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€) ABSTRACT

In order to eliminate cross talk and horizontal brightness
variation and improve the display quality and aperture ratio
in an active matrix-addressed liquid crystal display in which
an electrical field is produced generally in parallel to its
substrate, the load on the common electrodes or scanning
lines is reduced. Respective pixels aligned in the direction of
any scanning line selectably applied to which a scanning
signal is caused to change their optical properties alternately
for juxtaposed pixels. On the other hand, in a plurality of
pixels defined in a plurality of areas surrounded by a
plurality of signal lines and a plurality of scanning lines,
respective pixels which are juxtaposed in the direction of the
scanning line are arranged to form a storage capacitance
respectively between its pixel electrode and a common line
or scanning line corresponding thereto, which is different
between juxtaposed pixels.
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ACTIVE MATRIX ADDRESSED LIQUID CRYSTAL
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 09/997,747, filed Dec. 24, 1997, which is a
continuation-in-part of our prior U.S. application Ser. No.
08/955,365, filed Oct. 21, 1997, the subject matter of which
is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device having an active matrix addressed liquid
crystal panel which features a high quality image display,
which is free from cross talk and horizontal brightness
variation, and which has a high aperture ratio.

[0003] An active matrix addressed liquid crystal display
device, which is thin and light-weight and features a high
precision picture quality comparable to a cathode ray tube,
is now beginning to be widely used as a display terminal for
office automation equipment. There are two basic types of
such an active matrix liquid crystal display device, one of
which uses counterposed transparent electrodes formed on
the opposed surface of two substrates as drive electrodes for
driving the liquid crystal layer, which is disposed therebe-
tween, and the other of which features a reduced load
capacitance and a wider viewing angle than the transparent
electrode type device.

[0004] The second type of device, which features a more
reduced load capacitance and a wider viewing angle, is
comprised of two electrodes in interdigital arrangement on
the same substrate for applying an electrical field to the
liquid crystal layer approximately in a parallel direction
relative to the face of the substrate. An example of such
devices is disclosed, for example, in JP Publication No.
63-21907 and JP-A Laid Open No. 7-36058. In these prior
publications, it is indicated that in order to reduce the load
capacitance between scanning lines, signal lines and counter
electrodes, an interdigital arrangement is provided within
the pixel, and counter electrodes (common lines) are formed
on the same substrate with other wirings, and preferably in
parallel with the scanning lines. Further, a structure com-
bining scanning lines and common lines in a one-to-one or
two-to-one relationship is described. Still further, another
structure in which scanning lines are used also as common
lines is described.

[0005] However, in these prior structures, respective
counter electrodes of respective pixels in a group of pixels
addressed by one scanning line are connected to one and the
same scanning line (or common line) which is different from
the addressing scanning line. In such an arrangement, how-
ever, there is a problem in that distortion occurs in the
waveforms of signals on the scanning lines or common lines
to which the counter electrodes are connected when each
signal voltage is charged in each pixel during a selected
scanning period, or when the potential of the scanning line
is changing after completion of the selected scanning period.
In particular, in the manufacture of a large-sized liquid
crystal display, or for achieving a high resolution, a problem
of deterioration in the image quality due to horizontal cross
talk or horizontal brightness variation becomes remarkable
and substantial.
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[0006] Further, the pixel structure of the prior publications
inherently has a large non-transmittance area occupied by its
scanning lines, common lines, pixel electrodes, counter
electrodes and the like, thereby tending to limit its aperture
ratio even more in larger sized and higher resolution display
devices. Still further, when the size of scanning lines and
common lines is increased in order to reduce the above-
mentioned distortion of the signal waveforms, the resulting
aperture ratio will become significantly small.

SUMMARY OF THE INVENTION

[0007] The present invention has been contemplated to
solve all of the above-mentioned problems which are asso-
ciated with the prior art simultaneously.

[0008] Namely, an object of the present invention is to
provide an active matrix addressed liquid crystal display
device which features a high quality image display which is
free from cross talk and horizontal brightness variation.

[0009] Another object of the invention is to provide an
active matrix addressed liquid crystal display device which
features a high aperture ratio which is realized by reducing
wiring width even in a high resolution display.

[0010] The above-mentioned objects of the invention can
be accomplished by halving the number of pixels (arcas
surrounded by signal lines and scanning lines) to be driven
by a single common electrode line. More particularly, at a
first timing, a first group of alternate pixels aligned on a first
scanning line are displayed, so that every other pixel on the
first scanning line is displayed, and also a second group of
alternate pixels aligned on a second scanning line are
displayed, so that every other pixel on the second scanning
line is displayed, with the respective pixels displayed on the
first and the second scanning lines forming a staggered
display pattern. Then, at a second timing, the remaining
pixels which were not displayed with the second group of
pixels aligned on the second scanning line are displayed
along with a third group of alternate pixels aligned on a third
scanning line, so that every other pixel on the third scanning
line is displayed, with the respective pixels of the second
group of pixels on the second scanning line and the respec-
tive pixels of the third group of pixels on the third scanning
line forming another staggered pattern. This scanning pro-
cess is continued until all pixels on the scanning lines have
been displayed. Thereby, as a whole, pixels on the display
are charged in staggered patterns of every other pixel
alternately to form an overall staggered pattern.

[0011] In the case of an arrangement where common lines
are provided, since each pixel electrode of respective pixels
juxtaposed in the direction of a scanning line is wired to
form each storage capacitance with a different common line,
the load concurrently imposed on one scanning line or
common line is halved, thereby effectively reducing distor-
tion in the signal waveforms, thus reducing cross talk and
horizontal brightness wvariation. Further, because of the
reduced load on the common lines, the width of the common
lines can be narrowed.

[0012] More specifically, the following structures are con-
templated for accomplishing the objects of the invention.

[0013] (1) Astructure in which a counter electrode, in
any one of respective pixels juxtaposed in the direc-
tion of a scanning line, produces an electric field with
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each pixel electrode therein and is connected to a
scanning line (or common line, if available) corre-
sponding thereto which is different from each other
between juxtaposed pixels.

[0014] (2) A structure in which each active matrix
element connected to each pixel electrode of respec-
tive pixels juxtaposed in the direction of the scanning
line is connected to a scanning line corresponding
thereto, which is different from each other between
juxtaposed pixels.

[0015] (3) A structure in which a storage capacitance
is formed between one of the pixel electrodes of
respective pixels juxtaposed in the direction of the
scanning line and a counter electrode connected to
another scanning line, another common line or
another wiring different from the scanning or com-
mon line corresponding thereto.

[0016] (4) A structure in which respective counter
electrodes of respective pixels juxtaposed in the
direction of a signal line are connected to respec-
tively different common lines corresponding thereto,
which are different from one another, between jux-
taposed pixels, such that respective pixels undergo-
ing changes of transmittance are arranged in a stag-
gered pattern along a scanning line, thereby reducing
the load imposed on the common lines, and hence
preventing the occurrence of cross talk.

[0017] The following drive methods can be contemplated
as a means for applying voltages to the above-mentioned
electrodes.

[0018] (1) As a first drive method for applying a
voltage to respective lines and electrodes, it is con-
templated to apply a non-select voltage during a
non-selected period and apply a select voltage during
a selected period to each scanning line, then to apply
a signal voltage to each signal line by reversing the
polarity of its voltage alternately for every line and
at every frame writing cycle, and to apply a common
voltage to each common line by reversing the polar-
ity of its voltage alternately for every line and at
every frame writing cycle.

[0019] (2) As a second drive method for applying a
voltage to respective lines and electrodes, it is con-
templated to apply a non-select voltage, which has
binary values (high and low), during a non-selected
period, and to apply a select voltage, which has one
value during a selected period, to each scanning line,
then to apply a signal voltage to each signal line by
reversing the polarity of its voltage alternately for
every line and at every frame writing cycle, and to
apply a common voltage to each common line by
reversing the polarity of its voltage for every line and
at every frame writing cycle.

[0020] (3) As a third drive method for applying a
respective voltage to respective lines and electrodes,
it is contemplated to apply a non-select voltage
during a non-select period and apply a select-voltage
during a selected period to each scanning line, to
apply a voltage to each pixel by reversing the polar-
ity of its voltage and to apply a common voltage to
each common line by reversing the polarity of its
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voltage alternately for every line and at every frame
writing cycle, and to apply a signal voltage to each
signal line by reversing the polarity of its voltage
alternately for every line and at every frame writing
cycle.

[0021] By application of these voltages according to any
one of the above-mentioned drive methods, respective pixels
arranged in a staggered pattern, according to the invention,
can be driven effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and other objects, features and advantages of
the present invention will be understood more clearly from
the following detailed description, when taken with refer-
ence to the accompanying drawings, wherein:

[0023] FIG. 1 is a diagram illustrating the planar structure
of pixel members forming a first embodiment of the inven-
tion;

[0024] FIG. 2 is a cross-section of the pixel members
taken along line A-A' in FIG. 1;

[0025] FIG. 3 is a cross-section of the pixel members
taken along line B-B' in FIG. 1;

[0026] FIG. 4 is a cross-section of the pixel members
taken along line C-C' in FIG. 1;

[0027] FIG. 5 is an equivalent circuit diagram of a liquid
crystal panel according to the first embodiment of the
invention;

[0028] FIG. 6 is a schematic block diagram showing the
system configuration of a liquid crystal display unit accord-
ing to the first embodiment;

[0029] FIG. 7 is a diagram showing an example of data
array conversion from a normal pixel array to a staggered-
pixel array according to the invention;

[0030] FIG. 8 is a block diagram of a circuit for executing
the data array conversion of the invention;

[0031] FIG. 9 is a timing chart for data array conversion
according to the invention;

[0032] FIG. 10 is a drive voltage waveform diagram for
the first embodiment of the invention;

[0033] FIG. 11 is a diagram illustrating the planar struc-
ture of pixel members according to a second embodiment of
the invention;

[0034] FIG. 12 is a cross-sectional view of the pixel
members taken along line D-D' in FIG. 11;

[0035] FIG. 13 is a diagram illustrating the planar struc-
ture of pixel members according to a third embodiment of
the invention;

[0036] FIG. 14 is a cross-sectional view of the pixel
member in part taken along line D-D' in FIG. 13;

