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1

METHOD FOR DRIVING A LIQUID
CRYSTAL DISPLAY DEVICE

FIELD OF THE INVENTION

The present invention relates to a liquid crystal display
device and in particular to an active matrix type liquid crystal
display device and an electronic device having the same.

BACKGROUND OF THE INVENTION

In liquid crystal display devices, it is necessary to conduct
an alternating current drive in which the polarity of a voltage
applied to a liquid crystal is alternately changed for every
frame. The reason resides in that continuous application of a
voltage having a DC (direct current) component to a liquid
crystal causes impurity-ions contained in the liquid crystal
material at a very small amount are gathered around an elec-
trode, thereby making it difficult to apply a correct voltage
upon the liquid crystal. Therefore, conventional active matrix
type liquid crystal display devices use the driving method as
follows:

A gate line inversion driving method for alternately chang-
ing the polarity of a signal which is written to pixels with
respect to a common electrode for every pixel row;

A data line inversion driving method for alternately chang-
ing the polarity of a signal for every pixel column; or

A dotinversion driving method for changing the polarity of
a signal in a pixel unit in a checkered pattern manner.

These methods do not only achieve the above-mentioned
alternating current drive, but also are advantageous to reduce
flickering. The reason resides in that these methods spa-
ciously average slight differences between the transmittances
when signals having positive and negative polarities are writ-
ten in pixels, so that flicker which perceived by human eyes
can be reduced.

One of causes of the transmittance difference which is
generated even when positive and negative polarity signals
are written in pixels is a variation of a voltage applied to the
pixels due to leakage current from a pixel transistor. It is a
liquid crystal display device used for a projector that is most
influenced by this problem. The reason is that it is necessary
to irradiate the liquid crystal with very strong light in order to
project a bright image from the projector, so that photo-
leakage current from the pixel transistor becomes larger.

One of the performances required for the liquid crystal
devices for the projector is high transmittance. It is necessary
to provide a high aperture ratio which is a ratio of an area
which transmits light with respect to the whole area of each
pixel in order to increase the transmittance. In order to
increase the aperture ratio, it is necessary to reduce an area on
which wiring, pixel transistor and storage capacitor are
formed and to decrease an area on which the orientation of
molecules of liquid crystal is disturbed at the edge of a pixel
electrode. The lowering of the aperture ratio due to orienta-
tion disturbance of liquid crystal molecules becomes serious
particularly in such a high-resolution liquid crystal display
device having a pixel pitch of 20 um or less. The orientation
disturbance of the liquid crystal molecules occurs due to the
fact that the liquid crystal molecules have a tendency to orient
along a lateral electric field due to the potential difference
between adjacent pixel electrodes. The orientation distur-
bance is most remarkable if signals having different polarities
are written into adjacent pixels. As a technique for preventing
the orientation disturbance from occurring, there has been a
used a frame inversion driving method in which signals hav-
ing same polarity are written into all of pixels of the liquid
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crystal display device. However, this frame inversion driving
method has a problem that the flicker becomes larger.

A technique to avoid this problem is described in Patent
Document 1 described below. A method disclosed in Patent
Document 1 reduces screen flicker by shortening the frame
period during which signals of one screen are written into the
liquid crystal display device even if the frame inversion driv-
ing method is used. In this method, a first video signal having
the same polarity is applied to a plurality of pixel electrodes
via a plurality of source signal lines (data signal lines) in a first
frame period and then a second video signal having the polar-
ity opposite to that of the first video signal is applied to a
plurality of pixel electrodes via a plurality of source signal
lines (data signal lines) in a frame period subsequent to the
first frame period. The first and second frame period is set to
8.3 ms or less. In such a manner, this method reduces the
voltage variation ascribable to leakage current from a pixel
transistor by driving the liquid crystal display device at a
frame frequency of 120 Hz or higher, which is not less than
double the conventional frequency. This method utilizes a fact
that flickering is hard to perceive for human eyes when the
screen is rewritten at a high speed.

[Patent Document 1]

JP-P2001-92426A (page 5, 6 and FIG. 1)

SUMMARY OF THE DISCLOSURE

However, the driving method as set forth in Patent Docu-
ment 1 has another problem that unevenness of brightness
occurs on the screen if photo-leakage current of a pixel tran-
sistor is large. The reason of occurrence of the brightness
unevenness will now be described. The problem which will
be described is based upon the results of present inventor’s
study.

FI1G.19 is a diagram schematically showing a conventional
active matrix type liquid crystal display device. A pixel, an
equivalent circuit of which is shown in FIG. 3 is provided in
the vicinity of each of intersections between data lines 12 and
gate lines 11 in a pixel matrix. Referring to FIG. 3, the pixel
comprises a pixel transistor 13 having its gate and source
connected to the gate and data lines 11 and 12, respectively, a
storage capacitor 14 having one end connected to the drain of
the pixel and the other end connected to a storage capacitor
line 16 and a pixel capacitor which is connected to the drain
of the pixel transistor 13 and which is made up of a pixel
electrode, liquid crystal cell and common electrode.

FIG. 20 is a timing chart showing an operation in which the
liquid crystal display device is driven by the frame inversion
driving method for writing signals which cause all of the
pixels to display black spots. The liquid crystal display device
is in a normally white mode in which its transmittance is high
when no electric field is applied to the liquid crystal.

In FIG. 20, a period Tf denotes one frame period in which
video signals are written to all of pixels in the liquid crystal
display device. An example in which signals are sequentially
written from the upper end to the lower end of the liquid
crystal display device of FIG. 19 is shown in FIG. 20.

InFIG. 20, Dj denotes a potential ofa desired data line j (Dj
in FIG. 19). G1 to Gk denote respective potentials of the gate
lines 1 to k (G to Gk in FIG. 19).

P1, j denotes a potential of the pixel electrode in a pixel in
1st pixel row and j-th pixel column (a pixel at an intersection
of a gate line G1 with a data line D).

Pk, j also denotes a potential of a pixel electrode in a pixel
in k-th pixel row and j-th pixel column (a pixel at the inter-
section of a gate like Gk and a data line D).
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Veom denotes a potential of a common electrode. The
pixel electrode is connected to the drain of the pixel transistor
13. The liquid crystal cell is sandwiched between the pixel
electrode and opposite common electrode to form the pixel
capacitor 15. In the following description, Pi, j is also used to
denote a pixel positioned at an intersection between i-th row
and j-th column.

