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LIQUID CRYSTAL DISPLAY DRIVING
METHODOLOGY WITH IMPROVED POWER
CONSUMPTION

FIELD OF THE INVENTION

[0001] The present invention relates generally to an active
matrix liquid crystal display (AMLCD) device and, more
particularly, to a method for driving thin-film transistor
liquid-crystal display (TFT-LCD) devices.

BACKGROUND OF THE INVENTION

[0002] Thin-film transistor liquid-crystal displays (TFT-
LCDs) are well known in the art. A TFT-LCD panel com-
prises an upper substrate, a lower substrate and a liquid
crystal layer disposed between the two substrates. The upper
substrate comprises a transparent upper electrode made of
indium tin-oxide (ITO) and a color filter layer to provide the
colors in the displayed image. The upper electrode is con-
nected to a common voltage known as Vcom. The lower
substrate comprises a lower electrode layer defining an array
of pixels arranged in rows and columns as shown in FIG. 1.
Typically each pixel has a pixel electrode controlled by a
switching device such as a thin-film transistor (TFT).

[0003] 1Ina color LCD panel, each pixel is further divided
into three color sub-pixels in R, G and B. Each color
sub-pixel has a separate lower electrode. In a transflective
color LCD panel, each color sub-pixel is further partitioned
into a transmission area and a reflection area and each area
may have a separate electrode. For simplicity, the present
invention and the background of the invention will be
described only in terms of pixels.

[0004] As shown in FIG. 1, the LCD panel 200 has a
plurality of data lines 212 and a plurality of gate line 222
such that a pixel is substantially bounded by two adjacent
data lines and two adjacent gate lines. The signals (Vdata) on
the data lines are provided by one or more source drivers 210
and the signals (Vgate) on the gate lines are provided by one
or more gate drivers 220. A control ASIC 230 is used to
control both the source drivers and the gate drivers. The
control ASIC 230 is also used to provide the common
voltage Vcom on common line 252. A DC/DC converter 240
is generally used to provide electrical power to the control
ASIC, the source drivers and the gate drivers.

[0005] An equivalent circuit of a pixel in an LCD panel is
shown in FIG. 24 and a schematic representation of a pixel
is shown in FIG. 2. As shown in FIGS. 2a and 2, the pixel
100 comprises a capacitor C;  (110) which represents the
capacitance in the liquid crystal layer between the upper
electrode and the pixel electrode in the pixel 100. One end
114 of the capacitor 110 represents the upper electrode
(common electrode) on the upper substrate, which is con-
nected to the voltage level Vcom on a common line 252. The
other end 112 represents the pixel electrode on the lower
substrate and is electrically connected to a data line 222
through a TFT. The TFT is switched on when a gate line
signal Vgate is provided on the gate line 222_. When the
TFT is on, the voltage level Vg of the pixel electrode
becomes substantially equal to the voltage level of the signal
Vdata on the data line 212, after the capacitance C, . is
charged. It is the voltage potential AV between Vppeg; and
Vcom that determines the state of the liquid crystal layer in
the pixel 100. In general, the pixel electrode is also con-
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nected to one end of a charge storage capacitor Cyp (120) to
reasonably retain the charge in the pixel and thus the voltage
level on the pixel electrode after the gate line signal has
passed. It is common practice that the voltage potential AV
is maintained across the liquid crystal layer in the pixel at
least one frame time before a new voltage potential is
applied. The other end of the charge storage capacitor Cqp
is connected to another common line 254 on the lower
substrate. In some LCD panels, the common line 254 is
electrically connected to the common line 252. In some
other panels, the common line 254 is electrically connected
to an adjacent gate line 222 ,, (not shown).

[0006] In general, the voltage potential AV is maintained
across the liquid crystal layer in the pixel at least one frame
time (16.67 ms if the display refreshing frequency is 60 Hz)
before a new voltage potential is applied. If the liquid crystal
panel is used as a computer monitor, for example, the
voltage potential on a particular pixel can be the same for a
long time.

