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(57)  Adisplay suitable for displaying moving images
that has excellent viewing angle properties, an excellent
reliability, and a high speed of response, and has a high
contrast is realized at low cost.

Vertically aligned mode liquid crystal display com-
prises a scan wiring (17), a video signal wiring (11), a
pixel electrode (8), an alignment directional control elec-
trode (15), and a thin film transistor element (16) formed
in a position where a scan wiring and a video signal wir-
ing intersect with each other, and a common electrode
formed in opposing substrate side, wherein
an electric field distribution formed with three electrodes
comprising said alignment directional control electrode,
said pixel electrode, and a common electrode formed
on an countering substrate side may control tilt direc-
tions of vertically aligned anisotropic liquid crystal mol-
ecules having a negative dielectric constant.

Color active matrix type vertically aligned mode liquid cristal display and driving method
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Description
[Field of the Invention]

[0001] The present invention relates to a big screen
active matrix type liquid crystal TV viewing display hav-
ing a wide viewing angle, high brightness, and high
speed of response by low cost, and to a driving method
thereof.

[Background of the Invention]

[0002] As shown in Fig. 1, in conventional type verti-
cally aligned mode liquid crystal displays, a mode is
adopted in which bumps 5 for controlling a motion direc-
tion of liquid crystal molecules 14 are formed on a trans-
parent common electrode 4 of a color filter side sub-
strate 1, and slits 9 for controlling a motion direction of
the liquid crystal molecules 14 are provided in transpar-
ent pixel electrodes 8 of an active matrix substrate 13,
the bumps 5 and the slits 9 determine the motion direc-
tion of the liquid crystal molecules 14 serving as one set.
There is also provided a method in which slits for con-
trolling a motion direction of liquid crystal molecules 14
in place of bumps 5 are formed on a transparent com-
mon electrode 4 on a color filter side substrate 1. Both
of these modes are put in practical use for mass-pro-
duction.

[Disclosure of the Invention]
PROBLEMS TO BE SOLVED BY THE INVENTION

[0003] In conventional type multi-domain vertically
aligned mode liquid crystal displays, it has been neces-
sary that bumps or slits are formed on a transparent
common electrode in a color filter side substrate, which
required one excessive photo mask process. Therefore,
cost rise became unavoidable.

[0004] Moreover, in vertically aligned mode liquid
crystal displays with bumps 5 formed in color filter layer
3 side, as shown in Fig. 1, when a width, a pitch, and an
angle of slope of the bumps 5 are not precisely control-
led, variation in tilting degree of liquid crystal molecules
14 was caused, which easily generated unevenness in
half tone area.

[0005] Since bumps are made of positive type pho-
toresists, perfect removal of organic solvents, and fur-
thermore hardening by baking at high temperatures of
no less than 200 degrees are furthermore required,
leading difficulty in shortening of processes. When con-
taminants are eluted out into liquid crystals from the
bumps of positive type photoresists, a phenomenon of
afterimage will occur, leading to problems in respect of
reliability.

[0006] In color filter substrates using conventional
bumps, positive type photoresists are used as materials
for bumps, and therefore, when a defect occurs in ap-
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plication process of a vertical alignment film 6 and re-
working is required, a dry ashing method using oxygen
plasma can not be used. Therefore, a wet remove meth-
od requiring high running cost using organic solvents
had to be used, which caused a defect requiring a very
high reworking cost.

[0007] In vertically aligned mode liquid crystal dis-
plays using conventional type bumps and slits, when a
display switchovered to a half tone display from a black
display, or to a half tone display from a white display,
there has been defects that liquid crystals showed a
slow response speed.

[0008] The present invention solves the above-men-
tioned problems, and an object of the present invention
is to improve reliability of a large-sized vertically aligned
mode liquid crystal display and to realize a liquid crystal
display that may be manufactured at low cost in a short
time, and moreover that has high brightness and high-
speed of response.

MEANS FOR SOLVING THE PROBLEMS

[0009] In order to solve the subject and to attain the
above-mentioned purpose, following methods are used
in the present invention.

[Method 1]

[0010] Inorder to impress a voltage to anisotropic lig-
uid crystal molecules that are vertically aligned to an ac-
tive matrix substrate and a color filter substrate and have
a negative dielectric constant, and to make the liquid
crystal molecules tilt in different two directions or four
directions, two kinds of following electrode structures
were formed in one pixel of the active matrix substrate.

i) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns (no transparent electrode in a slit part) having
a shape of a long and slender slit are formed.

i) a transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns having a shape of a long and slender slit are
formed, two rows of liquid crystal alignment direc-
tion control electrodes that are mutually separated
and set as potentials different from each other exist
in a lower layer of the transparent pixel electrode
via an insulated film, either of the liquid crystal align-
ment direction control electrodes have almost the
same shape as a shape of a pattern of the shape
of long and slender slits, and a larger dimension
than a dimension of the slit; and two rows of the lig-
uid crystal alignment direction control electrodes
mutually separated are arranged in a direction of a
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scan signal wire in a lower layer of the long and slen-
der slits that are formed, mutually exchanged in an
every fixed pixel cycle, in the transparent pixel elec-
trode.

[Method 2]

[0011] A following drive system is used as a method
for driving the vertically aligned mode liquid crystal dis-
play having the electrode structure by the method 1.
[0012] There is used a drive system in which: when a
potential of the transparent pixel electrode separated for
every pixel of an active matrix substrate side is lower
than a potential of the countering flat common electrode
on a color filter substrate side, a potential of the liquid
crystal alignment direction control electrode currently
placed in a lower layer of the slit of the transparent pixel
electrode is set lower than a potential of the transparent
pixel electrode; and when a potential of the transparent
pixel electrode is higher than a potential of the counter-
ing flat common electrode of the color filter substrate
side, a potential of the liquid crystal alignment direction
control electrode placed in a lower layer of the slit of the
transparent pixel electrode is set higher than a potential
of the transparent pixel electrode, and potentials of the
liquid crystal alignment direction control electrodes ar-
ranged in the vicinity of both sides of the scan signal
wiring are set as polar potentials different from each oth-
er, and polarities of the potential of the transparent pixel
electrode, and each of the potential of the two rows of
the liquid crystal alignment direction control electrodes
mutually separated in one pixel are reversed to a polarity
of a polarity of the potential of the flat common electrode
in a color filter substrate side every vertical scanning pe-
riod.

[Method 3]

[0013] In a color active matrix type vertically aligned
mode liquid crystal display in which adjacent transpar-
ent pixel electrodes in a direction of a scan signal wiring
are connected to a thin film transistor component con-
trolled by mutually different scan signal wirings, in order
to impress a voltage to liquid crystal molecules that are
vertically aligned between an active matrix substrate
and a color filter substrate and to make the liquid crystal
molecules tilt in different two directions or different four
directions, two kinds of following electrode structures
were formed in one pixel of the active matrix substrate.

i) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns (no transparent electrode in a slit part) having
a shape of a long and slender slit are formed.

ii) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
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electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns having a shape of a long and slender slit are
formed, and a liquid crystal alignment direction con-
trol electrode having almost the same shape as a
shape of the slit, and a larger dimension than a di-
mension of the slit are formed in a lower layer of the
slit via an insulated film.

[Method 4]

[0014] A following drive system is used as a method
for driving the vertically aligned mode liquid crystal dis-
play having the electrode structure by the method 3.
[0015] There is used a drive system in which: when a
potential of the transparent pixel electrode separated for
every pixel of an active matrix substrate side is lower
than a potential of the countering flat common electrode
on a color filter substrate side, a potential of the liquid
crystal alignment direction control electrode currently
placed in a lower layer of the slit of the transparent pixel
electrode is set lower than a potential of the transparent
pixel electrode; and when a potential of the transparent
pixel electrode is higher than a potential of the counter-
ing flat common electrode of the color filter substrate
side, a potential of the liquid crystal alignment direction
control electrode placed in a lower layer of the slit of the
transparent pixel electrode is set higher than a potential
of the transparent pixel electrode; and polarities of the
potential of the transparent pixel electrode, and of the
potential of the liquid crystal alignment direction control
electrode are reversed to a polarity of a potential of the
flat common electrode in a color filter substrate side eve-
ry vertical scanning period.

[Method 5]

[0016] In order to impress a voltage to anisotropic lig-
uid crystal molecules that are vertically aligned to an ac-
tive matrix substrate and a color filter substrate and have
a negative dielectric constant, and to make the liquid
crystal molecules tilt in many directions, two kinds of fol-
lowing electrode structures were formed in one pixel of
the active matrix substrate.

i) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode on the active matrix substrate side, many
circular or polygonal holes (no transparent elec-
trodes in a portion of a hole) are formed.

ii) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns having a shape of a long and slender slit are
formed, two rows of liquid crystal alignment direc-
tion control electrodes that are mutually separated
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and set as potentials different from each other exist
in a lower layer of the transparent pixel electrode
via an insulated film, either of the liquid crystal align-
ment direction control electrodes has almost the
same shape as a shape of a pattern of the shape
of long and slender slits, and a larger dimension
than a dimension of the slit, and two rows of the lig-
uid crystal alignment direction control electrodes
mutually separated are arranged in a direction of a
scan signal wiring in a lower layer of the long and
slender slits that are formed, mutually exchanged
in an every fixed pixel cycle, in the transparent pixel
electrode.

[Method 6]

[0017] A following drive system is used as a method
for driving the vertically aligned mode liquid crystal dis-
play having the electrode structure by the method 5.
[0018] There is used a drive system in which: when a
potential of the transparent pixel electrode separated for
every pixel of an active matrix substrate side is lower
than a potential of the countering flat common electrode
on a color filter substrate side, a potential of the liquid
crystal alignment direction control electrode currently
placed in a lower layer of a slit of the transparent pixel
electrode is set lower than a potential of the transparent
pixel electrode; and when a potential of the transparent
pixel electrode is higher than a potential of the counter-
ing flat common electrode of the color filter substrate
side, a potential of the liquid crystal alignment direction
control electrode placed in a lower layer of the slit of the
transparent pixel electrode is set higher than a potential
of the transparent pixel electrode; and potentials of the
liquid crystal alignment direction control electrodes ar-
ranged in the vicinity of both sides of the scan signal
wiring are set as polar potentials different from each oth-
er, and polarities of the potential of the transparent pixel
electrode, and of each of the potential of the two rows
of the liquid crystal alignment direction control elec-
trodes mutually separated in one pixel are reversed to
a polarity of a potential of the flat common electrode in
a color filter substrate side every vertical scanning peri-
od.

[Method 7]

[0019] Inan active matrix type vertically aligned mode
liquid crystal display in which adjacent transparent pixel
electrodes in a direction of a scan signal wiring are con-
nected to a thin film transistor component controlled by
mutually different scan signal wirings, in order to im-
press a voltage to liquid crystal molecules that are ver-
tically aligned between an active matrix substrate and a
color filter substrate and to make the liquid crystal mol-
ecules tiltin many directions, two kinds of following elec-
trode structures were formed in one pixel of the active
matrix substrate.
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i) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, many
circular or polygonal holes (no transparent elec-
trodes in a portion of a hole) are formed.

i) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns having a shape of a long and slender slit are
formed, a liquid crystal alignment direction control
electrode having almost the same shape as a shape
of the slit, and a larger dimension than a dimension
of the slit are formed in a lower layer of the slit via
an insulated film.

[Method 8]

[0020] A following drive system is used as a method
for driving the vertically aligned mode liquid crystal dis-
play having the electrode structure by the method 7.
[0021] There is used a drive system in which: when a
potential of the transparent pixel electrode separated for
every pixel on an active matrix substrate side is lower
than a potential of the countering flat common electrode
on a color filter substrate side, a potential of the liquid
crystal alignment direction control electrode currently
placed in a lower layer of a slit of the transparent pixel
electrode is set lower than a potential of the transparent
pixel electrode; and when a potential of the transparent
pixel electrode is higher than a potential of the counter-
ing flat common electrode of the color filter substrate
side, a potential of the liquid crystal alignment direction
control electrode placed in a lower layer of the slit of the
transparent pixel electrode is set higher than a potential
of the transparent pixel electrode; and polarities of the
potential of the transparent pixel electrode, and of the
potential of the liquid crystal alignment direction control
electrode are reversed to a polarity of a potential of the
flat common electrode in a color filter substrate side eve-
ry vertical scanning period.

[Method 9]

[0022] In the method 1 and 3, the slit formed in the
transparent pixel electrode in an active matrix substrate
side and extending long and slender, and the slit forming
a group with the liquid crystal alignment direction control
electrode are arranged alternately, maintaining an al-
most parallel relationship in a direction making about
145 degrees to a direction of the scan signal wiring; and
polarization axes of two polarizing plates placed in ex-
terior of a liquid crystal cell are arranged in a direction
of the scan signal wiring and in a direction of the video
signal wiring, and are arranged so that they may per-
pendicularly mutually intersect.
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[Method 10]

[0023] In the method 1 and 3, there was adopted a
structure that the slit formed in the transparent pixel
electrode in an active matrix substrate side and extend-
ing long and slender is arranged in a direction making
145 degrees to a direction of a scan signal wiring; and
the slit forming a group with the liquid crystal alignment
direction control electrode are arranged in a parallel di-
rection and in a perpendicular direction to a direction of
the scan signal wirings; and the liquid crystal alignment
direction control electrode encloses a periphery of the
transparent pixel electrode while overlapping with the
transparent pixel electrode via the insulated film; and
polarization axes of two polarizing plates placed in ex-
terior of a liquid crystal cell are arranged in the direction
of the scan signal wiring and in a direction of the video
signal wiring, and are arranged so that they may per-
pendicularly mutually intersect.

[Method 11]

[0024] In the method 1 and 3, there, was adopted a
structure that the slit formed in a transparent pixel elec-
trode in an active matrix substrate side and extending
long and slender is arranged in a parallel direction and
in a perpendicular direction to the direction of the scan
signal wiring; and the slit forming a group with the liquid
crystal alignment direction control electrode is arranged
in parallel to a direction of the scan signal wiring; and
the liquid crystal alignment direction control electrode
encloses a periphery of the transparent pixel electrode
while overlapping with the transparent pixel electrode
via the insulated film; and polarization axes of two po-
larizing plates placed in exterior of a liquid crystal cell
are arranged a direction of the scan signal wiring and in
a direction of the video signal wiring, and are arranged
so that they may perpendicularly mutually intersect.

[Method 12]

[0025] Inthe method 1and 3, the slitformedin a trans-
parent pixel electrode in an active matrix substrate side
and extending long and slender is arranged in a parallel
direction and in a perpendicular direction to a direction
of the scan signal wiring; and the slit forming a group
with the liquid crystal alignment direction control elec-
trode have a structure arranged in directions making
+45 degrees to a direction of the scan signal wiring; and
polarization axes of two polarizing plates placed in ex-
terior of a liquid crystal cell are arranged in a direction
of the scan signal wiring and in a direction of the video
signal wiring, and are arranged so that they may per-
pendicularly mutually intersect.

[Method 13]

[0026] In the method 5 and 7, there was adopted a
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structure that the slit forming a group with the liquid crys-
tal alignment direction control electrode are arranged in
a parallel direction and in a perpendicular direction to a
direction of the scan signal wiring so as to enclose two
or more of circular or polygonal holes currently formed
in the transparent pixel electrode in an active matrix sub-
strate side; and the liquid crystal alignment direction
control electrode encloses a periphery of the transpar-
ent pixel electrode while overlapping with the transpar-
ent pixel electrode via the insulated film; and polariza-
tion axes of two polarizing plates placed in exterior of a
liquid crystal cell are arranged in a direction of the scan
signal wiring and in a direction of the video signal wiring,
and are arranged so that they may perpendicularly mu-
tually intersect.

[Method 14]

[0027] In the method 1, 3, 5, and 7, the liquid crystal
alignment direction control electrode formed in a lower
layer of the slit of the transparent pixel electrode via the
insulated film is simultaneously formed in the same layer
at the time of formation of the scan signal wiring.

[Method 15]

[0028] Inthe methods 1, 3, 5, and 7, an additional ca-
pacitance was formed with the liquid crystal alignment
direction control electrode formed in a lower layer of the
slit of the transparent pixel electrode via the insulated
film, and the transparent pixel electrode.