[0037] FIG. 15 is a schematic circuit diagram showing an
equivalent circuit of a liquid crystal panel according to the
third embodiment of the invention;

[0038] FIG. 16 is a drive voltage waveform diagram for
the third embodiment of the invention;
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[0039] FIG. 17 is a further drive voltage waveform dia-
gram for the third embodiment of the invention;

[0040] FIG. 18 is a diagram which shows the structure of
a bottom substrate of an active matrix-addressed liquid
crystal display according to a fourth embodiment of the
invention;

[0041] FIG. 19 shows a cross-sectional view of the bot-
tom substrate structure taken along line F-F' in FIG. 18;

[0042] FIG. 20 shows a cross-sectional view of the bot-
tom substrate structure taken along line G-G' in FIG. 18;

[0043] FIG. 21 is a schematic circuit diagram of equiva-
lent circuit of the bottom substrate structure of FIG. 18:

[0044] FIG. 22 is a drive voltage waveform diagram for
the fourth embodiment of the invention;

[0045] FIG. 23 is a diagram showing the planar structure
of pixel members according to a fifth embodiment of the
invention;

[0046] FIG. 24 is a schematic circuit diagram of an
equivalent circuit of a liquid crystal panel according to the
fifth embodiment of the invention;

[0047] FIG. 25 is a timing diagram showing data array
conversion according to the invention;

[0048] FIG. 26 is a drive voltage waveform diagram for
the fifth embodiment of the invention;

[0049] FIG. 27 is a diagram showing the planar structure
of pixel members according to a sixth embodiment of the
invention;

[0050] FIG. 28 is a schematic block diagram of an equiva-
lent circuit of a liquid crystal panel according to the sixth
embodiment of the invention; and

[0051] FIG. 29 is a drive voltage waveform diagram for
the sixth embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0052] FIRST EMBODIMENT:

[0053] FIG. 1 shows the structure of a substrate having
TFTs thereon in an active matrix-addressed liquid crystal
display device according to the first embodiment of the
invention.

[0054] Scanning lines 102 and signal lines 103 are dis-
posed in a matrix arrangement, and a thin film transistor 120
is formed at each intersection therebetween, having the
respective lines as two of its terminals. Thin film transistor
120 is provided with another terminal which is connected to
a pixel electrode 105, which functions as a switch to apply
a voltage between the pixel electrode 105 and a counter
electrode 106. Counter electrode 106 is connected to a
common line 104, which is arranged in parallel with scan-
ning line 102.

[0055] Respective pixel electrodes 105, connected to the
same scanning line 102 via respective thin film transistors
120 disposed thereon, are arranged in a staggered pattern
along its scanning line 102 alternately in the upper and lower
directions thereof for every other pixel along the scanning
line. For example, in FIG. 1, a first pixel electrode 105a is
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disposed in the downward direction from scanning line 102,
while a second pixel electrode 105b is disposed in the
upward direction from the scanning line 102. In this arrange-
ment, a counter electrode 106a corresponding to pixel
electrode 1054 is connected to a common line 1044, and a
counter electrode 1065 corresponding to pixel electrode
105b is connected to another common line 104b.

[0056] In such wiring arrangements, according to the
invention, when a scanning line 102 is selected and display
data are written into a group of pixels connected to this
scanning line 102, this group of pixels which have been
written or charged with display data are not aligned linearly,
but are disposed in a staggered pattern up and down for
every other pixel on either side of the scanning line. Further,
since a current which flows through the common line for
applying a voltage to the counter electrodes is divided into
two subcurrents: one flowing through common line 104a
and the other flowing through common line 1045, the load
imposed on the common line 104 can be halved, so that the
voltage distortion thereof can be reduced substantially,
thereby reducing horizontal cross modulation and horizontal
brightness variation substantially. Still further, the fact that
the load on the common line is halved means that the
common line can be fabricated so as to be thinner even
though its electrical resistance may increase, without caus-
ing any deterioration in the display quality. Thereby, by
provision of thinner common lines, the aperture ratio of the
liquid crystal display can be improved substantially.

[0057] FIG. 2 shows a cross-sectional view of the liquid
crystal panel of this embodiment taken along line A-A' of
FIG. 1. A bottom substrate 100 and an upper substrate 200
respectively comprise transparent glass plates 101, 201
which are 0.7 mm thick and have a polished surface. Bottom
substrate 100 has signal line 103, pixel electrode 105 and
counter electrode 106, as indicated in FIG. 1, and the bottom
substrate 100 further has a SiN layer 109 which isolates
these electrodes, and a passivation layer 112 for protection
of the wiring.

[0058] Further, the other glass plate 201 has a low con-
ductivity shading layer (black matrix) 202, which is formed
to prevent light from leaking from a gap around an area 203
corresponding to an area in the bottom substrate 100 sur-
rounded by pixel electrode 105 and counter electrode 106,
and a three-primary color (R,B,G) filter 203 formed in a
stripe shape on the shading layer. Further, a planarization
transparent polymer layer 204 is laminated on the color filter
for planarization of its surface.

[0059] Alignment films 150, 250 are formed on an inner-
most surface of these two substrates, respectively, and are
subjected to rubbing treatment, then a liquid crystal com-
position 300 is filled in between these substrates. Further,
outermost surfaces of these substrates are sandwiched by
two polarizers 170 and 270 to form the liquid crystal display
panel of the invention. Polyimide is used as the alignment
films in this embodiment of the invention. The directions of
rubbing of the alignment films in the upper and the lower
interfaces are set approximately parallel with each other, the
angle of which is set at 85 degrees relative to the direction
of the applied electrical field.

[0060] The gap between the upper and the lower substrates
is supported by spherical polymer beads (not shown) which
are dispersed at the periphery between these substrates, and
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the gap is set at 4.5 gm with the liquid crystal composition
filled in. The liquid crystal composition 300 is a nematic
liquid crystal composition which has a positive anisotropy of
dielectric constant Ae, the value of which is 7.3 (at 1 kHz),
and an anisotropy of reflectance indices An, the value of
which is 0.072 (589 nm, 20° C.). Thereby, An-d=0.324 um.

[0061] Of the two polarizers, the transmission axis of one
polarizer is disposed substantially in parallel with the direc-
tion of rubbing of its associated alignment film (at 85 deg.
relative to the direction of the applied electric field), and the
transmission axis of the other polarizer is disposed substan-
tially orthogonal to the direction of rubbing of its associated
alignment film (-5 deg. relative to the direction of the
applied electric field).

[0062] By such arrangements, when a voltage is applied
across pixel electrode 105 and counter electrode 106, a
normally close property is obtained in which a pixel
becomes dark at a low voltage and bright at a high voltage.
The intensity of light transmitted is modulated by producing
an electric field E across the pixel electrode 105 and counter
electrode 106, in parallel with the glass plate 101, thereby
controlling the orientation of liquid crystal molecules 301 in
liquid crystal composition 300.

[0063] FIG. 3 shows a cross-sectional view in part of the
bottom substrate 100 taken along line B-B' in FIG. 1. This
cross-sectional view indicates also a cross-section of a thin
film transistor (TFT) 120 which is comprised of a pixel
electrode (source electrode) 105, a signal electrode (drain
electrode) 103, a scanning electrode (gate electrode) 102,
and a-Si layer 107 consisting mainly of a-Si. Further, ohmic
contact layer 108 comprising n-type a-Si doped with phos-
phor (S) is formed between a-Si layer 107 and signal line
103 as well as pixel electrode 105 for providing ohmic
contact therebetween. An SiN layer 109 is interposed
between the a-Si layer 107 and the scanning electrode 102
on the glass plate 101. Finally, a passivation layer 112 is
formed on thin film transistor 120. With the inclusion of
alignment film 150 formed on the passivation layer 112 and
polarizer 170 formed under the glass plate 101, the bottom
substrate 100 is defined. In this embodiment of the inven-
tion, an inverted staggered-type a-Si thin film transistor
(TFT) is used as an active element, however, the invention
is not limited thereto, since a staggered-type a-Si TFT, p-Si
TFT, or a MOS-type transistor on a silicon wafer may be
used as well.

[0064] With reference to FIG. 4, a cross-sectional view in
part of the bottom substrate 100 taken along line C-C' of
FIG. 1 is shown. This cross-sectional view shown in FIG.
4 represents a cross-section of a storage capacitance 130.
Storage capacitance 130 is formed between common line
104 and pixel electrode 105 isolated by SiN layer 109
interposed therebetween. Passivation layer 112 is formed on
the storage capacitance, and further the bottom substrate 100
includes alignment film 150 and polarizer 170 as well.

[0065] Now, a driving method according to the first
embodiment of the invention will be described. FIG. §
shows an equivalent circuit of a substrate structure having
TFTs thereon in the active matrix-addressing liquid crystal
display of FIG. 1, according to this embodiment of the
invention. Corresponding to one scanning line 102, there are
provided two common lines 104a, 1045 and two signal lines
1034, 103b associated therewith. In each pixel area sur-
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rounded by these scanning lines and signal lines, there are
provided a thin film transistor 120, a storage capacitance 130
and a liquid crystal capacitance 140, assuming that each
liquid crystal has a capacitance. Here, liquid crystal capaci-
tance 140 and storage capacitance 130 form a parallel
capacitance, which substantially makes up the overall
capacitance connected to pixel electrode 105.

[0066] A system configuration of the first embodiment of
the invention is indicated in FIG. 6. Display data and display
timing control signals output from a picture signal generator
405 are converted by controller 401 to appropriate display
data and timing control signals suitable for display on the
liquid crystal display device according to this embodiment
of the invention. In response to this display data and the
timing control signals, and a drive voltage applied from a
power supply circuit 402, a display signal output circuit 404
and a vertical scanning circuit 403 generate signal voltages
and scanning voltages, respectively, and supply them to
liquid crystal display panel 400 via scanning lines 102 and
signal lines 103.

[0067] By way of example, the display data from picture
signal generator 405 is transferred normally as a one-line
write sequence. Namely, after display data for each pixel is
transferred for one line, the next display data is transferred
for a subsequent line. Controller 401 is also provided, which
operates to convert a data array of this one-line data transfer
sequence to a data array of the staggered data write arrange-
ment of the present invention. FIG. 7 shows a schematic
diagram of the data array before conversion and after
conversion. This conversion is required for providing a data
array having a staggered pattern corresponding to a stag-
gered arrangement of pixels wherein every other pixel is
written when its scanning line is selected.