As shown in FIG. 20, a pluse is applied to the gate line G1
during a period Tf (one vertical period). A signal voltage
(video signal) which is applied to the data line Dj at this time
is applied to a pixel electrode of a pixel P1, j via the pixel
transistor which is turned on. After turning off of the pixel
transistor in question, the written signal voltage is held by the
storage capacitor of the pixel in question. Then, pulses are
sequentially applied to the gate lines G2 and G3, so that video
signal voltages are applied to the respective pixel electrodes
of the pixels P2, j and P3, j in second and third rows and held.
Finally, a video signal is written in pixel Pk, j ink-th pixel row.

FIG. 21 shows the drain-to-source voltage Vds of a pixel
transistor constituting a pixel P1, j to which a signal is firstly
written during one frame period and the drain-to-source volt-
age Vds of a pixel transistor constituting a pixel Pk, j to which
a signal is finally written. As shown in FIG. 21, the drain-to-
source voltage Vds (1, j) of the pixel P1, j to which the signal
is firstly written is substantially zero and there is no potential
difference during most of the period since a voltage which has
been written into the pixel is continuously applied to the data
line Dj after the signal has been written into the pixel.

In contrast to this, immediately after the data signal Dj has
been written into the pixel Pk, j in response to a pulse signal
applied to the gate line Gk (Vds(k, j)=0V at this time), next
frame period begins. Since the polarity of the signal supplied
to the data line changes during this period, the potential
difference (variation) in the drain-to-source voltage Vds (k, j)
of the pixel transistor during the period Tf becomes large.

The leakage current from the pixel transistor becomes
larger depending upon the drain-to-source voltage Vds. The
pixel Pk, j having a larger potential difference in the drain-
to-source voltage has larger leakage current, as a result of
which, the voltage fluctuation of the pixel electrode becomes
larger. Therefore, the pixels which are located in lower posi-
tions on the screen exhibit larger voltage fluctuation in the
pixel electrodes. The transmittance of the screen becomes
higher in lower position thereof although the same signal
voltage is applied to all pixels. This is the reason why an
unevenness of brightness occurs on the screen of the liquid
crystal display device.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a liquid crystal display device which provides a high
aperture ratio.

Another object of the present invention is to provide a
liquid crystal display device which is capable reducing the
unevenness of brightness over the screen and flicker.

The above and other objects are attained by a liquid crystal
display device, in accordance with one aspect of the present
invention, comprising: a plurality of data lines arrayed in
parallel; a plurality of gate lines arrayed in parallel along a
direction perpendicular to said data lines; a first substrate
having a pixel matrix in which each of pixels comprising at
least one pixel transistor, pixel capacitor and storage capaci-
tor, is disposed in each of intersections of said data lines with
said gate lines; a second substrate having a common electrode
which is opposite to said first substrate; and a liquid crystal
whichis sandwiched between said first and second substrates,
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wherein the gate terminal of said pixel transistor being con-
nected to said gate lines which are common to every pixel
rows; the source terminal of said pixel transistor being con-
nected to the data lines which are common to every pixel
column, the drain electrode of said pixel transistor being
connected to the pixel capacitor and the storage capacitor of
the pixel corresponding to said pixel transistor,

wherein said pixel matrix is divided into a plurality of pixel
regions in unit of a plurality of gate lines;

wherein the polarities of the video signals which are writ-
ten into the pixels from said data lines for every divided pixel
regions relative to the potential of the common electrode are
the same in one vertical period during which signals of one
screen are written into said pixel matrix and the polarities of
the video signals which are written into the pixels from said
data lines are different in adjacent pixel regions,

wherein video signals are supplied to the pixel regions so
that the polarity of the signal to be written in each pixel region
relative to the potential of the common electrode is alternately
changed every vertical period,

wherein writing of video signals into said pixel matrix is
conducted by writing video signals of one pixel row into one
pixel region of said plurality of pixel regions and thereafter
writing video signals of one pixel row into different pixel
region until writing of the video signals for all pixel rows is
completed; and

wherein said liquid crystal display device further com-
prises means for selecting a pixel region into which said video
signals from said data lines are written so that the polarity of
a signal to be written into said pixel region relative to the
potential of said common electrode is alternately changed
every horizontal period.

In the liquid crystal display device according to the present
invention, said pixel regions which are divided into n pixel
regions have substantially equal number of pixel columns.

In the liquid crystal display device according to the present
invention, the number of said divided pixel regions (n) is an
even number.

In the liquid crystal display device according to the present
invention, in case numbers are assigned to the pixel regions
and the pixel rows in the pixel region, using as a reference, one
of side edges of the liquid crystal display device, said side
edges being parallel with a longitudinal a direction of the gate
lines from the position nearest to one of side edges, writing of
signals into all pixels in said pixel matrix is conducted by
repeating the steps of writing of signals into the first pixel
rows of the first to n-th pixel regions by writing signals into
the first pixel row in the first pixel region, thereafter writing
signals into the first row in the second pixel region and so on
until writing of signals into the first pixel row in n-th pixel
region; and subsequently writing signals into i-th pixel row of
the first to n-th pixel regions by writing signals into i-th pixel
row inthe first pixel region, thereafter writing i-th pixel row in
the second pixel region and so on until writing of signals into
i-th pixel row in n-th pixel regions wherein 1 is incremented
from 2 to k which is the number of pixel columns in pixel
regions.

In a liquid crystal display device according to the present
invention, said vertical period during which signals are once
written into all pixels of said pixel matrix is 8.34 ms or less.

