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DISPLAY DEVICE AND DRIVING METHOD
OF DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a display device and
a driving method of a display device, and particularly to a
display device formed by two-dimensionally arranging pixels
including an electrooptic element in the form of a matrix, and
a driving method of the display device.

BACKGROUND ART

[0002] Display devices formed by two-dimensionally
arranging pixels including an electrooptic element in the form
of'a matrix, for example liquid crystal display devices using a
liquid crystal cell as an electrooptic element use an alternat-
ing-current driving method that reverses the polarity of a
signal voltage applied to a pixel electrode with respect to the
potential of a counter electrode of the liquid crystal cell in
predetermined cycles. This is because degradation in resis-
tivity of liquid crystal (resistance value specific to the mate-
rial) or the like and an afterimage phenomenon referred to as
“burn-in” occur when a direct-current voltage is applied to the
liquid crystal cell over a long period of time.

[0003] Known as this alternating-current driving method
are for example a 1H inversion driving method that inverts the
polarity of a video signal Vsig in each H (H denotes a hori-
zontal period) while a common voltage Vcom applied to the
counter electrode of the liquid crystal cell is fixed, and a 1F
inversion driving method that inverts the polarity of the video
signal Vsigineach F (F refers to afield period, that is, a screen
repetition period) while the common voltage Vcom applied to
the counter electrode of the liquid crystal cell is fixed (see for
example Japanese Patent Laid-open No. 2001-42287).
[0004] In a liquid crystal display device, a signal line for
writing a video signal Vsig to pixels and a common line for
supplying a common voltage Vcom common to each pixel to
the counter electrode of a liquid crystal cell intersect each
other, and there is a parasitic capacitance between the signal
line and the common line. When the video signal Vsig is
written to the signal line, coupling due to the parasitic capaci-
tance causes the video signal Vsig to jump into the common
line, and thereby the potential of the common line is swayed
in a direction of the same polarity as that of the video signal
Vsig, thus causing crosstalk.

[0005] For such a problem, the 1H inversion driving
method inverts the potential of the signal line to which the
video signal Vsig is written in each H, and can thereby cancel
the swaying of the potential of the common line due to the
coupling between lines (pixel rows), so that occurrence of the
crosstalk caused by the coupling can be suppressed.

[0006] The 1F inversion driving method has advantages of
being able to improve contrast and extend life using VA
(Viewing Angle; vertical alignment) liquid crystal. On the
other hand, the 1F inversion driving method writes a video
signal Vsig of the same polarity to the signal line over a 1F
period, and therefore cannot cancel the swaying of the poten-
tial of the common line due to the coupling between lines, so
that occurrence of the crosstalk caused by the coupling cannot
be suppressed.

[0007] When there is a large potential difference between
pixel potential and signal line potential, a leak occurs in a
switching element, for example a TFT (Thin Film Transistor)
ofa pixel due to difference in source/drain shape. The amount
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of the leak differs within one screen. Therefore, as shown in
FIG.11, shading, which causes degradation in picture quality,
occurs. Specifically, taking as an example a case where the
common voltage Vcom is 7.5 V and the signal line potential is
10.0 V on an H-side/5.0 V on an L-side (halftone), as shown
in FIG. 12, for example, a screen upper part A, a screen central
part B, and a screen lower part C have different leakage
periods, and thereby an amount of leakage differs within one
screen. Thus, there is little effect of leakage in the screen
upper part A, the screen central part B becomes somewhat
whitish due to an effect of leakage, and the screen lower part
Cbecomes whitish due to an effect of leakage, so that shading
occurs.

DISCLOSURE OF INVENTION

[0008] The present invention has been made in view of the
above-described problems, and it is an object of the present
invention to provide a display device and a driving method of
the display device that can suppress occurrence of crosstalk
and shading while improving contrast and extending life
using VA liquid crystal, which is advantages of the 1F inver-
sion driving method.