[0068] A conversion circuit for executing the above-men-
tioned data array conversion is shown in FIG. 8. Adata array
conversion controller 410, which is controlled in response to
a one-line data delimit signal 413, received from a picture
input/output source provided internally or externally of the
liquid crystal display, and a data clock signal 414, transfers
a portion of the data signal 412, which also is received from
the picture input/output source provided internally or exter-
nally of the liquid crystal display and which is to be written
at the time of activation of a subsequent scanning line, to a
data memory 411 so as to be stored therein. At the same time,
the controller reads out a portion of data, which was stored
at the time of receipt of the preceding data line, from data
memory 411, and outputs it, while combining it with the
remaining input data 412, as output data 416 to a pixel
display signal output circuit in a matrix for data display.

[0069] A timing diagram showing the foregoing conver-
sion operation is illustrated in FIG. 9. Input data signal 412
actually consists of three parallel input lines for the colors
R-G-B, hence providing a lateral pixel arrangement for the
R-G-B colors, thereby requiring respective data conversion
for the R-G-B signals. The start of data conversion to effect
the interchanging of data portions is triggered by one line
data switching signal 413 and is executed at the timing of
every received data clock signal 414. In synchronism with a
clock signal 414 immediately following one line data
switching signal 413, which triggers the data conversion, G
signal G11 is taken out from input signal 412 and transferred
via memory access line 415 to data memory 411. At the same
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time, G signal GO1 on the preceding line, which was
previously stored in data memory 411, is read out and output
in combination with the remaining data signal (R11 and
B11) as data output 416. At the next clock signal, R signal
R12 and B signal B12 are taken out from input data and
stored in the data memory 411, and at the same time a
preceding R signal R02 and a preceding B signal B02 of the
preceding line are read out from the memory to be combined
with a remaining signal G12 in the data output signal 416.
Afterwards, at every data clock signal 414, this cycle of store
and read-out of the G signal and R+B signals is repeated.
Then, when the next one-line data switching signal 413 is
input, write and read addresses in the data memory are
refreshed to original data addresses to allow data inter-
change conversion to be continued.

[0070] FIG. 10 shows the drive voltage waveforms for
this embodiment of the invention. Line (a) indicates a
scanning voltage Vgatel which is applied to a scanning line
(for example, scanning line 102 in FIG. 5). Line (b) indi-
cates a common voltage Vcoml which is applied to a
common line (common line 1044 in FIG. 5), and line (c)
indicates another common voltage Vcom?2 which is applied
to another common line (common line 104H in FIG. §5)
juxtaposed to the common line 104a. Line (d) indicates a
signal voltage Vd1 which is applied to a signal line (signal
line 1034 in FIG. 5) of a pixel connected to the common line
to which common voltage Vcoml is applied. Line (e)
indicates a signal voltage Vd2 which is applied to another
signal line (signal line 1036 in FIG. 5) juxtaposed to the
signal line 103a. Further, lines (f) and (g) show pixel
electrode voltages Vsl and Vs2 in respective pixels, which
are applied signal voltages Vd1 and Vd2, respectively. Lines
(h) and (i) show liquid crystal voltages V; -, and V; ., which
are applied across respective liquid crystal layers in respec-
tive pixels.

[0071] Scanning voltage Vgatel has a select voltage level
VgH and a non-select voltage level VgL, and the period for
applying the select voltage is, for example, 25 us, while the
cycle of its application is approximately 16.6 ms. Common
voltages Vcoml1 and Vecom?2 have a common high voltage
level VcH and a common low voltage level VcL, and the
period for applying each of these voltages is the same as the
time of one cycle of Vgatel. Further, the voltages Vcoml
and Vcom2 differ from each other since their phases are
inverted. When the scanning voltage Vgatel is at the select
voltage level VgH, signal voltages Vd1 and Vd2 are set at
values of Vcom or Vcom2+V . (the common voltages
Vcoml or Vecom?2 are used as a reference voltage) in order
to apply liquid crystal application voltage Vi across the
liquid crystal layer.

[0072] As described above, since liquid crystal application
voltage V;. has a normally close characteristic, for
example, V| z=0V when dark, and V; =12V when
white, at the time of half tone display, the values of voltage
change therebetween. Further, the term of +V; - is given for
enabling an ac voltage supply to the liquid crystal. For
example, when Vcoml=VcH, Vdl1 takes a value of VcH-
Vi, and when Vcoml=VcL, Vd1 takes a value of Vcl+
V, . Further, in consideration of a variation AVs of the pixel
voltage Vs, which occurs when the TFT changes from the
ON-state to the OFF-state, values of Vdl become VcH-
Vi +AVs and VclL+V ~+AVS. Still further, since Vdl and
Vd2 have a different reference value of Vcom based either
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on Vcoml or Vecom2, they are set at values of the liquid
crystal application voltage having a reverse polarity. Further,
when the next scanning line is selected, since values of
Vcom of the reference voltage change, their polarity is
caused to reverse also with respect to time.

[0073] By application of these signals, immediately after
the change of Vgatel from the select voltage level VgH to
the non-select voltage level VgL, the potential of the pixel
electrode in each pixel becomes -V, - or +V|  relative to its
reference voltage level VcH or VcL, and then its potential is
retained for a period of 16.6 ms until Vgatel assumes the
next select voltage level VgH. The actual voltage Vi, or
V., applied across the liquid crystal layer becomes the
difference between its pixel electrode’s potential Vsl or Vs2
and its counter electrode’s potential, which is equal to the
common line potential Veom1 or Vecom2. In response to this
actual voltage, the liquid crystal modulates light to deter-
mine the brightness of its pixel.

[0074] Depending on the magnitude of the voltage applied
to the signal line, there arises a problem in that the potential
of the counter electrode, which is equal to the potential of the
common line, changes during retention of the liquid crystal
application voltage due to capacitance coupling with the
signal line. However, since both the liquid crystal capaci-
tance and the storage capacitance are connected to the
common line according to the invention, the liquid crystal
voltage V; ~; or V; , will not change even if a redistribution
of charges in the pixel occurs. In the prior art, where the
above-mentioned two capacitances are connected to differ-
ent lines, when a voltage of either one of these different lines
changes, the quantity of change in the liquid crystal voltage
due to redistribution of charges will become substantial,
which in consequence causes vertical and horizontal cross
modulations and deterioration in the display quality. How-
ever, according to this embodiment of the invention, as
described above, cross talk and horizontal brightness varia-
tion due to a change in the voltage of the common line
during retention of the liquid crystal voltage can be elimi-
nated.

[0075] In the first embodiment of the invention, as
described above, respective counter electrodes in a group of
pixels which have been selected by one scanning line are
connected alternately to either one of two common lines,
thereby allowing the current flowing through the common
line for supplying voltage to the counter electrodes to be
divided into two subcurrents. Such an arrangement affords
advantages in that voltage distortion in the common line can
be minimized, and since the liquid crystal capacitance and
the storage capacitance are connected in parallel, cross talk
and horizontal brightness variation can be minimized,
thereby improving the quality of the display substantially.
Further, through provision of the common lines using high
electrical resistance and thinner wiring, the aperture ratio
can be improved substantially.

[0076] SECOND EMBODIMENT:

[0077] With reference to FIGS. 11 and 12, a second
embodiment of the invention will be described. The features
of this second embodiment other than the following are the
same as those of the first embodiment.

[0078] FIG. 11 shows the construction of the bottom
substrate 100 of this embodiment. This second embodiment
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is the same as the first embodiment, in that scanning lines
102 and signal lines 103 are disposed in a matrix array, and
thin film transistors 120 are formed at respective intersec-
tions therebetween. However, this embodiment is different
from the first embodiment in that pixel electrodes 105a and
105b, which are connected to the same scanning line 102 via
respective thin film transistors 120, are disposed on the same
side of the same scanning line 102. However, counter
electrodes 106a and 106b, corresponding to these pixel
electrodes 1054 and 105b, are connected to two different
common lines 104a and 104b, respectively. Thereby, a
current flowing through a common line for supplying a
voltage to the counter electrodes can be divided into two
parts similar to the first embodiment, thereby reducing the
load imposed on the common line, so as to minimize cross
talk and horizontal brightness variation. Further, the aperture
ratio can be improved also through provision of a common
line which is thinner.

[0079] FIG. 12 shows a cross section in part of the bottom
substrate 100 taken along line D-D' in FIG. 11. Since it is
necessary to connect a counter electrode 106 with a common
line 104 by passing over scanning line 102, a metal layer
113, which is the same layer as the signal line, is used for this
connection. Through-holes are bored in the SiN layer 109
interposed therebetween, and connections of the metal layer
113 with common line 104 and counter ¢lectrode 106 are
provided. Here, bottom substrate 100 is defined to include
also passivation layer 112 formed on the metal layer 113,
alignment film 150 and polarizer 170 on the bottom of glass
plate 101.

[0080] According to this embodiment of the invention,
when one scanning line 102 is selected, and when display
data are written in a group of pixels which are connected to
this selected scanning line, the group of pixels in which
display data is written are not disposed in a zigzag pattern as
in the case of the first embodiment, but are aligned linearly.
A description of the equivalent circuit and system configu-
ration for this second embodiment are omitted since they are
the same as for the first embodiment. Controller 401 of the
second embodiment, however, does not have a function to
convert data arrays into a staggered pattern of data.

[0081] Further, according to this second embodiment,
respective pixels juxtaposed wvertically or horizontally are
connected to a different common line from each other.
Thereby, it becomes possible simultaneously to provide for
supply of an ac common potential, and to apply a liquid
crystal application voltage of reverse polarity to respective
pixels juxtaposed to each other. Through application of
liquid crystal voltages of reverse polarity to juxtaposed
pixels, flicker in the display can be minimized, thereby
improving the quality of the display. Thereby, according to
this second embodiment of the invention, further improve-
ment in the quality of display due to elimination of flicker
can be attained in addition to the advantages of the first
embodiment.

