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(57) ABSTRACT

In aliquid crystal display device, liquid crystal molecules are
oriented in a vertical direction to the first substrate and the
second substrate by the first molecule orientation film and the
second molecule orientation film, respectively, in a non-driv-
ing state. A structural pattern is formed so as to extend in a
first direction parallel a surface of the liquid crystal layer and
so as to form, in a driving state, an electric field periodically
changing in a second direction that is parallel to the liquid
crystal layer and vertical to the first direction. The liquid
crystal molecules substantially tilt in the first direction in the
driving state.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR FABRICATING THE SAME

[0001] This is a divisional of application Ser. No. 14/171,
470, filed Feb. 3, 2014, which is a divisional of application
Ser. No. 14/030,881. filed Sep. 18, 2013, which is now U.S.
Pat. No. 8,797,490, issued Aug. 5, 2014, which is a divisional
ofapplication Ser. No. 13/613,836, filed Sep. 13,2012, which
is now U.S. Pat. No. 8,570,477, issued Oct. 29, 2013, which
is a divisional of application Ser. No. 13/051,386, filed Mar.
18, 2011, now U.S. Pat. No. 8,471,994, issued on Jun. 25,
2013, which is a divisional of application Ser. No. 12/268,
722, filed Nov. 11, 2008, which is now U.S. Pat. No. 7,952,
675, issued on May 31, 2011, which is a continuation of
application Ser. No. 11/542 308, filed Oct. 2, 2006, which is
now U.S. Pat. No. 7,486,366, issued on Feb. 3, 2009, which is
a divisional of application Ser. No. 09/903,010, filed Jul. 11,
2001, which isnow U.S. Pat. No. 7,145,622, issued on Dec. 5,
2006.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention generally relates to liquid
crystal display devices, and more particularly to a liquid
crystal display device applying a vertical orientation mode.
[0004] The liquid crystal display device has been widely
used for various portable information processing appara-
tuses, especially, for laptop computers and cellular phones, as
a display device that is minimized and requires lower power
consumption. Recently, a performance of the liquid crystal
display has been dramatically improved to be faster. Thus,
recent technology of the liquid crystal display achieving a
faster response speed and a clearer contrast is realized to
replace a CRT display device of a desktop computer or a
workstation computer.

[0005] However, such a conventional liquid crystal display
is needed to improve the response speed and the contrast in
order to be especially applied to a flat display device of a
desktop computer. Also, it is required to realize a wider angle
of visibility to recognize information displayed on the con-
ventional liquid crystal display device as much as a direct
view angle to a front of the conventional liquid crystal display
device.

[0006] 2. Description of the Related Art

[0007] Conventionally, as a practical liquid crystal device,
a TN-type liquid crystal display device that is normally in
white mode has been widely used. In the TN-type liquid
crystal display device, an orientation direction of liquid crys-
tal molecules is changed depending on an applied voltage
signal. A transmission light is controlled to turn ON or OFF
by the change of the orientation direction of the liquid crystal
molecules.

[0008] However, in the TN-type liquid crystal display
device, a ratio of contrast is limited because of an operation
principle. Thus, it is difficult to realize the wider view angle
thatis required for the display device of the desktop computer.
[0009] On thecontrary, the inventor of the present invention
has already proposed a liquid crystal display device in which
the liquid crystal molecules in a liquid layer are oriented to an
approximate vertical direction in advance before a driving
voltage is applied, so called a vertical orientation liquid crys-
tal display device.

[0010] A principle of a vertical orientation liquid crystal
display device 10 that is proposed by the inventor of the

Jan. 1, 2015

present invention, called an MVA type, will now be described.
FIG. 1A is a diagram showing a non-driving state in that the
driving voltage is not applied to the liquid crystal display
device 10 and FIG. 1B is a diagram showing a driving state in
that the driving voltage is applied to the liquid crystal display
device 10.

[0011] Referring to FIG. 1A, a liquid crystal layer 12 is
clamped between glass substrates 11A and 11B. The glass
substrates 11A and 11B form a liquid panel with the liquid
crystal layer 12. Molecule orientation films (not shown) are
formed on the glass substrates 11A and 11B. By effects of the
molecule orientation film, in the state in which the driving
voltage is not applied, the liquid crystal molecules in the
liquid crystal layer 12 are oriented in the approximate vertical
direction to the liquid crystal layer 12. In the non-driving state
in FIG. 1A, because a deflection angle of a deflection plate is
not substantially changed, in a case in which a polarizer and
an analyzer are provided on a top and a bottom surfaces in a
crossed Nicol state, an incident light beam, which transmits
through the polarizer and enters the liquid crystal layer 12, is
interrupted by the analyzer.

[0012] Ontheotherhand, inthe driving state in FIG. 1B, the
liquid molecules are tilted by influence of the applied electric
field. Then, the deflection direction of the deflection plate is
changed. As a result, the incident light beam, which transmits
through the polarizer and enters the liquid crystal layer 12,
transmits through the analyzer.