[0009] In order to achieve the above object, in the present
invention, a display device including a pixel array unit, the
pixel array unit being formed by two-dimensionally arrang-
ing pixels including an electrooptic element in a form of a
matrix, and the pixel array unit being divided into a plurality
of areas in a vertical direction, employs a constitution in
which the plurality of areas being vertically scanned in order
in a unit of a row, pixels of the plurality of areas are selected
in a unit of a row, and a video signal inverted in polarity in
each horizontal period (H) is written to the pixels of the
selected row.

[0010] In the display device having the above-described
constitution, the plurality of areas being vertically scanned in
order in a unit of a row, or for example two areas being
vertically scanned alternately in a case of a two-part division,
pixels of the plurality of areas are selected in a unit of a row,
so that 1F inversion driving can be realized in each of the
areas. In addition, a video signal inverted in polarity in each H
is written to the pixels of the selected row, whereby 1H
inversion driving can be realized. As a result, it is possible to
have the advantages of the 1F inversion driving method and
the advantages of the 1H inversion driving method.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a block diagram schematically showing a
configuration of an active matrix type liquid crystal display
device according to one embodiment of the present invention.
[0012] FIG. 2 is a circuit diagram showing an example of
circuit configuration of a pixel (pixel circuit).

[0013] FIG. 3 is a block diagram showing an example of
configuration of a vertical driving circuit on an upper side.
[0014] FIG. 4 is a block diagram showing an example of
configuration of a vertical driving circuit on a lower side.
[0015] FIG. 5 is a timing chart of assistance in explaining
circuit operation of the vertical driving circuits on the upper
side and the lower side.

[0016] FIG. 6 is a diagram of assistance in explaining the
operation, the diagram showing a sequence of vertical scan-
ning in display driving.

[0017] FIG. 7 is a timing chart showing scanning timing in
the display driving.
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[0018] FIG. 8A is a diagram showing polarity of pixel
potential in a first field.

[0019] FIG. 8B is a diagram showing polarity of pixel
potential in a second field.

[0020] FIG. 9 is a timing chart of assistance in explaining
that shading does not occur.

[0021] FIG. 10 is a diagram showing that shading does not
occur in halftone raster display.

[0022] FIG. 11 is a diagram showing that shading occurs in
halftone raster display.

[0023] FIG. 12 is a timing chart of assistance in explaining
a problem of the related art.

[0024] FIG.13 is adiagram showing a result of comparison
of pixel potential in a case (A) where a 1F inversion driving
according to an example of the related art is used and a case
(B) where a 1H+1F inversion driving according to the present
invention is used.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0025] An embodiment of the present invention will here-
inafter be described in detail with reference to the drawings.
[0026] FIG. 1 is a block diagram schematically showing a
configuration of a display device according to one embodi-
ment of the present invention. Description in the following
will be made by taking as an example an active matrix type
liquid crystal display device using a liquid crystal cell as an
electrooptic element of a pixel.

[0027] Asisclear from FIG. 1, the active matrix type liquid
crystal display device according to the present embodiment
includes a pixel array unit 11, for example two vertical driving
circuits 12A and 12B, and a horizontal driving circuit 13. The
pixel array unit 11 is formed by two-dimensionally arranging
pixels 20 including a liquid crystal cell as an electrooptic
element in the form of a matrix on a transparent insulating
substrate, for example a glass substrate (not shown), and
arranging scanning lines 13-1 to 13-m in each row and signal
lines 14-1 to 14-» in each column for the arrangement of the
pixels in the form of the matrix (m rows and n columns). The
glass substrate is disposed so as to be opposed to another glass
substrate (not shown) with a predetermined gap between the
glass substrates, and a liquid crystal material is sealed
between the two glass substrates, whereby a liquid crystal
panel is formed.