[0007] Tt is known in the art that if a substantially high
voltage potential is applied over the liquid crystal layer for
along period of time, the optical transmission characteristics
of the liquid crystal may change. This change may be
permanent, causing an irreversible degradation in the dis-
play quality of the LCD panel. For this reason, voltage
potential inversion is normally used to change a steady
voltage potential into an alternating form. One of the voltage
potential inversion schemes is to change the polarity of the
voltage potential AV when a new row of pixels is driven by
a gate line signal. This inversion scheme is known as row
inversion as illustrated in FIG. 3. To achieve a row inversion
effect, the voltage level of the Vcom is changed every “row”
time. The change in Vcom in the alternating manner is also
known as Vcom swing. The relationship between the Vecom
swing and the gate line signal is shown in FIG. 4.

[0008] As can be seen from FIGS. 3 and 4, the common
line voltage is required to change between two adjacent
rows. Similarly, in a column inversion scheme, the common
line voltage is required to change between two adjacent
columns. In a frame inversion scheme, the common line
voltage is required to change between two adjacent frames,
as shown in FIG. 5. Tt is known that frame inversion may
cause an undesirable effect of flickering.

[0009] Ina display having M rows, the frequency of Vcom
swing to achieve a row inversion effect is f=(M/2)x60 Hz,
assuming the frame refreshing rate is 60 Hz. It is known that
the power consumption related to charging and discharging
a capacitor C to a voltage potential V with a frequency f is
given by

Power consumption=fxCx 2. [0y

[0010] In a display with a larger number rows, power
consumption will increase proportionally. Thus, it would be
advantageous and desirable to provide a method to reduce
the power consumption while maintaining the same image
quality of the LCD panel.

SUMMARY OF THE INVENTION

[0011] The present invention provides a new method of
achieving a row inversion effect. Instead of changing the
Vcom voltage level M times per frame for achieving a row
inversion effect in an LCD display having M rows, the same
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row inversion effect can be achieved by changing the Vcom
voltage level only once per frame. Thus, the Vcom swing
frequency f is equal to the frame refreshing rate. As Vcom
is provided to the LCD panel for driving the pixels, the
voltage swing between two polarities may partially or fully
charge some parasitic capacitance in each of the pixels. This
parasitic capacitance may be associated with the gate lines
and the pixel electrodes. In particular, when the control
elements in the LCD panel are made of low-temperature
poly-silicon (LTPS), additional parasitic capacitance may
exist between the Vdd, Vss electrodes of the switching
elements in the lower substrate, and the common lines on the
upper substrate. By reducing the Veom swing frequency, the
power consumption associated with the parasitic capaci-
tance can be substantially reduced.

[0012] Instead of driving the pixel rows in an LCD panel
consecutively with a different Vcom value, the present
invention uses a control circuit to achieve a different driving
scheme. In the driving scheme, according to the present
invention, one half of a frame time is used for driving all
odd-numbered rows consecutively and the other half of the
frame time is used for driving all even-numbered rows
consecutively.

[0013] The present invention will become apparent upon
reading the description taken in conjunction with FIGS. 6 to
11.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic representation of an LCD
panel and a circuit for driving the panel.

[0015] FIG. 2a is an equivalent circuit of a pixel.
[0016] FIG. 25 is a schematic representation of the pixel.
[0017] FIG. 3 shows a row-by-row scanning sequence

according to a prior art row inversion scheme.

[0018] FIG. 4 shows the waveform of the common line
voltage in relation to the gate line signals in two consecutive
frames, according to the prior art row inversion scheme.

[0019] FIG. 5 shows the waveform of the common line
voltage in a prior art frame inversion scheme.

[0020] FIG. 6 shows a row driving pattern, according to
the present invention.

[0021] FIG. 7 shows the waveform of the common line
voltage in relation to the gate line signals in two consecutive
frames, according to the present invention.

[0022] FIG. 8 shows the waveform of the common line
voltage in relation to a plurality of frames, according to the
present invention.

[0023] FIG. 9 shows another row driving pattern, accord-
ing to a different embodiment of the present invention.

[0024] FIG. 10 shows the waveform of the common line
voltage in relation to the gate line signals in two consecutive
frames, according to the different embodiment of the present
invention.