[0013] Moreover, in the liquid crystal display device 10 in
FIG. 1A and FIG. 1B, during the transmission from the non-
driving state to the driving state, in order to suppress a tilt
direction of the liquid crystal molecules and improve the
response speed, extended projecting patterns 13A and 13B
are alternately formed on the glass substrates 11A and 11B in
parallel.

[0014] By forming the projection patterns 13A and 13B, the
response speed of the liquid crystal display device 10 is
improved and simultaneously a plurality of domains are
formed in different directions of tilting the liquid crystal
molecule in the liquid crystal layer 12. As a result, the view
angle of the liquid crystal display device 10 is greatly
improved.

[0015] FIG. 2 is a diagram showing an orientation state of
the liquid crystal molecules in vicinities of the projection
patterns 13A and 13B in the driving state in FIG. 1B.

[0016] Referring to FIG. 2, the liquid crystal molecules are
tilted in the driving state and an angle difference is about 180°
between orientation directions of the projections 13A and
13B. That is, the projections 13A and 13B are twisted. In FIG.
2, apolarizer absorbent axis P and an analyzer absorbent axis
A are shown.

[0017] Inliquid crystal display device 10 having the verti-
cal orientation, while the tilted liquid crystal molecules are
twisted up to 180°, the orientation of the liquid crystal mol-
ecules at one edge of the projection 13A or 13B always
corresponds to a direction of the polarizer absorption axis P
and the orientation at another edge of the projection 13A or
13B always corresponds to a direction of the analyzer absorp-
tion axis A. When such the orientation of the liquid crystal
molecules occurs, two dark lines shown in FIG. 2 appear
along both edges of the projection 13A or 13B. The two dark
lines deteriorate transmittance of a liquid crystal panel and
then also, the contrast of liquid crystal display device 10 is
deteriorated.
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[0018] In addition, in the liquid crystal display device 10
shown in FIG. 1A and FIG. 1B, atilt direction is controlled in
the vicinities of the projections 13A and 13B but the tilt
direction is not controlled in regions other than the vicinities.
As aresult, when a state of the liquid crystal display device 10
transits from the non-driving state in FIG. 1A to the driving
state in FIG. 1B, the liquid crystal molecules start to be tilted
in a given direction at the vicinities of the projections 13A and
13B and then tilt of the liquid crystal molecules at the vicini-
ties propagate the liquid crystal molecules in the regions other
than the vicinities. Finally, all liquid crystal molecules are
tilted in the given direction. However, the response speed of
such tilt propagation takes time. Thus, it is desired to improve
the response speed. Especially, when a half tone is displayed
by the tilt propagation, the tilt direction of the liquid crystal
molecules located far from the projection patterns 13A and
13B is not defined since an electric field applied to the liquid
crystal molecules is weak. Consequently, the response speed
tends to delay.

[0019] Also, in the conventional liquid crystal display
device 10 shown in FIG. 1A and FIG. 1B, the projection
patterns 13A and 13B are required to be at least 1.2 um height.
However, when the projection patterns having a 1.2 um height
are formed by resist, a retardation of the liquid crystal layer 12
is decreased at the projection patterns 13A and 13B. Also, the
decrease of the retardation degrades transmittance of the lig-
uid crystal layer 12.

SUMMARY OF THE INVENTION

[0020] It is a general object of the present invention to
provide liquid crystal display devices in which the above-
mentioned problems are eliminated.

[0021] A more specific object of the present invention is to
provide a liquid crystal display device that can realize a high
contrast performance, a high response speed and a wider view
angle.

[0022] The above objects of the present invention are
achieved by a liquid crystal display device comprising: a first
substrate; a second substrate facing the first substrate; aliquid
crystal layer sealed between the first substrate and the second
substrate; a first electrode formed on the first substrate; a
second electrode formed on the second substrate; a first mol-
ecule orientation film formed on the first substrate so as to
cover the first electrode; a second molecule orientation film
formed on the second substrate so as to cover the second
electrode; a first polarizing plate provided outside of the first
substrate; and a second polarizing plate provided outside of
the second substrate in a crossed Nicol state to the first polar-
izing plate, wherein: in a non-driving state in which a driving
voltage is not applied between the first electrode and the
second electrode, liquid crystal molecules are oriented in a
vertical direction to the first substrate and the second substrate
by the first molecule orientation film and the second molecule
orientation film, respectively; on the first substrate, a struc-
tural pattern is formed so as to extend in a first direction
parallel to a surface of the liquid crystal layer and so as to
form, in a driving state in which a driving voltage is applied
between the first electrode and the second electrode, an elec-
tric field periodically changing in a second direction that is
parallel to the liquid crystal layer and vertical to the first
direction; and the liquid crystal molecules substantially tiltin
the first direction in the driving state.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Other objects, features and advantages of the
present invention will become more apparent from the fol-
lowing detailed description when read in conjunction with the
accompanying drawings, in which:

[0024] FIG. 1A is a diagram showing a non-driving state in
that the driving voltage is not applied to the liquid crystal
display device 10 and F1G. 1B is a diagram showing a driving
state in that the driving voltage is applied to the liquid crystal
display device 10;

[0025] FIG. 2 is a diagram showing an orientation state of
the liquid crystal molecules in vicinities of the projection
patterns in the driving state in FIG. 1B;

[0026] FIG. 3A and FIG. 3B are diagrams for explaining a
principle of the present invention;

[0027] FIG. 4 is a diagram for explaining a principle of the
present invention;

[0028] FIG. 5 is a diagram showing experiment results of
the liquid crystal display device in FIG. 3A and FIG. 3B;
[0029] FIG. 6is a schematic diagram showing a configura-
tion of the liquid crystal display device 30 according to a first
embodiment of the present invention;

[0030] FIG. 7A is a sectional diagram of the liquid crystal
display device and FIG. 7B is a diagram showing a magnified
part of the TFT glass substrate;

[0031] FIG. 81is a diagram showing a detail configuration of
the pixel electrode formed on the TFT glass substrate;
[0032] FIG. 9 is a diagram for explaining an operation of
the liquid crystal display device.

[0033] FIG. 10 is a diagram showing the principle of the
second embodiment to the present invention;

[0034] FIG. 11 is a diagram showing another principle as a
base of the configuration in FIG. 10, according to the second
embodiment of the present invention;

[0035] FIG. 12 is diagram showing another principle as a
base of the configuration in FIG. 10, according to the second
embodiment of the present invention;

[0036] FIG. 13 is diagram showing another principle as a
base of the configuration in FIG. 10, according to the second
embodiment of the present invention;

[0037] FIG. 14A through 14D are diagrams showing
experiment results of the liquid crystal display device in FIG.
12 and FIG. 13;

[0038] FIG. 15 is a diagram showing another liquid crystal
display device 40 based on the principle previously
described, according to the second embodiment of the present
invention;

[0039] FIG. 16 is a diagram showing a substrate of the
liquid crystal display device according to a third embodiment
of the present invention;

[0040] FIG. 17 is a diagram for explaining a principle of a
liquid crystal display device according to the third embodi-
ment of the present invention;

[0041] FIG. 18 is a diagram for explaining another prin-
ciple of a liquid crystal display device according to the third
embodiment of the present invention;

[0042] FIG. 19 is a diagram for explaining another prin-
ciple of a liquid crystal display device according to the third
embodiment of the present invention;

[0043] FIG. 20 is a diagram showing an operational char-
acteristic of the liquid crystal display device according to the
third embodiment of the present invention;
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[0044] FIG. 21 is a diagram of a liquid crystal display
device according to the third embodiment of the present
invention;

[0045] FIG. 22 is a diagram showing a first variation of the
liquid crystal display device according to the third embodi-
ment of the present invention;

[0046] FIG. 23 is a diagram showing a second variation of
the liquid crystal display device according to the third
embodiment of the present invention;

[0047] FIG. 24 is a diagram showing an operational char-
acteristic of the liquid crystal display device according to the
third embodiment of the present invention;

[0048] FIG. 25A and FIG. 25B are diagram for explaining
aprinciple based on the configuration in FIG. 4, according to
the fourth embodiment of the present invention;

[0049] FIG. 26 is a diagram showing a configuration of a
pixel electrode part of a liquid crystal display device accord-
ing to the present invention;

[0050] FIG. 27 is a diagram of a liquid crystal display
device 60A showing a first variation of the configuration of
the liquid crystal display device 60 according to the fourth
embodiment of the present invention;

[0051] FIG. 28 is a diagram showing a second variation of
the configuration of the liquid crystal display device accord-
ing to the fourth embodiment of the present invention;
[0052] FIG. 29 is a diagram showing a principle of a liquid
crystal display device according to a fifth embodiment of the
present invention;

[0053] FIG. 30 is a diagram showing the configuration of
the liquid crystal display device according to the fifth embodi-
ment of the present invention;

[0054] FIG. 31A is a diagram showing a change of a trans-
mittance and a response speed in the liquid crystal display
device in FIG. 30 and FIG. 31B is a diagram showing orien-
tations of the liquid crystal molecules in the liquid crystal
display device in FIG. 30;

[0055] FIG. 32 is a diagram showing a relationship between
an achieved transmittance and a required time in the liquid
crystal display device in FIG. 30, according to the fifth
embodiment of the present invention;

[0056] FIG. 33 is a diagram showing a relationship between
an achieved transmittance and a required time in the liquid
crystal display device in FIG. 30, according to the fifth
embodiment of the present invention;

[0057] FIG. 34 is a diagram showing a relationship between
a transmittance and a gradation in a first variation and a
second variation in FIG. 33, according to the fifth embodi-
ment of the present invention;