[0082] THIRD EMBODIMENT:

[0083] With reference to FIG. 13, the configuration of the
bottom substrate 100 of an active matrix-addressed liquid
crystal display device according to a third embodiment of
the invention will be described. In this embodiment, it will
be noted that the common lines have been eliminated.
[0084] Scanning lines 102 and signal lines 103 are dis-
posed in a matrix array, and a thin film transistor 120 is
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formed at each intersections having these lines as two of its
terminals. Another terminal of the TFT 120 is connected to
a pixel electrode 105, which in conjunction with counter
electrode 106 constitutes a switch to apply a voltage across
the liquid crystal layer interposed between the counter
electrode and the pixel electrode. Further, each counter
electrode 106 is connected to a scanning line 102, which is
different from the scanning line 102 to which a pixel
electrode 105 corresponding thereto is connected.

[0085] Here, in this arrangement, respective pixel elec-
trodes 105 which are connected to the same scanning line
102 via respective thin film transistors 120 are disposed in
a zigzag (staggered) pattern along this same scanning line
102 alternately on the upper and the lower sides thereof for
each pixel. For example, in FIG. 13, pixel electrode 105a is
disposed toward the lower side of scanning line 1025, while
the next pixel electrode 105b, which is connected to the
same scanning line 102b is disposed toward the upper side
of the scanning line 1025b. In this instance, counter electrode
106a corresponding to pixel electrode 105a is connected to
scanning line 102a of the next row, while counter electrode
106b corresponding to pixel electrode 105b is connected to
scanning line 102¢ of the preceding row.

[0086] In such an arrangement, according to this embodi-
ment of the invention, when a certain scanning line 102,
more particularly line 102b, is selected, and display data is
written into a group of pixels connected to this scanning line
1025, the group of pixels connected thereto and written in
the display data are not aligned linearly, but are arranged in
a staggered pattern across the selected scanning line 102h
upward and downward for each pixel (such as 1054 and
105b). Further, a current flowing through the scanning line
for supplying a voltage to the counter electrodes of the
selected group of pixels can be carried by the two scanning
lines 1024 and 102c, so that a load imposed on scanning line
102 can be reduced, and voltage distortion can be mini-
mized. Therefore, horizontal cross modulation and horizon-
tal brightness variation can be minimized as well. Still
further, the fact that the load on the scanning line is reduced
substantially means that a thinner scanning line having a
higher electrical resistance can be used without deteriorating
the display quality. Thereby, through provision of the thinner
scanning line, the aperture ratio of the display can be
improved substantially. Still further, since the area occupied
by the common lines can be used also as a light transmit-
tance region, a further improvement in the aperture ratio can
be realized according to this embodiment of the invention.

[0087] By way of example, in order to accomplish a
structure in which the common line is eliminated, and in
which the counter electrode 106 is connected directly to a
scanning line 102 without interposing a TFT therebetween,
it is necessary to provide for an active element which has an
enhancement characteristic, for example, that can shift the
threshold of the thin film transistor. With reference to FIG.
14, a thin film transistor 120 according to the third embodi-
ment of the invention is shown, which is a cross-sectional
view in part of the bottom substrate 100 taken along line
E-E' of FIG. 13. This thin film transistor 120 is comprised
of a pixel electrode (source electrode) 105, a signal line
(drain electrode) 103, a scanning line (gate electrode) 102,
a-Si layer 107, and a gate insulation layer including SiN
layer 109, SiO, layer 110 and SiO, film 111 doped with N.
Further, in order to provide for ohmic contacts between a-Si
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layer 107 and signal line 103 as well as pixel electrode 105,
an ohmic contact layer 108 using n-type a-Si doped with
phosphor is formed therebetween. A passivation layer 112 is
formed on the surface of this thin film transistor 120, and
alignment film 150 is also provided thereon. By providing
these layers and the polarizer 170 provided under glass plate
101, bottom substrate 100 is defined. The thin film transistor
120 according to this embodiment of the invention can shift
its threshold to a high voltage of 12V, for example, by
applying a voltage of 100V for 2 seconds across scanning
line (gate electrode) 102 and pixel electrode (source elec-
trode) 105, and signal line (drain electrode) 103.

[0088] Now, a drive method for this embodiment of the
invention will be described. FIG. 15 shows an equivalent
circuit of the bottom substrate structure 100 of FIG. 13 of
the liquid crystal display panel according to the third
embodiment of invention. With respect to one scanning line
102b, the two scanning lines 102g and 1025 function as
corresponding common lines, and also there are provided
two different signal lines 103z and 103b corresponding
thereto. In each pixel area surrounded by these scanning
lines and signal lines, there are provided a thin film transistor
120, a storage capacitance 130 and a liquid crystal capaci-
tance 140, assuming the liquid crystal itself has a capaci-
tance. Liquid crystal capacitance 140 and storage capaci-
tance 130 constitute a parallel capacitance also in this
embodiment. A description of the system configuration of
this embodiment is omitted since it is the same as that of the
first embodiment.

[0089] FIGS. 16 and 17 show waveforms of the drive
voltages for this embodiment of the invention. In particular,
FIG. 16 shows voltage waveforms for driving pixel elec-
trode 105a, and FIG. 17 shows voltage waveforms for
driving pixel electrode 1055. More particularly, line (b)
FIG. 16 shows scanning voltage Vgatel applied to scanning
line 102¢, while line (a) in FIG. 16 and line (b) in FIG. 17
show scanning voltage Vgate2 applied to scanning line
102b, and line (a) in FIG. 17 shows scanning voltage Vgate3
applied to scanning line 102¢. Further, lines (c¢) in FIG. 16
and in FIG. 17 show signal voltage Vd applied to respective
signal lines (for example, 103a and 103b in FIG. 15). Still
further, lines (d) in FIG. 16 and in FIG. 17 show voltage
Vsl and Vs2 at pixel electrode 1054 and 1055, respectively,
and line (e) in FIG. 16 and in FIG. 17 show voltage V;
and V; ., applied across respective liquid crystal layers in
respective pixels (a voltage applied across both electrodes of
liquid crystal capacitance 140).

[0090] Scanning voltages Vgatel, Vgate2 and Vgate3
include select voltage level VgH, non-select high voltage
level VgLH and non-select low voltage level VgLL, respec-
tively. The period of time for applying the select-voltage and
the cycle of its application are, for example, 25 us and 16.6
ms, respectively. Selection of respective scanning lines is
done one at a time, and in the order of Vgate3, Vgate2 and
Vgatel, for example, as seen in FIGS. 16 and 17. Two
levels of non-select voltage are applied by switching-over
between non-select high voltage level VgLLH and non-select
low voltage level VgLL sequentially. Timing of this switch-
ing-over is set at 25 us prior to application of select-voltage
level VgH. Further, since non-select high voltage level
VgLH and non-select low voltage level VgLL are changed
over for every scanning line, when one scanning line is
selected (for example, 102b with Vgate2=VgH), the other
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two scanning lines (for example, 102¢ with Vgatel, and
102c¢ with Vgate3) interposing 102b therebetween have the
same potential (for example, Vgatel=Vgate3=Vgl.H or
VeLL).

[0091] At this time, signal line voltage Vd is sct at a value
of VglLH+V, . or VgLL+V, . in order to apply a liquid
crystal application voltage V; . across the liquid crystal
layer, which application voltage is set on the basis of
reference voltages which are scanning line voltages Vgatel
and Vgate3 of the other two scanning lines (preceding
scanning line and the following scanning line). Other param-
eters for setting this signal line voltage Vd are the same as
in the first embodiment of the invention. However, in this
embodiment of the invention, since its reference voltages
Vgatel and Vgate3 are the same, every signal line is set at
values of the liquid crystal application voltage of the same
polarity. However, since Vgatel and Vgate2 are not the
same, its polarity must be reversed with time.

[0092] Upon application of these signal voltages, poten-
tials Vsl or Vs2 at respective pixel electrodes in respective
pixels maintain values of VgHL(or VgLIL)+V; . in most of
its retention period relative to reference voltages VglLH or
VgLL. Further, actual voltages Vi, or V;, across its
liquid crystal layer become equal to the difference between
the voltages of respective pixel electrode potentials (Vsl or
Vs2) and respective counter electrode potentials correspond-
ing thereto, which are equal to respective scanning lines
thereof (Vgatel or Vgate3). In this embodiment of the
invention, in a period of 50 s, including both periods prior
to writing and post writing, liquid crystal application voltage
V, becomes different from its set value; however, this
period of time is negligible in comparison with an overall
retention period of 16.6 ms, thereby causing no problem that
could possibly affect display characteristics.

[0093] According to this embodiment of the invention,
since respective counter electrodes of respective pixels in a
group selected by one scanning line are connected to two
different scanning lines, disposed on opposite sides of the
selected scanning line, a current to respective counter elec-
trodes in the selected group is supplied using the two
different scanning lines during a non-select period thereof,
thereby minimizing distortion of the scanning voltage during
the non-select period, and since the liquid crystal capaci-
tance and the storage capacitance form a parallel capaci-
tance, horizontal cross modulation and horizontal brightness
variation are minimized. Still further, since respective pixels
Juxtaposed to each other in vertical or horizontal directions
are charged with liquid crystal application voltages having a
reverse polarity from each other, the occurrence of flicker is
suppressed, thereby substantially improving the display
quality. Still more, a reduction of the load on the scanning
line means that the diameter of the scanning line can be
reduced so as to have a higher electrical resistance without
deteriorating the display quality. Thereby, through provision
of a thinner scanning line, the aperture ratio of the display
panel can be improved. Still further improvement in the
aperture ratio can be achieved since the areas used by the
common lines can be utilized as a light transmittance area.

[0094] FOURTH EMBODIMENT:

[0095] With reference to FIG. 18, there is shown a bottom
substrate 100 of an active matrix-addressed liquid crystal
display according to a fourth embodiment of the invention.
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[0096] Scanning lines 102 and signal lines 103 are dis-
posed in a matrix array, and, at each intersection thereof, a
thin film transistor 120 is formed having these two lines as
its terminals. Another terminal of the thin film transistor 120
is connected to pixel electrode 105, which functions as a
switch to apply a liquid crystal application voltage across its
liquid crystal layer between the pixel electrode 105 and
counter electrode 106. In this fourth embodiment, counter
electrode 106 is disposed along signal line 103 in parallel
therewith, which functions also as a common line.