A method of driving a liquid crystal display device in
accordance with another aspect of the present invention,
wherein said pixel matrix is divided into a plurality of pixel
regions in unit of a given number of pixel columns; said
method comprising the steps of:

performing control so that in one vertical period during
which signals of one frame are written into said pixel matrix,
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the polarities of the video signals written from said data lines
into the pixels, relative to the potential of the common elec-
trode, are the same in each of divided pixel regions, whereas
in adjacent divided pixel regions, the polarities of the video
signals written from said data lines into the pixels, relative to
the potential of the common electrode are different;

performing control so that in supplying video signals from
the data lines to the pixel region, the polarity of the signal
written into each pixel region, relative to the potential of the
common electrode, is alternately changed every vertical
period;

for performing control of a sequence of writing of video
signals into said pixel matrix so that writing of video signals
for one pixel row into one pixel region of said plurality of
pixel regions is conducted and thereafter writing of video
signals for one pixel row into different pixel region is con-
ducted until writing the video signals for all pixel rows into
said pixel matrix is completed; and

selecting a pixel region into which said video signals from
said data lines are written so that the polarity of a signal to be
written into said pixel region relative to the potential of said
common electrode is alternately changed every horizontal
period.

In a liquid crystal display device according the present
invention, any one of a data line driver circuit for driving said
data lines and a gate line driver circuit for driving said gate
lines may be made of thin film transistors which are manu-
factured on said first substrate simultaneously with said pixel
transistor.

A liquid crystal display device according to the present
invention may comprise a precharge circuit for writing a
given voltage on said data lines every one horizontal period
during which signals of one pixel row of said pixel matrix are
written.

A liquid crystal display device according to the present
invention may be formed so that at least one of said pixel
transistor, said data line driver circuit, said gate line driver
circuit and said precharge circuit is made of a polysilicon thin
film transistor.

The liquid crystal display device according to the present
invention achieves a high aperture ratio of pixels and reduc-
tion in brightness unevenness on screen and flickering and is
preferably used for liquid crystal projectors.

A liquid crystal display device according to the present
invention may be formed so that a pigment layer which trans-
mits any of colors R (red), G (green) and B (blue) to said
pixels is disposed on any of said first active substrate and said
second opposite substrate.

The liquid crystal display device according to the present
invention may be used for liquid crystal monitors, portable
terminal devices.

The meritorious effects of the present invention are sum-
marized as follows.

Since the polarities of the video signals supplied to adja-
cent pixels relative to common electrode are the same in
accordance with the present invention, lateral electric field
which occurs in the pixel boundaries is small in strength, so
that the region at which the orientation of the liquid crystal
molecules is disturbed can be reduced. Therefore, portions
which could not be utilized in the prior art can be used as an
aperture, thereby achieving a high aperture ratio.

In accordance with the present invention, video signals
having the same polarity relative to the common electrode are
supplied to every divided pixel regions while the polarities of
the video signals supplied to adjacent pixel regions are dif-
ferent. The order of writing video signals into the pixel matrix
is determined so that the pixel regions are selected to make the
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polarity of the video signal to be written different every one
horizontal period. Accordingly, the polarity of the video sig-
nals supplied to the data lines is alternately changed every one
horizontal period. Thus, the average value of the drain-to-
source voltage applied to pixel transistors in all positions in
the pixel matrix can be uniformed. As a result, the brightness
non-uniformity on the screen and flickering can be reduced.

In accordance with the present invention, the period which
is taken to write signals of one screen to the liquid crystal
display device can be shortened, so that voltage fluctuations
due to photo-leakage current of pixel transistors can be
reduced. As a result, flickering can be reduced.

Still other objects and advantages of the present invention
will become readily apparent to those skilled in this art from
the following detailed description in conjunction with the
accompanying drawings wherein only the preferred embodi-
ments of the invention are shown and described, simply by
way of illustration of the best mode contemplated of carrying
out this invention. As will be realized, the invention is capable
of other and different embodiments, and its several details are
capable of modifications in various obvious respects, all with-
out departing from the invention. Accordingly, the drawing
and description are to be regarded as illustrative in nature, and
not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing the configuration of the liquid
crystal display device according to the first embodiment of
the present invention.

FIG. 2 is a timing chart explaining the operation of the
liquid crystal display device according to the first embodi-
ment of the present invention.

FIG. 3 isa diagram showing the equivalent circuit of a pixel
of the liquid crystal display device according to the first
embodiment of the present invention.

FIG. 4 is a diagram schematically showing the polarity of
the video signals which are written into the liquid crystal
display device according to the first embodiment of the
present invention.

FIG. 5 is a diagram schematically showing the polarity of
the video signals which are written into the liquid crystal
display device according to the first embodiment of the
present invention.

FIG. 6 is a diagram schematically showing the polarity of
the video signals which are written into the liquid crystal
display device according to the first embodiment of the
present invention.

FIG. 7 is a diagram showing the drain-to-source voltage of
apixel transistor of the liquid crystal display device according
to the first embodiment of the present invention.

FIG. 8 is a diagram showing the configuration of the liquid
crystal display device according to the second embodiment of
the present invention.

FIG. 9 is a timing chart explaining the operation according
to the second embodiment of the present invention.

FIG. 10 is a diagram showing the configuration of the
liquid crystal display device according to the third embodi-
ment of the present invention.

FIG. 11 is a diagram showing an exemplary configuration
of the data driver circuit shown in FIG. 10.

FIG. 12 is a diagram showing an example of the shift
register which forms the data driver circuit shown in F1G. 11.

FIG. 13 is a diagram showing the configuration of the gate
driver circuit shown in FIG. 10.

FIG. 14 is a diagram showing an example of the shift
register which forms the gate driver circuit shown in F1G. 13.
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FIG. 15 is a timing chart explaining the operation of the
data driver circuit according to the third embodiment of the
present invention.

FIG. 16 is a timing chart showing the operation of the gate
driver circuit according to the third embodiment of the
present invention.

FIG. 17 is a diagram showing the configuration of the
liquid crystal display device according to the fourth embodi-
ment of the present invention.

FIG. 18 is a diagram showing the configuration of the
liquid crystal display device according to the fifth embodi-
ment of the present invention.

FIG. 19 is a diagram showing the configuration of the prior
art liquid crystal display device.

FIG. 20 is a timing chart explaining the operation of the
prior art liquid crystal display device.

FIG. 21 is a graph showing the drain-to-source voltage of
the pixel transistor of the prior art liquid crystal display
device.