[0058] FIG. 35A through FIG. 35C are diagrams showing
various patterns used as the pixel electrode, according to the
fifth embodiment of the present invention;

[0059] FIG. 36A through FIG. 36T are diagrams for
explaining a method for fabricating a liquid crystal display
device according to a sixth embodiment of the present inven-
tion;

[0060] FIG. 37 is a diagram showing a variation of the
liquid crystal display device according to a sixth embodiment
of the present invention;

[0061] FIG. 38A and FIG. 38B are diagrams showing a
principle of a liquid crystal display device according to a
seventh embodiment of the present invention;

[0062] FIG. 39is adiagram showing a photo mask used for
fabricating the liquid crystal display device according to the
seventh embodiment of the present invention;
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[0063] FIG. 40A and FIG. 40B are diagrams showing a
result of simulating an operation of the liquid crystal display
device according to the seventh embodiment of the present
invention;

[0064] FIG. 41A is a diagram showing a pattern variation of
the liquid crystal display according to the seventh embodi-
ment of the present invention and FIG. 41B is a diagram
showing another pattern variation of the liquid crystal display
according to the seventh embodiment of the present inven-
tion;

[0065] FIG. 42 is a diagram showing a liquid crystal display
device according to an eighth embodiment of the present
invention;

[0066] FIG. 43 is a diagram showing the directional pattern
according to an eighth embodiment of the present invention;
[0067] FIG. 44 is a diagram showing a first variation of the
liquid crystal display device 100 in F1G. 42, according to the
eighth embodiment of the present invention;

[0068] FIG. 45 is a diagram showing a second variation of
the liquid crystal display device in FIG. 42, according to the
eighth embodiment of the present invention;

[0069] FIG. 46 is a diagram showing a third variation of the
liquid crystal display device in FIG. 44, according to the
eighth embodiment of the present invention;

[0070] FIG. 47 is a diagram showing a fourth variation of
the liquid crystal display device 100 in FIG. 45, according to
the eighth embodiment of the present invention;

[0071] FIG. 48 is a diagram showing a fifth variation of the
directional pattern according to the eighth embodiment of the
present invention;

[0072] FIG. 49 shows diagrams of various directional pat-
terns, instead of the directional pattern, according to the
eighth embodiment of the present invention;

[0073] FIG. 50A and FIG. 50B are diagrams showing
arrangement variations of the directional pattern according to
the eighth embodiment of the present invention;

[0074] FIG. 51 is a diagram showing arrangement varia-
tions of the directional pattern according to the eighth
embodiment of the present invention;

[0075] FIG. 52 is a diagram showing arrangement varia-
tions of the directional pattern according to the eighth
embodiment of the present invention;

[0076] FIG. 53A is a sectional view diagram showing a
liquid crystal display device according to a ninth embodiment
of the present invention and FIG. 53B is a plan view diagram
showing a liquid crystal display device according to the ninth
embodiment of the present invention;

[0077] FIG. 54 is a diagram showing the orientation of the
liquid crystal molecules in the liquid crystal layer in the
driving state of the liquid crystal display device, according to
the ninth embodiment of the present invention;

[0078] FIG. 55A through FIG. 55D are diagrams for
explaining a method for fabricating the liquid crystal display
device shown in FIG. 53A and FIG. 53B, according to the
ninth embodiment of the present invention;

[0079] FIG. 56 is a diagram showing a first variation of the
liquid crystal display device according to the ninth embodi-
ment of the present invention;

[0080] FIG. 57 is a diagram showing a second variation of
the liquid crystal display device according to the ninth
embodiment of the present invention;

[0081] FIG. 58 is a diagram showing a third variation of the
liquid crystal display device according to the ninth embodi-
ment of the present invention; and
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[0082] FIG. 59 is a diagram showing a fourth variation of
the liquid crystal display device according to the ninth
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0083] FIG. 3A and FIG. 3B are diagrams for explaining a
principle of the present invention.

[0084] Referring FIG. 3A, aliquid crystal display device 20
according to the present invention, includes a pair of the glass
substrates 21A and 21B. Electrode layers 23A and 23B are
formed on the glass substrates 21A and 21B. In addition,
micro structural patterns 24 are formed on the glass substrate
21A so as to transform a electric field pattern formed between
the electrode layers 23 A and 23B on a surface of the electrode
layer 23A. Moreover, a molecule orientation film 25A is
formed so as to cover the micro structural patterns 24 on the
surface of the electrode layer 23A. On the other hand, on the
glass substrate 21B, a molecule orientation film 25B is
formed so as to cover the electrode layer 23B. The molecule
orientation films 25A and 25B contact the liquid layer 22 and
the liquid molecules 22A in the liquid layer 22 are regulated
in an approximately vertical direction to the surface of the
liquid layer 22 in the non driving state in which an electric
field is not applied to the electrode layers 23 A and 23B.
[0085] Furthermore, a polarizer 26A having a first light
absorbent axis is formed on a principal plane at bottom of the
glass substrate 21 A and an analyzer 26B having a second light
absorbent axis is formed on a principal plane at bottom of the
glass substrate 21B.