[0097] In the arrangement described above, the number of
common lines is the same as the number of signal lines (or
it may be assumed in effect to be equal to twice the number
of signal lines), so that a current for supplying a voltage to
the counter electrode can be subdivided into a number of
common lines equal to the number of signal lines (or twice
the number of signal lines). Thus, the load carried by each
common line is reduced, thereby minimizing voltage dis-
tortion therein. Also, the cross talk (or cross modulation) and
horizontal brightness variation can be minimized. Further,
since the counter electrode is adapted to function also as a
common line, the area occupied by the common line can be
reduced, thereby improving the aperture ratio.

[0098] Now, with reference to FIG. 19, a cross-section in
part of a liquid crystal panel taken along line F-F' of FIG.
18 will be described. Bottom substrate 100 and upper
substrate 200 have transparent glass plates 101 and 201,
respectively, which are 0.7 mm thick and have a polished
surface. On the bottom substrate 100, there are formed
signal a line 103, a pixel electrode 105 and counter elec-
trodes 106, as illustrated in FIG. 18, and also a SiN layer
109 is provided for isolating these clectrodes from each
other and a passivation layer 112 is provided for protection
of wiring. On the other glass substrate 201, a black matrix
202 made of a low electric conductivity material is formed
in order to improve the contrast of the display by preventing
light from leaking through a gap around the area between
pixel electrode 105 and counter electrode 106. Three pri-
mary color filters 203 of red (R), green (G) and blue (B)
stripes are formed thereon. Further, a transparent planariza-
tion polymer layer 204 for surface planarization is laminated
on the surface of the color filter 203, thereby completing
fabrication of the upper substrate 200.

[0099] Alignment films 150 and 250 are formed on respec-
tive surfaces of the inner most parts of these two substrates,
which are subjected to a rubbing process, and then a liquid
crystal composition 300 is filled in a space between these
two substrates. Finally, the outermost surfaces of these two
substrates are sandwiched by two polarizers 170 and 270 to
complete fabrication of the liquid crystal display panel.

[0100] FIG. 20 shows a cross-section in part of the bottom
substrate 100 taken along line G-G' in FIG. 18. This
represents a cross-section of the storage capacitance 130.
This storage capacitance 130 is provided in the bottom
substrate 100 and on SiN layer 109 over glass plate 101, and
is formed by common line 106 (104) and pixel electrode 105
isolated by passivation layer 112 interposed therebetween.
Since this storage capacitance 130 is arranged to form a
parallel capacitance with the liquid crystal capacitance, even
if the potential of the common line 104 (106) changes due
to capacitance coupling with signal line 103, its liquid
crystal application voltage does not change substantially,
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thereby suppressing the occurrence of cross modulation or
cross talk in vertical directions.

[0101] A drive method for driving the active matrix
addressed liquid crystal display according to this embodi-
ment of the invention will be described with reference to
FIG. 21. FIG. 21 shows an equivalent circuit of FIG. 18, in
particular, of its bottom substrate 100. For selected one
scanning line 102, there are provided the same number (or
two-fold) of common lines (counter electrodes) as the num-
ber of signal lines. In each one of the pixels surrounded by
scanning lines and signal lines, there are provided a thin film
transistor 120, a storage capacitance 130 and a liquid crystal
capacitance 140 formed by the liquid crystal layer itself. In
FIG. 21, it is clearly shown that liquid crystal capacitance
140 and storage capacitance 130 are in a parallel capacitance
connection. The description of the system configuration of
this embodiment is omitted, since it is the same as in the first
embodiment. It should be noted, however, that controller
401 in this embodiment does not have a function to convert
its data array from a sequential display pattern to a staggered
display pattern.

[0102] FIG. 22 depicts the waveforms of drive voltages
for this embodiment. Line (a) depicts scanning voltage
Vgatel, which is applied to one scanning line (for example,
102 in FIG. 21). Line (b) depicts common voltage Vcoml1,
which is applied to one common line (for example, 104¢ in
FIG. 21), and line (¢) depicts another common voltage
Vcom2 which is applied to another common line (for
example, 1045 in FIG. 21) next to common line 104a.
Further, line (d) depicts signal voltage Vdl, which is applied
to a signal line (for example, 1034 in FIG. 21) of the pixel
to which the common line 104a receiving voltage Vcoml is
connected, and line (e) depicts signal voltage Vd2 which is
applied to another signal line (for example, 1036 in FIG. 21)
disposed next to the signal line 103a. Lines (f) and (g) show
pixel electrode voltages Vsl and Vs2 of respective pixels, to
which signal voltages Vdl and Vd2 are applied, respec-
tively. Then, lines (h) and (i) show liquid crystal application
voltages Vi, and V;,, which are applied across liquid
crystal layers in respective pixels.

[0103] Setting the voltages for the scanning lines and
common lines in this embodiment is achieved in the same
way as in the first embodiment. Setting of the voltage for the
signal line is also achieved in approximately the same way
as in the first embodiment. Although Vd1 and Vd2 are set at
values of the liquid crystal application voltages having a
reverse polarity from each other, since the reference voltage
Vcom does not change when the next scanning line is
selected, the polarity of these signal voltages are not altered
during a period of time required for writing one frame.

[0104] For all such differences as described above, pixel
electrode voltage Vsl or Vs2 and actual liquid crystal
application voltage Vi, or V] o, are the same as in the first
embodiment.

[0105] In this fourth embodiment of the invention, since a
capacitance coupling per unit of line of the signal line 103
with common line 104 or counter electrode 106 is large,
depending on the magnitude of the signal voltage, a counter
electrode potential, which is equal to a common line poten-
tial, changes during the retention period of the liquid crystal
application voltage. However, since both the liquid crystal
capacitance 140 and the storage capacitance 130 are con-
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nected to the common line, even if a redistribution of
charges retained by the pixel electrode occurs, the liquid
crystal voltage V| ~; or V| , does not change substantially,
thereby preventing the occurrence of a display deficiency,
such as cross talk in vertical directions.

[0106] According to this fourth embodiment of the inven-
tion, the following advantages have been achieved. Since the
counter electrodes of the pixels in a group selected by one
scanning line are connected to the same number of common
lines (or twofold thereof) as that of the signal lines, each
current flowing through a common line for supplying a
voltage to the counter electrode is reduced substantially,
thereby minimizing distortion in the common voltage. Still
further, since the liquid crystal capacitance and the storage
capacitance are connected in parallel, the horizontal cross
talk and brightness variation are substantially reduced, and
vertical cross talk is also eliminated, thereby improving the
display quality. Still further, since an area previously
required for the common lines can be reduced, provision of
a higher aperture ratio and a higher brightness of display
becomes possible.

[0107] FIFTH EMBODIMENT:

[0108] A fifth embodiment of the invention will be
described in the following. The other features and arrange-
ments of the fifth embodiment of the invention except for the
following are the same as in the fourth embodiment of the
invention.

[0109] The structure of the bottom substrate 100 of this
embodiment is shown in FIG. 23. The configuration of the
fifth embodiment of the invention is such that scanning lines
102 and signal lines 103 are disposed in a matrix array, and
at each intersection thereof a thin film transistor 120 is
formed similar to that of the fourth embodiment. However,
the fifth embodiment differs from the fourth embodiment in
that respective pixel electrodes 105 in respective pixels
which are connected to one signal line 103 via each thin film
transistor 120 are disposed in a staggered pattern along the
one scanning line 103 on both sides thereof, i.e. to the
righthand side and to the lefthand side thereof, alternately
for every pixel. For example, pixel electrode 105a is dis-
posed to the righthand side of the signal line 1034, while the
next pixel electrode 1056 is disposed to the lefthand side
thereof. In this arrangement, counter electrode 106a corre-
sponding to pixel electrode 1054, which also functions as
common line 1044, is disposed to the righthand side of
signal line 103, while counter electrode 1065 correspond-
ing to pixel electrode 1055, which also functions as common
line 104, is disposed to the lefthand side of signal line 103a.

[0110] In this arrangement also, the number of common
lines equals the number of signal lines (or twofold thereof)
as in the case of the fourth embodiment, so that the current
which is to flow through a common line for supplying a
voltage to its counter electrode can be supplied by two
common lines, thereby reducing the unit load imposed on
one common line, while minimizing horizontal cross talk
and brightness variation. Further, since the counter electrode
serves also as a common line, the area normally allocated to
the common line can be eliminated to improve the aperture
ratio of the display panel.

[0111] Now, a method of driving the display panel accord-
ing to the fifth embodiment of the invention will be
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described in the following. FIG. 24 shows an equivalent
circuit of the bottom substrate 100, as illustrated in FIG. 23,
of an active matrix addressed liquid crystal display accord-
ing to this embodiment of the invention. A main difference
between the fifth embodiment and the fourth embodiment is
that respective thin film transistors 120 connected to one
signal line 103 are disposed in a staggered pattern alternately
to the righthand side and to the lefthand side with respect to
the signal line 103. In this configuration according to the
fifth embodiment, since data transferred by one single signal
line is distributed to pixels on both sides thereof, i.e., to the
leftside and to the rightside thereof alternately for every
column line, another method of data array conversion dif-
ferent from that of the first embodiment is required.

[0112] A description of the system configuration of the
fifth embodiment of the invention is omitted since it is the
same as that of the first embodiment. However, controller
401 of the fifth embodiment has another type of data array
conversion function which is different from that of the first
embodiment.

[0113] The data array conversion circuit used in this
embodiment is the same as that shown in FIG. 8. Data array
conversion controller 410 operates in response to control
signals of one line data delimit signal 413 and data clock
signal 414 in the same manner as in the first embodiment,
and in response to every one line data delimit signal 413, a
data array conversion mode and a non-data array conversion
mode are switched over. In the non-data array conversion
mode, the controller allows input data signal 412 to go
through as output data 416 without subjecting it to data array
conversion. In the data array conversion mode, controller
410 transfers a portion of data selected from the data signal
412 to data memory 411 to be stored therein and to be output
in response to the next clock signal. Simultaneously, the
controller reads out a portion of data, which was stored in
response to the preceding clock signal, from data memory
411, and produces the output data signal 416 by combining
the portion of data read out with a remaining portion of the
input data 412.