PREFERRED EMBODIMENTS OF THE
INVENTION

Preferred embodiments of the invention of the present
invention will be described. The configuration of the liquid
crystal display device according to an embodiment of the
present invention will, be described. In the liquid crystal
display device according to an embodiment of the present
invention, the pixel matrix is divided into a plurality of pixel
regions in unit of a plurality of gate lines (pixel row).

A method of driving in case wherein the pixel matrix is
divided into two pixel regions in one embodiment of the
present invention will be described with reference to timing
chart of FIG. 2. As shown in FIG. 2, in one vertical period
which is a time period taken for video signals of one screen to
be written into the pixel matrix 10, the video signals which are
written into each of the divided pixel regions have an identical
polarity in regard to that of the common electrode potential
Veom and is different from that of a signal which is written
adjacent pixel region. The voltage Dj (video signal) on the
data line has such a voltage wave-form that the voltage has a
positive and negative polarities which are alternating relative
to that of the common electrode potential Vecom in every one
horizontal period.

The video signal which is applied to the first pixel row of
the pixel region 10-1 (Dj of the pulse output period of the gate
line G1) assumes a positive polarity relative to the potential of
the common electrode Vcom.

Subsequently, the video signal which is applied to the first
pixel row of the pixel region 10-2 (Dj of the pulse output
period of the gate line Gk+1) assumes a negative polarity
relative to the potential of the common electrode Veom.

Then, the video signal which is applied to second pixel row
of the pixel region 10-2 (Dj of the pulse output period of the
gate line Gk+2) assumes a positive polarity relative to the
potential of the common electrode Vcom.

Subsequently, the video signal which is applied to second
pixel rows of the pixel region 10-2 (Dj of the pulse output
period of the gate line Gk+1) assumes a negative polarity
relative to the potential of the common electrode Veom.

In next vertical period after writing of one screen, the
polarity of the video signal which is applied to each pixel
region is a reversal of that in the previous vertical period.

That is, at next vertical period, the video signal which is
applied to the first pixel row of the pixel region 10-1 (Dj of the
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pulse output period of the gate line G1) assumes a negative
polarity relative to the potential of the common electrode
Veom.

Then, the video signal which is applied to the first pixel row
of the pixel region 10-2 (Dj of the pulse output period of the
gate line Gk+1) assumes a positive polarity relative to the
potential of the common electrode Vcom.

The video signal which is applied to the second pixel rows
of the pixel region 10-1 assumes a negative polarity relative to
the potential of the common electrode Vcom.

Then the video signal which is applied to the second pixel
rows of the pixel region 10-2 assumes a positive polarity
relative to Veom.

The order of writing signals into the pixel matrix 10 is
determined in such amanner that signals for one pixel row are
written into one pixel region of a plurality of (n) pixel regions
and thereafter an operation to write signals of one pixel row
into the other pixel regions is conducted for all pixel rows of
the pixel matrix. Furthermore, pixel regions into which video
signals are written so that the polarity of the signal to be
written into the pixel region is alternately changed every
horizontal period. In case the pixel matrix is divided into two
pixel regions, the two pixel regions are alternately selected so
that the polarity of the video signal is alternately changed if
the pixel region is divided into two areas).

In accordance with the present invention, after signals are
written into the first pixel row in the first pixel region, signals
are written into the first pixel row of the second pixel region,
and so on until signals are written into the first pixel row of the
n-th pixel region, so that signals are written into the first pixel
row of the first to n-th pixel regions. Similarly, after signals
are written into the i-th pixel row of the first pixel region,
signals are written into the i-th pixel row of the second pixel
region and so on until signals are written into the i-th pixel
row of the n-th pixel region.

Writing of signals in i-th pixel row of first to n-th pixel
regions is successively repeated by incrementing i from 2 tok
which is the number of pixel columns in the pixel region, so
that writing of signals in all pixels in the pixel matrix is
completed.

During next vertical period after writing of one screen, the
liquid crystal display device is driven so that the polarity of
the video signal applied to each pixel region is opposite to that
of the previous vertical period.

The present invention will now be described more in detail
with reference to the drawings. FIG. 11s a schematic diagram
showing the configuration ofa liquid crystal display device of
one embodiment of the present invention. Referring to FIG. 1,
the liquid crystal display device according to the present
embodiment is of a structure wherein liquid crystal is sand-
wiched between a matrix substrate having a pixel matrix 10
and an opposite substrate (not shown) which is provided with
a common electrode common to pixel capacitor of each of
pixels in the pixel matrix 10. In the pixel matrix 10, pixels,
each comprising a pixel transistor 13, pixel capacitor 15 and
storage capacitor 14 are disposed at intersections of data lines
11 denoted as D1 through Dm with gate lines denoted as G1
through G2% as shown in FIG. 3. Referring now to FI1G. 3, the
pixel transistor 13 has its gate, source and drawherein are
connected to the gate line 11, data line 12 and pixel electrode
of the pixel capacitor 15 respectively. The pixel electrode and
liquid crystal form the pixel capacitor 15 with the common
electrode of the opposite substrate. The drain of the pixel
transistor 13 is connected to one end of the storage capacitor
14, while the other end of the storage capacitor 14 is con-
nected to the storage capacitor line 16.
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The pixel matrix 10 is divided into a plurality of pixel
regions 10-1 and 10-2 in parallel with the gate lines. In FIG.
1, an example wherein the pixel region is divided into two
areas is illustrated for ease of explanation. The present inven-
tion is not limited to the illustrated case. The number of the
divided area is not limited if the number is an integer more
than one.

As shown in FIG. 1, each pixel region has respective k pixel
rows. The pixel matrix has 2k pixel rows as a whole. Plural
pixels which are belongs to a common pixel column running
in two pixel regions 10-1 and 10-2 are connected in common
to the same data line 12.

FIG. 2 is a timing chart showing an example of the opera-
tion of the liquid crystal display device according to the
present embodiment. Operation timing for writing signals in
a vertical period (frame period) Tf wherein the liquid crystal
display device displays video signals of one screen is shown
in FIG. 2. In FIG. 2, Dj denotes the potential of the data line
12 of the j pixel column G1 through G2k denote the potentials
of the gate lines in 1 to 2k pixel rows. P1, j through P2%, j
denotes respective potentials of the pixel electrodes in 1 to 2k
pixel rows of the j pixel column. In wave-forms showing
various voltages, a horizontal broken line denotes the poten-
tial Vcom on the common electrode. In the timing chart of
FIG. 2, the voltage Dj on the data line (video signal voltage)
is illustrated as 9 wave-forms (thus, 18 horizontal periods of
time) in the vertical period (frame period) for simplicity of
illustration (one screen consists of a multiplicity of lines). The
same 1s applied to the other timing charts. Now, operation of
the present embodiment will be described with reference to
FIGS. 1 and 2.