[0086] The micro structural patterns 24 form a plurality of
insulating or conducting micro projection patterns that are
alternately formed and extend in parallel on the electrode
layer 23 A. The micro structural patterns 24 locally transform
an electric field in the liquid layer 22. For example, as shown
in FIG. 4, the micro structural patterns 24 can be micro
concave patterns such as cutout patterns that are formed so as
to extend in parallel. In a case in which the micro structural
patterns 24 are formed by micro convex patterns, the convex
patterns are preferably formed by s transparent material so
that a light beam entered the liquid crystal display device 20
transmits through.

[0087] In FIG. 3B, orientations of the liquid crystal mol-
ecule 22A at the surface of the glass substrate 21A is shown in
the driving state of the liquid crystal display device 20 in
which the driving voltage is applied to the electrode layers
23A and 23B.

[0088] Referring to FIG. 3B, the electric field in the liquid
crystal display device 20 according to the present invention is
locally transformed by the micro structural pattern 24 in the
driving state. Then, the liquid crystal molecules 22A fall
down and orients in the extended direction. Therefore, in a
case in which the polarizer 26A and the analyzer 26B are
arranged so as to have an absorbent axis P and a absorbent
axis A as shown in FIG. 3B, the dark lines described in FIG.
2 do not occur.

[0089] In the liquid crystal display device 20 according to
the present invention, when the driving voltage is applied to
between the electrode layer 23A and 23B and a driving elec-
tric field is formed in the liquid crystal layer 22, each liquid
crystal molecule falls down in the extended direction of the
micro structural patterns 24 in response to the driving electric
field transformed by the micro structural patterns 24. Differ-
ently from the conventional liquid crystal display device in
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FIG. 1A and FIG. 1B, when the liquid crystal molecules fall
down, response speed is greatly improved since the tilt of the
liquid crystal molecules does not have to propagate from
vicinity regions of the convex patterns 13 A and 13B to other
regions.

[0090] Inaddition to these advantages, in the liquid crystal
display device 20 as shown in FIG. 3B, the orientation direc-
tion of each liquid crystal molecule 22A is substantially regu-
lated in the extended direction of the micro structural patterns
in the driving state. Since tilted liquid crystal molecules 22A
interact, a twist angle of each liquid crystal 22A is not
changed in the liquid crystal layer 22. Therefore, it is possible
to display at a higher quality of contrast.

[0091] When the driving voltage is applied to between the
electrode layers 23A and 23B, the micro structural patterns
24A almost evenly form an electric field distribution in a first
direction corresponding to the extended direction of the
micro structural patterns 24A and periodically form the elec-
tric field distribution in a second direction being vertical to the
first direction, in the liquid crystal layer 22.

[0092] FIG. 5 is a diagram showing experiment results of
the liquid crystal display device in FIG. 3A and FIG. 3B. In
FIG. 5, when ratio of a width to an interval of the micro
structural pattern 24 is variously changed. In the experiment
in FIG. 5, when a thickness of the liquid crystal layer 22 is set
to 3.5 um and the interval between adjacent micro structural
patterns 24 is fixed to 3 um, the width of each micro structural
pattern 24 is variously changed. The electrode layers 23A and
23B are uniformly formed by the ITO films.

[0093] Referring to FIG. 5, especially, when the width and
the interval of the micro structural pattern 24 are 3 um, that is,
the ratio of the width to the interval is 1 to 1, the transmittance
close to 30% can be obtained, which transmittance greatly
exceeds more than the conventional liquid crystal display
device 10 in FIG. 1 and is equal to the transmittance of the TN
mode liquid crystal display device. Consequently, in the lig-
uid crystal display device 20, the problem of occurrences of
the dark lines described in FIG. 2 is solved. In FIG. 5, in the
conventional liquid crystal display device 10 without micro
structural patterns 24, the thickness of the liquid crystal layer
is set to 3.5 um and the interval between the projection pattern
13A and 13B is set to 30 pm.

First Embodiment

[0094] FIG. 6is a schematic diagram showing a configura-
tion of a liquid crystal display device 30 according to a first
embodiment of the present invention.