[0114] FIG. 25 shows timing charts of these operation.
Actually, input data signal 412 includes three parallel inputs
corresponding to the RGB colors, hence, arrays of pixels for
the RGB colors are aligned laterally, so that data array
conversion is executed for respective RGB data. Switching
over between the data array conversion and the non-data
array conversion modes is done in response to every one line
data delimit signal 413. In the non-data array conversion
mode, input data signal 412 and output data signal 416 are
the same. However, in the data array conversion mode, in
response to every clock signal 414, a B signal (for example,
B22) in the input signal 412 is taken and transferred to data
memory 411 via memory access line 415. Simultaneously,
another B signal (for example, B21) previously stored in
data memory 411 at the time of the preceding clock signal
is read out and combined with the remaining portion of the
input data signal, so as to be output as output data 416.

[0115] FIG. 26 shows the waveforms of the drive voltages
for driving the display panel according to this embodiment
of the invention. Line (a) depicts scanning voltage Vgatel,
which is applied to one scanning line (for example, 102 in
FIG. 24). Line (b) depicts common voltage Vcom1, which
is applied to one common line (for example 1044 in FIG.
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24), and line (¢) depicts common voltage Veom?2, which is
applied to another common line (for example, 1045 in FIG.
24) disposed next to the above-mentioned one common line
104a. Line (d) depicts signal voltage Vdl, which is applied
to a signal line (for example, 1034 in FIG. 24) connected to
the pixel which is connected to the common line 104a and
to which common voltage Vcoml is applied, and line (e)
depicts signal voltage vd2, which is applied to another signal
line (for example, 1035 in FIG. 24) disposed next to the
above-mentioned signal line (1034). Lines (f) and 26(g)
depict pixel electrode voltages Vsl and Vs2 at respective
pixel electrodes of respective pixels to which signal voltages
Vdl and Vd2 are applied, respectively. Lines (h) and (i)
depict liquid crystal application voltages Vi, and V.,
applied across respective liquid crystal layers in respective
pixels.

[0116] As for the voltage setting of the scanning line, it is
the same as in the fourth embodiment of the invention.
Further, as for voltage settings of the signal line, they are
also the same as in the fourth embodiment, and therefore,
Vd1 and VA2 are set at the values of liquid crystal applica-
tion voltages while having a reverse polarity with respect to
each other. However, a cycle of switching over of the voltage
polarity for the common line is not set at the one-frame
cycle, but is set at every one line write cycle in this fifth
embodiment of the invention. Also, in this arrangement,
since a value of Vcom which becomes a reference when the
next scanning line is selected does not change, the polarity
of the signal voltage is not changed within a period of time
required for writing one frame.

[0117] According to this fifth embodiment of the inven-
tion, since respective thin film transistors 120 connected to
one signal line 103 are disposed in a staggered pattern on the
lefthand side then on the righthand side alternately along the
signal line, and since this staggered pattern is repeated for
every signal line, it becomes possible to apply a liquid
crystal application voltage of reverse polarity to each one of
the pixels juxtaposed vertically and horizontally when the
polarity of the potential of the signal voltage is reversed for
writing another frame. The ability to apply an opposite
polarity liquid crystal application voltage to each one of the
pixels juxtaposed vertically and horizontally makes it pos-
sible to minimize display flickers, thereby improving the
display quality substantially. Therefore, according to this
fifth embodiment of the invention, even further improve-
ment in the display quality as compared to the fourth
embodiment can be achieved through elimination of display
flickers.

[0118] SIXTH EMBODIMENT:

[0119] A sixth embodiment of the invention will be
described in the following. The configuration of the sixth
embodiment of the invention is the same as that of the fifth
embodiment, except for the following factors.

[0120] FIG. 27 shows the structure of the bottom substrate
100 of this embodiment. The sixth embodiment of the
invention has the same construction as the fifth embodiment
in that its scanning lines 102 and signal lines 103 are
disposed in a matrix array, and respective thin film transis-
tors provided at each intersection of the matrix are disposed
in a staggered pattern along the signal lines 103. However,
the sixth embodiment of the invention differs from the fifth
embodiment in that its common line is disposed in contact
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with respective pixels disposed alternately in a staggered
pattern with respect to the signal line for every column line
thereof. For example, counter electrode 106a, which is
disposed to the righthand side of signal line 103a, and the
next counter electrode 1065, which is connected to counter
electrode 1064, is disposed to the lefthand side of the signal
line 103a.

[0121] In this case, the number of common lines equals the
number of signal lines plus 1 (or is equal to twofold of the
signal lines plus 2). Thereby, a current flowing through the
common line for supplying a voltage to the counter electrode
can be supplied by a plural number of common lines equal
to the number of signal lines plus 1 (or twofold of the signal
lines plus 2), thereby minimizing the load on the common
line, and substantially reducing the horizontal cross talk and
brightness variation. Further, since the counter electrode
also functions as a common line, the area of the common line
can be reduced in order to improve the aperture ratio of the
display panel.

[0122] Now, a method for driving the display panel
according to the sixth embodiment of the invention will be
described. FIG. 28 shows an equivalent circuit of the bottom
substrate 100 of FIG. 27 in an active matrix addressed liquid
crystal display according to the sixth embodiment of the
invention. The main difference between this structure and
that of the fifth embodiment of the invention resides in that
one common line 104 is folded in a zigzag pattern with
respect to one signal line 103 so as to be connected alter-
nately to respective pixels which are also disposed in a
staggered pattern, to the lefthand side and to the righthand
side with respect to the signal line 103. In this structure of
the sixth embodiment of the invention, since signal data
transmitted by one signal line is distributed alternately to
respective pixels on the lefthand side and on the righthand
side thereof, and for every column line thereof, the same
data array conversion process as in the fifth embodiment is
required.

[0123] A description of the system configuration of the
sixth embodiment of the invention is omitted since it is the
same as in the fifth embodiment. Also, a description of the
data array conversion function is omitted, since it is the same
as in the fifth embodiment.

[0124] FIG. 29 shows the waveforms of the drive voltages
in the sixth embodiment of the invention. Line (a) depicts
the scanning voltage Vgatel, which is applied to a scanning
line (for example, 102 in FIG. 28). Line (b) depicts common
line voltage Vcoml, which is applied to one common line
(for example, 1044 in FIG. 28), and line (c¢) depicts another
common line voltage Vcom2, which is applied to another
common line (for example, 1045 in FIG. 28) disposed next
to the preceding common line (1044). Line (d) depicts signal
voltage Vd1 which is applied to a signal line (for example
103a in FIG. 28) of the pixel which is connected to the
common line to which common line voltage Vcoml is
applied, and line (e) depicts another signal voltage Vd2,
which is applied to another signal line (for example, 1035 in
FIG. 28) disposed next to the preceding signal line (103a).
Further, lines (f) and (g) show pixel electrode voltages Vsl
and Vs2 at respective pixel electrodes in respective pixels, to
which signal voltages Vdl and Vd2 are applied, respec-
tively. Lines (h) and (i) show liquid crystal application
voltages V| ; and V| ., which are applied across respective
liquid crystal layers in respective pixels.



US 2001/0011981 Al

[0125] The voltage setting of the scanning line is the same
as in the fifth embodiment of the invention. Also, the voltage
setting of the signal line is the same as in the fifth embodi-
ment, and thereby, Vd1l and Vd2 are set at values of the
liquid crystal application voltages having a reverse polarity
with respect to each other. However, a cycle of switching of
the voltage polarity for the common line is performed not at
one line write cycle, but at one frame cycle. Also, in this
voltage setting condition, since the value of Vcom, which
becomes a reference voltage when the next scanning line is
selected, does not change, the signal voltage does not need
to be changed in polarity within a period of time for writing
one frame.

[0126] In this embodiment of the invention, the switching
cycle for switching over the polarity of the common line is
not one line write cycle, as in the fifth embodiment, but is
one frame write cycle. Thereby, the voltage line delay due to
the switching of the polarity of the common line is mini-
mized, thereby suppressing the occurrence of display
defects, such as vertical cross modulation and the like. Still
further, since the switching frequency for switching over the
polarity of the common line decreases, the power consump-
tion in the common line becomes small. As a result, accord-
ing to this embodiment of the invention, further improve-
ments in the display quality and power consumption beyond
those in the fifth embodiment can be achieved.

[0127] As stated above, according to the invention, a
high-performance active matrix addressed liquid crystal
display is provided, which features a high quality display
without horizontal cross talk and brightness variation, as
well as elimination of display flickers in a modified version
of the invention. Further, since the voltage distortion can be
minimized according to the invention, common lines and
scanning lines of thinner gauge can be used, thereby sub-
stantially improving the aperture ratio of the active matrix
addressed liquid crystal display. Still further, since the
potential of the counter electrode of the pixels can be
charged in the ac mode in one frame cycle, a low signal
voltage in a longer cycle ac mode can be used, thereby
substantially improving the power consumption in the active
matrix addressed liquid crystal display.

What is claimed is:

1. Aliquid crystal display device having a pair of opposed
substrates, at least one of which is transparent, a liquid
crystal layer interposed between said pair of substrates, and
an electrode structure formed on one of said pair of sub-
strates, which electrode structure produces an electric field
which is disposed predominantly in parallel with said pair of
substrates, wherein said electrode structure comprises:

a plurality of scanning lines;

a plurality of signal lines formed in a matrix pattern with
said plurality of scanning lines so that a plurality of
pixels are formed in areas surrounded by said plurality
of signal lines and said plurality of scanning lines,
respectively;

a plurality of active elements formed in the vicinity of
intersections of said matrix pattern;

a plurality of pixel electrodes each connected to a respec-
tive one of said plurality of active elements in a
respective pixel,
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a plurality of common lines, each formed between said
ones of plurality of scanning lines; and

at least one counter electrode formed in each one of said
plurality of pixels, said at least one counter electrode
being connected to one of said plurality of common
lines; wherein

at least one of pixel electrodes in respective pixels which
are juxtaposed in the direction of a scanning line is
arranged to form a storage capacitance with at least one
of said plurality of common lines which is associated
thereto alternately different from pixel to pixel.