[0025] FIG. 11 is a block diagram showing an exemplary
driving circuit for achieving the row driving pattern, accord-
ing to the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0026] Inatypical LCD panel. a plurality of gate lines are
used to provide gate line signals to separately drive a
plurality of rows of pixels, and a plurality of data lines are
used to separately provide data signals to a plurality of
columns of pixels. The gate lines and the data lines are
disposed on the lower substrate of the LCD panel. In a
transmissive LCD panel, a pixel generally comprises a
group of pixel electrodes with each pixel electrode associ-
ated with a color sub-pixel. In a transflective L.CD panel,
each color sub-pixel may comprise two or more sub-pixel
electrodes. Each color sub-pixel generally comprises one or
more separate charge storage capacitors disposed on the
lower substrate. Thus, a large number of common lines are
needed to be disposed on the lower substrate in order to
provide a common voltage to the charge storage capacitors.
In order to isolate the gate lines, the data lines and the
common lines, one or more passivation layers are disposed,
one on top of another, on the lower substrate. The passiva-
tion layers are also used for providing the charge storage
capacitors. With this inherently complex circuit structure on
the same lower substrate, there exist many different sources
of parasite capacitance between the common lines and other
circuit components such as gate lines, data lines, charge
storage capacitors and pixel electrodes. This parasite capaci-
tance also consumes power when the LCD panel is in
operation.

[0027] As can be seen from Equation 1, the power con-
sumption associated with the Vcom swing and the parasite
capacitance is directly proportional to the Vcom swing
frequency. Thus, it is possible to reduce power consumption
by reducing the frequency f of the voltage swing. In general,
the frequency or the waveform of the Vcom swing is related
to the inversion method used on the LCD panel. For
example, in a row inversion scheme as shown in FIGS. 3 and
4, the Vcom swing frequency is directly proportional to the
number of rows in the panel. In a column inversion scheme,
the Veom swing frequency is directly proportional to the
number of columns in the panel. In frame inversion, the
common line voltage is required to change only once every
frame time. In these inversion schemes, the scanning of the
gate line signals is the same in that the gate line signals are
provided to the rows in a sequential manner. That is, the
pixel rows are driven by the gate line signals consecutively.

[0028] The present invention uses a different scanning
method for allowing the gate line signals to drive the pixel
rows. As shown in FIGS. 6 and 7, in the first half of a frame,
only the odd-number rows are driven by the gate line signals
in a sequential manner. In the second half of the frame, the
even-number rows are driven in a sequential manner. As
such, the common line voltage is required to change only
once at the middle of the frame. However, because it is
desirable to change the polarity of the same row of pixels in
the frame between two adjacent frames, as shown in FIG. 8,
the polarity of the Vcom waveform is required to flip once
between two consecutive frames. Thus, effectively, the
waveform of the common line voltage to achieve the row
inversion scheme, according to the present invention, is the
same as the waveform of the common line to achieve a prior
art frame inversion scheme (see FIGS. 5 and 8).

[0029] With the scanning method, according to the present
invention, it is possible to substantially reduce the frequency
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of the Vcom swing without having the flickering problem
associated with the frame inversion scheme.

[0030] A different embodiment of the present invention is
shown in FIGS. 9 and 10. As shown, in the first half of a
frame, only the even-number rows are driven by the gate line
signals in a sequential manner. In the second half of the
frame, the odd-number rows are driven in a sequential
manner.

[0031] In sum, the present invention provides a new
method of achieving a row inversion effect. Instead of
changing the Vcom voltage level M times per frame in order
to achieve a row inversion effect in an LCD display having
M rows, the same row inversion effect can be achieved by
changing the Vcom voltage level only once per frame time.
Thus, the Vcom frequency f is equal to the frame refreshing
rate. As Veom is provided to the LCD panel for driving the
pixels, the voltage swing between two polarities may par-
tially or fully charge some parasitic capacitance in each of
the pixels.

[0032] When the control elements in the LCD panel are
made of low-temperature poly-silicon (LTPS), additional
parasitic capacitance may exist between the Vdd, Vss elec-
trodes of the switching elements in the lower substrate and
the common lines on the upper substrate. By reducing the
Veom swing frequency, the power consumption associated
with the parasitic capacitance can be substantially reduced.