[0028] FIG. 2 is a circuit diagram showing an example of
circuit configuration of a pixel (pixel circuit) 20. As is clear
from FIG. 2, the pixel 20 includes: a pixel transistor, for
example a TFT (Thin Film Transistor) 21; a liquid crystal cell
22 having a pixel electrode connected to the drain electrode of
the TFT 21; and a storage capacitor 23 having one electrode
connected to the drain electrode of the TFT 21. The liquid
crystal cell 22 represents a liquid crystal capacitance occur-
ring between the pixel electrode and a counter electrode
formed so as to be opposed to the pixel electrode.

[0029] The TFT 21 has a gate electrode connected to a
scanning line 14 (14-1 to 14-m), and has a source electrode
connected to a signal line 15 (15-1 to 15-z). In addition, for
example, the counter electrode of the liquid crystal cell 22 and
another electrode of the storage capacitor 23 are connected to
a common line 16, which is common to each pixel. The
counter electrode of the liquid crystal cell 22 is supplied with
a common voltage (counter electrode voltage) Vcom, which
is common to each pixel, via the common line 16.
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[0030] Thepixel array unit 11 having the pixel arrangement
of'the m rows and the n columns is divided into an upper part
and a lower part at a midpoint position in a vertical direction
(top-to-bottom direction of the figure). That is, letting 1 (=n/2)
be V4 of the number n of lines (number of rows), the pixel
array unit 11 is divided into an upper side pixel part 11A ofa
first to an ith row and a lower side pixel part 11B of an (i+1)th
to an nth row. Incidentally, the division of the pixel array unit
11 in the top-to-bottom direction is not limited to division into
two parts, and the pixel array unit 11 may be divided in the
top-to-bottom direction into an arbitrary number of parts,
such as three parts, four parts, . . . by an equal number of lines.

[0031] A peripheral circuit including the vertical driving
circuits 12A and 12B and the horizontal driving circuit 13 is
integrated on the same substrate (liquid crystal panel) as the
pixel array unit 11, for example. A number of vertical driving
circuits 12A and 12B which number corresponds to the num-
ber of divided parts of the pixel array unit 11 are provided, and
sequentially select pixels in a unit of'a row in the pixel array
unit 11 via the scanning lines 16-1 to 16-». The present
invention is characterized by a concrete configuration and
operation of the vertical driving circuits 12A and 12B, and
details thereof will be described later in detail.

[0032] Incidentally, in this case, the two vertical driving
circuits 12A and 12B are arranged on one of a left side and a
right side of the pixel array unit 11, and the scanning lines
16-1 to 16-r are driven from the one side. However, the
vertical driving circuits 12A and 12B may be disposed on
both ofthe left side and the right side of the pixel array unit 11,
and the scanning lines 16-1 to 16-» may be driven from both
sides.

[0033] The horizontal driving circuit 13 is formed by for
example a shift register, an analog switch and the like.

[0034] The horizontal driving circuit 13 writes an exter-
nally supplied video signal Vsig to pixels 20 in a row selected
sequentially by the vertical driving circuits 12A and 12Bon a
pixelunit (dot-sequential) basis or arow unit (line-sequential)
basis via the signal lines 15-1 to 15-m. It is to be noted that the
polarity of the video signal Vsig output from the horizontal
driving circuit 13 to the signal lines 15-1 to 15-m is reversed
in each H (H denotes a horizontal period).

[0035] Description will next be made of the concrete con-
figuration and operation of the vertical driving circuits 12A
and 12B, which are a characteristic part of the present inven-
tion.

[0036] Each of the vertical driving circuits 12A and 12B is
basically formed by a combination of a shift register, NAND
circuits, and logical circuits such as inverters or the like. The
vertical driving circuits 12A and 12B are supplied with a
vertical start pulse VST for giving a command to start vertical
scanning and vertical clock pulses VCK and VCKX that serve
as areference for the vertical scanning and have phases oppo-
site to each other.