[Method 16]

[0029] In the method 1 and 5, all of the scan signal
wirings and the liquid crystal alignment direction control
electrodes are completely separated, and are connect-
ed to output terminals of different drive ICs, respectively;
and contact buttons of the two rows of liquid crystal
alignment direction control electrodes for controlling one
row of pixels are arranged so that they may be sand-
wiched between contact buttons of different scan signal
wirings.

[Method 17]

[0030] In the method 3 and 7, all of the scan signal
wirings and the liquid crystal alignment direction control
electrodes are completely separated and independent,
and are connected to output terminals of different drive
ICs, respectively; and contact buttons of the one row of
liquid crystal alignment direction control electrodes for
controlling one row of pixels are arranged so that they
may be sandwiched between contact buttons of differ-
ent scan signal wirings.
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[Method 18]

[0031] Inthe method 1, 3, 5, and 7, contact buttons of
the scan signal wiring are arranged in either of right side
or left side of a display screen part, and contact buttons
of the liquid crystal alignment direction control electrode
are arranged on another side different from a side of the
contact buttons of the scan signal wiring, each contact
button is mutually completely separated and independ-
ent, and is connected to output terminals of different
drive ICs, respectively.

[Method 19]

[0032] Inthe method 1 and 5, the scan signal wirings
and the liquid crystal alignment direction control elec-
trodes are completely separated and independent, each
contact button is arranged on both of right and left sides
of a display screen part, and contact buttons of the two
rows of the liquid crystal alignment direction control
electrodes for controlling one row of pixels are arranged
so that they may be sandwiched between contact but-
tons of different scan signal wirings.

[Method 20]

[0033] Inthe method 3 and 7, all of scan signal wirings
and liquid crystal alignment direction control electrodes
are completely separated and independent, each con-
tact button is arranged on both of right and left sides of
a display screen part, and contact buttons of the one
row of liquid crystal alignment direction control elec-
trodes for controlling one row of pixels are arranged so
that they may be sandwiched between contact buttons
of different scan signal wirings.

[Method 21]

[0034] In the methods 2, 4, 6, and 8, at the time of
moving image displaying, a bias voltage impressed be-
tween the liquid crystal alignment direction control elec-
trode currently formed in a lower layer of the slit of the
transparent pixel electrode and the transparent pixel
electrode is set higher than a voltage at the time of still
picture displaying, and thereby, a tilting speed of aniso-
tropic liquid crystal molecules having a negative dielec-
tric constant are set higher.

[Method 22]

[0035] Inorderto impress a voltage to anisotropic lig-
uid crystal molecules having a negative dielectric con-
stant that are vertically aligned to an active matrix sub-
strate and a color filter substrate and to make the liquid
crystal molecules tilt in different two directions or differ-
ent four directions, two kinds of following electrode
structure and structure arrangement were formed in one
pixel of the active matrix substrate.
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i) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns (no transparent electrode in a slit part) having
a shape of a long and slender slit are formed.

ii) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns having a shape of a long and slender slit are
formed, and a liquid crystal alignment direction con-
trol electrode having almost the same shape as a
shape of the slit, and a larger dimension than a di-
mension of the slit are formed in a lower layer of the
slit via an insulated film.

iii) In a pixel of n row m column, a thin film transistor
element is formed in a position where a scan signal
wiring of (n-1) row and a video signal wiring of (m+1)
column intersect with each other, and a video signal
wiring of (m+1) column and a liquid crystal align-
ment direction control electrode used for a pixel of
n row m column are connected via the thin film tran-
sistor element; and a thin film transistor element is
formed in a position where a scan signal wiring of n
row and a video signal wiring of m column intersect,
and a video signal wiring of m column and a trans-
parent pixel electrode used for a pixel of n row m
column are connected via the thin film transistor el-
ement.

[Method 23]

[0036] In order to impress a voltage to anisotropic lig-
uid crystal molecules having a negative dielectric con-
stant that are vertically aligned to an active matrix sub-
strate and a color filter substrate and to make the liquid
crystal molecules tilt in different two directions or differ-
ent four directions, two kinds of following electrode
structure and structure arrangement were formed in one
pixel of the active matrix substrate.

i) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns (no transparent electrode in a slit part) having
a shape of a long and slender slit are formed.

ii) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns having a shape of a long and slender slit are
formed, and a liquid crystal alignment direction con-
trol electrode having almost the same shape as a
shape of the slit, and a larger dimension than a di-
mension of the slit is formed in a lower layer of the
slit via an insulated film.
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iii) In a pixel of n row m column, a thin film transistor
element is formed on a scan signal wiring of (n-1)
row, a common electrode of n row, and a liquid crys-
tal alignment direction control electrode used for a
pixel of n row m column are connected via the thin
film transistor element, and a thin film transistor el-
ement is formed in a position where a scan signal
wiring of n row and a video signal wiring of m column
intersect with each other, and the video signal wiring
of m column, and a transparent pixel electrode used
for a pixel of n row m column are connected via the
thin film transistor element.

[Method 24]

[0037] In order to impress a voltage to liquid crystal
molecules that are vertically aligned to an active matrix
substrate and a color filter substrate and to make the
liquid crystal molecules tilt in many directions, two kinds
of following electrode structure and structure arrange-
ment were formed in one pixel of the active matrix sub-
strate.

i) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, circular
or polygonal holes (no transparent electrodes in a
portion of a hole) are formed.

ii) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns having a shape of a long and slender slit are
formed, a liquid crystal alignment direction control
electrode having almost the same shape as a shape
of the slit, and a larger dimension than a dimension
of the slit are formed in a lower layer of the slit via
the insulated film.

iii) In a pixel of n row m column, a thin film transistor
element is formed in a position where a scan signal
wiring of (n-1) row and a video signal wiring of (m+1)
column intersect with each , and a video signal wir-
ing of (m+1) column and a liquid crystal alignment
direction control electrode used for a pixel of n row
m column are connected via the thin film transistor
element; and a thin film transistor element is formed
in a position where a scan signal wiring of n row and
a video signal wiring of m column intersect with
each other, and the video signal wiring of m column
and a transparent pixel electrode used for pixel of
n row m column are connected via the thin film tran-
sistor element.

[Method 25]

[0038] In order to impress a voltage to liquid crystal
molecules that are vertically aligned between an active
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matrix substrate and a color filter substrate and to make
the liquid crystal molecules tilt in many directions, two
kinds of following electrode structures and structure ar-
rangements were formed in one pixel of the active matrix
substrate.

i) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side many
circular or polygonal holes (no transparent elec-
trodes in a portion of a hole) are formed.

i) A transparent flat common electrode is used in a
color filter substrate side, and for transparent pixel
electrodes countering the transparent flat common
electrode in the active matrix substrate side, pat-
terns having a shape of a long and slender slit are
formed, and a liquid crystal alignment direction con-
trol electrode having almost the same shape as a
shape of the slit, and a larger dimension than a di-
mension of the slit are formed in a lower layer of the
slit via an insulated film.

iii) In a pixel of n row m column, a thin film transistor
element is formed on a scan signal wiring of (n-1)
row, a common electrode of n row and a liquid crys-
tal alignment direction control electrode used for a
pixel of n row m column are connected via the thin
film transistor element, and a thin film transistor el-
ement is formed in a position where a scan signal
wiring of n row and a video signal wiring of m column
intersect with each other, and the video signal wiring
of m column and a transparent pixel electrode used
for a pixel of n row m column are connected via the
thin film transistor element.

[Method 26]

[0039] Inthe methods 22, 23, 24, and 25, a time width
of a scan signal waveform in the scan signal wiring is
no less than two times of a horizontal period, a scan sig-
nal waveform in a scan signal wiring of (n-1) th row and
a scan signal waveform in a scan signal wiring of (n) th
row overlap one another by no less than one time of a
horizontal period; and polarities of a video signal voltage
of a video signal wiring of m column, and a video signal
voltage of a video signal wiring of (m+1) column are dif-
ferent from each other, and the polarities being mutually
exchanged every horizontal period, and the polarities
being mutually exchanged every vertical period.

[Method 27]

[0040] In the methods 22 and 24, a channel length
(L,) of a thin film transistor element that is formed in a
position where a scan signal wiring of (n-1) row and a
video signal wiring of column (m+1) intersect, and is
connected with the liquid crystal alignment direction
control electrode was set larger than a channel length
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(L4) of a thin film transistor element that is formed in a
position where a scan signal wiring of n row and a video
signal wiring of m column intersect, and is connected
with the transparent pixel electrode (L4 < L,).

[Method 28]

[0041] In the methods 23 and 25, a channel length
(L,) of a thin film transistor element that is formed on a
scan signal wiring of (n-1) row, and is connected with
the liquid crystal alignment direction control electrode
was set larger than a channel length (L) of a thin film
transistor element that is formed in a position where a
scan signal wiring of n row and a video signal wiring of
m column intersect, and is connected with the transpar-
ent pixel electrode (L <L,).

[Method 29]

[0042] In the methods 22, 23, 24, and 25, a double
transistor element structure or an offset channel ele-
ment structure was used for a thin film transistor element
connected with the liquid crystal alignment direction
control electrode.

[Method 30]

[0043] In the methods 22 and 23, a slit formed in the
transparent pixel electrode in the active matrix substrate
side and extending long and slender, and a slit forming
a group with the liquid crystal alignment direction control
electrode are arranged alternately, maintaining a rela-
tionship almost parallel to each other in an angle direc-
tion of about +45 degrees to an extending direction of
the scan signal wiring; polarization axes of two polariz-
ing plates placed in exterior of a liquid crystal cell are
arranged in a direction of the scan signal wiring and in
a direction of the video signal wiring, and are arranged
so that they may perpendicularly mutually intersect.

[Method 31]

[0044] In the methods 22 and 23, a slit formed in a
transparent pixel electrode in the active matrix substrate
side and extending long and slender are arranged in a
parallel direction and in a perpendicular direction to an
extending direction of the scan signal wiring; and a slit
forming a group with the liquid crystal alignment direc-
tion control electrode is arranged in a angle direction of
about £45 degrees to a direction of the scan signal wir-
ings; and polarization axes of two polarizing plates
placed in exterior of a liquid crystal cell are arranged in
a direction of the scan signal wiring and in a direction of
the video signal wiring, and are arranged so that they
may perpendicularly mutually intersect.
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[Method 32]

[0045] In methods 22 and 23, there was adopted a
structure that a slit formed in the transparent pixel elec-
trode in the active matrix substrate side and extending
long and slender is arranged in a angle direction of about
+45 degrees to an extending direction of the scan signal
wiring; and a slit forming a group with the liquid crystal
alignment direction control electrode is arranged in a
parallel direction and in a perpendicular direction to an
extending direction of the scan signal wiring; and the lig-
uid crystal alignment direction control electrode enclos-
es a periphery of the transparent pixel electrode while
overlapping with the transparent pixel electrode via the
insulated film; and polarization axes of two polarizing
plates placed in exterior of a liquid crystal cell are ar-
ranged in a direction of the scan signal wiring and in a
direction of the video signal wiring, and are arranged so
that they may perpendicularly mutually intersect.

[Method 33]

[0046] In methods 24 and 25, there was adopted a
structure that a slit forming a group with the liquid crystal
alignment direction control electrode is arranged in a di-
rection perpendicular to a direction parallel to an extend-
ing direction of the scan signal wiring so that two or more
circular or polygonal holes currently formed in the trans-
parent pixel electrode in the active matrix substrate side
may be surrounded; and the liquid crystal alignment di-
rection control electrode encloses a periphery of the
transparent pixel electrode while overlapping with the
transparent pixel electrode via the insulated film; and
polarization axes of two polarizing plates placed in ex-
terior of a liquid crystal cell are arranged in a direction
of the scan signal wiring and in a direction of the video
signal wiring, and are arranged so that they may per-
pendicularly mutually intersect.

[Method 34]

[0047] In the methods 22, 23, 24, and 25, the liquid
crystal alignment direction control electrode formed in a
lower layer of a slit of the transparent pixel electrode via
the insulated film is simultaneously formed in the same
layer at the time of formation of the scan signal wiring.

[Method 35]

[0048] In the methods 22 and 23, the liquid crystal
alignment direction control electrode formed in a lower
layer of a slit of the transparent pixel electrode via the
insulated film is simultaneously formed in the same layer
at the time of formation of the video signal wiring.

[Method 36]

[0049] In the method 22, two thin film transistor ele-
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ments are required in one pixel in order to drive the one
pixel and only one contact hole exists for electrically
connecting a drain electrode of a thin film transistor el-
ement formed in a position where a scan signal wiring
of n row and a video signal wiring of m column intersect
with each other, and the transparent pixel electrode.

[Method 37]

[0050] Inthe methods 22 and 24, two thin film transis-
tor elements are required in one pixel in order to drive
the one pixel and two contact holes exist for electrically
connecting a drain electrode of a thin film transistor el-
ement formed in a position where a scan signal wiring
of (n-1) row and a video signal wiring of (m+1) column
intersect with each other, and the liquid crystal align-
ment direction control electrode; and only one contact
hole exists for electrically connecting a drain electrode
of a thin film transistor element formed in a position
where a scan signal wiring of n row and a video signal
wiring of m column intersect with each other, and the
transparent pixel electrode.

[Method 38]

[0051] Inthe methods 22, 23, 24, and 25, two thin film
transistor elements are required in one pixel in order to
drive the one pixel and one thin film transistor element
is connected to the transparent pixel electrode, another
remaining thin film transistor element is connected to the
liquid crystal alignment direction control electrode, and
the transparent pixel electrode and the liquid crystal
alignment direction control electrode were overlapped
via the insulated film to form a capacitance.

[Method 39]

[0052] Inthe methods 22, 23, 24, and 25, an interme-
diate electrode of a thin film transistor element connect-
ed with the liquid crystal alignment direction control elec-
trode and having a double transistor structure and the
transparent pixel electrode overlap via the insulated film
to form a capacitance.

[Method 40]

[0053] In the methods 22 and 24, a transparent pixel
electrode of n row and m column and a scan signal wir-
ing of (n-1) th row may overlap one another via an insu-
lated film to form a storage capacitor.

[Method 41]

[0054] In the methods 23 and 25, a transparent pixel
electrode of n row and m column and a common elec-
trode of n row may overlap one another via the insulated
film to form a storage capacitor.
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[Effect of the Invention]

[0055] Use of the methods 1, 2, 3, 4, 5, 6, 7, and 8,
enables anisotropic liquid crystal molecules having a
negative dielectric constant in a state of being vertically
aligned to tilt in a target direction, as shown in Fig. 2,
Fig. 3, Fig. 5, and Fig. 6.

[0056] This makes unnecessary formation of a bump
5 that had to be formed on a color filter side substrate
of a vertically aligned mode liquid crystal display, for mo-
tion directional control of liquid crystal molecules, as is
shown in conventional method Fig. 1. Moreover, this en-
ables manufacture of a multi-domain vertically aligned
mode liquid crystal display using a cheap color filter, as
shown in Fig. 4.

[0057] Furthermore, only alignment layers 6 and 7
and anisotropic liquid crystal molecules having a nega-
tive dielectric constant 14 exist between a flat common
electrode 4 in a color filter side, and a transparent pixel
electrode 8 of an active matrix substrate as shown in
Fig. 4, which completely solves problems, such as dif-
fusion of contaminants from the bump 5, and remarkably
improves reliability.

[0058] Additionally, even in case of failure in applica-
tion of an alignment layer, omission of bump 5 enables
simple and short time regeneration with oxygen plasma
by a dry-asher. That is, in surface treatment process be-
fore alignment layer application, a plasma treatment
with oxygen and argon using a dry-asher becomes us-
able, which remarkably decrease repelling and genera-
tion of pinhole in alignment layer application process.
[0059] Use of the methods 9, 10, 11, 12, and 13 may
sharply improve effective use efficiency of polarizing
plates, and thereby may reduce a cost of polarizing
plates used for very large-sized liquid crystal displays.
In addition, effective use efficiency of a polarizer having
reflexibility comprising multilayer laminated body of two
kinds of materials used for a backlight may also be
sharply improved, which may also reduce cost of a back-
light for very large-sized liquid crystals display. Moreo-
ver, possibility of control for a motion direction of liquid
crystal molecules in four directions may provide wide
viewing angles.

[0060] Use of the methods 14 and 15 enables manu-
facture of an active matrix substrate of the present in-
vention using completely same processes, without
changing manufacturing processes of conventional ac-
tive matrix substrate.

