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APPARATUS AND METHOD FOR DRIVING
IMAGE DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] This application claims the priority of Korean
Patent Application No. 2001-88848 filed Dec. 31, 2001,
which is incorporated herein in its entirety by reference.

[0002] 1. Field of the Invention

[0003] The present invention relates to the field of image
display devices, and more particularly, to an image display
device and method for converting digital image data per
pixel into an analog signal and driving a liquid crystal cell
in response to the analog pixel signal using voltage charged
by a driving circuit with a dual buffer structure.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (LCD) is one type of flat
display device used in computers, flat television receivers,
and information appliances, and is made of a plurality of
pixels having capacitive loads.

[0006] In general, an LCD consists of a plurality of pixels
indicating an image signal, the pixels being driven in
response to a signal that is applied via a wire. In a wire, scan
signal lines or gate signal lines for transmitting scan signals,
or image signal lines or data lines for transmitting image
signals are connected, in the form of matrix, to a plurality of
thin-film transistor (TFT) switching devices corresponding
to the pixels. Each TFT is connected to a liquid crystal cell
and thus displays an image signal.

[0007] As shown in FIG. 1, a conventional apparatus for
driving an image display device includes a liquid crystal cell
1, a thin transistor 2, and a capacitor 3 for each pixel display
unit. Gate and input terminals of the thin transistor 2 are
connected to a gate signal line and a data signal line. One
terminal of the liquid crystal cell 1 is connected to an output
terminal of the thin transistor 2 and a pixel electrode is
connected to the other terminal thereof. The liquid crystal
cell 1 is connected in parallel to the capacitor 3.

[0008] The data signal line is for supplying voltage to the
liquid crystal cell 1, and the gate signal line is for supplying
a signal used to determine a line to which a liquid crystal cell
of a scan line to be displayed belongs.

[0009] The thin transistor 2 accumulates voltage of the
data signal line in the capacitor 3 to provide the voltage to
the liquid crystal cell 1, in response to a signal supplied via
the gate signal line.

[0010] As described above, each liquid crystal cell 1 is
driven by the voltage charged in the capacitor 3.

[0011] In general, a conventional image display device
displays one sheet of an image with R.G.B. cells in one
vertical synchronization period (Yso seconds). Therefore, in
order to realize a single-panel projection television receiver
using the conventional image display device, at least red,
green and blue (R.G.B.) colors must be displayed within the
one vertical synchronization period. However, the conven-
tional image display device shown in FIG. 1 is not capable
of driving all of the R.G.B. cells on a single panel within one
vertical synchronization period.
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SUMMARY OF THE INVENTION

[0012] To solve the above problem, it is an object of the
present invention to provide an apparatus and method for
driving an image display device which converts digital
image data per pixel into an analog signal and drives a liquid
crystal cell in response to the analog pixel signal using
voltage charged with a driving circuit with a dual buffer
structure.

[0013] To achieve the above object, there is provided an
apparatus for driving an image display device, the apparatus
including a digital-to-analog (D/A) converter converting
digital image data into an analog pixel signal; a pixel driving
unit receiving the analog pixel signal output from the D/A
converter, switching the analog pixel signal to charge a first
charging device with the analog pixel signal, switching the
signal charged in the first charging device per frame to
charge a second charging device with the signal, and dis-
charging the signal for a previous frame, which is charged in
the second charging unit and a liquid crystal cell, before
charging the second charging device with a signal for a
current frame; and the liquid crystal cell displaying an image
using a difference between voltage of the pixel signal in the
second charging device and a predetermined AC driving
voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above object and advantages of the present
invention will become more apparent by describing in detail
a preferred embodiment thereof with reference to the
attached drawings in which:

[0015] FIG. 1 s a circuit diagram of a conventional image
display device;

[0016] FIG. 2 is a circuit diagram of an apparatus for
driving an image display device according to the present
invention;

[0017] FIG. 3 is a waveform diagram of a pixel signal
having modulated pulse width, which is applied to the
present invention;

[0018] FIGS. 4A through H are waveform diagrams of
major signals propagating through the circuit of FIG. 2; and

[0019] FIG. 5 is a graph illustrating the relationship
between a liquid crystal impressed voltage and gradation.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] FIG. 2 is a circuit diagram of an apparatus for
driving an image display device according to the present
invention. Referring to FIG. 2, the apparatus includes a
digital-to-analog (D/A) converter 210, a pixel driving unit
220, and a liquid crystal cell 230.

[0021] The D/A converter 210 converts digital image data
into an analog pixel signal. More specifically, the D/A
converter 210 includes a plurality of switches S1, S2, S3 and
S4, a capacitor C0, and a current source I,

[0022] Digital image data having a modulated pulse width
is applied to a gate terminal of the switch S1, and input/
output (I/O) terminals of the switch S1 are connected to the
current source I, and the capacitor C0, respectively.
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[0023] The output terminal of the switch S1 is connected
to a buffer circuit, which consists of the switches S3 and S4,
to match output impedance in the switch S1 with output
impedance in the pixel driving unit 220. The capacitor C0 is
connected to the switch S2 for discharging a charged signal.