[0033] An exemplary liquid crystal display module,
according to the present invention, is shown in FIG. 11. As
shown in FIG. 11, the liquid crystal display module 1
includes a liquid crystal display panel 200 and a driving
circuit for driving the liquid crystal display panel. The
driving circuit includes one or more source driver ICs 310 to
provide image data to the display panel; one or more gate
drivers 330 to provide driving signals for driving the pixel
rows; and a control ASIC 330 to control both source driver
1Cs and the gate drivers. The control ASIC 330 also provides
the common voltage Veom on common line 352.

[0034] In general, the input data to the LCD panel is
provided to a video rate in compliance to a certain video
standard, such as NTSC. As such, the control ASIC conveys
the video data for the pixel rows to the source driver IC (see
FIG. 1) in a sequential manner and a gate line signal is
provided to one row at a time in the same sequential manner.
In order to facilitate the row inversion scheme, according to
the present invention, the video data in compliance to an
existing video standard must be stored in a video buffer so
that the video data can be provided to the source driver IC
in a non-consecutive fashion. As shown in FIG. 11, a data
buffer 360 is used to temporarily store at least one frame of
video data. The data buffer 360 can be integrated into the
source driver ICs 310, for example. However, it is also
possible to separate the data buffer 360 from the source
driver 1Cs 310. Furthermore, the gate driver must be
designed in order to achieve a different row-scanning
scheme.

[0035] Tt should be noted that it is also possible to change
the polarity of the same row of pixels in the frame every two
or more frame times, instead of changing the polarity every
frame time. As such, the Vcom swing frequency can be
further reduced. Thus, although the invention has been
described with respect to one or more embodiments thereof,

Jan. 18, 2007

it will be understood by those skilled in the art that the
foregoing and various other changes, omissions and devia-
tions in the form and detail thereof may be made without
departing from the scope of this invention.

What is claimed is:

1. A method to achieve row inversion in a liquid crystal
display panel for displaying images in a series of frames
each at a frame time, the frame time substantially divided
into a first half-frame time and a second half-frame time, the
display panel having a plurality of pixels arranged in a
plurality of rows driven by a series of signals, said plurality
of rows including a plurality of odd-numbered rows and a
plurality of even-numbered rows, wherein the display panel
has a liquid crystal layer and each of the pixels has a voltage
potential affecting the liquid crystal layer substantially
within the pixel, and the voltage potential is controllable by
a common voltage having at least a first voltage value and
a second voltage value, said method comprising the steps of’

applying the common voltage to the liquid crystal display
panel at a first voltage value in one of the first and
second half-frame times; and

applying the common voltage to the liquid crystal display
panel at a second voltage value in the other of the first
and second half-frame times, such that the odd-num-
bered rows are driven sequentially by the signals while
the common voltage has one of the first and second
voltage values, and the even-numbered rows are driven
sequentially by the signals while the common voltage
has the other of the first and second voltage values.
2. The method of claim 1, wherein the series of frames
comprises a plurality of adjacent frame pairs, each adjacent
frame pair having a first frame and a second frame, and the
common voltage applied to the liquid crystal panel has a
voltage pattern such that

the common voltage has the first voltage value in the first
half-frame time, and

the common voltage has the second voltage value in the
second-half-frame time, said method further compris-
ing the step of:

changing the voltage pattern in the second frame so that

the common voltage has the second voltage value in the
first half-frame time, and

the common voltage has the first voltage value in the

second half-frame time.

3. The method of claim 2, wherein the odd-numbered
rows are driven sequentially by the signals in the first
half-frame time and the even-numbered rows are driven
sequentially by the signals in the second half-frame time.

4. The method of claim 2, wherein the even-numbered
rows are driven sequentially by the signals in the first
half-frame time and the odd-numbered rows are driven
sequentially by the signals in the second half-frame time.

5. The method of claim 1, wherein the series of frames
comprises a plurality of adjacent frame pairs, each adjacent
frame pair having a first frame and a second frame, and the
common voltage applied to the liquid crystal panel has a
voltage pattern such that

the common voltage has the second voltage value in the
first half-frame time, and
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the common voltage has the first voltage value in the
second half-frame time, said method further compris-
ing the step of:

changing the voltage pattern in the second frame so that

the common voltage has the first voltage value in the first
half-frame time, and

the common voltage has the second voltage value in the
second half-frame time.
6. A liquid crystal display panel for displaying images in
a series of frames each at a frame time, the frame time
substantially divided into a first half-frame time and a
second half-frame time, said display panel comprising:

a first electrode layer;
a second electrode layer; and

a liquid crystal layer disposed between the first and
second electrode layer, the liquid crystal layer defining
a plurality of pixels arranged in a plurality of rows, the
plurality of rows including a plurality of odd-numbered
pixels and a plurality of even-numbered pixels, each of
the pixels having a voltage potential affecting the liquid
crystal layer substantially within the pixel, and the
voltage potential is controllable by a common voltage
operatively connected to the first electrode layer, the
common voltage having at least a first voltage value
and a second voltage value, wherein

the common voltage is applied to the liquid crystal display
panel at a first voltage value in one of the first and
second half-frame times; and

the common voltage is applied to the liquid crystal display
panel at a second voltage value in the other of the first
and second half-frame times, such that the odd-num-
bered rows are driven sequentially by the signals while
the common voltage has one of the first and second
voltage values, and the even-numbered rows are driven
sequentially by the signals while the common voltage
has the other of the first and second voltage values.
7. The liquid crystal panel of claim 6, wherein the series
of frames comprises a plurality of adjacent frame pairs, each
adjacent frame pair having a first frame and a second frame,
and wherein

the common voltage has the first voltage value in the first
half-frame time of the first frame,

the common voltage has the second voltage value in the
second half-frame time of the first frame,

the common voltage has the second voltage value in the
first half-frame time of the second frame, and

the common voltage has the first voltage value in the

second half-frame time of the second frame.

8. The liquid crystal panel of claim 7, wherein the
odd-numbered rows are driven sequentially by the signals in
the first half-frame time and the even-numbered rows are
driven sequentially by the signals in the second half-frame
time.

9. The liquid crystal panel of claim 7, wherein the
even-numbered rows are driven sequentially by the signals
in the first half-frame time and the odd-numbered rows are
driven sequentially by the signals in the second half-frame
time.
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10. A driving module for use with a liquid crystal display
panel for displaying images in a series of frames each at a
frame time, the frame time substantially divided into a first
half-frame time and a second half-frame time, said display
panel comprising:

a first electrode layer;
a second electrode layer; and

a liquid crystal layer disposed between the first and
second electrode layer, the liquid crystal layer defining
a plurality of pixels arranged in a plurality of rows, the
plurality of rows including a plurality of odd-numbered
pixels and a plurality of even-numbered pixels, each of
the pixels having a voltage potential affecting the liquid
crystal layer substantially within the pixel, said driving
module comprising:

a data sub-module for providing image data to the pixels;

a driving sub-module for providing a series of signals to
drive the pixel rows; and

a control sub-module for providing a common voltage to
the first electrode layer for controlling the voltage
potential, the common voltage having at least a first
voltage value and a second voltage value, such that

the common voltage is applied to the liquid crystal display
panel at a first voltage value in one of the first and
second half-frame times; and

the common voltage is applied to the liquid crystal display
panel at a second voltage value in the other of the first
and second half-frame times, so that the odd-numbered
rows are driven sequentially by the signals while the
common voltage has one of the first and second voltage
values, and the even-numbered rows are driven sequen-
tially by the signals while the common voltage has the
other of the first and second voltage values.

11. The driving module of claim 10, wherein the series of
frames comprises a plurality of adjacent frame pairs, each
adjacent frame pair having a first frame and a second frame,
and wherein

the common voltage has the first voltage value in the first
half-frame time of the first frame,

the common voltage has the second voltage value in the
second half-frame time of the first frame,

the common voltage has the second voltage value in the
first half-frame time of the second frame, and

the common voltage has the first voltage value in the
second half-frame time of the second frame.

12. The driving module of claim 11, wherein the odd-
numbered rows are driven sequentially by the signals in the
first half-frame time and the even-numbered rows are driven
sequentially by the signals in the second half-frame time.

13. The driving module of claim 11, wherein the even-
numbered rows are driven sequentially by the signals in the
first half-frame time and the odd-numbered rows are driven
sequentially by the signals in the second half-frame time.
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https://worldwide.espacenet.com/patent/search/family/036760515/publication/US2007013631A1?q=US2007013631A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070013631%22.PGNR.&OS=DN/20070013631&RS=DN/20070013631