A pulse is firstly applied to a gate line G1 included in the
first pixel region in one vertical period TT, so that the potential
of the data line Dj at this time is written into the pixel P1,j and
held thereon. Then a pulse is applied to the gate line Gk+1
included in the second pixel region, so that the potential of the
data line Dj at this time is written into pixel Pk+1, j and held
thereon.

Thereafter, signals are successively written into the first
pixel region’s pixel row and second pixel region’s pixel row
and so on, so that signals for one screen can be written into all
pixels.

Such an operation enables alternate writing of signals into
pixel rows of two pixel regions such as writing of signals into
the pixel row of the first pixel region and the pixel row of the
second pixel region.

The polarity of the signal voltage of a data line Dj (where j
is any one of 1 to m) is alternately changed relative to the
common electrode every one horizontal period during which
signals of one pixel row are written. As a result, signals having
positive and negative polarities will be written into the first
and second pixel regions, respectively, in the illustrated ver-
tical period.

During next vertical period, signals having negative and
positive polarities are written in the first and second pixel
regions respectively by inverting the polarity of the data lines.

In other words, signal having the same polarity are written
in all pixels at each pixel region and the polarities of the
signals which are written in adjacent pixel regions are differ-
ent from each other. The polarity of the signal to be written is
changed in every vertical period.

The above-mentioned driving method is visually repre-
sented as illustrated in FIGS. 4 to 6. Each of cells which are
defined by the data lines D1 through Dm and the gate lines G1
through G2k denote a pixel in FIGS. 4 to 6.

FIG. 4 shows the polarity of each pixel immediately before
the initiation of writing. Signals having negative polarity are
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written in portions (pixels) which are represented by hatched
lines and signals of having positive polarity are written in the
other pixels in the drawing.

FIG. 5 shows the status wherein two pixel rows have been
written in each pixel region. Signals having positive polarity
have been written in pixel column G1 and G2 at the first pixel
region and signals having negative polarity have been written
in the pixel columns Gk+1, Gk+2 at second pixel region.

FIG. 6 shows the status after signals have been written in all
pixels. Signals having positive and negative polarities have
been written in the first and second pixel regions, respectively.
As shown in FIGS. 4 through 6, with the above-mentioned
operation, a region which includes pixels having the same
polarity (e.g. negative polarity) is sequentially shifted and the
polarities of all pixels are changed every vertical period.

It is possible to increase the aperture ratio of the pixel by
using the driving method which has been described with
reference to FIG. 2, 4, to 6 in the liquid crystal display device
according to the present embodiment shown in FIG. 1. The
reason is as follows:

As schematically shown in FIGS. 4 through 6, the polarity
of signals on the adjacent pixels, other than those in pixel
rows which the signals have been rewritten is same. Accord-
ingly, the lateral electric field between the pixel electrodes
can be reduced, as a result of which, a region wherein distur-
bance of the orientation of the liquid crystal molecules occurs
can be reduced. The region wherein the disturbance of the
orientation of the liquid crystal molecules occurs hitherto has
been shielded with a metal to prevent the transmission of
unwanted light. In the present embodiment, the aperture ratio
can be increased due to the fact that the region wherein
disturbance of the orientation of the liquid crystal molecules
occurs is reduced.

In accordance with the present embodiment, it is possible
to reduce the brightness non-uniformity on the screen. The
reason will be described with reference to FIG. 7. FIG. 7
shows the drain-to-source voltage Vds of pixel transistors (13
in FIG. 3) located in upper and lower positions of the screen
during one vertical period.

Vsd(1, j) denotes the Vds of a transistor in the first row, j-th
column pixel and Vsd (2k, j) denotes Vds of a transistor in
second row, j-th column. Since the absolute values of the
voltages of both are substantially equal, the magnitudes of the
leakage currents of the transistors are substantially equal. As
a result, the voltage variations of the pixel capacitors due to
leakage currents are also substantially equal and hence the
change in brightness depending upon the position of the
screen is eliminated. The voltage variations ascribable to
leakage current become equal in all pixels and flicker can be
reduced.

The embodiment has been described by way of a method
wherein signals are written on a pixel-row unit basis from the
upper side to the lower side of the screen. The present inven-
tion is not limited to only such scanning method. For
example, similar effects can also be obtained if the signals are
written from the lower side to the upper side of the screen.

In the present embodiment, the number of the pixel regions
which are divided from the pixel matrix is two, it is of course
that the number of the divided pixel regions may be a desired
number larger than 2.

Another embodiment of the present invention will now be
described. An configuration wherein the pixel matrix is
divided into 4 is shown in FIG. 8 as an example wherein the
pixel matrix is divided into a number larger than 2. In the
second embodiment ofthe present invention, the pixel matrix
10 comprises pixel regions 10-1 through 10-4. FIG. 9 is a
timing chart showing the operation of the configuration in
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FIG. 8. In FIG. 9, Dj denotes the signal voltage of the data
lines 12, G1 through Gk, Gk+1 through G2k, G2k+1 through
G3F, G3k+1 through G4k denote voltage wave forms of the
gate lines of the first, second, third and fourth pixel regions,
respectively. P1,j through Pk, j, Pk+1,] through P2k, j, P2k+1,
j through P34, j, P3K+1, j through P4£, j denote the potentials
of the pixel electrodes in first to k-th pixel row (first pixel
region), k+1 to 2K-th pixel rows (second pixel region), 2K+1
to 3k-th pixel rows (third pixel region9, and 3k+1 to 4k-th
pixel rows (fourth pixel region), respectively. Horizontal bro-
ken lines in the wave-form representative of each voltage
denote a common electrode potential Vcom.