[0037] It is to be noted that since the pixel array unit 11 is
divided into two parts and the vertical scanning is performed
by the two vertical driving circuits 12A and 12B in the present
example, the periods of the vertical start pulse VST and the
vertical clock pulses VCK and VCKX are set to twice the
periods of a vertical start pulse and vertical clock pulses used
when the pixels 20 of the pixel array unit 11 are vertically
scanned by one vertical driving circuit. Incidentally, when the
pixel array unit 11 is divided into N parts (N=3, 4, . . . ), it
suffices to set the periods of the vertical start pulse VST and
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the vertical clock pulses VCK and VCKX to N times the
periods of the vertical start pulse and the vertical clock pulses
mentioned above.

[0038] FIG. 3 is a block diagram showing an example of
configuration of the vertical driving circuit 12 A that vertically
scans the pixels of the upper side pixel part 11A. For simplic-
ity of the figure, FIG. 3 shows the configuration of only a
circuit part generating drive pulses V1 and V2 for selecting a
first pixel row and a second pixel row of the upper side pixel
part 11A.

[0039] InFIG. 3, a shift register 31 has m/2 transfer stages
(S/R)31-1, 31-2, . . . corresponding to the number m of lines
(number of rows) of the pixel array unit 11, the transfer stages
being cascaded. When supplied with the vertical start pulse
VST, the shift register 31 performs transfer (shift) operation
in synchronism with the vertical clock pulses VCK and
VCKX opposite to each other in phase. Thereby the shift
register 31 sequentially outputs transfer pulses TR1A and
TR2A from the respective transfer stages 31-1,31-2, . ... The
transfer pulse TR1A of the own transfer stage 31-1 and the
transfer pulse TR2A of the next transfer stage 31-2 are given
to a three-input NAND circuit 32 as two inputs therefor. The
NAND circuit 32 is supplied with an enable pulse ENB1 as
the other input. The enable pulse ENBI1 is a pulse signal
having a period of ¥4 of the period of the vertical clock pulse
VCK and having a pulse width narrower than ¥4 of the pulse
width of the vertical clock pulse VCK.

[0040] An output pulse of the NAND circuit 32 is inverted
by an inverter 33, and then supplied as one input to each of
two-input NAND circuits 34 and 35. The NAND circuit 34 is
supplied with a vertical clock pulse vck as another input. The
NAND circuit 35 is supplied with a vertical clock pulse vekx
opposite in phase to the vertical clock pulse vck as another
input. The vertical clock pulses vck and vekx are pulse signals
having the same period as the vertical clock pulses VCK and
VCKX, and having phases shifted by 90 degrees with respect
to the vertical clock pulses VCK and VCKX. Output pulses of
the NAND circuits 34 and 35 respectively drive the scanning
lines 14-1 and 14-2 in the first row and the second row as drive
pulses V1 and V2 for selecting the first row and the second
row of the upper side pixel part 11A.

[0041] FIG. 4 is a block diagram showing an example of
configuration of the vertical driving circuit 12B that vertically
scans the pixels of the lower side pixel part 11B. For simplic-
ity of the figure, FIG. 4 shows the configuration of only a
circuit part generating drive pulses Vi and Vi+1 for selecting
an ith pixel row and an (i+1)th pixel row of the lower side
pixel part 11B.