[0095] Referring to FIG. 6, the liquid crystal display device
30 is an active matrix operation type liquid crystal display
device. The liquid crystal display device 30 includes a TFT
glass substrate 31A carrying a plurality of thin film transistors
(TFTs) and a plurality of transparent pixel electrodes coop-
erating with the TFTs, corresponding to the electrode layer
23A shown in FIG. 3A or FIG. 4, and a facing glass substrate
31B providing above the TFT glass substrate 31A and carry-
ing facing electrodes corresponding to the electrode layer
23B shown in FIG. 3A or FIG. 4 where a liquid crystal layer
31 is sealed between the TFT glass substrate 31A and the
facing glass substrate 31B by a seal member 31C. In the liquid
crystal display device 30 in FIG. 6, the transparent pixel
electrode is selected and operated through a TFT correspond-
ing thereto and then the orientation of the liquid crystal is
selectively changed by corresponding to a selected transpar-
ent pixel electrode in the liquid crystal layer 31. Moreover, a
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polarizer 31a and an analyzer 315 are arranged in the crossed
Nicol state outside of the TFT glass substrate 31A and the
facing glass substrate 31B. Also, molecule orientation films
corresponding to the molecule orientations films 25A and
25B in FIG. 3A or F1G. 4A are formed so as to be adjacent to
the liquid crystal layer 31 inside of the TFT glass substrate
31A and the facing glass substrate 31B. In the non-driving
state, the orientation direction of the liquid crystal molecules
is controlled to be approximately vertical to a surface of the
liquid crystal layer 31.

[0096] A liquid crystal having a negative inductive factor
anisotropy provided by Merck corporation can be used for the
liquid crystal layer 31 and a vertical orientation film provided
by ISR corporation can be used for the molecule orientation
film. As a typical example, the TFT glass substrate 31A and
the facing glass substrate 31B are configured by using an
appropriate spacer so that a thickness of the liquid crystal
layer 31 is approximate 4 pm.

[0097] FIG. 7A is a sectional diagram of the liquid crystal
display device 30 and FI1G. 7B is a diagram showing a mag-
nified part of the TFT glass substrate 31A.

[0098] Referring to FIG. 7A, each pixel electrode is elec-
trically connected toa TFT 31T (not shown) and is formed on
the TFT glass substrate 31 A, which is a bottom side of a TFT
substrate. The pixel electrodes 34 are covered with a vertical
molecule film 35. Similarly, each facing electrode 36 is uni-
formly formed on the facing glass substrate 31B, which is a
top side of the TFT substrate and the facing electrodes are
covered with another molecule orientation film 37. The liquid
crystal layer 31 is clamped between the TFT glass substrate
31A and facing glass substrate 31B in an adjacent state by the
molecule orientation films 35 and 37.

[0099] Referring to FIG. 7B, on the TFT glass substrate
31A, aplurality of pad electrodes 33 A supplying scan signals
and a plurality of scan electrodes 33 extended from the pad
electrodes 33 A, and a plurality of pad electrodes 32A supply-
ing video signals and a plurality of signal electrodes 32
extended from the pad electrodes 32A are formed so that an
extended direction of the scan electrodes 33 and that of the
signal electrodes 32 cross each other at approximately a right
angle. At each cross point of the scan electrodes 33 and the
signal electrodes 32, the TFT 31T in FIG. 8 is formed. More-
over, on the TFT glass substrate 31A, the pixel electrode 34,
which is transparent, corresponding to each TFT 31T is
formed. Each TFT 31T is selected by the scan signal on each
scan electrode 33 corresponding to the TFT 31T. Then, each
pixel electrode 34 such as an I'TO is operated by a video signal
on the signal electrode 32 corresponding to a selected TFT
31T

[0100] A display of the liquid crystal display device 30 is
turned “black” by effects of the polarizer 31a and the analyzer
315 since the liquid crystal molecules are approximate verti-
cally oriented to the surface of the liquid crystal layer 31 in the
non-driving state in which the driving voltage is not applied to
the transparent pixel electrodes 34. And, the display of the
liquid crystal display device 30 is turned “white” since the
liquid crystal molecules are approximate horizontally ori-
ented in the driving state in which the driving voltage is
applied to the transparent pixel electrodes 34.

[0101] InFIG.7A, oneora plurality of phase compensation
films can be provided between the TFT glass substrate 31A
and the polarizer 31a, and/or between the facing glass sub-
strate 31B and the analyzer 315. For example, the phase
compensation films can be an optically uniaxial phase com-
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pensation film where refractive indexes nx and ny inside of
the liquid crystal layer 31 are greater than a refractive index nz
of a light wave in a proceeding direction.

[0102] FIG. 8isadiagram showing a detailed configuration
of the pixel electrode 34 formed on the TFT glass substrate
31A.

[0103] Referring to FIG. 8, each signal electrode 32 and
each scan electrode 33 cross each other on the TFT glass
substrate 31 A and the TFT 31T and the pixel electrode 34 are
formed at a cross point of each signal electrode 32 and each
scan electrode 33. Also, in FIG. 8, an auxiliary capacitance
electrode Cs is formed in parallel to the scan electrode 33.

[0104] InFIG.8, the pixel electrode 34 is shown by adotted
area and is sectioned into regions A, B, C and D. On each of
the regions A, B, C and D, a plurality of micro-cutout patterns
34A, which are shown in white and correspond to the con-
figuration described in FIG. 4, are extended and formed in
parallel.