[0061] In addition, since a liquid crystal alignment di-
rection control electrode is arranged close to both sides
of a video signal wiring and, as shown in Fig. 7, Fig. 8,
Fig. 9, Fig. 10, Fig. 14, Fig. 16, Fig. 17, Fig. 18, and Fig.
25, a potential variation of a video signal wiring is easily
shielded, which may completely control a cross talk gen-
eration in a perpendicular direction.

[0062] Use of the methods 16, 17, 18, 19, and 20 en-
ables separate drive for every row of liquid crystal align-
ment direction control electrodes currently formed in a
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lower layer of slits of transparent pixel electrodes of
each row, enabling uniform display by same conditions
in all portions of upper part, central part, and lower part
of a display screen.

[0063] Use of the methods 2, 4, 6, 8, and 21 enables
anisotropic liquid crystal molecules having a negative
dielectric constant in a state of being vertically aligned
to tilt in a target direction, preventing generation of dis-
clination to enable uniform half tone display. Additional-
ly, use of the method of the present invention may sharp-
ly improve a late response speed, in a change to a half
tone display from a black display, and to a half tone dis-
play from a white display, that has been a problem in a
conventional vertically aligned mode liquid crystal dis-
play mode. In case of responding animated pictures, in-
crease of a bias voltage impressed between a certain
transparent pixel electrode and a liquid crystal align-
ment direction control electrode formed in a lower layer
of slits of the transparent pixel electrode may further im-
prove a speed of response. In the present invention,
since a display approaches closer to black display and
the above-mentioned bias voltage may become larger,
a speed of response is improvable in all regions.
[0064] Use of the methods 22, 23, 24, 25, and 26
makes unnecessary formation of a bump 5 in a color
filter (CF) substrate 3 for motion directional control of
liquid crystal molecules as is shown in Fig. 1 of conven-
tional methods, which may enable a simple color filter
structure as is shown in Fig. 34, Fig. 40, Fig. 45, and
Fig. 46 to realize low price. Furthermore, a problem of
diffusion into liquid crystals of contaminant from bumps,
which conventionally has been a problem, may com-
pletely be solved, and also a problem of unevenness in
a half tone area induced from heterogeneity of shape of
the bumps may completely be wiped away, leading to
simultaneous realization of remarkable improvement in
yield, and improvement in reliability.

[0065] Moreover, since amethod of the presentinven-
tion does not require bumps, in failure in application of
an alignment layer, regeneration can be easily per-
formed in a short time using oxygen plasma by a dry-
asher. In surface treatment process before alignment
layer application, a plasma treatment with oxygen and
argon using a dry-asher becomes usable, which re-
markably decrease repelling and generation of pinhole
in alignment layer application process.

[0066] Use of the methods 22, 23, 24, 25, 26, 27, 28,
29, and 39 makes unnecessary special drive ICs for
driving liquid crystal alignment direction control elec-
trodes, and contact button parts, which may realize low
price products. Furthermore, use of a double transistor
structure, or an offset transistor structure may reduce
leakage current. Since electric field is dispersed and
concentration is prevented, even if a large voltage is im-
pressed between a source and a drain electrode of a
transistor, shift of a threshold voltage (Vth) of thin film
transistors is reduced, leading to realization of a reliable
liquid crystal panel. Increase in a channel length (L,) of
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thin film transistor elements connected to liquid crystal
alignment direction control electrodes may reduce a
leakage current.

[0067] Use of the methods 22, 23, 24, 25, 26, 30, 31,
32, and 33 may sharply improve effective use efficiency
of a polarizing plate compared with conventional liquid
crystal panels in TN (Twisted Nematic) mode, which
may reduce a cost of a polarizing plate used in very
large-sized liquid crystal displays. In addition, effective
use efficiency of a polarizer having reflexibility compris-
ing multilayer laminated body of two kinds of materials
(brand name: DBEF by 3M Inc.) used for a backlight may
also be sharply improved, which may also reduce a cost
of a backlight for very large-sized liquid crystal displays.
[0068] Since use of the methods 22, 23, 24, 25, 34,
and 35 enables manufacture of active matrix liquid crys-
tal panels of the present invention using same process-
es, without changing most of conventional manufactur-
ing processes of an active matrix substrate and manu-
facturing processes of a color filter in TN mode, leading
to demonstration of predominancy in respect of yield
and low cost.

[0069] Use of the methods 22, 23, 24, 25, 26, 36, 37,
and 38 may realize vertically aligned mode liquid crystal
display having a simplest structure. This method does
not have excessive and unnecessary thin film transistor
elements in one pixel, but an aperture ratio may be set
large in the highest, being able to realize a bright display.
[0070] Since use of the methods 22, 23, 24, 25, 26,
27, 28, 29, and 39 enables impression of a large voltage
between a transparent pixel electrode and a liquid crys-
tal alignment direction control electrode, deformation of
an electric field for driving vertically aligned liquid crystal
molecules may be set significantly large. This may im-
prove a rate of reaction of the liquid crystal molecules,
and even in moving image displaying, a flow of image
and a residual image phenomenon are scarcely gener-
ated.

[0071] When a scanning line of n row is set as OFF,
use of the methods 22, 23, 24, 25, 40, and 41 may de-
crease a potential variation of a transparent pixel elec-
trode, and reduce flicker.

[0072] Use of the methods 22, 23, 24, 25, and 26 may
provide vertically aligned liquid crystal molecules with
alignment almost perpendicular in all areas at the time
of black display, which reduces light leakage more than
in conventional methods using bumps, and may realize
completely uniform black display also in a dark room.

[Best Mode of Carrying Out the Invention]

[0073] Hereinafter, with reference to accompanying
drawings, description about desirable Example of the
present invention will be provided.

[Example 1]

[0074] Figs. 4, 5, and 6 show sectional views of Ex-
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ample 1 of the present invention. A color filter substrate
1 has a flat transparent common electrode 4, and an
active matrix substrate 13 is arranged facing the sub-
strate 1 and in parallel.

[0075] In the active matrix substrate 13, firstly, a scan
signal wiring 17 and a liquid crystal alignment direction
control electrode 15 are simultaneously formed in the
same layer, and subsequently, a gate insulator film 12,
an amorphous silicone layer, and an n* amorphous sil-
icone layer for ohmic contacts are deposited.

[0076] After formation of a thin film transistor element
part, a video signal wiring 11 and a drain electrode are
formed.

[0077] Next, a contact hole 18 is formed in a portion
of a drain electrode after deposition of a passivation film
10, and then a transparent electric conductive film is de-
posited. In the transparent electric conductive film, as
shown in Fig. 7, some slits are formed and each pixel is
completely separated for every pixel to provide a trans-
parent pixel electrode 8.

[0078] An electrode structure of the present invention
has following special features: there exist one another
in one pixel a portion in which a long and slender slit 9,
or a circular or polygonal hole is formed facing a flat
transparent common electrode 4 on a color filter side,
as shown in Fig. 2; and a portion in which a long and
slender slit and a liquid crystal alignment direction con-
trol electrode 15 having almost the same shape as the
slit, and having a larger dimension than a dimension of
the slit are formed facing the flat transparent common
electrode 4 on a color filter side, as shown in Fig. 3.
[0079] As shown in Fig. 5 and Fig. 6, these two kinds
of electrode structures control to tilt correctly anisotropic
liquid crystal molecules having a negative dielectric con-
stant 14 in two directions, four directions, or many direc-
tions, that is, in target directions within one pixel. Distri-
bution of equipotential lines is shown in Fig. 2 and Fig. 3.
[0080] Asshownin Fig. 4, Fig. 5, and Fig. 6, in Exam-
ple 1, liquid crystal alignment direction control elec-
trodes 15 are arranged close to both of right and left
sides of a video signal wiring 11. Since the liquid crystal
alignment direction control electrode 15 shields a signal
voltage variation of the video signal wiring 11, effect of
the video signal wiring 11 is not transmitted to the trans-
parent pixel electrode 8. As compared with conventional
vertically aligned mode liquid crystal displays shown in
Fig. 1, a vertically aligned mode liquid crystal display of
the present invention of Fig. 4 generates very little per-
pendicular stroke. Since a width of BM (shading film
(Black Matrix)) 2 of a color filter may also be set more
narrowly than in conventional products, a vertically
aligned mode liquid crystal display with a large aperture
ratio may be realizable.

[Example 2]

[0081] Fig. 30, Fig. 31, and Fig. 32 show sectional
views of Example 2 of the present invention. In funda-
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mental aspect, almost the same structure as in Example
1 is used for Example 2. An electrode structure of the
Example has special features that two kinds of electrode
structures as shown in Fig. 2 and Fig. 3 exist together
in one pixel.

[0082] Asshownin Fig. 30, Fig. 31, and Fig. 32, since
a video signal wiring 11 is only sandwiched by transpar-
ent pixel electrodes 8 from both of right and left sides,
capacitance of a video signal wiring 11 can be designed
minimal, and accordingly, even if a resistance of the vid-
eo signal wiring 11 is high, a problem of signal delay is
hard to be generated.

[0083] Fig. 24 shows a plan view of Example 2. Only
one row of liquid crystal alignment direction control elec-
trode 15 exists in one pixel. Adjacent transparent pixel
electrodes 8 are connected to a thin film transistor ele-
ment 16 controlled by a different scan signal wiring 17,
respectively.

[0084] As a plan view of Fig. 24 shows, since an area
in which the liquid crystal alignment direction control
electrode 15 exists close to a scan signal wiring 17 is
small, even if the scan signal wiring 17 and the liquid
crystal alignment direction control electrode 15 are si-
multaneously formed in the same layer, a probability that
a defect in which electric short-circuit is provided by a
connection of each other will occur is extremely small.
[0085] Slits 9 are formed in a direction parallel direc-
tion and a perpendicular direction to the scan signal wir-
ing 17, and slits forming a group with a liquid crystal
alignment direction control electrode 15 are extended in
angle directions of +45 degrees to the scan signal wiring
direction. Slits forming a group with a liquid crystal align-
ment direction control electrode may have a form like
connected diamond-shapes, and may have a form like
squares located in a line as shown in Fig. 28 and Fig. 29.

[Example 3]

[0086] Fig. 7 shows a plan view of Example 3 of the
present invention. The Example has a structure where
two kinds of structures, a structure shown in a cross sec-
tion structural figure of Example 1 and a structure shown
in a cross section structural figure of Example 2, are
mixed inside one pixel. In one pixel, two rows of liquid
crystal alignment direction control electrodes of an up-
per liquid crystal alignment direction control electrode
19 and a lower liquid crystal alignment direction control
electrode 20 are arranged, each potential is set as pos-
itive electrode potential and negative electrode potential
on the basis of a potential of a countering flat common
electrode 4 of a color filter side substrate. Adjacent
transparent pixel electrodes 8 are controlled by a differ-
ent liquid crystal alignment direction control electrode,
respectively.

[0087] Fig. 11 and Fig. 12 show a transparent com-
mon electrode potential 21, a video signal wiring wave-
form 22 of odd number column, a scanning line signal
waveform 23 of n row, a scanning line signal waveform
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24 of (n+1) row, an upper liquid crystal alignment direc-
tion control electrode signal waveform 25 of n row, a low-
erliquid crystal alignment direction control electrode sig-
nal waveform 26 of n row, an upper liquid crystal align-
ment direction control electrode signal wave form 27 of
(n+1) row, a lower liquid crystal alignment direction con-
trol electrode signal wave form 28 of (n+1) row, and a
video signal wiring waveform 29 of even number col-
umn.

[0088] As shown in Fig. 11 and Fig. 12, when a signal
having a positive polarity is written in a transparent pixel
electrode 8, a potential of a liquid crystal alignment di-
rection control electrode currently formed via an insula-
tor film 12 in a lower layer of a slit 9 of the transparent
pixel electrode 8 has a positive polar potential higher
than a potential of the transparent pixel electrode 8, and
when a signal having a negative polarity is written in the
transparent pixel electrode 8, a potential of a liquid crys-
tal alignment direction control electrode currently
formed via an insulator film 12 in a lower layer of a slit
9 of the transparent pixel electrode 8 has a negative po-
lar potential lower than a potential of the transparent pix-
el electrode 8.

[0089] Transparent pixel electrode 8, and liquid crys-
tal alignment direction control electrodes 19 and 20 of
two rows arranged in one pixel have exchanged polarity,
respectively, every perpendicular period.

[0090] As shown in Fig. 7, slits 9 currently formed in
a transparent pixel electrode 8 and liquid crystal align-
ment direction control electrodes 19 and 20 arranged in
a lower layer of the slit are arranged so as to make an-
gles of £45 degrees to a direction of a scan signal wiring
17.

[0091] In an upper half and a lower half in one pixel,
the slit 9 and the liquid crystal alignment direction control
electrodes 19 and 20 of a lower layer of the slit, respec-
tively, are arranged alternately and almost in parallel
each other. Special feature is that a liquid crystal align-
ment direction control electrode is arranged in a central
part of the pixel so as to divide the upper half and the
lower half. Polarizing plates are arranged so that polar-
ization axes may become parallel and perpendicular to
the scan signal wiring 17 and may have a relationship
of intersecting mutually perpendicular, in an exterior of
the liquid crystal cell.

[Example 4]

[0092] Fig. 8, Fig. 9, and Fig. 10 show a plan view of
Example 4 of the present invention. This Example
adopts a cross section structural figure of Example 1,
and liquid crystal alignment direction control electrodes
19 and 20 enclose periphery of a transparent pixel elec-
trode 8, which makes it difficult that the transparent pixel
electrode 8 is influenced by a potential variation of a vid-
eo signal wiring 11, and thus hardly generates a perpen-
dicular cross talk. Moreover, since liquid crystal align-
ment direction control electrodes 19 and 20 and the
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transparent pixel electrode 8 are overlapped, a width of
a shading film 2 of a color filter (BM) may be narrowed,
and an aperture ratio may be increased.

[0093] In addition, liquid crystal alignment direction
control electrodes 19 and 20 of two rows exist in one
pixel, and thereby almost the same system as the drive
system in Example 3 may be used.

[0094] In Fig. 8, slits 9 formed in the transparent pixel
electrode 8 are arranged in directions of £45 degrees to
a direction of the scan signal wirings. In Fig. 9, slits 9
formed in the transparent pixel electrode 8 are arranged
in two directions perpendicular and horizontal to a direc-
tion of the scan signal wirings. In Fig. 10, fine notches
of slit are formed in motion directions of liquid crystal
molecules in the transparent pixel electrode 8. Arrange-
ment of polarizing plates may be completely the same
arrangement as an arrangement in Example 3.

[Example 5]

[0095] Fig. 14 shows a plan view of Example 5 of the
present invention. This Example adopts a cross section
structural figure of Example 1, and liquid crystal align-
ment direction control electrodes 19 and 20 enclose pe-
riphery of a transparent pixel electrode 8, which makes
it difficult that the transparent pixel electrode 8 is influ-
enced by a potential variation of a video signal wiring
11, and thus hardly generates a perpendicular cross
talk. This Example differs from Example 4 in a point that
many circular holes 37 are formed in the transparent pix-
el electrode 8. As long as they are holes, polygonal
forms may be of any kinds other than a circular form.
Liquid crystal alignment direction control electrodes 19
and 20 of two rows exist in one pixel, and the same drive
system as in Example 3 may be used. Arrangement of
polarizing plates may be the same arrangement as an
arrangement in Example 3.

[Example 6]

[0096] Fig. 16 shows a plan view of Example 6 of the
present invention. This Example has a structure where
two kinds, a cross section structural figure of Example
1 and a cross section structural figure of Example 2, are
mixed inside one pixel. A liquid crystal alignment direc-
tion control electrode 15 of one row is arranged in one
pixel, and adjacent transparent pixel electrodes 8 are
connected, respectively, with a thin film transistor ele-
ment 16 currently controlled by a different scan signal
wiring 17. Forms of a long and slender slit 9 currently
formed in the transparent pixel electrode 8 and of the
liquid crystal alignment direction control electrode 15
currently formed in a lower layer of the slit via an insu-
lator film 12 are almost the same as in Example 3, and
are arranged to make angles of £45 degrees to the di-
rection of scan signal wiring 17.

