltage output through the
analog amplifier (55, in FIG. 3) may be controlled. As a
result, the analog output signals of the data driver IC may be
transferred to the data lines more stably through the signal
control.

[0060] FIG. 4B is a circuit diagram illustrating another
exemplary embodiment of the analog amplifier.

[0061] The analog amplifier according to another embodi-
ment of the present invention includes a plurality of analog
amplifiers that are cascaded. Each analog amplifier includes
aNAND gate 60, a capacitor 62 connected to input terminals
64 of the NAND gate 60, and a switch 68 for connecting the
input terminal 64 and an output terminal 66 of the NAND
gate 60. Such a configuration allows for improved signal
offset.

[0062] FIG. 4C is a circuit diagram illustrating further
another embodiment of the analog amplifier. In this embodi-
ment, the analog amplifier includes a NAND gate 60, a
capacitor 62 connected to input terminal 64' of the NAND
gate 60, and a switch 68 for connecting the input terminal 64'
and an output terminal 66 of the NAND gate 60, which is
similar to the configuration of FIG. 4A. However, the analog
video signal converted in the digital-to-analog converter (43,
in FIG. 3) is input to one input terminal 64' of the NAND
gate 60, and an additional control signal is inputted to the
other terminal 64".

[0063] The input terminal 64' and the output terminal 66
of the NAND gate 60 are connected by the switch 68.

[0064] If either or both of the two input terminals are a
logic low level, the NAND gate always outputs a logic high
level. In other words, if an additional control signal is
applied to either or both of the two input terminals 64' and
64 a user may force the output state to be locked.

[0065] For example, this may be applied to lock the output
analog video signal to black depending on the upper bit state
of the digital bit, a multi-color mode selection function, or
a screen mask, for example.

[0066] In the analog amplifiers of FIGS. 4A to 4C, if
necessary, the NAND gate may be replaced with NOR gate
(not shown). Because an operation of the analog amplifier
configured with NOR gate is similar to that of the analog
amplifier configured with NAND gate, its description will be
omitted.

[0067] Also, the analog amplifier may be configured with
XOR gates.

[0068] According to the drive, IC of the present invention,
in a system-on-LCD, the analog output signals of the drive
IC may be transmitted to the signal lines more stably,
thereby integrating the drive IC more effectively.

[0069] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that, the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.
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What is claimed is:
1. A data driver IC for a liquid crystal display, comprising:

a latch circuit latching digital data;

a digital-to-analog converter converting an output of the
latch circuit into an analog video signal; and

an analog amplifier amplifying the analog video signal
converted in the digital-to-analog converter, wherein
the analog amplifier comprises:

a NAND gate;

a capacitor connected to an input terminal of the
NAND gate; and

a switch connecting the input terminal and an output
terminal of the NAND gate.
2. The data driver IC according to claim 1, wherein the
latch circuit comprises:

a data latch latching external digital data;

a shift register sequentially generating latch enable signals
with respect to the digital data in synchronization with
an external clock signal; and

a line latch sequentially storing the digital data that are

input in synchronization with the latch enable signal.

3. The data driver IC according to claim 1, wherein the
NAND gate has two input terminals that are connected to
each other, such that the same analog video signal is input
on both of the terminals.

4. The data driver IC according to claim 1, wherein the
NAND gate comprises two input terminals, the analog video
signal being input to a first input terminal, and an additional
control signal being input to a second input terminal.

5. The data driver IC according to claim 4, wherein the
first input terminal of the NAND gate is connected to an
output terminal of the NAND gate by the switch.

6. The data driver IC according to claim 1, wherein a
plurality of analog amplifiers are cascaded, each analog
amplifier comprising:

a NAND gate;

a capacitor connected to an input terminal of the NAND
gate; and

a switch connecting the input terminal and an output
terminal of the NAND gate.
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7. A data driver IC of a liquid crystal display, comprising:
a latch circuit latching digital data;

a digital-to-analog converter converting an output of the
latch circuit into an analog video signal; and

an analog amplifier amplifying the analog video signal
converted in the digital-to-analog converter,

wherein the analog amplifier comprises:
a NOR gate;

a capacitor connected to an input terminal of the NOR
gate; and

a switch connected to the input terminal and an output
terminal of the NOR gate.
8. The data driver IC according to claim 7, wherein the
latch circuit comprises:

a data latch latching external digital data,

a shift register sequentially generating latch enable signals
with respect to the digital data in synchronization with
an external clock signal; and

a line latch sequentially storing the digital data that are

input in synchronization with the latch enable signal.

9. The data driver IC according to claim 7, wherein the
NOR gate has two input terminals that are connected to each
other, such that the same analog video signal is input on both
of the terminals.

10. The data driver IC according to claim 7, wherein the
NOR gate comprises two input terminals, the analog video
signal being input to a first input terminal, and an additional
control signal being input to a second input terminal.

11. The data driver IC according to claim 10, wherein the
first input terminal of the NOR gate is connected to an output
terminal of the NOR gate by the switch.

12, The data driver IC according to claim 7, wherein a
plurality of analog amplifiers are cascaded, each analog
amplifier comprising:

a NOR gate;

a capacitor connected to an input terminal of the NOR
gate; and

a switch connecting the input terminal and an output
terminal of the NOR gate.
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