During the vertical period Tf, an application of a pulse to a
gate line G1 included in the first pixel region causes the
potential of the data line Dj at this time to be written into a
pixel P1, j and held therein. Then, an application of a pulse on
the gate line Gk+1 included in the second pixel region causes
the potential of the data line Dj at this time to be written into
apixel Pk+1,j and held therein. Then an application of a pulse
to a gate line G24+1 included in the third pixel region causes
the potential of the data line Dj at this time to be written into
a pixel P2k+1, j and held therein. Then, an application of a
pulse on the gate line G3%+1 included in the fourth pixel
region causes the potential of the data line Pj at this time to be
written into a pixel P2/+1, j and held therein.

Sequential writing of signals in order of the first, second,
third and fourth pixel region’s pixel rows thereafter enables
the signals of one screen to be written into all pixels. Such an
operation will cause signals to be alternately written into pixel
rows of four pixel regions, such as the pixel rows of the first,
second, third and fourth pixel regions.

The polarity of the signal voltage of Dj which is a desired
data line is alternately changed relative to common electrode
voltage Vecom every one horizontal period of time which is
taken to write signals of one pixel row. Therefore, during the
illustrated vertical period, signals having positive polarity
will be written into first and third pixel regions and signals
having negative polarity will be written into second and
fourth pixel regions.

During next vertical period, the polarity of the data line is
inverted, so that signals having negative polarity area written
into the first and third pixel regions and signals having posi-
tive polarity are written into the second and fourth pixel
regions.

In other words, signals having the same polarity are written
into all pixels of each pixel region and signals having different
polarities are written into the adjacent pixel regions. The
polarity of signals to be written is changed every vertical
period.

More distinct effect can be achieved by the present inven-
tion if the pixel matrix is divided into an even number of pixel
regions and the numbers of pixel columns included in respec-
tive pixel regions are equal to each other. The reason resides
in that the pixel regions to which the signals are written can be
selected so that the polarity of the video signal is certainly
changed every one horizontal period.

In the present embodiment, one vertical period during
which signals of one screen are written may be 8.3 ms or less
(vertical synchronization signal frequency of 120 Hz or
higher). In this case, the flicker reduction effect becomes
larger. The reason resides in that by making one vertical
period 8.3 ms or less, the period which is taken to write a
signal into one pixel becomes shorter, the variations of the
voltage across the pixel capacitor due to the leakage current
become smaller and the frame frequency is increased, so that
screen flicker is hard to be perceived by human eyes.
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A drive circuit for practicing the above-mentioned driving
method will be described. FIG. 10 shows the configuration of
the liquid crystal display device of the third embodiment of
the present invention. The liquid crystal display device com-
prises a pixel matrix 10 including pixels each comprising a
pixel transistor 13, pixel capacitor 15, and storage capacitor
14 as shown in FIG. 3. Each pixel is disposed in each of
intersections of the data lines denoted as D1 through Dm with
the gate lines denoted as G1 through G2k. A liquid crystal is
sandwiched between a matrix substrate on which the pixel
matrix is formed and an opposite substrate (not shown) on
which a common electrode common to the pixel electrodes of
pixels is provided. The pixel matrix is divided into plurality of
pixel regions which are in parallel with the gate lines. In an
example shownin FIG. 10, the pixel matrix is divided into two
pixel regions 10-1 and 10-2. It is of course that the pixel
matrix may be divided to a desired number of pixel regions if
the number is an integer larger than 1. The configuration of
the pixel matrix in FIG. 10 is identical with that shown in FIG.
1.

Each pixel region has k number of pixel rows. The whole of
the pixel matrix 10 has 2k number of pixel rows. The pixels
which belong to a common pixel column in two pixel regions
10-1 and 10-2 are connected to the same data line.

In the present embodiment, a data driver circuit 20 for
driving the dataline 12 and a gate driver circuit 30 for driving
the gate line 11 are formed on the matrix substrate. The data
driver circuit 20 and the gate driver circuit 30 may be made of
TFTs (this film transistors) which are formed on the matrix
substrate simultaneously with the pixel transistors (TFTs) of
the pixel matrix 10.

FIG. 11 shows an exemplary configuration of the data
driver circuit 20 in FIG. 10. The circuit 20 comprises a shift
register 21 and a switch array 22, through 22m. The shift
register 21 may be composed by a static type shift register as
shown in FIG. 12. Although an example wherein six video
signals S1 through S6 are simultaneously supplied to the pixel
matrix is illustrated in FIG. 10, the number of the video
signals may be a desired number if it is an integer whichis one
or more.

The switch array is configured so that six switches are
simultaneously controlled by a signal from the shift register
21. The switches 22, through 22, are turned on when a signal
SR1 from the shift register 21 are at a high level for outputting
video signals S1 through S6 to the data lines D1 through D6,
respectively. Subsequently, when SR2 is at a high level, the
switches which are connected to data lines D7 through D12
are turned on to output the video signals S1 through S6 to the
data line D7 through D12, respectively. In such a manner, the
video signals S1 through S6 are sequentially sampled to the
data lines.

Referring now to FIG. 12, the shift register 21 shown in
FIG. 11 comprises a plurality of D-latches. The latch at the
first stage includes a clocked inverter 211 which is on/off
controlled in response to a clock signal DCLK and a flip-flop
composed by an inverter 212 and a clocked inverter 213
which is on/off controlled in response to a clock signal
/DCLK which is complementary to the clock signal DCLK
and which has an input connected to an output of the clocked
inverter 212 and has an output connected to an input of the
clocked inverter 212. The output signal of the inverter 213 is
output via an inverter 214 and an inverter 215 (inverting driver
circuit) as a signal SRI. The latch at the second stage which
receives an output from the latch at the first stage is identical
in structure with the latch at the first stage. That is, the latch at
the second stage includes a clocked inverter 216 which is
on/off controlled responsive to a clock signal/DCLK and a
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flip-flop composed by an inverter 217 and a clocked inverter
218 which is on/off controlled responsive to a clock signal
DCLK. The output signal of the inverter 217 is output via an
inverter 219 and an inverter 220 (reversed type driver circuit)
as a signal SR2. A signal which is complementary to the clock
signal supplied to the D-latch at the first stage is supplied as a
clock signal to the D-latch at the second stage. The latch at the
first stage outputs a start signal DST which is input when the
clock signal DCLK is at a high level. The clocked inverter 211
is turned off when the clock signal DCLK is at a low level, so
that a feed-back loop made up of the inverter 212 and the
clocked inverter 213 is established to compose a flip-flop for
holding data. The latch at the second stage conducts an opera-
tion which is reversal to that of the latch at the first stage
relating to the clock signal DCLK. This causes the signal
DCT to be driven by the clock signal DCLK and to propagate
through the shift register 21.