[0097] In an upper half and a lower half in one pixel,
the slit 9 and the liquid crystal alignment direction control
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electrode 15 formed in a lower layer of the slit, respec-
tively, are arranged alternately and almost in parallel
each other. A liquid crystal alignment direction control
electrode 15 is arranged that divides an upper half and
a lower half in a central part of a pixel. Polarizing plates
are arranged so that polarization axes may become par-
allel and perpendicular to the scan signal wiring 17 and
may have a relationship of intersecting mutually perpen-
dicular, in an exterior of the liquid crystal cell.

[0098] In all Examples of the present invention, a
transparent pixel electrode 8, and liquid crystal align-
ment direction control electrodes 15, 19, and 20 overlap
mutually via the insulator film 12, and form an additional
capacity (storage capacitor). When a larger additional
capacity is required, an overlapping area may be set
larger. When a smaller additional capacity is required,
an overlapping area may be set smaller. In an usual
range, an overlapping width of about 2 micron (2 mi-
crometers) provides a sufficient additional capacity.
[0099] Fig. 22 and Fig. 23 show a driving method of
Example 6. A driving method of the Example differs from
a driving method of Example 3 a little.

[0100] Fig. 22 and Fig. 23 show a transparent com-
mon electrode potential 21, a video signal wiring wave-
form of odd number column 22, a scanning line signal
waveform of n row 23, a scanning line signal waveform
of row (n+1) 24, a video signal wiring waveform of even
number column 29, and a scanning line signal waveform
of (n-1) row 43.

[0101] In Example 3, there is used a method that ad-
jacent transparent pixel electrodes 8 are controlled by
the same scan signal wiring 17 in Example 3, and video
signals having different polarity, respectively, are written
in from a video signal wiring 11. In Example 6, there is
used a method that adjacent transparent pixel elec-
trodes 8 are controlled by a different scan signal wiring
17, and video signals having the same polarity are writ-
tenin after a shift of one horizontal scanning-period from
a video signal wiring 11. As Fig. 22 and Fig. 23 show,
when a positive signal is written in a transparent pixel
electrode, a potential of a liquid crystal alignment direc-
tion control electrode has a positive polar potential high-
er than the transparent pixel electrode, and when a neg-
ative signal is written in the transparent pixel electrode,
a potential of the liquid crystal alignment direction con-
trol electrode has a negative polar potential lower than
the transparent pixel electrode. The transparent pixel
electrode and the liquid crystal alignment direction con-
trol electrode reverse each polarity for every perpendic-
ular period.

[0102] In all Examples of the present invention, it is
possible to tilt molecules of anisotropic liquid crystal
having a negative dielectric constant 14 in a target di-
rection from a perpendicular direction by setting a po-
tential difference between a transparent pixel electrode
8 and liquid crystal alignment direction control elec-
trodes 15, 19, and 20. In this case tilt angle may only be
one - two degrees from a perpendicular direction (90 de-
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grees). Usually, a bias potential of no less than 4 -5V
is impressed. When a high-speed response is required,
it is necessary to set a tilt angle as no less than 10 de-
grees, and a bias potential of no less than 6 - 8 V is
impressed in this case. When the present invention is
used for a liquid crystal TV, it is effective to set a bias
potential between a transparent pixel electrode 8 and
liquid crystal alignment direction control electrodes 15,
19, and 20 larger. When the present invention is made
to serve a double purpose for a viewing display for com-
puters, and for a moving image displaying apparatus for
TV, it is effective to perform a circuit design so that this
bias potential may be variable.

[Example 7]

[0103] Fig. 17 and Fig. 18 show plan view of Example
7 of the present invention. This Example adopts a cross
section structural figure of Example 1, a liquid crystal
alignment direction control electrode 15 encloses a pe-
riphery of a transparent pixel electrode 8, which makes
it difficult that the transparent pixel electrode 8 is influ-
enced by a potential variation of a video signal wiring
11, and hardly generates a perpendicular cross talk.
One row of liquid crystal alignment direction control
electrode 15 exists in one pixel, and adjacent transpar-
ent pixel electrodes 8 are connected to a thin film tran-
sistor element 16 controlled by a different scan signal
wiring 17, respectively. A driving method of this Example
is same as in Example 6. Arrangement of polarizing
plate is also same as in Example 6.

[Example 8]

[0104] Fig. 25 shows a plan view of Example 8 of the
present invention. This Example adopts a cross section
structural figure of Example 1, and a liquid crystal align-
ment direction control electrode 15 encloses a periphery
of atransparent pixel electrode 8, which makes it difficult
that the transparent pixel electrode 8 is influenced by a
potential variation of a video signal wiring 11, and hardly
generates a perpendicular cross talk. One row of liquid
crystal alignment direction control electrode 15 exists in
one pixel, and adjacent transparent pixel electrodes 8
are connected to a thin film transistor element 16 con-
trolled by a different scan signal wiring 17, respectively.
A driving method of this Example is same as in Example
6. Many circular holes are formed in the transparent pix-
el electrode 8. As long as they are holes, polygonal
forms may be of any kinds other than a circular form. A
rotatory polarization liquid crystal display mode may be
realizable by blending one of chiral material of left-hand-
ed rotation or right-handed rotation to an anisotropic lig-
uid crystal having a negative dielectric constant. In this
case, a value of product of a liquid crystal cell gap d and
arefractive index anisotropy An should just be in arange
of 0.30-0.60 micrometer. Molecules of anisotropic liquid
crystal having a negative dielectric constant tilt aligning
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in a shape of a swirl, while performing a left slewing mo-
tion or a right slewing motion centering on a circular
hole, can pass a light from a backlight from perpendic-
ularly arranged polarizing plates.

[Example 9]

[0105] Fig. 20 shows a plan view of active matrix sub-
strate of Example 9 of the present invention. Both of con-
tact button parts of contact buttons 30, 33, and 36 of a
scan signal wiring and contact buttons 38 and 39 of a
liquid crystal alignment direction control electrode are
gathered a in left side of a display screen. Fig. 19 shows
an expansion plan view of the contact button part.
[0106] Fig. 13 shows an expansion plan view of a con-
tact button part in the case where liquid crystal align-
ment direction control electrodes of two rows existin one
pixel. Fig. 13 shows an upper liquid crystal alignment
direction control electrode contact button 31 of n row, a
lower liquid crystal alignment direction control electrode
contact button 32 of n row, an upper liquid crystal align-
ment direction control electrode contact button 34 of
(n+1) row, and a lower liquid crystal alignment direction
control electrode contact button 35 of (n+1) row. One
scan signal wiring is sandwiched from both of upper side
and lower side by liquid crystal alignment direction con-
trol electrodes of different rows. Polarity switching of up-
per-side and lower-side liquid crystal alignment direc-
tion control electrodes is simultaneously performed
based on a timing as shown in Fig. 33, and thereby a
potential variation of the scan signal wiring may be con-
trolled minimal, which suppresses generation of hori-
zontal periodic unevenness in a display screen. As Fig.
13 show, a short-circuit between contact buttons may
be prevented by providing a distance between the con-
tact buttons 30, 33, and 36 of the can signal wiring, and
the contact buttons 31, 32, 34, and 35 of the liquid crystal
alignment direction control electrode.

[Example 10]

[0107] Fig. 15 and Fig. 21 show a plan view of an ac-
tive matrix substrate of Example 10 of the present in-
vention. Contact buttons 30, 33, and 36 of a scan signal
wiring and contact buttons 38 and 39 of a liquid crystal
alignment direction control electrode are separately di-
vided into left side and right side of a display screen,
respectively. A driving method of this Example may be
methods as shown in Fig. 11 and Fig. 12, and may be a
method as shown in Fig. 33. In Example of the present
invention, since a distance between contact buttons is
expandable by adopting arrangements shown in Fig. 15
and Fig. 21, a short-circuit between contact buttons can
be prevented. Furthermore, usual scan signal wiring
drive IC in TN mode may be used, which enable cost
reduction in development and production.
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[Example 11]

[0108] Fig. 26 and Fig. 27 show a plan view of an ac-
tive matrix substrate of Example 11 of the presentinven-
tion. Contact buttons 30, 33, and 36 of a scan signal
wiring and contact buttons 31, 32, 34, 35, 38, and 39 of
a liquid crystal alignment direction control electrode are
provided in both of right and left ends of a display screen,
which may solve easily a problem of delay of scan signal
waveform, a largest problem when driving a large-sized
liquid crystal display.

[0109] In addition, Fig. 15, Fig. 20, Fig. 21, Fig. 26,
and Fig. 27 show a video signal wiring terminal area 40,
a pixel circumference common electrode terminal area
41, and a protection network 42 for static electricity
countermeasure.

[Example 12]

[0110] Fig. 34, Fig. 35, and Fig. 38 show a sectional
view, a model view, and a plan view of Example 12 of
the present invention. Fig. 51 and Fig. 52 show a man-
ufacturing process flow of a TFT (Thin Film Transistor)
array substrate of Example 12 of the present invention.
Fig. 63 and Fig. 64 show an expanded sectional view of
the TFT array substrate.

[0111] Color filter substrate 1 has a flat transparent
common electrode 4, and an active matrix substrate 13
is arranged in parallel countering this substrate 1. Al-
though bumps 5 for controlling a motion direction of a
liquid crystal are formed on a flat transparent common
electrode 4 as shown in Fig. 1 in conventional liquid
crystal panel in vertically aligned mode, a liquid crystal
panel in vertically aligned mode of the present invention
does not require such bumps.

[0112] Inthe active matrix substrate 1, after formation
of the scan signal wiring 17, an insulator film 12 and an
amorphous silicone layer (non doped layer) 65 and an
n* amorphous silicone layer 66 for ohmic contacts are
deposited. A video signal wiring 11, a drain electrode,
and a liquid crystal alignment direction control electrode
15 are simultaneously formed in the same layer after
formation of a thin film transistor element part. A thin film
transistor element, a video signal wiring 11, a drain elec-
trode, and a liquid crystal alignment direction control
electrode 15 are possible to be prepared in the same
layer simultaneously, using a half-tone exposure tech-
nique currently disclosed in Japanese Patent Laid-Open
No. 2000-066240. Fig. 64 shows a sectional view of a
thin film transistor element and an active matrix sub-
strate of Example 12 of the present invention using the
half-tone exposure. In addition, Figs. 63 and 64 show a
scanning line terminal area 64.

[0113] As shown in Fig. 38, in Example 12 of the
present invention, a number of thin film transistor ele-
ments required in one pixel is only two. A transparent
pixel electrode 8 of n row and m column is connected
with a thin film transistor element 16 formed in a position
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where a scan signal wiring of n row 17 and a video signal
wiring of m column 11 intersect with each other, and a
liquid crystal alignment direction control electrode 15 is
connected with a thin film transistor element 49 formed
in a position where a scan signal wiring of (n-1) row 17
and a video signal wiring of (m+1) column 11 intersect
with each other. Two kinds of slits are formed in the
transparent pixel electrode 8, and Fig. 99 and Fig. 100
show a cross section enlargement of the slits.

[0114] In aslit 9 of type in Fig. 99, when a voltage is
impressed, vertically aligned liquid crystal molecules 14
tiltin directions shown in Fig. 99. In a slit of a type in Fig.
100, a liquid crystal alignment direction control electrode
15 is arranged via an insulator film on a lower layer of
the slit. In a slit of a type in Fig. 100, when a voltage is
impressed, vertically aligned liquid crystal molecules 14
tilt in directions shown in Fig. 100. Fig. 41 and Fig. 42
show modified methods of Fig. 99 and Fig. 100. Fig. 41
and Fig. 42 show an opening 59 currently formed in a
transparent pixel electrode on a liquid crystal alignment
direction control electrode 15. In Fig. 100, the liquid crys-
tal alignment direction control electrode 15 has a larger
size than that of a slit of the transparent pixel electrode
8, and overlaps each other via an insulator film. An im-
portant point of the present invention is a point that the
transparent pixel electrode 8 and the liquid crystal align-
ment direction control electrodes 15 overlap one anoth-
er via an insulator film 12 to form a capacitance.
[0115] Molecules of anisotropic liquid crystal having
a negative dielectric constant 14 may be made to move
in same directions as in Fig. 100 also in an electrode
structure arrangement as shown in Fig. 101, in a planar
structure as shown in Fig. 93, a transparent pixel elec-
trode 8 and a liquid crystal alignment direction control
electrodes 15 do not overlap one another, and a capac-
itance formed by the transparent pixel electrode 8 and
the liquid crystal alignment direction control electrode
15 is small, but problems will be caused if a drive system
of the present invention is used.

[0116] AsshowninFig. 94 and Fig. 95, itis particularly
important in a drive system of the present invention that
a transparent pixel electrode 8 and a liquid crystal align-
ment direction control electrodes 15 overlap at least in
some area via an insulator film.

[Example 13]

[0117] Fig. 40 and Fig. 43 show a sectional view and
a plan view of Example 13 of the present invention. Fig.
53 and Fig. 54 show a manufacturing process flow of a
TFT array substrate of Example 13 of the presentinven-
tion. Fig. 61 and Fig. 62 show an expanded sectional
view of the TFT array substrate.

[0118] A color filter substrate 1 has a flat transparent
common electrode 4, and does not have bumps as in
Example 12.

[0119] In an active matrix substrate 13, after a scan
signal wiring 17 and a liquid crystal alignment direction
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control electrode 15 are first formed in the same layer
simultaneously, an insulator film 12, an amorphous sili-
cone layer 65 (non doped layer), and n* amorphous sil-
icone layer 66 for ohmic contacts are deposited. A video
signal wiring 11 and a drain electrode are simultaneous-
ly formed after formation of a thin film transistor element
part.

[0120] A thin film transistor element, a video signal
wiring 11, and a drain electrode are possible to be pre-
pared in the same layer simultaneously, using a half-
tone exposure technique currently disclosed in Japa-
nese Patent Laid-Open No. 2000-066240. Fig. 62
shows a sectional view of a thin film transistor element
and an active matrix substrate of Example 13 of the
present invention using the half-tone exposure.

[0121] As shown in Fig. 43, in Example 13 of the
present invention, a number of thin film transistor ele-
ments required in one pixel is only two. A transparent
pixel electrode 8 of n row and m column is connected
with a thin film transistor element 16 formed in a position
where a scan signal wiring of n row 17 and a video signal
wiring of m column 11 intersect with each other, and a
liquid crystal alignment direction control electrode 15 is
connected with a thin film transistor element 49 formed
in a position where a scan signal wiring of (n-1) row 17
and a video signal wiring of (m+1) column 11 intersect
with each other. In Example 12, since a drain electrode
of this thin film transistor element and a liquid crystal
alignment direction control electrode 15 are simultane-
ously formed in the same layer, these are connected au-
tomatically, but in Example 13, since a drain electrode
of this thin film transistor element and a liquid crystal
alignment direction control electrode 15 are not formed
in the same layer, two contact holes 61 and 62 must be
provided in order to electrically connect these two elec-
trodes. Although existence of two thin film transistor el-
ements 16 and 49 and one contact hole 56 was enough
for Example 12, Example 13 requires two thin film tran-
sistor elements 16 and 49 and three contact holes 56,
61, and 62, as shown in Fig. 43.

[Example 14]

[0122] Fig. 34, Fig. 36, and Fig. 39 show a sectional
view, a model view, and a plan view of Example 14 of
the present invention. Fig. 55 and Fig. 56 show a man-
ufacturing process flow of a TFT array substrate of Ex-
ample 14 of the present invention.

[0123] Fig. 67 and Fig. 68 show an expanded section-
al view of the TFT array substrate.

[0124] A color filter substrate 1 has a flat transparent
common electrode 4, and does not have bumps as in
Example 12.

[0125] In an active matrix substrate 13, after a scan
signal wiring 17 and a common electrode 48 in an active
matrix side are first formed in the same layer simultane-
ously, an insulator film 12, an amorphous silicone layer
65 (non doped layer), and n* amorphous silicone layer
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66 for ohmic contacts are deposited. A video signal wir-
ing 11 and a drain electrode are simultaneously formed
after formation of a thin film transistor element part.
[0126] A thin film transistor element, a video signal
wiring, a drain electrode, and a liquid crystal alignment
direction control electrode are possible to be prepared
in the same layer simultaneously, using a half-tone ex-
posure technique currently disclosed in Japanese Pat-
ent Laid-Open No. 2000-066240. Fig. 68 shows a sec-
tional view of a thin film transistor element and an active
matrix substrate of Example 14 of the present invention
using the half-tone exposure.