[0042] InFIG. 4, as with the shift register 31, a shift register
41 has m/2 transfer stages (S/R) 41-1, 41-2, . . ., the transfer
stages being cascaded. When supplied with the vertical start
pulse VST, that is, in the same timing as the shift register 31,
the shift register 41 starts transfer operation in synchronism
with the vertical clock pulses VCK and VCKX. Thereby the
shift register 41 sequentially outputs transfer pulses TR1B
and TR2B from the respective transfer stages 41-1, 41-2, . ..
. The transfer pulse TR1B of the own transfer stage 41-1 and
the transfer pulse TR2B of the next transfer stage 41-2 are
given to a three-input NAND circuit 42 as two inputs therefor.
The NAND circuit 42 is supplied with an enable pulse ENB2
as the other input. As with the enable pulse ENB1, the enable
pulse ENB2 is a pulse signal having a period of Y4 of the
period of the vertical clock pulse VCK and having a pulse
width narrower than V4 of the pulse width of the vertical clock
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pulse VCK. In addition, the enable pulse ENB2 is shifted in
phase by 180 degrees with respect to the enable pulse ENB1.
[0043] An output pulse of the NAND circuit 42 is inverted
by an inverter 43, and then supplied as one input to each of
two-input NAND circuits 44 and 45. The NAND circuit 44 is
supplied with the vertical clock pulse vck as another input.
The NAND circuit 35 is supplied with the vertical clock pulse
vckx as another input. The vertical clock pulses vek and vekx
are pulse signals having phases shifted by 90 degrees with
respect to the vertical clock pulses VCK and VCKX. Output
pulses of the NAND circuits 44 and 45 respectively drive the
scanning lines 14-i+1 and 14-i+2 in the (i+1)th row and the
(i+2)th row as drive pulses Vi+1 and Vi+2 for selecting the
first row and the second row of the lower side pixel part 11B,
or the (i+1)th row and the (i+2)th row of the whole.

[0044] The circuit operation of the vertical driving circuits
12A and 12B having the above-described configuration will
next be described with reference to a timing chart of FIG. 5.
[0045] The timing chart of FIG. 5 shows timing relations
between the vertical start pulse VST, the vertical clock pulses
VCK and VCKX opposite to each other in phase, the transfer
pulses TR1A and TR2A output from the shift register 31, the
transfer pulses TR1B and TR2B output from the shift register
41, the enable pulses ENB1 and ENB2, output pulses X1A
and X1B of the inverters 33 and 43, the vertical clock pulses
vck and vekx opposite to each other in phase, the drive pulses
V1 and V2 output from the vertical driving circuit 12A, and
the drive pulses Vi+1 and Vi+2 output from the vertical driv-
ing circuit 12B.

[0046] First, the vertical start pulse VST is supplied to each
of the shift registers 31 and 41 of the vertical driving circuits
12A and 12B, whereby the shift registers 31 and 41 simulta-
neously start transfer operation (shift operation). As a result
of the transfer operation, the transfer pulses TR1A, TR2A, ..
. are sequentially output from the shift register 31, and the
transfer pulses TR1B, TR2B, . . . are sequentially output from
the shift register 41.

[0047] Next, the NAND circuit 33 obtains a logical product
of the transfer pulses TR1A and TR2A and the enable pulse
ENBI1, whereby a pulse signal of two enable pulses ENB1,
that is, two consecutive pulses X1A are output from the
inverter 33. Similarly, the NAND circuit 43 obtains a logical
product of the transfer pulses TR1B and TR2B and the enable
pulse ENB2, whereby a pulse signal of two enable pulses
ENB?2, that is, two consecutive pulses X1B are output from
the inverter 43.

[0048] Next, the NAND circuit 34 obtains a logical product
of the output pulse X1A of the inverter 33 and the vertical
clock pulse vck, whereby the drive pulse V1 is output from an
inverter 36. Then the NAND circuit 35 obtains a logical
product of the output pulse X1A of the inverter 33 and the
vertical clock pulse vckx, whereby the drive pulse V2 is
output from an inverter 37.

[0049] Similarly, the NAND circuit 44 obtains a logical
product of the output pulse X1B of the inverter 43 and the
vertical clock pulse vck, whereby the drive pulse Vi+l is
output from an inverter 46. Then the NAND circuit 45 obtains
a logical product of the output pulse X1B of the inverter 43
and the vertical clock pulse vckx, whereby the drive pulse
Vi+2 is output from an inverter 47.