[0024] In the operation of the D/A converter 210, digital
pixel data which is pulse width modulated (PWM), e.g., 133
(10000101B), shown in FIG. 3, is applied to the gate
terminal of the switch S1. Thus, the switch S1 is turned on
only in a ‘high’ state period of the digital pixel data having
a modulated pulse width, and the capacitor CO0 is charged by
the current source I5. As a result, the digital pixel data is
converted into a pixel signal of analog voltage.

[0025] The switch S2 converts digital pixel data per line
into an analog signal and discharges a signal charged in the
capacitor C0 and a capacitor C1 in response to a gate signal
Scl having timing shown in FIG. 4E, in preparation for
scanning a next line.

[0026] Conventionally, digital-to-analog (D/A) conver-
sion is carried out in units of 8 pixels or 16 pixels, and thus,
generation of undesired bar-type noise at a distance of 8
pixels or 16 pixels is unavoidable when displaying images.
In contrast, D/A conversion according to the present inven-
tion is made in units of single pixels, thereby minimizing
deterioration of quality caused during a manufacturing pro-
cess of a semiconductor. Therefore, it is possible to prevent
generation of undesired noise per line at a screen.

[0027] The pixel driving unit 220 is a block for generating
voltage to drive a liquid crystal cell. The pixel driving unit
220 includes a plurality of switches S§ through S7, and first
and second capacitors C1 and C2 which are two charging
devices.

[0028] 1/O terminals of the switch S5 are connected to the
output terminal of the D/A converter 210 and the first
charging capacitor C1, respectively. Input and output termi-
nals of the switch S6 are connected to the capacitor C1 and
the second charging capacitor C2, respectively. The output
terminal of the switch S6 is also connected to the switch S7
for discharging a signal charged in the capacitor C2.

[0029] In the operation of the pixel diving unit 220, when
a gate signal Ss having timing shown in FIG. 4F is applied
to the gate terminal of the switch S5, the first capacitor C1
is primarily charged with an analog pixel signal that is input
while each line is scanned.

[0030] The switch S6 is switched on in response to the
pixel signal charged in the capacitor C1 and charges the
capacitor C2 with the pixel signal, so as to display one-frame

images at once in response to a gate signal St having timing
shown in FIG. 4D.

[0031] The switch S7, which is connected in parallel to the
capacitor C2, discharges voltage applied to the capacitor C2
and the liquid crystal cell 230, in response to a gate signal
Sc2 having timing shown in FIG. 4H, after displaying one
frame image and before receiving a next frame image.

[0032] Here, the capacities of the capacitors C1 and C2,
and a capacitor C; . of a liquid crystal cell, are designed to
be C1>>C2>>C; . to compensate for DC charge sharing.

[0033] Positive/negative (+/=) voltages are alternately
applied per frame of the liquid crystal cell 230 to prevent the
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occurrence of a liquid crystal sticking phenomenon shown in
FIG. 5. In detail, for alternate application of +/- voltages per
frame, a pixel electrode voltage Vcom illustrated in FIG. 4C
is applied to one terminal of the liquid crystal cell 230 and
a voltage charged in the capacitor C2 is applied to the other
terminal, across a pixel electrode, of the liquid crystal cell
230. As a result, an image can be displayed due to a voltage
difference between the pixel electrode voltage Vcom and the
voltage charged in the capacitor C2.

[0034] According to the present invention, the switches S1
through S7 may be formed of thin film transistors (TFTS).
Hereinafter, the operations of switches S1 through S7 in +/-
frames will be described.

[0035] Inthe ‘+ frame, after D/A conversion is performed
on pixel data per pixel, the converted pixel data is stored in
the capacitor C1 while the switch S5 is turned on per line in
response to the gate signal Ss. After charging the analog
pixel signal in all lines, the switch S7 is turned on in
response to the gate signal Sc2 to discharge liquid crystal
voltage V; of each cell which displays an image in a
previous frame. Next, image data of the entire sequence of
frames is charged in the capacitor C2 while the switch S6 is
turned on in response to the gate signal St in order to control
driving of a liquid crystal device according to a switching
sequence of applying a liquid crystal voltage to a current
frame.

[0036] In the ‘-’ frame, D/A conversion is performed on
inverted image data in units of pixels and the pixel electrode
voltage Vcom is inverted to display a pixel corresponding to
the converted image data. The switching sequence of apply-
ing the liquid crystal voltage is the same as in the ‘+’ frame.

[0037] According to the present invention, image data is
converted into an analog signal in units of single pixels,
pixel signals are sequentially charged per line and frame
using a buffer with a dual structure, and a liquid crystal cell
is driven with voltage of the pixel signal charged per frame.
R.G.B. signals can be displayed on a single panel by
providing image data applied to an image display device
adopting an analog driving method, according to the present
invention, in one vertical synchronization period that is
time-divided into R/G/B/W frames, as shown in FIG. 4A.