[0127] As shown in Fig. 39, in Example 14 of the
present invention, a number of thin film transistor ele-
ments required in one pixel is only two. A transparent
pixel electrode 8 of n row and m column is connected
with a thin film transistor element 16 formed in a position
where a scan signal wiring of n row 17 and a video signal
wiring of m column 11 intersect with each other, and a
liquid crystal alignment direction control electrode 15 is
connected with a thin film transistor element 50 formed
on a scan signal wiring top 17 of (n-1) row. Although a
structure of transparent pixel electrode 8 may also have
forms as in Example 12 and Example 13, in Fig. 39, slits
9 formed in a transparent pixel electrode 8 are arranged
horizontally and vertically to an extending direction of a
scan signal wiring 17, and slits forming a group with the
liquid crystal alignment direction control electrode 15
are arranged so as to make an angle of £45 degrees to
an extending direction of the scanning line. Since a
source electrode 69 of a thin film transistor element 50
formed on the scan signal wiring 17 of (n-1) row and a
common electrode 48 of n row are not formed in the
same layer in case of Example 14, two contact holes
must be formed in order to electrically connect these two
electrodes. Accordingly, like Example 13, Example 14
requires two thin film transistor elements 16 and 50 and
three contact holes 56, 57, and 58, as shown in Fig. 39.

[Example 15]

[0128] Fig. 40 and Fig. 96 show a sectional view and
a plan view of Example 15 of the present invention. Fig.
57 and Fig. 58 show a manufacturing process flow of a
TFT array substrate of Example 15 of the present inven-
tion. Fig. 65 and Fig. 66 show an expanded sectional
view of the TFT array substrate. A color filter substrate
1 has a flat transparent common electrode 4, and does
not have bumps as in Example 12.

[0129] In an active matrix substrate 13, after a scan
signal wiring 17, a common electrode 48, and a liquid
crystal alignment direction control electrode 15 are first
formed in the same layer simultaneously, an insulator
film 12, an amorphous silicone layer (non doped layer)
65, and an n* amorphous silicone layer 66 for ohmic
contacts are deposited. A video signal wiring 11 and a
drain electrode are simultaneously formed after forma-
tion of a thin film transistor element part. A thin film tran-
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sistor element, a video signal wiring 11, and a drain elec-
trode are possible to be prepared in the same layer si-
multaneously, using a half-tone exposure technique cur-
rently disclosed in Japanese Patent Laid-Open No.
2000-066240. Fig. 66 shows a sectional view of a thin
film transistor element and an active matrix substrate of
Example 14 of the present invention using the half-tone
exposure.

[0130] As shown in Fig. 96, in Example 15 of the
present invention, a number of thin film transistor ele-
ments required in one pixel is only two. A transparent
pixel electrode 8 of n row and m column is connected
with a thin film transistor element 16 formed in a position
where a scan signal wiring of n row 17 and a video signal
wiring of m column 11 intersect with each other, and a
liquid crystal alignment direction control electrode 15 is
connected with a thin film transistor element 50 formed
on a scan signal wiring 17 top of (n-1) row. In Example
15, in order to electrically connect a source electrode 69
of the thin film transistor element formed on the scan
signal wiring of (n-1) row 17, and a drain electrode 70
with a common electrode 48 and the liquid crystal align-
ment direction control electrode 15, respectively, con-
tact holes 57, 58, 71, and 72, respectively, must be pro-
vided. Accordingly, Example 15 requires two thin film
transistor elements 16 and 50 and five contact holes 56,
57, 58, 71, and 72 as shown in Fig. 96.

[Example 16]

[0131] Fig. 37 shows a timing chart about drive wave-
form that is Example 16 of the present invention. This is
a drive waveform for driving a vertically aligned mode
liquid crystal display described in Examples 12, 13, 14,
and 15. Here may be given an important aspect of the
present invention that:

a scan signal waveform of a scan signal wiring of (n-1)
row (address signal width) 52 and a signal waveform of
a scan signal wiring of n row (address signal width 55
have a time width of at least no less than twice of a hor-
izontal period, and mutually overlap by a time width no
less than one horizontal period; and a polarity of a video
signal voltage of a video signal wiring of m column and
a polarity of a video signal voltage of a video signal wir-
ing of (m+1) column have a polarity different from each
other and have polarities mutually reversed every hori-
zontal period.

[0132] Fig. 37 shows a common electrode potential
51, a video signal wiring of m column signal waveform
53, and a video signal wiring of (m+1) column signal
waveform 54.

[0133] When a drive system of the present invention
is used, charging may be enabled to a capacitance C2
of a circuit model figure (capacitance C2 is a capaci-
tance formed when a transparent pixel electrode and a
liquid crystal alignment direction control electrodes mu-
tually overlap via an insulator film), when a signal wave-
form of a scan signal wiring of (n-1) row and a signal
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waveform of a scan signal wiring of n row mutually over-
lap, as shown in Fig. 47, Fig. 48, Fig. 49, and Fig. 50.
Here, Fig. 48 shows a potential of a position shown by
A and B in a circuit model figure of Fig. 47, and Fig. 50
shows a potential of a position shown by A and B in a
circuit model figure of Fig. 49.

[0134] InFig. 47 and Fig. 48 a liquid crystal alignment
direction control electrode is connected with a thin film
transistor element formed in a position where a video
signal wiring of (m+1) column intersects a scan signal
wiring of (n-1) row, a transparent pixel electrode is con-
nected with a thin film transistor element formed in a po-
sition where a scan signal wiring of n row and a video
signal wiring of m column intersect with each other.
When both of scanning lines of (n-1) row and n row are
addressed in case of a video signal wiring of m column
having +7 V and a video signal wiring of (m+1) column
having -7V, the above-mentioned two thin film transistor
elements operate, and a capacitance C2 is charged and
potentials of A and B obtain +7 V and -7 V, respectively.
After the scanning line of (n-1) row is closed, when a
polarity of a voltage of the video signal wiring of m col-
umn is changed to -7 V from +7 V and a polarity of a
voltage of the video signal wiring of (m+1) column is
changed to +7 V from -7 V, since a thin film transistor
element of n row is operating, a potential of A of capac-
itance C2 varies to -7 V from +7 V. Since a thin film tran-
sistor element of (n-1) row is not operating at this time,
a potential of B of capacitance C2 varies to -21 V from
-7 V. Next, when the scanning line of n row is closed, in
potential of pixel of n row m column capacitance C2, A
is fixed to -7 V and B to -21 V.

[0135] Same operation is performed after one per-
pendicular period, and since a polarity of the signal volt-
age of video signal wiring of m column and a polarity of
the signal voltage of video signal wiring of (m+1) column
are reversed, in potential of capacitance C2 after one
perpendicular period, A is fixed to +7V, and B to +21V.
Such potential relationship occurs, thereby a distribution
of equipotential line as shown in figure are realized, and
a motion direction of liquid crystal molecules may be de-
termined. Since a large electric field is generated be-
tween the transparent pixel electrode and the liquid
crystal alignment direction control electrode, large mo-
tion speed of liquid crystal molecule may be realized.
[0136] InFig.49and Fig. 50, aliquid crystal alignment
direction control electrode is connected with a thin film
transistor element formed on a scan signal wiring of (n-
1) row, and a source electrode of this thin film transistor
element is connected with a common electrode of n
rows. A transparent pixel electrode is connected with a
thin film transistor element formed in a position where a
scan signal wiring of n row and a video signal wiring of
m column intersect with each other. When both of scan-
ning lines of (n-1) row and n row are addressed in case
of a video signal wiring of m column having +7 V and a
video signal wiring of (m+1) column having -7 V, the
above-mentioned two thin film transistor elements op-
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erate, and a capacitance C2 is charged and potentials
of A and B obtain +7 V and 0 V, respectively. After the
scanning line of (n-1) row is closed, when a polarity of
a voltage of the video signal wiring of m column is
changed to -7V from +7V and a polarity of a voltage of
the video signal wiring of (m+1) column is changed to
+7V from -7V, since a thin film transistor element of n
row is operating, a potential of A of capacitance C2 var-
ies to -7V from +7V. Since a thin film transistor element
of (n-1) row is not operating at this time, a potential of B
of capacitance C2 varies to - 14V from 0 V. Next, when
the scanning line of n row is closed, in potential of pixel
of n row m column capacitance C2, A is fixed to -7 V
and B to-21 V.

[0137] Same operation is performed after one per-
pendicular period, and since a polarity of the signal volt-
age of video signal wiring of m column and a polarity of
the signal voltage of video signal wiring of (m+1) column
are reversed, in potential of capacitance C2 after one
perpendicular period, A is fixed to +7 V, and B to +14 V.
Such potential relationships occur, thereby a distribution
of equipotential line as shown in figure may be realized,
and a motion direction of liquid crystal molecules may
be determined.

[Example 17]

[0138] Fig. 44, Fig. 59, Fig. 60, Fig. 45, and Fig. 46
show a plan view and a sectional view of Example 17 of
the present invention. Fig. 53 and Fig. 54 show a man-
ufacturing process flow of a TFT array substrate of Ex-
ample 17 of the present invention. Fig. 61 and Fig. 62
show an expanded sectional view of the TFT array sub-
strate.

[0139] A color filter substrate 1 has a flat transparent
common electrode 4, and does not have bumps as in
Example 12. A connection method of a liquid crystal
alignment direction control electrode 15 and a thin film
transistor element is completely same as in Example 13.
[0140] In Example 17, slits formed in a transparent
pixel electrode 8 has different forms from that in Exam-
ple 13, they comprise a form arranged at £45 degrees
to a direction of the scan signal wirings, a form arranged
horizontally or vertically, or a form having circular of po-
lygonal openings 63, as shown in Fig. 44, Fig. 59, and
Fig. 60. A liquid crystal alignment direction control elec-
trode 15 encloses periphery of a transparent pixel elec-
trode 8, as shown in Fig. 44, Fig. 59, and Fig. 60, and
the liquid crystal alignment direction control electrode
15 forming a group with a slit is arranged horizontally or
vertically to a direction of a scan signal wiring 17.

[Example 18]

[0141] Fig. 69, Fig. 70, Fig. 71, Fig. 72, Fig. 73, and
Fig. 74; and Fig. 77, Fig. 78, Fig. 79, Fig. 80, Fig. 83,
Fig. 84, Fig. 85, Fig. 86; and Fig. 91 and Fig. 92 show
a circuit model figure of Example 18 of the present in-
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vention, and a plan view and sectional view of a thin film
transistor.

[0142] Here, C1is a capacitance formed with a trans-
parent pixel electrode 8 and a flat transparent common
electrode 4 in a CF (color filter) substrate side; C2 is a
capacitance formed with the transparent pixel electrode
8 and a liquid crystal alignment direction control elec-
trode 15; C3 is a capacitance formed with the transpar-
ent pixel electrode 8 and a scanning line; C4 is a capac-
itance formed with an intermediate electrode 67 of a
double thin film transistor, and the transparent pixel
electrode 8; and C5 is a capacitance formed with the
transparent pixel electrode 8, and a common electrode
48 in an active matrix substrate side.

[0143] As already described in Example 16 of the
present invention, when a drive system of the present
invention is used, since a voltage impressed between
electrodes of a video signal wiring of (m+1) column con-
nected with a thin film transistor element formed on a
scan signal wiring of (n-1) row and a liquid crystal align-
ment direction control electrode reaches about 28 V at
the maximum, a problem occurs that a leakage current
between these two electrodes increases. Accordingly,
in Example 18 of the present invention, a double tran-
sistor structure is adopted as a structure of a thin film
transistor element that is formed on a scan signal wiring
17 of (n-1) row, and is connected with a liquid crystal
alignment direction control electrode 15. As shown in
Fig. 91 and Fig. 92, the double transistor structure has
a channel length longer than usual single transistor el-
ement, and even if a high voltage is impressed between
a source electrode and a drain electrode, it can sup-
press increase in a leakage current. When not using a
double transistor structure, it is also effective for reduc-
tion of a leakage current to lengthen a channel length of
a transistor. As shown in Fig. 61 or Fig. 65, a channel
length (L,) of a thin film transistor element connected
with a liquid crystal alignment direction control electrode
is set larger than a channel length (L4) of a thin film tran-
sistor element connected with a transparent pixel elec-
trode, and thereby a leakage current may be reduced.
[0144] Asamethod forreducing aleakage current be-
tween a source electrode and a drain electrode, offset
transistor structure as shown in Fig. 88, Fig. 89, and Fig.
90 may also be conceivable. In this case, a thin film tran-
sistor structure of a planar structure as shown in Fig. 87
is adopted. Here, notation F in Fig. 88, Fig. 89, and Fig.
90 shows amount of offset of an offset thin film transistor
element. Moreover, an etching stopper layer 68 is
shown in Fig. 90.

[Example 19]

[0145] Fig. 41, Fig. 42, Fig. 94, and Fig. 95 show a
plan view of Example 19 of the present invention. This
Example relates to a form of a transparent pixel elec-
trode 8 and a liquid crystal alignment direction control
electrode 15 used for Examples 12, 13, 14, 15, and 17.
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Molecules of anisotropic liquid crystal having a negative
dielectric constant 14 has a property to arrange a direc-
tion of extended shaft of liquid crystal molecules 14 in a
direction extending lengthwise of a wedge of a transpar-
ent pixel electrode 8 when a voltage is impressed, gen-
eration of disclination may be suppressed by adopting
a form of Example 19 of the present invention.

[0146] Generation of disclination has a tendency for
a transmittance of a liquid crystal panel and also for a
speed of response to be reduced. A seed of response
and a transmittance may be improved by adopting a
form of the present invention.

[0147] Besides, as structures of a thin film transistor
element of the present invention, two kinds of structures
as Fig. 97 and Fig. 98 show may be conceivable. A type
shown in Fig. 97 has a structure arrangement that: in a
pixel of n row m column, a thin film transistor element is
formed in a position where a scan signal wiring of (n-1)
row and a video signal wiring of (m+1) column intersect
with each other, a video signal wiring of (m+1) column,
and a liquid crystal alignment direction control electrode
used for the pixel of n row m column are connected via
this thin film transistor element; and a thin film transistor
element is formed in a position where a scan signal wir-
ing of n row and a video signal wiring of m column inter-
sect with each other, and the video signal wiring of m
column, and a transparent pixel electrode used for the
pixel of n row m column are connected via this thin film
transistor element.

[0148] On the contrary, B type shown in Fig. 98 has a
structure arrangement that: in a pixel of n row m column,
a video signal wiring of m column and a liquid crystal
alignment direction control electrode used for the pixel
of n row m column are connected via a thin film transistor
element in a position where a scan signal wiring of (n-
1) row and a video signal wiring of m column intersect
with each other; and a video signal wiring of (m+1) col-
umn and a transparent pixel electrode used for the pixel
of nrow m column are connected via a thin film transistor
element in a position where a scan signal wiring of n row
and a video signal wiring of (m+1) column intersect with
each other. The present invention includes both of A
type structure and B type structure.

[0149] Use of the present invention does not require
use of color filter substrates with bumps or slits that have
been used for conventional multi-domain vertically
aligned mode liquid crystal displays, but enables reduc-
tion of cost. In addition, it may also cancel simultane-
ously display unevenness induced by variation accom-
panying bumps or processing of slits, and extremely im-
proves yield.

[0150] Furthermore, it suppresses problems of une-
venness, or residual image (image burn-in) caused by
diffusion of impurities in pigments of a color filter, or im-
purities in bumps from crevices of bumps or slits into
liquid crystals, and thereby realizes extremely reliable
vertically aligned mode liquid crystal displays.

[0151] Since possibility of reworking may easily be re-
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alized with oxygen plasma treatment irrespective of de-
fects generation in a polyimide alignment layer applica-
tion process, reduction of reworking costs may be real-
ized.

[0152] Use of electrode structures, structure arrange-
ments, and driving methods of the present invention
may enable production of active matrix substrates hav-
ing a large aperture ratio, and may provide bright view-
ing displays. Furthermore, since it may improve a speed
of response of liquid crystal molecules, very large-sized
liquid crystal TVs responding animated pictures may be
realized. In addition, it may realize a uniform black dis-
play with little light leakage in a dark room as compared
with conventional vertically aligned mode liquid crystal
displays using bumps.