[0050] Since the enable pulse ENB1 and the enable pulse
ENB2 are shifted in phase by 180 degrees from each other, as
is clear from the timing chart of FIG. 5, the drive pulses V1,
V2, ... and the drive pulses Vi+1, Vi+2, . . . are alternately
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output from the vertical driving circuits 12A and 12B. That is,
on a time axis, the drive pulse V1, the drive pulse Vi+1, the
drive pulse V2, the drive pulse Vi+2, . . . are output in that
order.

[0051] Description will next be made of operation when
display driving is performed using the drive pulses V1, V2, .
..and the drive pulses Vi+1, Vi+2, . . . alternately output from
the vertical driving circuits 12A and 12B having the above
configuration.

[0052] In the following, to facilitate understanding,
description will be made by taking as an example a case
where, as shown in FIG. 6, a total of six vertical scanning
operations are performed by vertically scanning an upper part
(screen upper part A), a central part, and a lower part (screen
central part B) of the upper side pixel part 11A in order and
vertically scanning an upper part (screen upper part B), a
central part, and a lower part (screen lower part C) of the
lower side pixel part 11B in order. At this time, as shown in
FIG. 7, drive pulses V1, V2, and V3 are output from the
vertical driving circuit 12A in order, and drive pulses V4, V5,
and V6 are output from the vertical driving circuit 12B in
order.

[0053] On a time axis, the drive pulse V1, the drive pulse
V4, the drive pulse V2, the drive pulse V5, the drive pulse V3,
and the drive pulse V6 are output in that order.

[0054] Thus, display driving is performed using the drive
pulses V1, V2, . . . and the drive pulses Vi+l, Vi+2, . . .
alternately output from the two vertical driving circuits 12A
and 12B, whereby rows are selected in order of 1. the upper
part of the upper side pixel part 11A, 2. the upper part of the
lower side pixel part 11B, 3. the central part of the upper side
pixel part 11A, 4. the central part of the lower side pixel part
11B, 5. the lower part of the upper side pixel part 11A, and 6.
the lower part of the lower side pixel part 11B.

[0055] Meanwhile, the horizontal driving circuit 13 writes
the video signal Vsig reversed in polarity in each H to the
selected rows via the signal lines 15-1 to 15-z. At this time, of
course, the video signal Vsig is rearranged in advance in such
a manner as to correspond to the sequence of the vertical
scanning in a signal source (not shown) that supplies the
video signal Vsig.

[0056] As a result of such display driving, supposing that
the polarity of the video signal Vsig is reversed in order of
positive (+), negative (-), . . . in a first field, as shown in FIG.
8A, only a video signal Vsig (+) of positive polarity is written
to the pixels of the upper side pixel part 11A, and only a video
signal Vsig (-) of negative polarity is written to the pixels of
the lower side pixel part 11B. In a second field, to realize field
inversion driving, the polarity of the video signal Vsig is
reversed in order of negative, positive, . . . . Thus, as shown in
FIG. 8B, only a video signal Vsig (-) of negative polarity is
written to the pixels of the upper side pixel part 11A, and only
a video signal Vsig (+) of positive polarity is written to the
pixels of the lower side pixel part 11B.

[0057] As is clear from the above description of the opera-
tion, a driving method as described above realizes 1H inver-
sion driving by writing the video signal Vsig reversed in
polarity in each H to the selected rows, and realizes 1F inver-
sion driving in each of the upper side pixel part 11A and the
lower side pixel part 11B.

[0058] As described above, in the active matrix type display
device including the pixel array unit 11 formed by two-di-
mensionally arranging pixels 20 including an electrooptic
element (liquid crystal cell 22 in the present example) in the
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form of a matrix, the pixel array unit 11 is divided into a
plurality of areas (two areas 11A and 11B in the present
example) in a vertical direction, while the plurality of areas
being vertically scanned in order (alternately in the present
example) in a unit of a row, pixels of the plurality of areas are
selected in a unit of a row, and the video signal Vsig reversed
in polarity in each H is written to the pixels of the selected
row. Thereby the following effects are obtained.