[0038] According to the present invention, image data is
processed according to a digital process and an image
display device is driven in units of a pixel in response to a
signal obtained by performing D/A conversion on the image
data. Therefore, it is possible to prevent generation of
bar-type noise in a digital image display device such as a
plasma display panel (PDP), a digital micro-mirror device
(DMD), or a ferro-electric liquid crystal device (FLCD).
Also, it is possible to increase the number of frames per
color and display images on a single panel as long as the
response speed of a liquid crystal cell is maintained fast
enough.

[0039] In conclusion, according to the present invention,
digital image data per pixel is converted into an analog
signal to generate a voltage for driving an image display
device and an analog voltage for driving the image display
device is generated using a driving circuit with a dual buffer
structure. Therefore, it is possible to more effectively pre-
vent generation of undesired noise than in the prior art. In
particular, an image display device according to the present
invention is advantageous for displaying R.G.B. signals
using a single panel.
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[0040] The present invention may be embodied as a
method, an apparatus or a system. In a case where the
present invention is accomplished by software, code seg-
ments for performing indispensable operations are required
as constitutional elements. A program or code segments may
be stored in a processor-readable medium or may be trans-
mitted via a transmitting apparatus or network in response to
a computer data signal that is combined with a carrier wave.
Here, the processor-readable medium may be any medium
capable of storing or transmitting data, e.g., an electronic
circuit, a semiconductor memory device, a ROM, a flash
memory, an EE PROM, a floppy disk, an optical disc, a hard
disc, an optical fiber medium, or a radio-frequency (RF) net.
Also, the computer data signal may be any signal that can be
transmitted over a transmission medium such as electronic
net channel, an optical fiber, air, an electric field, or an RF
net.

[0041] While this invention has been particularly shown
and described with reference to preferred embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention
as defined by the appended claims.

What is claimed is:
1. An apparatus for driving an image display device, the
apparatus comprising:

a digital-to-analog (D/A) converter converting digital
pixel data into an analog pixel signal;

a pixel driving unit connected to the liquid crystal cell and
receiving the analog pixel signal output from the D/A
converter, switching the analog pixel signal to charge a
first charging device with the analog pixel signal,
switching a signal charged in the first charging device
per frame to charge a second charging device with the
signal charged in the first charging device, and dis-
charging a signal for a previous frame, which is charged
in the second charging unit, before charging the second
charging device with a signal for a current frame; and

a liquid crystal cell connected to said pixel driving unit
and displaying an image using a difference between
voltage of the pixel signal in the second charging
device and a predetermined AC driving voltage.

2. The apparatus of claim 1, wherein the digital pixel data

is pulse width modulated.

3. The apparatus of claim 1, wherein the D/A converter
comprises a discharging switching circuit discharging the
analog pixel signal per line.

4. The apparatus of claim 1, wherein the D/A converter
comprises:

a first switching unit switching and outputting a current
source in response to the digital pixel data having a
modulated pulse width;

a first capacitor charging a signal output from the first
switching unit; and
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a second switching unit being connected in parallel to the
first capacitor and discharging from the first capacitor
the pixel signal charged in a previous line per line
before charging the first capacitor with the pixel signal
for a current line.

5. The apparatus of claim 4, wherein the D/A converter
further comprises a buffer circuit unit for impedance match-
ing at an output terminal of the first switching unit.

6. The apparatus of claim 1, wherein the pixel driving unit
comprises:

a third switching unit switching and outputting the analog
pixel signal output from the D/A converter, in response
to a gate signal generated per line;

a second capacitor charging the analog pixel signal output
from the third switching unit;

a fourth switching unit switching and outputting the
analog pixel signal charged in the second capacitor in
response to a first gate signal generated per frame;

a third capacitor charging the analog pixel signal output
from the fourth switching unit; and

a fifth switching unit being connected in parallel to the
third capacitor and discharging the pixel signal charged
in the previous frame in response to a second gate
signal generated per frame before charging the third
capacitor with the pixel signal in the current frame.

7. The apparatus of claim 6, wherein a capacity of the
second capacitor is larger than a capacity of the third
capacitor, and a capacity of the third capacitor is larger than
a capacity of the liquid crystal cell.

8. The apparatus of claim 1, wherein the predetermined
AC driving voltage is set to be switched between positive
voltage and negative voltage in units of frames.

9. A method for driving a liquid crystal cell for use in an
image display device, the method comprising:

switching an analog pixel signal per line to charge a first
charging unit with the signal;

switching a signal charged in the first charging unit to
charge a second charging unit with the signal charged
in the first charging unit;

driving the liquid crystal cell in response to a signal
charged in the second charging unit; and

discharging a signal for a previous frame, which is
charged in the second charging unit, before charging
the second charging unit with a signal for a current
frame.

10. The method of claim 9, further comprising converting
digital pixel data having a modulated pulse width to the
analog pixel signal.

11. The method of claim 9, wherein the capacity of the
first charging unit is larger than that of the second charging
unit, and the capacity of the second charging unit is larger
than that of the liquid crystal cell.

* * * * #*
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