[0105] 1Inatypical example, the micro-cutout pattern 34 is
3um to 13 um in width. For example, the micro-cutout pattern
34 is formed at intervals of approximate 3 pm. The micro-
cutout pattern 34 in each of the regions A, B, C and D is
formed so that one extended direction of the micro-cutout
pattern 34 in one region crosses with another extended direc-
tion of the micro-cutout pattern 34 in another region. In this
case, in any one of regions A, B, C and D, the extended
direction of the micro-cutout pattern 34 is set so as to slant-
ingly cross with the light absorption axis P of the polarizer
31a shown in FIG. 6 and the light absorption axis A of the
analyzer 316 shown in FIG. 6.

[0106] Inthe liquid crystal display device 30, when the TFT
31T is activated and the driving voltage is applied to the pixel
electrode 34, the liquid crystal molecules in the liquid crystal
layer 31 fall down in the extended direction of the micro-
cutout pattern 34 as shown in FIG. 8. However, each direction
where the liquid crystal molecules fall down in the regions A,
B, C and D is different. Therefore, the liquid crystal display
device 30 shows a characteristic of a wider visibility angle.

[0107] In the driving state of the liquid crystal display
device 30 according to the present invention, the liquid crystal
molecules are influenced by the electrode field formed by the
micro-cutout pattern 34 and periodically changing in a direc-
tion of vertically crossing to the extended direction of the
pixel electrode 34. Then, the liquid crystal molecules fall
down in the extended direction of the micro-cutout pattern 34
without being regulated by a direction where other liquid
crystal molecules are tilted. Thus, a change from a vertical
orientation state to a horizontal orientation state of the liquid
crystal molecules or from the horizontal orientation state to
the vertical orientation is speedy. The transition from the
non-driving state to the driving state or from the driving state
to the non-driving state is conducted at a higher speed. The
transition to a half tone state is also conducted at a higher
speed. For example, when the liquid crystal layer 31 is 4 um
in thickness and the micro-cutout pattern 34 A is 3 pm in width
and interval, the transition from the non-driving state (black)
to ahalf tone (V4 gradation) is completed in 70 msec; that is 20
msec shorter than a conventional transition. Also, the transi-
tion from black to white is completed in 17 msec; that is 2
msec shorter than the conventional transition.

[0108] Furthermore, according to the configuration of FIG.
8, the orientation direction of the liquid crystal molecules is
regulated in the driving state. Therefore, the twist angle is not
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changed by interactions with other liquid crystal molecules
and then it is possible to realize an uniformly high quality
display.

[0109] In the liquid crystal display device 30 including a
plurality of domains A, B, C and D that have different orien-
tations in a single pixel electrode 34 as shown in FIG. 8, an
orientation direction of the liquid crystal molecules as shown
in FIG. 9 changes up to approximate 90° at one border
between the domain A and the domain B adjacent to the
domain A and at another border between the domain C and the
domain D adjacent to the domain C. However, two dark lines
do not appear along both edges of a projection pattern as the
conventional liquid crystal display device 30. Therefore, the
transmittance in the driving state can be greatly improved. In
addition, the view angle can be greatly improved by forming
domain A, B, C and D, so as to realize a 160° view angle in a
vertical direction and a horizontal direction. In details, the
transmittance is improved from 4.8% of the conventional
liquid crystal display device to 5.6% that is 20% up.

[0110] In the configuration in FIG. 8, the dark line appears
at the border between the domain A and the domain C and at
the border between the domain B and the domain D. However,
since these border s are covered with a conductive pattern
connected to the auxiliary capacitance electrode Cs, the dark
line does not affect the display of the liquid crystal display
device 30.

[0111] In the liquid crystal display device 30 in the first
embodiment, on the pixel electrode 34 instead of the micro-
cutout pattern 34A, the micro-projection pattern can be simi-
larly formed by an insulating material or a conducting mate-
rial. In this case, for example, as an insulating material, a
resist pattern such as a positive resist PC 403 that is a product
of ISR corporation or the like can be used and an approximate
0.4 pum thickness is preferable. In a case in which the micro-
cutout pattern 34A is made up of the insulating material, it is
recognized that the transmittance is further improved up to
6.2%. In a case in which micro-cutout pattern 34 A is made up
of the insulating material, a sectional form of the liquid crys-
tal display device 30 is similar to that of the liquid crystal
display device 20 described in FIG. 3A.

[0112] Moreover, in the liquid crystal display device 30 in
the first embodiment, instead of the micro-cutout pattern
34A, another pattern similar to the micro-cutout pattern 34A
can be formed by another transparent conducting material
similar to the pixel electrode 34. In this case, in a previous
stage of forming the pixel electrode 34, when the TFT 31T is
formed, a SiN film used as an insulating protection film for
the TFT 31T is patterned and a micro pattern corresponding to
the micro-cutout pattern 34A is formed in the pixel electrode
34. Furthermore, an ITO film forming the pixel electrode 34
is layered on the patterned SiN film, so that a conductive
micro-cutout pattern 34A can be formed. In this case, an
approximate 5.8% of transmittance can be obtained.