BRIEF DESCRIPTION OF THE DRAWINGS
[0153]

Fig. 1 shows a cross section structural figure of a
conventional multi-domain vertically aligned mode
liquid crystal panel;

Fig. 2 shows a motion direction of molecules of an-
isotropic liquid crystal having a negative dielectric
constant vertically aligned by an electric field
formed with a flat electrode and a slit electrode;
Fig. 3 shows a motion direction of molecules of an-
isotropic liquid crystal having a negative dielectric
constant vertically aligned by an electric field
formed with a flat electrode, a slit electrode, and lig-
uid crystal alignment direction control electrode;
Fig. 4 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 5 shows a drive principle cross section struc-
tural figure of a multi-domain vertically aligned
mode liquid crystal panel of the present invention
(when a pixel electrode has a negative data);

Fig. 6 shows a drive principle cross section struc-
tural figure of a multi-domain vertically aligned
mode liquid crystal panel of the present invention
(when a pixel electrode has a positive data);

Fig. 7 shows a plane structural figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 8 shows a plane structural figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 9 shows a plane structural figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 10 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 11 shows a waveform chart of a voltage im-
pressed to a thin film transistor element of an odd
number column of (n) th row and (n+1) th row of a
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multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 12 shows a waveform chart of a voltage im-
pressed to a thin film transistor element of an even
number column of (n)th row and (n+1)th row of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 13 shows a plan view of contact button parts of
scanning lines and liquid crystal alignment direction
control electrodes of a multi-domain vertically
aligned mode liquid crystal panel of the present in-
vention;

Fig. 14 shows a plane structural figure of a vertically
aligned mode liquid crystal panel of the present in-
vention;

Fig. 15 shows a plan view of a vertically aligned
mode active matrix substrate of the present inven-
tion;

Fig. 16 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 17 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 18 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 19 shows a plan view of contact button parts of
scanning lines and liquid crystal alignment direction
control electrodes of a multi-domain vertically
aligned mode liquid crystal panel of the present in-
vention;

Fig. 20 shows a plan view of a vertically aligned
mode active matrix substrate of the present inven-
tion;

Fig. 21 shows a plan view of a vertically aligned
mode active matrix substrate of the present inven-
tion;

Fig. 22 shows a waveform of a voltage impressed
to a thin film transistor element corresponding to a
pixel of an odd number column of (n)th row and of
(n+1) th row of a multi-domain vertically aligned
mode liquid crystal panel of the present invention;
Fig. 23 shows a waveform of a voltage impressed
to a thin film transistor element corresponding to a
pixel of an even number column of (n)th row and of
(n+1) th row of a multi-domain vertically aligned
mode liquid crystal panel of the present invention;
Fig. 24 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 25 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 26 shows a plan view of a vertically aligned
mode active matrix substrate of the present inven-
tion;

Fig. 27 shows a plan view of a vertically aligned
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mode active matrix substrate of the present inven-
tion;

Fig. 28 shows a plan view and a cross section struc-
tural figure of slits formed in a liquid crystal align-
ment direction control electrode and a transparent
pixel electrode of the present invention;

Fig. 29 shows a plan view and a cross section struc-
tural figure of slits formed in a liquid crystal align-
ment direction control electrode and a transparent
pixel electrode of the present invention;

Fig. 30 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 31 shows a drive principle cross section struc-
tural figure of a multi-domain vertically aligned
mode liquid crystal panel of the present invention
(when a pixel electrode has a negative data);

Fig. 32 shows a drive principle cross section struc-
tural figure of a multi-domain vertically aligned
mode liquid crystal panel of the present invention
(when pixel electrode has a positive data);

Fig. 33 shows a waveform chart of a voltage im-
pressed to a thin film transistor element of an odd
number column (n)th row, and (n+1) th row of a mul-
ti-domain vertically aligned mode liquid crystal pan-
el of the present invention;

Fig. 34 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 35 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 36 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 37 shows a drive voltage waveform of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 38 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 39 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 40 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 41 shows a plane structural figure of slits
formed in a liquid crystal alignment direction control
electrode and a transparent pixel electrode of the
present invention;

Fig. 42 shows a plane structural figure of slits
formed in a liquid crystal alignment direction control
electrode and a transparent pixel electrode of the
present invention;

Fig. 43 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;
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Fig. 44 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 45 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 46 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 47 shows a circuit model figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 48 shows a table showing potentials of A and
B in the circuit model figure of Fig. 47;

Fig. 49 shows a circuit model figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 50 shows a table showing potentials of A and
B in the circuit model figure of Fig. 47;

Fig. 51 shows a description of a flow of five-photo-
mask-process for a multi-domain vertically aligned
mode liquid crystal panel manufacturing of the
present invention;

Fig. 52 shows a description of a flow of four-photo-
mask-process for a multi-domain vertically aligned
mode liquid crystal panel manufacturing of the
present invention;

Fig. 53 shows a description of a flow of five-photo-
mask-process for a multi-domain vertically aligned
mode liquid crystal panel manufacturing of the
present invention;

Fig. 54 shows a description of a flow of four-photo-
mask-process for a multi-domain vertically aligned
mode liquid crystal panel manufacturing of the
present invention;

Fig. 55 shows a description of a flow of five-photo-
mask-process for a multi-domain vertically aligned
mode liquid crystal panel manufacturing of the
present invention;

Fig. 56 shows a description of a flow of four-photo-
mask-process for a multi-domain vertically aligned
mode liquid crystal panel manufacturing of the
present invention;

Fig. 57 shows a description of a flow of five-photo-
mask-process for a multi-domain vertically aligned
mode liquid crystal panel manufacturing of the
present invention;

Fig. 58 shows a description of a flow of four-photo-
mask-process for a multi-domain vertically aligned
mode liquid crystal panel manufacturing of the
present invention;

Fig. 59 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 60 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 61 shows a cross section structural figure of a
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multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 62 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 63 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 64 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 65 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 66 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 67 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 68 shows a cross section structural figure of a
multi-domain vertically aligned mode liquid crystal
panel of the present invention;

Fig. 69 shows a circuit model figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 70 shows a circuit model figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 71 shows a circuit model figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 72 shows a circuit model figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 73 shows a circuit model figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 74 shows a circuit model figure of a multi-do-
main vertically aligned mode liquid crystal panel of
the present invention;

Fig. 75 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 76 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 77 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 78 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 79 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 80 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
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present invention;

Fig. 81 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 82 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 83 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 84 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 85 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 86 shows a partial plan view of a multi-domain
vertically aligned mode liquid crystal panel of the
present invention;

Fig. 87 shows a plan view of an offset thin film tran-
sistor element for multi-domain vertically aligned
mode liquid crystal panels of the present invention;
Fig. 88 shows a sectional view of an offset thin film
transistor element for multi-domain vertically
aligned mode liquid crystal panels of the presentin-
vention;

Fig. 89 shows a sectional view of an offset thin film
transistor element for multi-domain vertically
aligned mode liquid crystal panels of the presentin-
vention;

Fig. 90 shows a sectional view of an offset thin film
transistor element for multi-domain vertically
aligned mode liquid crystal panels of the presentin-
vention;

Fig. 91 shows a sectional view of a double gate thin
film transistor element for multi-domain vertically
aligned mode liquid crystal panels of the presentin-
vention;

Fig. 92 shows a sectional view of a double gate thin
film transistor element for multi-domain vertically
aligned mode liquid crystal panels of the presentin-
vention;

Fig. 93 shows a plane structural figure of slits
formed in a liquid crystal alignment direction control
electrode and a transparent pixel electrode of the
present invention;

Fig. 94 shows a plane structural figure of slits
formed in a liquid crystal alignment direction control
electrode and a transparent pixel electrode of the
present invention;

Fig. 95 shows a plane structural figure of slits
formed in a liquid crystal alignment direction control
electrode and a transparent pixel electrode of the
present invention;

Fig. 96 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 97 shows a plane structural figure of a multi-
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domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 98 shows a plane structural figure of a multi-
domain vertically aligned mode liquid crystal panel
of the present invention;

Fig. 99 shows a motion direction of molecules of an-
isotropic liquid crystal having a negative dielectric
constant vertically aligned by an electric field
formed with a flat electrode and a slit electrode;
Fig. 100 shows a motion direction of molecules of
anisotropic liquid crystal having a negative dielec-
tric constant vertically aligned by an electric field
formed with a flat electrode, a slit electrode, and a
liquid crystal alignment direction control electrode;
and

Fig. 101 shows a motion direction of molecules of
anisotropic liquid crystal having a negative dielec-
tric constant vertically aligned by an electric field
formed with a flat electrode, a slit electrode, and a
liquid crystal alignment direction control electrode.

[Description of Notations]

[0154]

1 Color filter side glass substrate.

2 Black mask (shading film).

3 Color filter layer.

4 Color filter side transparent electric conductive
film (transparent common electrode).

5 Bump for directional control of vertically aligned
liquid crystal molecule.

6 Color filter side vertical alignment film.

7 Active matrix substrate side vertical alignment
film.

8 Transparent pixel electrode.

9 Slit opening formed in pixel electrode side.

10 Passivation film.

11 Video signal wiring.

12 Gate insulator film.

13 Active matrix element side glass substrate.

14 Anisotropic liquid crystal molecules having a
negative dielectric constant.

15 Liquid crystal alignment direction control elec-
trode.

16 Thin film transistor element connected to a trans-
parent pixel electrode.

17 Scan signal wiring.

18 Contact through hole.

19 Upper liquid crystal alignment direction control
electrode.

20 Lower liquid crystal alignment direction control
electrode.

21 Transparent common electrode potential.

22 Odd number column video signal wiring wave-
form.

23 Scanning line signal wave type of n row.

24 Scanning line signal wave type of (n+1) row.
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25 Upper liquid crystal alignment direction control
electrode signal waveform of n row.

26 Lower liquid crystal alignment direction control
electrode signal waveform of n row.

27 Upper liquid crystal alignment direction control
electrode signal waveform of (n+1) row.

28 Lower liquid crystal alignment direction control
electrode signal waveform of (n+1) row.

29 Even number column video signal wiring wave-
form.

30 Scanning line contact button of (n-1) row.

31 Upper liquid crystal alignment direction control
electrode contact button n row.

32 Lower liquid crystal alignment direction control
electrode contact button of n row.

33 Scanning line contact button of n row.

34 Upper liquid crystal alignment direction control
electrode contact button of (n+1) row.

35 Lower liquid crystal alignment direction control
electrode contact button of (n+1) row.

36 Scanning line contact button of (n+1) row.

37 Hole opening formed in pixel electrode side.

38 Liquid crystal alignment direction control elec-
trode contact button of (n-1) row.

39 Liquid crystal alignment direction control elec-
trode contact button n row.

40 Video signal wiring terminal.

41 Pixel circumference common electrode terminal.
42 Protection network for static electricity measure.
43 Scanning line signal waveform of (n-1) row.

44 Liquid crystal alignment direction control elec-
trode signal waveform of n row.

45 Liquid crystal alignment direction control elec-
trode signal waveform of (n+1) row.

48 Common electrode of active matrix substrate
side.

49 Thin film transistor element connected to liquid
crystal alignment direction control electrode.

50 Thin film transistor connected to common elec-
trode and liquid crystal alignment direction control
electrode.

51 Common electrode potential.

52 Scanning line signal waveform of (n-1) row.

53 Video signal wiring signal waveform of m col-
umn.

54 Video signal wiring signal waveform of (m+1) col-
umn.

55 Scanning line signal waveform of n row.

56 Contact hole for connecting transparent pixel
electrode and drain electrode of transistor.

57 Contact hole for connecting common electrode
and source electrode of transistor.

58 Contact hole for connecting common electrode
and source electrode of transistor.

59 Opening formed in transparent pixel electrode
on liquid crystal alignment direction control elec-
trode.

60 Drain electrode of thin film transistor element.
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61 Contact hole for connecting liquid crystal align-
ment direction control electrode and drain electrode
of transistor.

62 Contact hole for connecting liquid crystal align-
ment direction control electrode and drain electrode
of transistor.

63 Square opening formed in transparent pixel elec-
trode.

64 Scanning line terminal.

65 Non doped thin film semiconductor layer.

66 n+a-Si layer (ohmic contact layer).

C1 Capacitance formed by transparent pixel elec-
trode and flat transparent common electrode of CF
(color filter) substrate side.

C2 Capacitance formed by transparent pixel elec-
trode and liquid crystal alignment direction control
electrode.

C3 Capacitance formed by transparent pixel elec-
trode and scanning line.

C4 Capacitance formed by intermediate electrode
and transparent pixel electrode of double thin film
transistor.

C5 Capacitance formed by transparent pixel elec-
trode and common electrode of active matrix sub-
strate side.

67 Intermediate electrode of double thin film tran-
sistor.

68 Etching stopper layer.

F Amount of offset of offset thin film transistor ele-
ment.

69 Source electrode (connected with common elec-
trode).

70 Drain electrode (connected with liquid crystal
alignment direction control electrode).

71 Contact hole for connecting liquid crystal align-
ment direction control electrode and drain electrode
of transistor.

72 Contact hole for connecting liquid crystal align-
ment direction control electrode and drain electrode
of transistor.

Claims

A color active matrix type vertically aligned mode
liquid crystal display comprising on a substrate:

a scan signal wiring;

a video signal wiring;

a thin film transistor which is formed at an inter-
section of the scan signal wiring and the video
signal wiring;

a transparent pixel electrode connected to the
thin film transistor element in which two or more
long and slender slits are formed;

an active matrix substrate having a liquid crys-
tal alignment direction control electrode in a
lower layer of the slits of the transparent pixel
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electrode currently formed via an insulator film;
a color filter substrate facing the active matrix
substrate; and

an anisotropic liquid crystal layer having a neg-
ative dielectric constant sandwiched by the ac-
tive matrix substrate and the color filter sub-
strate,

the color active matrix type vertically aligned
mode liquid crystal display, characterized in
that

in order to impress a voltage to liquid crystal
molecules vertically aligned between the active ma-
trix substrate and the color filter substrate, and to
make the liquid crystal molecules tilt in different two
directions or four directions, two kinds of following
electrode structures are formed in one pixel of the
active matrix substrate:

i) an electrode structure in which a transparent
flat common electrode is used in the color filter
substrate side, and for the transparent pixel
electrodes facing the transparent flat common
electrode in the active matrix substrate side,
patterns (no transparent electrode in a slit part)
having a shape of a long and slender slit are
formed;

i) an electrode structure in which a transparent
flat common electrode is used in the color filter
substrate side, and for the transparent pixel
electrode facing the transparent flat common
electrode in the active matrix substrate side,
patterns having a shape of a long and slender
slit are formed, and a liquid crystal alignment
direction control electrode having almost the
same shape as a shape of the slits and a larger
dimension than a dimension of the slits is
formed in a lower layer of the slits via the insu-
lator film.

2. A color active matrix type vertically aligned mode

liquid crystal display comprising on a substrate:

a scan signal wiring;

a video signal wiring;

a thin film transistor which is formed at an inter-
section of the scan signal wiring and the video
signal wiring;

a transparent pixel electrode connected to the
thin film transistor element in which two or more
long and slender slits are formed;

an active matrix substrate having a liquid crys-
tal alignment direction control electrode in a
lower layer of slits of the transparent pixel elec-
trode currently formed via an insulator film;

a color filter substrate facing the active matrix
substrate; and

an anisotropic liquid crystal layer having a neg-
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ative dielectric constant sandwiched by the ac-
tive matrix substrate and the color filter sub-
strate,

the color active matrix type vertically aligned
mode liquid crystal display characterized in that

in order to impress a voltage to liquid crystal
molecules vertically aligned between the active ma-
trix substrate and the color filter substrate, and to
make the liquid crystal molecules tilt in different two
directions or four directions, two kinds of following
electrode structures are formed in one pixel of the
active matrix substrate:

i) an electrode structure in which a transparent
flat common electrode is used in the color filter
substrate side, and for the transparent pixel
electrodes facing the transparent flat common
electrode in the active matrix substrate side,
patterns (no transparent electrode in a slit part)
having a shape of a long and slender slit are
formed;

i) an electrode structure in which a transparent
flat common electrode is used in the color filter
substrate side, and for the transparent pixel
electrode facing the transparent flat common
electrode in the active matrix substrate side,
patterns having a shape of a long and slender
slit are formed, and two rows of liquid crystal
alignment direction control electrodes that are
mutually separated and set as potentials differ-
ent from each other exist in a lower layer of the
transparent pixel electrode via the insulated
film, either of the liquid crystal alignment direc-
tion control electrodes has almost the same
shape as a shape of a pattern of the shape of
long and slender slits, and a larger dimension
than a dimension of the slits, and two rows of
the liquid crystal alignment direction control
electrodes mutually separated are arranged in
a direction of a scan signal wiring in a lower lay-
er of the long and slender slits that are formed,
mutually exchanged in an every fixed pixel cy-
cle, in the transparent pixel electrode.