FIG. 13 shows an exemplary configuration of the gate
driver circuit 30 shown in FIG. 10. Referring to FIG. 13, the
gate driver circuit 30 comprises two scanning circuits 31 and
32 corresponding to two divided pixel regions respectively.

FIG. 14 shows an exemplary configuration of each scan-
ning circuit. Referring now to FIG. 14, each scanning circuit
comprises a D-latch at the first stage which forms a static shift
register which shifts a start signal GST responsive to a clock
signal (the latch comprising a clocked inverter 311 which is
on/off controlled responsive to a clock signal GCLK1, an
inverter 312 and a clocked inverter 313 which is on/off con-
trolled responsive to a clock signal/GCLK1), a NAND gate
314 which conducts a NAND operation between an output of
the D-latch and a decode signal GDEC signal and inverter
array 315 through 317. A gate signal G1 (scanning signal) is
output from the inverter 317 (inverting driver circuit). A cir-
cuit which generates and outputs a gate signal G2 includes a
D-latch at the second stage (comprising a clocked inverter
321 which is on/off controlled responsive to the clock signal/
GCLK1, an inverter 322 and a clocked inverter 323 which is
on/off controlled responsive to the clock signal GCLK1), a
NAND gate 324 which conducts a NAND operation between
an output of the D-latch and the decode signal GDEC signal
and an inverter array 325 through 327. In the scanning circuits
31 and 32, the decode signals GDEC are denoted by GDEC1
and GDEC2, respectively, and the start signals GST are
denoted by GST1 and GST2, respectively, and the clock
signals GCLK are denoted by GCLK1 and GCLK2, respec-
tively. A circuit which generates other gate signals G3, ... ,Gk
is similarly configured. Any other combination may be used if
the circuit is capable of obtaining a logical product between
an output of the shift register and an external decode signal.

The gate driver circuit 30 may include a decode circuit
which outputs a pulse signal to a desired gate line at desired
timing in response to a signal from a device which is external
of the display device. In this case, it is not necessary to
provide a gate driver circuit comprising a decode circuit for
each of the pixel regions.

In the above-mentioned embodiment, each shift register
which is used for the data driver circuit 20 and gate driver
circuit 30 shifts in only one direction. A shift register which is
capable of changing the shift direction bidirectionally (e.g.
left shift and right shift) may be used.

The data driver circuit 20 may include an amplifier for
amplifying an input video signal or a buffer circuit. The data
driver circuit 20 may have a D/A converter receiving a video
signal as a digital signal and converting the digital signal into
an analog signal. In this case, the D/A converter circuit may
be composed by TFTs formed on the matrix substrate.
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In the embodiment shown in FIG. 10, the gate driver circuit
30 is disposed on only one side of the pixel matrix. The
present invention is limited to such a configuration. In a fourth
embodiment, the gate driver circuits 30-1 and 30-2 may be
disposed on the both sides of the pixel matrix as shown in
FIG. 17.

A fifth embodiment of the present invention will now be
described. In the fifth embodiment, a pre-charge circuit 40
which is capable of performing preliminarily charging/dis-
charge of the data line 11 (all data lines) of the pixel matrix to
a desired voltage every one horizontal period is provided as
shown in FIG. 18.

An operation for writing video signals into the liquid crys-
tal display device of the present invention is similar to that in
the first embodiment.

The operation of the data driver circuit 20 will now be
described. FIG. 15 is a timing chart showing an example of
the operation of the data driver circuit 20 which is shown in
FIGS. 10 and 11. In FIG. 15, a period Th denotes one hori-
zontal period during which signals are written into one pixel
row (line) of the liquid crystal display device. DST denotes a
start signal which is supplied to a transfer terminal of the shift
register 20. DCLK and /DCLK denote complementary clock
signals. S1 through S6 denote video signals input to the data
driver circuit. SR1 through SRi denote output signals of the
shift register 21. When a pulse is supplied as a start signal
DST, pulse signals SR1, SR2, SR3, . . . . SRi are sequentially
output from the shift register 21 in synchronization with the
clock signal DCLK. The video signals which are supplied to
S1 through S6 are sampled to the data line by turning on or off
of every six switches of the switch array 22 in response to the
output pulses SR1, SR2, SR3, . . . SRi. By repeating this
operation i-times, video signals are sequentially sampled on
all data lines.

Now, the operation of the gate driver circuit 30 will now be
described. FI1G. 16 is a timing chart showing an exemplary
operation of the gate driver circuit 30 which is shown in FIGS.
12 and 13. A period Th denotes one vertical period. GST1 and
GST?2 denote start signals of the first and second scanning
circuits 31 and 32 which correspond to the first and second
pixel regions 10-1 and 10-2, respectively. GCLK1 and
/GCLK1 denote complementary clock signals of the first
scanning circuit 31. GCLK2 and /GCLK2 denote comple-
mentary clock signals of the second scanning circuit 32.
GDEC1 and CDEC2 denote decode signals for shaping the
wave-form output from the shift registers in the first and
second scanning circuits 31 and 32, respectively.

The periods of the clock signals GCLK1 and GCLK2 are
equal to the periods 2Th which is equal to two horizontal
periods of time. The clock signal GCLK1 is out of phase with
respect to the clock signal GCLK2 by one horizontal period
Th. The start signal GCT1 and GCT2 are supplied to the gate
driver circuit 30 while they are out of phase by one horizontal
period Th.