2. A liquid crystal display device according to claim 1,
further comprising a drive unit for applying a voltage to said
claim plurality of signal lines, said plurality of scanning
lines and said plurality of common lines, respectively,
wherein said drive unit:

applies two different voltages to said plurality of common
lines alternately for every line, said two different volt-
ages being interchanged for every one frame write
cycle, and supplies a liquid crystal application voltage
to said plurality of signal lines by reversing the polarity
of the voltage for every line and every one frame write
cycle, said liquid crystal application voltage including
a voltage applied to said plurality of common lines as
a reference voltage.

3. Aliquid crystal display device having a pair of opposed
substrates, at least one of which is transparent, a liquid
crystal layer interposed between said pair of substrates, an
electrode structure formed on one of said pair of substrates,
which electrode structure produces an electric field which is
predominantly in parallel with said pair of substrates,
wherein said electrode structure comprises:

a plurality of scanning lines;

a plurality of signal lines formed in a matrix pattern with
said plurality of scanning lines so that a plurality of
pixels are formed in areas surrounded by said plurality
of signal lines and said plurality of scanning lines,
respectively;

a plurality of active elements formed in the vicinity of
intersections of said matrix pattern;

a plurality of pixel electrodes cach connected to a respec-
tive one of said plurality of active elements in a
respective pixel; and

at least one counter electrode formed in each one of said
plurality of pixels, said at least one counter electrode
being connected to one of said plurality of common
lines; wherein

at least one of pixel electrodes in respective pixels which
are juxtaposed in the direction of a scanning line is
arranged to form a storage capacitance with at least one
of said plurality of common lines which is associated
thereto alternately different from pixel to pixel.

4. A liquid crystal display device according to claim 3,
further comprising a drive unit for applying a voltage to said
plurality of signal lines and said plurality of scanning lines,
respectively, wherein said drive unit:

interchanges a portion of voltage data in time sequence to
be applied to said plurality of signal lines; and
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exchanges a portion of voltage data to be applied to said
plurality of scanning lines with a portion of voltage
data to be applied to another one of said plurality of
scanning lines.
5. A liquid crystal display device according to claim 3,
wherein said drive unit:

supplies a liquid crystal application voltage to said plu-
rality of signal lines by reversing the polarity of the
voltage thereof for every line and every one frame
writing period of time, said liquid crystal application
voltage including a non-selected voltage of said plu-
rality of scanning lines in a non-selected period of time
as a reference voltage thereof.

6. Aliquid crystal display device having a pair of opposed
substrates, at least one of which is transparent, a liquid
crystal layer interposed between said pair of substrates, and
an electrode structure formed on one of said pair of sub-
strates, which electrode structure produces an electric field
which is predominantly in parallel with said pair of sub-
strates, wherein said electrode structure comprises:

a plurality of scanning lines;

a plurality of signal lines formed in a matrix pattern with
said plurality of scanning lines so that a plurality of
pixels are formed in areas surrounded by said plurality
of signal lines and said plurality of scanning lines,
respectively;

a plurality of active elements formed in the vicinity of
intersections of said matrix pattern;

a plurality of pixel electrodes each connected to a respec-
tive one of said plurality of active elements; and

at least one counter electrode formed in each one of said
plurality of pixels, said at least one counter electrode
thereof being connected to one of said plurality of
scanning lines; wherein

the counter electrodes of respective pixels juxtaposed in
the direction of said plurality of scanning lines are
connected to different scanning lines.

7. A liquid crystal display device according to claim 6,
further comprising a drive unit for applying a voltage to said
plurality of signal lines and said plurality of scanning lines,
respectively, wherein said drive unit:

interchanges a portion of voltage data in time sequence to
be applied to each one of said plurality of signal lines;
and

exchanges a portion of voltage data to be applied to said
plurality of scanning lines with a portion of voltage
data to be applied to another one of said plurality of
scanning lines.

8. A liquid crystal display device according to claim 6,
further comprising a drive unit for applying a voltage to said
plurality of signal lines and said plurality of scanning lines,
respectively, wherein said drive unit:

supplies a liquid crystal application voltage to said plu-
rality of signal lines by reversing the polarity of the
voltage thereof for every line and every one frame
writing period of time, said liquid crystal application
voltage including a non-selected voltage of said plu-
rality of scanning lines in a non-selected period of time
as a reference voltage thereof.
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9. A liquid crystal display device according to claim 6,
wherein each pixel electrode of each one of said plurality of
pixels juxtaposed in the direction of said plurality of scan-
ning lines is connected to a different scanning line, and
wherein a storage capacitance is formed between said each
pixel electrode and the scanning line to which it is con-
nected.

10. A liquid crystal display device having a pair of
opposed substrates, at least one of which is transparent, a
liquid crystal layer interposed between said pair of sub-
strates, and an electrode structure formed on one of said pair
of substrates, which electrode structure produces an electric
field which is predominantly in parallel with said pair of
substrates, wherein said electrode structure comprises:

a plurality of scanning lines;

a plurality of signal lines in a matrix pattern with said
plurality of scanning lines so that a plurality of pixels
are formed in areas surrounded by said plurality of
signal lines and said plurality of scanning lines, respec-
tively;

a plurality of active elements formed in the vicinity of
intersections of said matrix pattern;

a plurality of pixel electrodes each connected to a respec-
tive one of said plurality of active elements;

a plurality of common lines formed between said plurality
of scanning lines, respectively; and

at least one counter electrode formed in each one of said
plurality of pixels, said at least one counter electrode
being connected to one of said plurality of common
lines; wherein

the counter electrodes of pixels juxtaposed in the direction
of said scanning lines are connected to different com-
mon lines.

11. A liquid crystal display device according to claim 10,
further comprising a drive unit for applying a voltage to said
plurality of signal lines, said plurality of scanning lines and
said plurality of common lines, wherein said drive unit
comprises:

applies two different voltages to said plurality of common
lines alternately for every line, said two different volt-
ages being interchanged for every one frame writing
cycle; and

supplies a liquid crystal application voltage to said plu-
rality of signal lines by reversing the polarity of the
voltage thereof for every column line and every one
frame writing period of time, said liquid crystal appli-
cation voltage including a voltage applied to said
plurality of common lines as a reference voltage.

12. A liquid crystal display device according to claim 11,
wherein at least one of pixel electrodes in respective pixels
which are juxtaposed in the direction of a scanning line is
arranged to form a storage capacitance with at least one of
said plurality of common lines which is associated thereto
alternately different from pixel to pixel.

13. A liquid crystal display device having a pair of
opposed substrates, at least one of which is transparent, a
liquid crystal layer interposed between said pair of sub-
strates, and an electrode structure formed on one of said pair
of substrates, which electrode structure produces an electric
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field which is predominantly in parallel with said pair of
substrates, wherein said electrode structure comprises:

a plurality of scanning lines;

a plurality of signal lines formed in a matrix pattern with
said plurality of scanning lines so that a plurality of
pixels are formed in areas surrounded by said plurality
of signal lines and said plurality of scanning lines,
respectively;

a plurality of active elements formed in the vicinity of
intersections of said matrix pattern;

a plurality of pixel electrodes each connected to a respec-
tive one of said plurality of active elements; and

at least one counter electrode formed in each one of said
plurality of pixels, said at least one counter electrode
being connected to one of said plurality of scanning
lines; wherein

each of the active elements of pixels juxtaposed in the
direction of said scanning lines is connected to a
different one of said plurality of scanning lines.

14. A liquid crystal display device according to claim 13,
further comprising a drive unit for applying a voltage to said
plurality of signal lines and said plurality of scanning lines,
wherein said drive unit:

interchanges at least a part of voltage data in time
sequence to be applied to said plurality of signal lines;
and

interchanges at least a part of voltage data to be applied
to one of said plurality of scanning lines with a part of
voltage data to be applied to another one of said
plurality of scanning lines.
15. A liquid crystal display device according to claim 14,
wherein said drive unit:

supplies a voltage to said plurality of common lines by
reversing the polarity of the voltage thereof for every
line and every one frame writing charging period of
time, said voltage including a non-selected voltage of
said plurality of scanning lines in a non-selected period
of time as a reference voltage.

16. A liquid crystal display device according to claim 14,
wherein the pixel electrodes of pixels juxtaposed in the
direction of said plurality of scanning lines form storage
capacitances with different ones of said plurality of scanning
lines.

17. A liquid crystal display device having a pair of
opposed substrates, at least one of which is transparent, a
liquid crystal layer interposed between said pair of sub-
strates, and an electrode structure formed on one of said pair
of substrates, which electrode structure produces an electric
field which is disposed predominantly in parallel with said
pair of substrates, wherein said electrode structure com-
prises:

a plurality of scanning lines;

a plurality of signal lines in a matrix pattern with said
plurality of scanning lines so that a plurality of pixels
are formed in areas surrounded by said plurality of
signal lines and said plurality of scanning lines, respec-
tively;
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a plurality of active elements each formed in the vicinity
of intersections of said matrix pattern;

a plurality of pixel electrodes each connected to a respec-
tive one of said plurality of active elements;

a plurality of common lines each formed between an
adjacent two of said plurality of scanning lines; and

a plurality of counter electrodes each formed opposing to
each corresponding pixel electrode in each one of said
plurality of pixels; wherein

each one of said plurality of active elements of pixels
juxtaposed in the direction of said scanning lines is
connected to a different one of said plurality of scan-
ning lines; and

cach one of said plurality of counter electrodes of pixels
juxtaposed in the direction of said scanning lines is
connected to a same one of said plurality of common
lines so that a current to be carried by a respective one
of said plurality of common lines is reduced.

18. A liquid crystal display device according to claim 17,
further comprising a drive unit for applying a voltage to said
plurality of signal lines, said plurality of scanning lines and
said plurality of common lines, wherein said drive unit
applies two different kinds of voltages to said plurality of
common lines alternately for every line, said two different
kinds of common line voltages being interchanged for every
one frame writing cycle; and

applies a liquid crystal application voltage to said plural-
ity of signal lines by reversing the polarity of its voltage
for every line and for every one frame writing cycle,
said liquid crystal application voltage including a volt-
age applied to one of said plurality of common lines as
a reference voltage.