[0059] By realizing 1F inversion driving in each of the
upper side pixel part 11 A and the lower side pixel part 11B, it
is possible to improve contrast and extend life using VA liquid
crystal, which is advantages of the 1F inversion driving
method. Incidentally, at a boundary line part between the
upper side pixel part 11A and the lower side pixel part 11B,
the same timing (always a 2H shift) as in other parts is pro-
vided in principle, but the system causes a shift corresponding
to a vertical blanking period (15H to 30H). Thus, effects of
coupling are insignificant.

[0060] In addition, as for crosstalk, which is a problem of
the 1F inversion driving method, the video signal Vsig
reversed in polarity in each H is written to the pixels of the
selected rows via the signal lines 15-1 to 15-», and thereby
amounts of leakage are the same within one screen, so that
shading does not occur.

[0061] Describing this more specifically, taking as an
example a case where the common voltage Vcom is 7.5V and
the potential of the signal lines 15-1 to 15-z is 10.0 V on an
H-side/5.0 V on an L-side (halftone), as shown in FIG. 9, for
example, the screen upper part A, the screen central parts B
and C, and the screen lower part D have a same leakage
period, and therefore amounts of leakage are the same within
one screen. As a result, as shown in FIG. 10, shading does not
occur. Incidentally, the polarity of the video signal Vsig in
FIG. 10 represents the case of the field of FIG. 8A, and in the
next field, as shown in FIG. 8B, the positive/negative polarity
is reversed.

[0062] Further, as for crosstalk caused by coupling and
leakage, the coupling and the leakage are both Y2 or less of
that when an ordinary 1F inversion driving method (for the
whole screen) is employed, and therefore crosstalk can also
be reduced to % or less of that of the ordinary 1F inversion
driving method.

[0063] Further, insusceptibility to a stripe domain is
enhanced. A stripe domain means that a black line remains
when a change is made to gray display (gray screen) after
black display is retained for a certain time at a certain voltage
or higher, and under magnification, a disclination (a defect
caused by translation of a crystal lattice) line remains as it is,
and a light leakage is multiplied therefrom to form the black
line. In the 1H inversion driving method, the polarity of
potential differs at a boundary between pixels, and thus a
difference occurs in inclination of the liquid crystal at the
boundary between the pixels. In the 1F inversion driving
method, on the other hand, the same potential occurs on both
sides of the pixel boundary, and thus the inclination of the
liquid crystal is the same even at the pixel boundary, so that
there is no stripe domain in principle.

[0064] Incidentally, FIG. 13 shows a result of comparison
of pixel potential in a case (A) where a 1F inversion driving
according to the example of the related art is used and a case
(B) where a 1H+1F inversion driving according to the present
invention is used. A case where four vertical scanning opera-
tions are performed in each of the upper side pixel part 11A
and the lower side pixel part 11B, that is, a total of eight
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vertical scanning operations are performed. It is understood
that in either of the cases (A) and (B), 1F inversion appears to
be performed. However, in the case (B) where the 1H+1F
inversion driving according to the present embodiment is
used, there occurs a slight shift corresponding to a vertical
blanking period at a seventh-second (boundary). The vertical
blanking period is about 15H to 30H. When the vertical
blanking period is 15H and a V (voltage)-T (transmittance)
characteristic indicates 50%, there is a luminance difference
of about 0.5%.

[0065] Itisto be noted that while in the foregoing embodi-
ment, the pixel array unit 11 is divided into two parts in the
vertical direction, and vertical driving means is formed by the
two vertical driving circuits 12A and 12B corresponding to
the number of divided parts of the pixel array unit 11, the pixel
array unit 11 can be divided into three or more parts in the
vertical direction. In this case, letting N be the number of
divided parts, it suffices to provide N vertical driving circuits
corresponding to the number of divided parts, set the respec-
tive pulse widths of the vertical start pulse VST and the
vertical clock pulse VCK to N times the respective pulse
widths of the vertical start pulse and the vertical clock pulse
used when scanning is performed sequentially by one vertical
driving circuit without the pixel array unit 11 being divided,
and select pixels in the N divided areas in a unit of a row while
vertically scanning the N divided areas in order in a unit of a
row.