3. A color active matrix type vertically aligned mode
liquid crystal display comprising on a substrate:

a scan signal wiring;

a video signal wiring;

a thin film transistor which is formed at an inter-
section of the scan signal wiring and the video
signal wiring;

a transparent pixel electrode, connected to the
thin film transistor element, that has two or
more of circular or polygonal holes and two or
more long and slender slits currently formed
therein;
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an active matrix substrate having a liquid crys-
tal alignment direction control electrode in a
lower layer of the slits of the transparent pixel
electrode currently formed via an insulator film;
a color filter substrate facing the active matrix
substrate; and

an anisotropic liquid crystal layer having a neg-
ative dielectric constant sandwiched by the ac-
tive matrix substrate and the color filter sub-
strate,

the color active matrix type vertically aligned
mode liquid crystal display, characterized in
that

in order to impress a voltage to liquid crystal
molecules that are vertically aligned between
the active matrix substrate and the color filter
substrate and to make the liquid crystal mole-
cules tilt in many directions, two kinds of follow-
ing electrode structures are formed in one pixel
of the active matrix substrate:

i) an electrode structure in which a trans-
parent flat common electrode is used on
the color filter substrate side, and for the
transparent pixel electrodes facing thereto
in the active matrix substrate side, circular
or polygonal holes (no transparent elec-
trodes in a portion of a hole) are formed;
ii) an electrode structure in which a trans-
parent flat common electrode is used in the
color filter substrate side, and for transpar-
ent pixel electrodes facing the transparent
flat common electrode in the active matrix
substrate side, patterns having a shape of
a long and slender slit are formed, and a
liquid crystal alignment direction control
electrodes having almost the same shape
as a shape of the slit, and a larger dimen-
sion than a dimension of the slit is formed
in a lower layer of the slit via an insulated
film.

4. A color active matrix type vertically aligned mode
liquid crystal display comprising on a substrate:

a scan signal wiring;

a video signal wiring;

a thin film transistor which is formed at an inter-
section of the scan signal wiring and the video
signal wiring;

a transparent pixel electrode, connected to the
thin film transistor element, that has two or
more of circular or polygonal holes and two or
more long and slender slits currently formed
therein;

an active matrix substrate having a liquid crys-
tal alignment direction control electrode in a
lower layer of the slits of the transparent pixel
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electrode currently formed via an insulator film;
a color filter substrate facing the active matrix
substrate; and

an anisotropic liquid crystal layer having nega-
tive dielectric constant sandwiched by the ac-
tive matrix substrate and the color filter sub-
strate,

the color active matrix type vertically aligned
mode liquid crystal display, characterized in
that

in order to impress a voltage to liquid crystal
molecules that are vertically aligned between
the active matrix substrate and the color filter
substrate and to make the liquid crystal mole-
cules tiltin many directions, two kinds of follow-
ing electrode structures are formed in one pixel
of the active matrix substrate:

i) an electrode structure in which a trans-
parent flat common electrode is used in the
color filter substrate side, and for the trans-
parent pixel electrodes facing thereto in the
active matrix substrate side, circular or po-
lygonal holes (no transparent electrodes in
a portion of a hole) are formed;

ii) an electrode structure in which a trans-
parent flat common electrode is used on a
color filter substrate side, and for transpar-
ent pixel electrodes facing thereto in the
active matrix substrate side, patterns hav-
ing a shape of a long and slender slit are
formed, and two rows of liquid crystal align-
ment direction control electrodes that are
mutually separated and set as potentials
different from each other exist in a lower
layer of the transparent pixel electrode via
the insulated film, either of the liquid crystal
alignment direction control electrodes
have almost the same shape as a shape of
a pattern of the shape of long and slender
slits, and a larger dimension than a dimen-
sion of the slit; and

two rows of the liquid crystal alignment di-
rection control electrodes mutually sepa-
rated are arranged in a direction of a scan
signal wiring in a lower layer of the long and
slender slits that are formed, mutually ex-
changed in an every fixed pixel cycle, in the
transparent pixel electrode.

5. A color active matrix type vertically aligned mode
liquid crystal display comprising on a substrate:

a scan signal wiring;

a video signal wiring;

a thin film transistor which is formed at an inter-
section of the scan signal wiring and the video
signal wiring;
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a transparent pixel electrode, connected to the
thin film transistor element, that has two or
more of circular or polygonal holes and two or
more long and slender slits currently formed
therein;

an active matrix substrate having a liquid crys-
tal alignment direction control electrode in a
lower layer of slits of the transparent pixel elec-
trode currently formed via an insulator film;

a color filter substrate facing the active matrix
substrate; and

an anisotropic liquid crystal layer having nega-
tive dielectric constant sandwiched by the ac-
tive matrix substrate and the color filter sub-
strate,

the color active matrix type vertically aligned
mode liquid crystal display, characterized in
that

adjacenttransparent pixel electrodes in a direc-
tion of the scan signal wiring are connected to
a thin film transistor component controlled by
mutually different scan signal wirings,

in order to impress a voltage to liquid crystal
molecules that are vertically aligned between
the active matrix substrate and the color filter
substrate and to make the liquid crystal mole-
cules tilt in many directions, two kinds of follow-
ing electrode structures are formed in one pixel
of the active matrix substrate:

i) an electrode structure in which a trans-
parent flat common electrode is used in the
color filter substrate side, and for the trans-
parent pixel electrodes facing thereto in the
active matrix substrate side, circular or po-
lygonal holes (no transparent electrodes in
a portion of a hole) are formed;

ii) an electrode structure in which a trans-
parent flat common electrode is used in the
color filter substrate side, and for the trans-
parent pixel electrodes facing thereto in the
active matrix substrate side, patterns hav-
ing a shape of a long and slender slit are
formed, and liquid crystal alignment direc-
tion control electrodes having almost the
same shape as a shape of the slit, and a
larger dimension than a dimension of the
slit are formed in a lower layer of the slit via
the insulated film.

6. The color active matrix type vertically aligned mode
liquid crystal display according to any one of claims
1 to 5, characterized in that
adjacent transparent pixel electrodes in a di-
rection of the scan signal wiring are connected to a
thin film transistor component controlled by mutual-
ly different scan signal wirings.
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The color active matrix type vertically aligned mode
liquid crystal display according to any one of claims
1 to 6, characterized in that

when a potential of the transparent pixel elec-
trode separated for every pixel of the active matrix
substrate side is lower than a potential of the facing
flat common electrode on the color filter substrate
side, a potential of the liquid crystal alignment di-
rection control electrode currently placed in a lower
layer of the slit of the transparent pixel electrode is
set lower than a potential of the transparent pixel
electrode;

when a potential of the transparent pixel elec-
trode is higher than a potential of the facing flat com-
mon electrode of the color filter substrate side, a po-
tential of the liquid crystal alignment direction con-
trol electrode placed in a lower layer of the slit of the
transparent pixel electrode is set higher than a po-
tential of the transparent pixel electrode; and

polarities of the potential of the transparent
pixel electrode, and the potential of the liquid crystal
alignment direction control electrode are reversed
to a polarity of the potential of the flat common elec-
trode in the color filter substrate side every vertical
scanning period.

The color active matrix type vertically aligned mode
liquid crystal display according to any one of claims
1 to 6, characterized in that

when a potential of the transparent pixel elec-
trode separated for every pixel of the active matrix
substrate side is lower than a potential of the facing
flat common electrode on the color filter substrate
side, a potential of the liquid crystal alignment di-
rection control electrode currently placed in a lower
layer of the slit of the transparent pixel electrode is
set lower than a potential of the transparent pixel
electrode;

when a potential of the transparent pixel elec-
trode is higher than a potential of the facing flat com-
mon electrode on the color filter substrate side, a
potential of the liquid crystal alignment direction
control electrode placed in a lower layer of the slit
of the transparent pixel electrode is set higher than
a potential of the transparent pixel electrode;

potentials of the liquid crystal alignment direc-
tion control electrodes arranged in the vicinity of
both sides of the scan signal wiring are set as polar
potentials different from each other; and
polarities of the potential of the transparent pixel
electrode, and each of the potentials of the two rows
of the liquid crystal alignment direction control elec-
trodes mutually separated in one pixel are reversed
to a polarity of a potential of the flat common elec-
trode on the color filter substrate side every vertical
scanning period.

The color active matrix type vertically aligned mode
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liquid crystal display according to any one of the
preceding claims, characterized in that

a slit formed in the transparent pixel electrode
on the active matrix substrate side and extending
long and slender, and a slit forming a group with the
liquid crystal alignment direction control electrode
are arranged alternately, maintaining an almost par-
allel relationship in a direction making about £45 de-
grees to a direction of a scan signal wiring; or
characterized in that

there is adopted a structure that slits formed
in the transparent pixel electrode in the active matrix
substrate side and extending long and slender are
arranged in a direction making £45 degrees to a di-
rection of a scan signal wiring;

slits forming a group with the liquid crystal
alignment direction control electrode are arranged
in a parallel direction and in a perpendicular direc-
tion to a direction of the scan signal wiring; and

the liquid crystal alignment direction control
electrode encloses a periphery of the transparent
pixel electrode while overlapping with the transpar-
ent pixel electrode via the insulated film; or
characterized in that

there is adopted a structure that a slit formed
in a transparent pixel electrode in an active matrix
substrate side and extending long and slender is ar-
ranged in a parallel direction and in a perpendicular
direction to a scan signal wiring direction;

a slit forming a group with the liquid crystal
alignment direction control electrode is arranged in
parallel to the scan signal wiring direction; and

the liquid crystal alignment direction control
electrode encloses a periphery of the transparent
pixel electrode while overlapping with the transpar-
ent pixel electrode via the insulated film; or
characterized in that

there is adopted a structure that slits formed
in the transparent pixel electrode in the active matrix
substrate side and extending long and slender are
arranged in a parallel direction and in a perpendic-
ular direction to a scan signal wiring direction; and

slits forming a group with a liquid crystal align-
ment direction control electrode are arranged in a
direction making +45 degrees to a direction of a
scan signal wiring.

The color active matrix type vertically aligned mode
liquid crystal display according to claim 3, 4 or 5,
characterized in that

there is adopted a structure that slits forming
a group with the liquid crystal alignment direction
control electrode are arranged in a parallel direction
and in a perpendicular direction to a direction of the
scan signal wiring so as to enclose two or more of
circular or polygonal holes currently formed in the
transparent pixel electrode in the active matrix sub-
strate side; and
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the liquid crystal alignment direction control
electrode encloses a periphery of the transparent
pixel electrode while overlapping with the transpar-
ent pixel electrode via the insulated film.

The color active matrix type vertically aligned mode
liquid crystal display according to any one of the
preceding claims, characterized in that

the liquid crystal alignment direction control
electrode formed in a lower layer of slits of the trans-
parent pixel electrode via the insulated film is simul-
taneously formed in the same layer at the time of
formation of the scan signal wiring; and/or
characterized in that

additional capacitance is formed with the lig-
uid crystal alignment direction control electrode
formed in a lower layer of slits of the transparent
pixel electrode via the insulated film, and the trans-
parent pixel electrode.

The color active matrix type vertically aligned mode
liquid crystal display according to claim 2 or 4,
characterized in that

both of contact buttons of the scan signal wir-
ing and the liquid crystal alignment direction control
electrodes are arranged on either of left side or right
side of a display screen part, and contact buttons
of two rows of the liquid crystal alignment direction
control electrode for controlling one row of pixels
are arranged so that they may be sandwiched be-
tween the contact buttons of the scan signal wiring;
or
characterized in that

contact buttons for both of the scan signal wir-
ing and the liquid crystal alignment direction control
electrodes are arranged on both of right and left
sides of a display screen part, and contact buttons
of two rows of the liquid crystal alignment direction
control electrode for controlling one row of pixels
are arranged so that they may be sandwiched be-
tween the contact buttons of the scan signal wiring.

The color active matrix type vertically aligned mode
liquid crystal display according to claim 6 or 5,
characterized in that

both of contact buttons of the scan signal wir-
ing and the liquid crystal alignment direction control
electrodes are arranged on either of left side or right
side of a display screen part, and contact buttons
of one row of the liquid crystal alignment direction
control electrode for controlling one row of pixels
are arranged so that they may be sandwiched be-
tween the contact buttons of the scan signal wiring;
or

characterized in that

contact buttons for both of the scan signal wir-
ing and the liquid crystal alignment direction control
electrodes are arranged on both of right and left
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sides of a display screen part, and contact buttons
of one row of the liquid crystal alignment direction
control electrode for controlling one row of pixels
are arranged so that they may be sandwiched be-
tween the contact buttons of the scan signal wiring.

The color active matrix type vertically aligned mode
liquid crystal display according to any one of claims
1 to 6, characterized in that

contact buttons of the scan signal wiring are
arranged on either of left side or right side of a dis-
play screen part, and contact buttons of the liquid
crystal alignment direction control electrode are ar-
ranged on another side different from a side of the
contact buttons of the scan signal wiring; and/or
characterized in that

at the time of moving image displaying, a bias
voltage impressed between the liquid crystal align-
ment direction control electrode currently formed in
a lower layer of a slit of the transparent pixel elec-
trode and the transparent pixel electrode is set high-
er than a voltage at the time of still picture display-
ing, and thereby, a tilting speed of the anisotropic
liquid crystal molecules having a negative dielectric
constant are set higher.

A method for driving the color active matrix type ver-
tically aligned mode liquid crystal display according
to any one of claims 1 to 6, characterized in that

when a potential of the transparent pixel elec-
trode separated for every pixel on the active matrix
substrate side is lower than a potential of the facing
flat common electrode on the color filter substrate
side, a potential of the liquid crystal alignment di-
rection control electrode currently placed in a lower
layer of the slit of the transparent pixel electrode is
set lower than a potential of the transparent pixel
electrode;

when a potential of the transparent pixel elec-
trode is higher than a potential of the facing flat com-
mon electrode of the color filter substrate side, a po-
tential of the liquid crystal alignment direction con-
trol electrode placed in a lower layer of the slit of the
transparent pixel electrode is set higher than a po-
tential of the transparent pixel electrode; and

polarities of the potential of the transparent
pixel electrode, and the potential of the liquid crystal
alignment direction control electrode are reversed
to a polarity of a potential of the flat common elec-
trode in the color filter substrate side every vertical
scanning period.

A method for driving the color active matrix type ver-
tically aligned mode liquid crystal display according
to claim 2 or 4, characterized in that

when a potential of the transparent pixel elec-
trode separated for every pixel of the active matrix
substrate side is lower than a potential of the facing
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flat common electrode on the color filter substrate
side, a potential of the liquid crystal alignment di-
rection control electrode currently placed in a lower
layer of the slit of the transparent pixel electrode is
set lower than a potential of the transparent pixel
electrode;

when a potential of the transparent pixel elec-
trode is higher than a potential of the facing flat com-
mon electrode of the color filter substrate side, a po-
tential of the liquid crystal alignment direction con-
trol electrode placed in a lower layer of the slit of the
transparent pixel electrode is set higher than a po-
tential of the transparent pixel electrode;

potentials of the liquid crystal alignment direc-
tion control electrodes arranged in the vicinity of
both sides of the scan signal wiring are set as polar
potentials different from each other; and

polarities of the potential of the transparent
pixel electrode, and each of the potentials of the two
rows of the liquid crystal alignment direction control
electrodes mutually separated in one pixel are re-
versed to a polarity of a potential of the flat common
electrode on the color filter substrate side every ver-
tical scanning period.