19. A liquid crystal display device according to claim 17,
wherein at least one of pixel electrodes in respective pixels
which are juxtaposed in the direction of a scanning line is
arranged to form a storage capacitance with at least one of
said plurality of common lines which is associated thereto
alternately different from pixel to pixel.

20. A liquid crystal display device having a pair of
opposed substrates, at least one of which is transparent, a
liquid crystal layer interposed between said pair of sub-
strates, and an electrode structure formed on one of said pair
of substrates, which electrode structure produces an electric
field which is predominantly in parallel with said pair of
substrates, wherein said electrode structure comprises:

a plurality of scanning lines;

a plurality of signal lines in a matrix pattern with said
plurality of scanning lines so that a plurality of pixels
are formed in areas surrounded by said plurality of
signal lines and said plurality of scanning lines, respec-
tively;

a plurality of active elements formed in the vicinity of
intersections of said matrix pattern;

a plurality of pixel electrodes each connected to a respec-
tive one of said plurality of active elements in a
respective pixel; and

at least one counter electrode formed in each one of said
plurality of pixels, said at least one counter electrode
being connected to one of said plurality of scanning
lines; wherein
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charged pixels of said plurality of pixels juxtaposed in the
direction of said plurality of scanning lines, which have
changed transmittance of light due to an application of
voltages to signal lines and scanning lines correspond-
ing thereto, are arranged in a staggered pattern on either
side of the scanning lines corresponding thereto.

21. A liquid crystal display device according to claim 20,
further comprising a drive unit for applying a voltage to said
plurality of signal lines and said plurality of scanning lines,
wherein said drive unit:

interchanges at least a part of voltage data to applied to
each one of said plurality of signal lines in time
sequence; and

exchanges at least a part of voltage data to be applied to
one of said plurality of scanning lines with at least a
part of voltage data to be applied to another one of said
plurality of scanning lines.

22. A liquid crystal display device according to claim 20,
further including a drive unit for applying a voltage to
plurality of signal lines and said plurality of scanning lines,
wherein said drive unit:

supplies a liquid crystal application voltage to said plu-
rality of signal lines by reversing the polarity of the
voltage thereof for every line and for every one frame
writing period of time, said liquid crystal application
voltage including a non-select voltage of said plurality
of scanning lines in a non-select period of time as a
reference voltage thereof.

23. A liquid crystal display device according to claim 20,
wherein at least one of pixel electrodes in respective pixels
which are juxtaposed in the direction of a scanning line is
arranged to form a storage capacitance with at least one of
said plurality of common lines which is associated thereto
alternately different from pixel to pixel.

24. A liquid crystal display device having a pair of
opposed substrates, at least one of which is transparent, a
liquid crystal layer interposed between said pair of sub-
strates, and an electrode structure formed on one of said pair
of substrates, which electrode structure produces an electric
field which is disposed predominantly in parallel with said
pair of substrates, wherein said electrode structure com-
prises:

a plurality of scanning lines;

a plurality of signal lines formed in a matrix pattern with
said plurality of scanning lines so that a plurality of
pixels are formed in areas surrounded by said plurality
of signal lines and said plurality of scanning lines,
respectively;

a plurality of active elements each formed at intersections
of said matrix pattern;

a plurality of pixel electrodes each connected to a respec-
tive one of said plurality of active elements in a
respective pixel;

a plurality of common lines each formed between an
adjacent two of said plurality of scanning lines, respec-
tively; and

a plurality of counter electrodes each formed opposing to
each corresponding pixel electrode in each one of said
plurality of pixels, each one of said plurality of counter
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electrodes of pixels juxtaposed in the direction of said
scanning lines is connected to a same one of said
plurality of common lines;

wherein charged pixels of said plurality of pixels juxta-
posed in the direction of said scanning lines which have
changed transmittance of light thereof due to an appli-
cation of voltages to corresponding signal lines, scan-
ning lines and common lines thereto are arranged in a
staggered pattern on either side of the scanning lines
corresponding thereto.

25. A liquid crystal display device according to claim 24,
further comprising a drive unit for applying a voltage to said
plurality of signal lines, said plurality of scanning lines and
said plurality of common lines, wherein said drive unit:

applies two kinds of common voltages to said plurality of
common lines alternately for every line;

interchanges said two kinds of common voltages in every
frame writing cycle; and

supplies a liquid crystal application voltage to said plu-
rality of signal lines by reversing the polarity of the
voltage thereof for every line and for every one frame
writing period of time, said liquid crystal application
voltage including a voltage applied to one of said
plurality of common lines corresponding thereto as a
reference voltage thereof.

26. A liquid crystal display device according to claim 24,
wherein at least one of pixel electrodes in respective pixels
which are juxtaposed in the direction of a scanning line is
arranged to form a storage capacitance with at least one of
said plurality of common lines which is associated thereto
alternately different from pixel to pixel.

27. A liquid crystal display device having a pair of
opposed substrates, at least one of which is transparent, a
liquid crystal layer interposed between said pair of sub-
strates, and an electrode structure formed on one of said pair
of substrates, which electrode structure produces an electric
field which is predominantly in parallel with said pair of
substrates, wherein said electrode structure comprises:

a plurality of scanning lines;

a plurality of signal lines formed in a matrix pattern with
said plurality of scanning lines so that a plurality of
pixels are formed in areas surrounded by said plurality
of signal lines and said plurality of scanning lines,
respectively;

a plurality of active elements formed in the vicinity of
intersections of said matrix pattern;

a plurality of pixel electrodes cach connected to a respec-
tive one of said plurality of active elements in a
respective pixel; and

at least two common lines formed between any two signal
lines of said plurality of signal lines so as to interpose
each one of said plurality of pixel electrodes.

28. A liquid crystal display device according to claim 27,
wherein said at least two common lines formed between two
respective signal lines of said plurality of signal lines are
connected to each other at least partially between said
respective two signal lines corresponding thereto.
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29. A liquid crystal display device comprising:

a liquid crystal layer supported between a pair of opposed
substrates, each substrate having at least one transpar-
ent surface; and

an electrode arrangement formed on one of said pair of
substrates, which electrode arrangement induces an
electric field which is predominantly in parallel with
said substrates, said electrode arrangement comprising:

a plurality of scanning lines;

a plurality of signal lines formed in a matrix pattern with
said plurality of scanning lines so as to form a plurality
of pixels; and

a plurality of pixel electrodes provided in said plurality of
pixels, which pixel electrodes are connected to a plu-
rality of active elements, respectively, formed at
respective intersections between said plurality of signal
lines and said plurality of scanning lines; wherein

each pixel electrode in a group of four juxtaposed pixels
arranged horizontally and vertically a voltage applied
thereto when no voltage is applied to other pixel
electrodes juxtaposed thereto.

30. A liquid crystal display apparatus having a pair of
substrates, at least one of which is transparent, and a liquid
crystal layer interposed between said pair of substrates, one
of said pair of substrates being provided with an electrode
structure, wherein said electrode structure comprises:

a plurality of scanning lines;

a plurality of signal lines formed in a matrix pattern with
said plurality of scanning lines;

a plurality of active elements each formed in the vicinity
of intersections of said matrix pattern;

a plurality of pixel electrodes each connected to one of
said plurality of active elements;

a plurality of common lines each formed between an
adjacent two of said plurality of scanning lines;

a plurality of pixels being formed in areas surrounded by
said plurality of signal lines and said plurality of
scanning lines, respectively; and

a plurality of counter electrodes each formed opposing to
each corresponding pixel electrode in each one of said
plurality of pixels;

wherein each one of said plurality of active elements of
said matrix pattern which is connected with each pixel
electrode is connected to one of said plurality of
scanning lines corresponding thereto which is different
from each other between juxtaposed pixels in the
direction of said scanning lines, and each one of said
plurality of counter electrodes of pixels juxtaposed in
the direction of said scanning lines is connected to a
same one of said plurality of scanning line so that a
current to be carried by a respective one of said
plurality of common lines is reduced.
31. A liquid crystal display apparatus according to claim
30, further comprising a drive unit for applying a voltage to
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said plurality of signal lines, said plurality of scanning lines
and said plurality of common lines, wherein said drive unit
applies two different kinds of voltages to said plurality of
common lines alternately for every line, interchanges said
two different kinds of common line voltages for every one
frame writing cycle, and applies a liquid crystal application
voltage to said plurality of signal lines by reversing polarity
of its voltage for every line and for every one frame writing
cycle, said liquid crystal application voltage having a volt-
age applied to one of said plurality of common lines corre-
sponding thereto as a reference voltage therefor.

32. A liquid crystal display apparatus having a pair of
substrates, at least one of which is transparent, and a liquid
crystal layer interposed between said pair of substrates, one
of said pair of substrates having an electrode structure
formed thereon, wherein said electrode structure comprises:

a plurality of scanning lines;

a plurality of signal lines formed in a matrix pattern with
said plurality of scanning lines;

a plurality of active elements each formed at intersections
of said matrix pattern;

a plurality of pixel electrodes each connected to one of
said plurality of active elements;

a plurality of common lines each formed between an
adjacent two of said plurality of scanning lines;

a plurality of pixels being formed in areas surrounded by
said plurality of signal lines and said plurality of
scanning lines; and

a plurality of counter electrodes each formed opposing to
each corresponding pixel electrode in each one of said
plurality of pixels, each one of said plurality of counter
electrodes of pixels juxtaposed in the direction of said
scanning lines is connected to a same one of said
plurality of common lines corresponding thereto;

wherein charged pixels of said plurality of pixels juxta-
posed in a direction of any one of said scanning lines
which have changed transmittance of light thereof due
to application of voltages to corresponding signal lines,
scanning lines and common lines thereto are arranged
in a staggered pattern along any one of said plurality of
scanning lines corresponding thereto.

33. A liquid crystal display apparatus according to claim
32, having a drive unit for applying a voltage to said
plurality of signal lines, said plurality of scanning lines and
said plurality of common lines, wherein said drive unit
applies two kinds of common voltages to said plurality of
common lines alternately for every line, interchanges said
two kinds of common voltages for every one frame writing
cycle, and supplies a liquid crystal application voltage to
said plurality of signal lines by reversing polarity of voltage
thereof for every line and for every one frame writing period
of time, said liquid crystal application voltage comprising a
voltage applied to one of said plurality of common lines
corresponding thereto as a reference voltage thereof.
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