[0066] In addition, while the foregoing embodiment has
been described by taking as an example a case where the
present invention is applied to a liquid crystal display device
using a liquid crystal cell as an electrooptic element of a pixel,
the present invention is not limited to this application
example, and is applicable to active matrix type display
devices in general formed in a form of a matrix by two-
dimensionally arranging pixels including an electrooptic ele-
ment, such as organic EL display devices using an organic EL
(electroluminescence) element as an electrooptic element ofa
pixel, for example.

INDUSTRIAL APPLICABILITY

[0067] According to the present invention, the advantages
of the 1F inversion driving method and the advantages of the
1H inversion driving method are given. It is therefore possible
to suppress occurrence of crosstalk and shading while
improving contrast and extending life using VA liquid crystal.

1. A display device characterized by comprising:

a pixel array unit formed by two-dimensionally arranging
pixels including an electrooptic element in a form of a
matrix, said pixel array unit being divided into a plurality
of areas in a vertical direction;

vertical driving means for selecting pixels of said plurality
of areas in a unit of a row, vertically scanning said
plurality of areas in order in a unit of a row; and

horizontal driving means for writing a video signal inverted
in polarity in each horizontal period to pixels of a row
selected by said vertical driving means.

2. The display device as claimed in claim 1, characterized

in that:

said pixel array unit is divided into N (N is an integer of two
or more) areas in the vertical direction;
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said vertical driving means has N vertical driving circuits;
and

said N vertical driving circuits sequentially generate a drive
pulse for selecting said pixels in the unit of the row on a
basis of a second vertical start pulse and a second verti-
cal driving clock having pulse widths N times respective
pulse widths of a first vertical start pulse and a first
vertical clock pulse used when scanning is performed
sequentially without said pixel array unit being divided.

3. The display device as claimed in claim 2, characterized
in that:

N=2;

two vertical driving circuits each include:

a shift register performing transfer operation in synchro-
nism with said second vertical driving clock in
response to said second vertical start pulse, and
sequentially outputting a transfer pulse from each
transfer stage;

a first logical product circuit group obtaining a logical
product of a transfer pulse of an own stage and a
transfer pulse of a next stage, said transfer pulses
being output from said shift register, and an enable
pulse having a period of Yo~ of a period of said second
vertical clock pulse and having a pulse width nar-
rower than Y2~ of a pulse width of said second vertical
clock pulse; and

a second logical product circuit group obtaining a logi-
cal product of third vertical clock pulses opposite in
phase from each other, said third vertical clock pulses
having a same period as said second vertical clock
pulse and having phases shifted by 90 degrees with
respect to said second vertical clock pulse, and each
output pulse of said first logical product circuit group,
and

said enable pulse is shifted in phase by 180 degrees
between said two vertical driving circuits.

4. A driving method of a display device, said driving
method performing one-field inversion driving by writing a
video signal inverted in polarity in each field period to a
display device having a pixel array unit, said pixel array unit
being formed by two-dimensionally arranging pixels includ-
ing an electrooptic element in a form of a matrix, and said
pixel array unit being divided into a plurality of areas in a
vertical direction, said driving method characterized by com-
prising:

a first step of selecting pixels of said plurality of areas in a
unit of a row, vertically scanning said plurality of areas
in order in a unit of a row; and

a second step of writing a video signal inverted in polarity
in each horizontal period to pixels of a row selected in
said first step.

5. The driving method of the display device as claimed in

claim 4, characterized in that:

in said first step, said plurality of areas are vertically
scanned alternately in a unit of a row; and

in said second step, the video signal inverted in polarity in
each horizontal period is written to the pixels of the row
selected in said first step.
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