A color active matrix type vertically aligned mode
liquid crystal display comprising on a substrate:

a scan signal wiring;

a video signal wiring;

a thin film transistor which is formed at an inter-
section of the scan signal wiring and the video
signal wiring;

a transparent pixel electrode connected to the
thin film transistor element in which two or more
long and slender slits are formed;

an active matrix substrate having a liquid crys-
tal alignment direction control electrode in a
lower layer of slits of the transparent pixel elec-
trode currently formed via an insulator film;

a color filter substrate facing the active matrix
substrate; and

an anisotropic liquid crystal layer having nega-
tive dielectric constant sandwiched by the ac-
tive matrix substrate and the color filter sub-
strate,

the color active matrix type vertically aligned
mode liquid crystal display, characterized in
that

in order to impress a voltage to liquid crystal
molecules vertically aligned between the active
matrix substrate and the color filter substrate,
and to make the liquid crystal molecules tilt in
different two directions or four directions, two
kinds of following electrode structures and
structure arrangements are formed in one pixel
of the active matrix substrate:
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i) an electrode structure and a structure ar-
rangement in which a transparent flat com-
mon electrode is used on the color filter
substrate side, and for the transparent pix-
el electrodes facing the transparent flat
common electrode on the active matrix
substrate side, patterns (no transparent
electrode in a slit part) having a shape of a
long and slender slit are formed;

ii) an electrode structure and a structure ar-
rangement in which a transparent flat com-
mon electrode is used on the color filter
substrate side, and for the transparent pix-
el electrode facing the transparent flat
common electrode in the active matrix sub-
strate side, patterns having a shape of a
long and slender slit are formed, and a lig-
uid crystal alignment direction control elec-
trode having almost the same shape as a
shape of the slits and a larger dimension
than a dimension of the slits is formed in a
lower layer of the slits via the insulator film;
iii) in a pixel of n row m column, a thin film
transistor element is formed in a position
where a scan signal wiring of (n-1) row and
a video signal wiring of (m+1) column inter-
sect with each other, and a video signal wir-
ing of (m+1) column and a liquid crystal
alignment direction control electrode used
for a pixel of n row m column are connected
via the thin film transistor element; and a
thin film transistor element is formed in a
position where a scan signal wiring of n row
and a video signal wiring of m column in-
tersect with each other, and a video signal
wiring of m column and a transparent pixel
electrode used for a pixel of n row m col-
umn are connected via the thin film transis-
tor element.

18. A color active matrix type vertically aligned mode

liquid crystal display comprising on a substrate:

a scan signal wiring;

a video signal wiring;

a thin film transistor which is formed at an inter-
section of the scan signal wiring and the video
signal wiring;

a transparent pixel electrode connected to the
thin film transistor element in which two or more
long and slender slits are formed;

an active matrix substrate having a liquid crys-
tal alignment direction control electrode in a
lower layer of slits of the transparent pixel elec-
trode currently formed via an insulator film;

a color filter substrate facing the active matrix
substrate; and

an anisotropic liquid crystal layer having a neg-
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ative dielectric constant sandwiched by the ac- a thin film transistor which is formed at an inter-
tive matrix substrate and the color filter sub- section of the scan signal wiring and the video
strate, signal wiring;
the color active matrix type vertically aligned a transparent pixel electrode, connected to the
mode liquid crystal display, characterized in 5 thin film transistor element, that has two or
that more of circular or polygonal holes and two or
in order to impress a voltage to liquid crystal more long and slender slits currently formed
molecules vertically aligned between the active therein;
matrix substrate and the color filter substrate, an active matrix substrate having a liquid crys-
and to make the liquid crystal molecules tilt in 70 tal alignment direction control electrode in a
different two directions or four directions, two lower layer of slits of the transparent pixel elec-
kinds of following electrode structures and trode currently formed via an insulator film;
structure arrangements are formed in one pixel a color filter substrate facing the active matrix
of the active matrix substrate: substrate; and
15 an anisotropic liquid crystal layer having nega-
i) an electrode structure and a structure ar- tive dielectric constant sandwiched by the ac-
rangement in which a transparent flat com- tive matrix substrate and the color filter sub-
mon electrode is used on the color filter strate,
substrate side, and for the transparent pix- the color active matrix type vertically aligned
el electrodes facing the transparent flat 20 mode liquid crystal display, characterized in
common electrode on the active matrix that
substrate side, patterns (no transparent in order to impress a voltage to liquid crystal
electrode in a slit part) having a shape of a molecules that are vertically aligned between
long and slender slit are formed; the active matrix substrate and the color filter
i) an electrode structure and a structure ar- 25 substrate and to make the liquid crystal mole-
rangement in which a transparent flat com- cules tiltin many directions, two kinds of follow-
mon electrode is used in the color filter sub- ing electrode structures and structure arrange-
strate side, and for the transparent pixel ments are formed in one pixel of the active ma-
electrode facing the transparent flat com- trix substrate:
mon electrode in the active matrix sub- 30
strate side, patterns having a shape of a i) an electrode structure and a structure ar-
long and slender slit are formed, and a lig- rangement in which a transparent flat com-
uid crystal alignment direction control elec- mon electrode is used in the color filter sub-
trode having almost the same shape as a strate side, and for the transparent pixel
shape of the slits and a larger dimension 35 electrodes facing the transparent flat com-
than a dimension of the slits is formed in a mon electrode in the active matrix sub-
lower layer of the slits via the insulator film; strate side, circular or polygonal holes (no
iii) in a pixel of n row m column, a thin film transparent electrodes in a portion of a
transistor element is formed in a scan sig- hole) are formed;
nal wiring of (n-1) row, a common electrode 40 ii) an electrode structure a structure ar-
of n row, and a liquid crystal alignment di- rangement in which a transparent flat com-
rection control electrode used for a pixel of mon electrode is used on the color filter
n row m column are connected via the thin substrate side, and for the transparent pix-
film transistor element, and a thin film tran- el electrode facing the transparent flat
sistor elementis formed in a position where 45 common electrode in the active matrix sub-
a scan signal wiring of n row and a video strate side, patterns having a shape of a
signal wiring of m column intersect with long and slender slit are formed, and a lig-
each other, and the video signal wiring of uid crystal alignment direction control elec-
m column, and a transparent pixel elec- trode having almost the same shape as a
trode used for a pixel of n row m column 50 shape of the slits and a larger dimension
are connected via the thin film transistor el- than a dimension of the slits is formed in a
ement. lower layer of the slits via the insulator film;
iii) in a pixel of n row m column, a thin film
19. A color active matrix type vertically aligned mode transistor element is formed in a position
liquid crystal display comprising on a substrate: 55 where a scan signal wiring of (n-1) row and
a video signal wiring of (m+1) column inter-
a scan signal wiring; sect, and a video signal wiring of (m+1) col-
a video signal wiring; umn and a liquid crystal alignment direction

29
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control electrode used for a pixel of n row
m column are connected via the thin film
transistor element; and

a thin film transistor element is formed in a
position where a scan signal wiring of n row
and a video signal wiring of m column in-
tersect with each other, and the video sig-
nal wiring of m column, and a transparent
pixel electrode used for the pixel of n row
m column are connected via this thin film
transistor element.

20. A color active matrix type vertically aligned mode
liquid crystal display comprising on a substrate:

a scan signal wiring;

a video signal wiring;

a thin film transistor which is formed at an inter-
section of the scan signal wiring and the video
signal wiring;

a transparent pixel electrode, connected
to the thin film transistor element, that has two
or more of circular or polygonal holes and two
or more long and slender slits currently formed
therein;
an active matrix substrate having a liquid crys-
tal alignment direction control electrode in a
lower layer of slits of the transparent pixel elec-
trode currently formed via an insulator film;

a color filter substrate facing the active matrix
substrate; and

an anisotropic liquid crystal layer having nega-
tive dielectric constant sandwiched by the ac-
tive matrix substrate and the color filter sub-
strate,

the color active matrix type vertically aligned
mode liquid crystal display, characterized in
that

in order to impress a voltage to liquid crystal
molecules that are vertically aligned between
the active matrix substrate and the color filter
substrate and to make the liquid crystal mole-
cules tiltin many directions, two kinds of follow-
ing electrode structures and structure arrange-
ments are formed in one pixel of the active ma-
trix substrate:

i) an electrode structure and a structure ar-
rangement in which a transparent flat com-
mon electrode is used in the color filter sub-
strate side, and for the transparent pixel
electrodes facing the transparent flat com-
mon electrode in the active matrix sub-
strate side, circular or polygonal holes (no
transparent electrodes in a portion of a
hole) are formed;

i) an electrode structure and a structure ar-
rangement in which a transparent flat com-
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mon electrode is used in the color filter sub-
strate side, and for the transparent pixel
electrode facing the transparent flat com-
mon electrode in the active matrix sub-
strate side, patterns having a shape of a
long and slender slit are formed, and a lig-
uid crystal alignment direction control elec-
trode having almost the same shape as a
shape of the slits and a larger dimension
than a dimension of the slits is formed in a
lower layer of the slits via the insulator film;
iii) in a pixel of n row m column, a thin film
transistor element is formed on a scan sig-
nal wiring of (n-1) row, a common electrode
of n row, and a liquid crystal alignment di-
rection control electrode used for a pixel of
n row m column are connected via the thin
film transistor element; and a thin film tran-
sistor elementis formed in a position where
a scan signal wiring of n row and a video
signal wiring of m column intersect with
each other, and the video signal wiring of
m column, and a transparent pixel elec-
trode used for a pixel of n row m column
are connected via the thin film transistor el-
ement.

21. The color active matrix type vertically aligned mode
liquid crystal display according to any one of claims
17 to 20, the display being driven by the method,
characterized in that

a time width of the scan signal waveform in the
scan signal wiring is no less than twice of a hor-
izontal period,

a scan signal waveform in a scan signal wiring
of (n-1)th row and a scan signal waveform in a
scan signal wiring of (n)th row overlap one an-
other by no less than one time of a horizontal
period, and

polarities of a video signal voltage of a video
signal wiring of m column, and a video signal
voltage of a video signal wiring of (m+1) column
are different from each other, and the polarities
being mutually exchanged every horizontal pe-
riod, and the polarities being mutually reversed
every vertical period.

22. The color active matrix type vertically aligned mode
liquid crystal display according to claim 17 or 19,
characterized in that

a channel length (L,) of a thin film transistor
element that is formed in a position where a scan
signal wiring of (n-1) row and a video signal wiring
of column (m+1) intersect with each other, and is
connected with the liquid crystal alignment direction
control electrode is larger than a channel length (L4)
of a thin film transistor element that is formed in a
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position where a scan signal wiring of n row and a
video signal wiring of m column intersect with each
other, and is connected with the transparent pixel
electrode (L4 < L,).

The color active matrix type vertically aligned mode
liquid crystal display according to claim 18 or 20,
characterized in that

a channel length (L,) of a thin film transistor
element that is formed on a scan signal wiring of (n-
1) row, and is connected with the liquid crystal align-
ment direction control electrode is larger than a
channel length (L) of a thin film transistor element
that is formed in a position where a scan signal wir-
ing of n row and a video signal wiring of m column
intersect with each other, and is connected with the
transparent pixel electrode (L; < L,).

The color active matrix type vertically aligned mode
liquid crystal display according to any one of claims
17 to 23, characterized in that

adouble transistor element structure or an off-
set channel element structure is used for a thin film
transistor element connected with the liquid crystal
alignment direction control electrode.

The color active matrix type vertically aligned mode
liquid crystal display according to claim 17 or 18,
characterized in that

a slit formed in the transparent pixel electrode
on the active matrix substrate side and extending
long and slender, and a slit forming a group with the
liquid crystal alignment direction control electrode
are arranged alternately, maintaining a relationship
almost parallel to each other in an angle direction
of about +45 degrees to an extending direction of
the scan signal wiring; or
characterized in that

there is adopted a structure that a slit formed
in the transparent pixel electrode on the active ma-
trix substrate side and extending long and slender
are arranged substantially in a parallel direction and
in a perpendicular direction to an extending direc-
tion of the scan signal wiring; and a slit forming a
group with the liquid crystal alignment direction con-
trol electrode is arranged in a angle direction of
about £45 degrees to a direction of the scan signal
wirings; or
characterized in that

there is adopted a structure that a slit formed
in the transparent pixel electrode in the active matrix
substrate side and extending long and slender is ar-
ranged in an angle direction of about +45 degrees
to an extending direction of the scan signal wiring;
and a slit forming a group with the liquid crystal
alignment direction control electrode is arranged in
a parallel direction and in a perpendicular direction
to an extending direction of the scan signal wiring;

10

15

20

25

30

35

40

45

50

55

31

EP 1 398 658 A1

26.

27.

28.

60

and the liquid crystal alignment direction control
electrode encloses a periphery of the transparent
pixel electrode while overlapping with the transpar-
ent pixel electrode via the insulated film.

The color active matrix type vertically aligned mode
liquid crystal display according to claim 19 or 20,
characterized in that

there is adopted a structure that a slit forming
a group with the liquid crystal alignment direction
control electrode is arranged in a parallel direction
and in a perpendicular direction to an extending di-
rection of the scan signal wiring so that two or more
circular or polygonal holes currently formed in the
transparent pixel electrode in the active matrix sub-
strate side may be surrounded; and the liquid crys-
tal alignment direction control electrode encloses a
periphery of the transparent pixel electrode while
overlapping with the transparent pixel electrode via
the insulated film.

The color active matrix type vertically aligned mode
liquid crystal display according to any one of claims
17 to 26, characterized in that

the liquid crystal alignment direction control
electrode formed in a lower layer of a slit of the
transparent pixel electrode via the insulated film is
simultaneously formed in the same layer at the time
of formation of the scan signal wiring; or
characterized in that

the liquid crystal alignment direction control
electrode formed in a lower layer of a slit of the
transparent pixel electrode via the insulated film is
simultaneously formed in the same layer at the time
of formation of the video signal wiring.

The color active matrix type vertically aligned mode
liquid crystal display according to any one of claims
17 to 20, characterized in that

two thin film transistor elements are required
in one pixel in order to drive the one pixel and only
one contact hole exists for electrically connecting a
drain electrode of a thin film transistor element
formed in a position where a scan signal wiring of n
row and a video signal wiring of m column intersect
with each other, and the transparent pixel electrode;
or

characterized in that

two thin film transistor elements are required
in one pixel in order to drive the one pixel; two con-
tact holes exist for electrically connecting a drain
electrode of a thin film transistor element formed in
a position where a scan signal wiring of (n-1) row
and a video signal wiring of (m+1) column intersect
with each other, and the liquid crystal alignment di-
rection control electrode; and only one contact hole
exists for electrically connecting a drain electrode
of a thin film transistor element formed in a position
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where a scan signal wiring of n row and a video sig-
nal wiring of m column intersect with each other, and
the transparent pixel electrode; or
characterized in that

two thin film transistor elements are required
in one pixel in order to drive the one pixel; and one
thin film transistor element is connected to the
transparent pixel electrode, another remaining thin
film transistor element is connected to the liquid
crystal alignment direction control electrode, and
the transparent pixel electrode and the liquid crystal
alignment direction control electrode are over-
lapped via the insulated film to form a capacitance.

The color active matrix type vertically aligned mode
liquid crystal display according to any one of claims
17 to 28, characterized in that

an intermediate electrode of a thin film tran-
sistor element connected with the liquid crystal
alignment direction control electrode and having a
double transistor structure and the transparent pixel
electrode overlap via the insulated film to form a ca-
pacitance.

The color active matrix type vertically aligned mode
liquid crystal display according to claim 17 or 19,
characterized in that

a transparent pixel electrode of n row and m
column and a scan signal wiring of (n-1) th row over-
lap one another via the insulated film to form a stor-
age capacitor.

The color active matrix type vertically aligned mode
liquid crystal display according to claim 18 or 20,
characterized in that

a transparent pixel electrode of n row and m
column and a common electrode of n row overlap
one another via the insulated film to form a storage
capacitor.

A color active matrix type vertically aligned mode
liquid crystal display according to any one of claims
17 to 31, characterized in that

the thin film transistor element, the video sig-
nal wiring, and the liquid crystal alignment direction
control electrode are prepared in the same layer si-
multaneously, using a half-tone exposure tech-
nique.
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1 Horizontal period
Fig. 22

Vertical period
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Fig.53
[ 1]Scanning line

& Liquid crystal alignment direction control electrode
[ 2 ]JFormation of thin film silicon island
Video signal wiring
Contact hole
Transparent pixel electrode

Fig.54
[1]Scanning line

& Liquid crystal alignment direction control electrode

[ 2 ]Formation of thin film silicon island
‘& Video signal wiring

[3]Contact hole
Transparent pixel electrode

80



EP 1 398 658 A1

Fig.55
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