When the signal which is shown in FIG. 15 is supplied to
the gate driver circuit 30, as the outputs of the shift registers
(D-latch file shown in FIG. 14) of the first and second scan-
ning circuits 31 and 32, pulses are output in order in a period
of 2Th of 2 horizontal period. Logical products between this
output signals and the decode signals GDEC1 and GDEC2
are supplied to the gate lines 11 as the outputs of the first and
second scanning circuits 31 and 32. Since the clock signals
GCLK1 and GCLK2 of the first and second scanning circuits
31 and 32 are shifted to each other by one horizontal period Th
and the output pulses from the first and second scanning
circuits 31 and 32 are shaped to pulses having a time length
which is substantially equal to Th by the decode signals
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GDECI1 and GDEC2, pulses are alternately output from the
first and second scanning circuits 31 and 32 with a period of
one horizontal period Th as a result (i.e., pulse outputs of G1
and Gk+1, then pulse outputs of G2 and Gk+2, . . ., and then
pulse outputs of Gk and G2k+1).

The operation of the data driver circuit 20 and the gate
driver circuit 30 enables such an operation that video signals
are supplied to all data lines every one horizontal period, that
the signals supplied to the data lines for each one pixel row of
the divided pixel region are written into pixels and that the
pixel region to which video signals are written is changed
each horizontal period.

In the present embodiment, at least one of the peripheral
circuits, such as the data driver circuit, gate driver circuit or
precharge circuit may be made of TFTs (thin film transistors)
formed on a TFT substrate which are provided with pixel
transistors. In this case, polycrystalline (polysilicon) TFTs
are preferably used. The polycrystalline TFTs have a high
field effect mobility and are preferable for manufacturing
peripheral circuits suchas drive circuit ona TFT substrate and
enable high speed and high current switching which is
required for high resolution large displays.

A color filter (not shown) including a pigment layer which
transmits any of colors such R (red), G (green) and B (blue) to
pixels may be disposed any of the active substrate and the
opposite substrate. In this case, a color liquid crystal monitor
is provided.

The liquid crystal display devices of the above-mentioned
embodiment achieve high operation rate of pixels and reduc-
tion in brightness non-uniformity on screen and flicker and
are preferably used for liquid crystal projectors. The liquid
crystal display devices of the above-mentioned embodiment
are preferably used for portable or mobile terminal devices
such as liquid crystal monitors, cellular phones, PDAs (per-
sonal digital assistants). Although embodiments has been
described by way of an example wherein the data line is
connected to source of a pixel transistor (TFT) and a drain of
the pixel transistor is connected to the pixel electrode, another
configuration may be used wherein the drain of the pixel
transistor (TFT)is connected to the data line and the source of
the pixel transistor is connected to the pixel electrode.

The present invention achieves a high aperture ratio of
pixels and reduction in brightness non-uniformity on screen
and flicker and is preferably applicable to liquid crystal pro-
jectors, liquid crystal monitors, various intelligent devices
such as communication terminals and mobile terminal.

It should be noted that other objects, features and aspects of
the present invention will become apparent in the entire dis-
closure and that modifications may be done without departing
the gist and scope of the present invention as disclosed herein
and claimed as appended herewith.

Also it should be noted that any combination of the dis-
closed and/or claimed elements, matters and/or items may fall
under the modifications aforementioned.

What is claimed is:

1. A method for driving a liquid crystal display device
which comprises a first substrate and a second substrate
opposing the first substrate and having a common electrode so
as to sandwich the liquid crystal,

the first substrate comprising:

aplurality of data lines and a plurality of gate lines arrayed

crosswise; and

a pixel matrix having a plurality of pixels, each being

disposed at each of intersections between said data lines
and said gate lines, each pixel having a pixel transistor
and a pixel capacitor;

said pixel being driven by said gate line arranged common

for each pixel row, and the data line arranged common to
each pixel column;
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wherein said driving method comprises:

inone vertical period during which signals of one frame are

written into said pixel matrix,

selecting a gate line per one horizontal period during which

signals of one pixel row of the pixel matrix are written;
and

writing video signals supplied to said data lines into the

pixels of one pixel row connected said selected gate line;
said selecting said gate line(s) is performed by:

dividing the pixel matrix into a plurality of units of a

plurality of gate lines; and

selecting said gate lines in timely adjacent (contiguous)

vertical periods so as to be included in different divided
pixel regions;

said data lines are driven such that polarities of the video

signals supplied to any one of said data lines relative to
a potential of the common electrode are different from
one horizontal period to another timely adjacent (con-
tiguous) ones; and

in said one vertical period, the polarities of the image

signals written into all the pixels in each of said divided
pixel regions relative to the potential of said common
electrode are the same.

2. The method according to claim 1, wherein each of said
pixel regions has equal or substantially equal number of gate
lines.

3. The method according to claim 1. wherein the number of
said divided pixel regions is an even number.

4. The method according to claim 1, wherein numbers are
assigned to the pixel regions and to the pixel row in the pixel
region, from the position nearest to one of side edges of the
liquid crystal display device, said side edges being parallel
with a longitudinal direction of the gate line; and

writing of signals into all pixels in said pixel matrix is

conducted by repeating steps of writing of signals into
the first pixel rows of the first to n-th pixel regions by
writing signals into the first pixel row in the first pixel
region, thereafter writing signals into the first row in the
second pixel region and so on until writing of signals
into the first pixel row in n-th pixel region; and subse-
quently writing signals into i-th pixel row of the first to
n-th pixel regions by writing signals into i-th pixel row in
the first pixel region, thereafter writing i-th pixel row in
the second pixel region and so on until writing of signals
into i-th pixel row in n-th pixel regions, wherein 1 is
incremented from 2 to k which is the number of pixel
columns in pixel regions.

5. The method according to claim 1, wherein said vertical
period during which signals are once written into all pixels of
said pixel matrix is 8.34 ms or less.

6. The method according to claim 1, wherein a predeter-
mined voltage is written to the data line per one horizontal
period during which signals of one pixel row of the pixel
matrix are written.

7. The method according to claim 1, wherein each pixel
includes a set of a pixel transistor, a pixel capacitor and a
storage capacitor;

said pixel transistor having a gate terminal thereof con-

nected to said gate line arranged common for each pixel
row, having a source terminal thereof connected to the
data line arranged common to each pixel column, and
having a drain electrode thereof connected to the pixel
capacitor and the storage capacitor of the pixel associ-
ated with said pixel transistor.
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