[0113] Furthermore, another micro-cutout pattern similar
to the micro-cutout pattern 34A can be provided while
another micro-cutout pattern corresponds to the pixel elec-
trode 34 on the facing glass substrate 31B.

Second Embodiment

[0114] Next, another liquid crystal display device in that a
response speed of a liquid crystal display device 20 or 30 is
improved will now be described in a second embodiment of
the present invention.
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[0115] A principle ofthe second embodiment of the present
invention will now be described with reference to FIG. 10.
[0116] FIG. 10 is a diagram showing the principle of the
second embodiment of the present invention. In FIG. 10, the
previous configuration shown in FIG. 3A and FIG. 3B is
enhanced to a configuration shown in FIG. 10 and elements
that are the same as the ones in previous figures are indicated
by the same reference numerals and the explanation thereof
will be omitted.

[0117] In aliquid crystal display device 20 shown in FIG.
3A and FIG. 3B, when the driving voltage is applied to
between the electrode layers 23A and 23B, a direction where
the liquid crystal molecules 22A fall down is regulated in an
extended direction of the micro structural pattern 24. How-
ever, the liquid crystal molecules 22A still have freedom to
fall down in one extended direction or an opposite 180°
extended direction. Thus, it takes time to determine one of
two directions in which the liquid crystal molecules 22A fall
down at an initial state of a transition process.

[0118] Accordingly, in the second embodiment, as shown
in FIG. 10 in the liquid crystal display device 20 in FIG. 3A,
the liquid crystal display device 20A is formed so that other
rough projection patterns 27A and 27B having a greater pitch
and a larger width are formed in another extended direction
different from the extended direction of the micro structural
pattern 24. F1G. 10, other features of the liquid crystal display
device 20A are the same as the previous liquid crystal display
devices 20 and 30 and the explanation thereof will be omitted.
[0119] Referring to FIG. 10, the rough projection pattern
27A is formed on the substrate 21 A and the rough projection
pattern 27B is formed on the substrate 21B. The rough pro-
jection patterns 27A and 27B regulate a direction in which the
liquid crystal molecules 22A fall down to the extended direc-
tion of the micro structural pattern 24 when the driving volt-
age is applied to the electrode layers 23A and 23B. The rough
projection patterns 27A and 27B typically correspond to the
projection patterns 13A and 13B of the conventional liquid
crystal display device 10 and realize the same effect as the
projection patterns 13A and 13B. That is, the configuration in
FIG. 10 is a configuration in that the projection patterns 13A
and 13B in FIG. 1A are formed in a configuration including
the micro structural pattern 24 in FIG. 3A. In the configura-
tion in FIG. 10, the extended direction of the micro structural
pattern 24 vertically crosses the extended direction of the
rough projection patterns 27A and 27B. Similarly to the con-
figuration in FIG. 3A, FIG. 3B or FIG. 4, the extended direc-
tion of the micro structural pattern 24 are provided so as to
obliquely cross a polarizer absorption axis P of a polarizer
26A or an analyzer absorption axis A of an analyzer 26B.
[0120] FIG. 11 is a diagram showing another principle as a
base of the configuration in FIG. 10, according to the second
embodiment of the present invention. In the configuration in
FIG. 11, the extended direction of the micro-cutout projection
24 is changed at both sides of the rough projection pattern
27A on the substrate 21A and then the wider view angle is
realized. In the configuration in FIG. 11, the extended direc-
tion of the micro structural pattern 24 obliquely crosses the
extended direction of the projection pattern 27A or 27B.
Thus, the polarizer absorption axis P of the polarizer 26A and
the analyzer absorption axis A of the analyzer 26B horizon-
tally or vertically cross the extended directions the rough
projection patterns 27A and 27B, respectively.

[0121] As described above, by combining projecting pat-
terns 13A and 13B with the micro structural pattern 24
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according to the present invention, in a case of a transition of
the liquid crystal display device 20A from the non-driving
state to the driving state, the change of orientation of the
liquid crystal molecules is accelerated and then the response
speed of the liquid crystal display device 20A is improved.
[0122] FIG. 12 and FIG. 13 are diagrams showing another
principle as a base of the configuration in FIG. 10, according
to the second embodiment of the present invention. FI1G. 12
and FIG. 13 show test pattern configurations used in an
experiment in that the inventors of the present invention
obtained optimum configuration parameters for the micro
structural pattern 24 and the rough projection patterns 27A
and 27B. In FIG. 12, the rough projection pattern 27A forms
a lattice shape on the substrate 21A and also the rough pro-
jection pattern 27B similarly forms a lattice shape while the
rough projection pattern 27B is displaced against the rough
projection pattern 27A. On the contrary, in FIG. 13, differ-
ently from the configuration in FIG. 12, the micro structural
pattern 24 on the substrate 21A is not formed right under the
rough projection pattern 27A on the substrate 21B. A region
formed by the lattice shape of the rough projection pattern
278 1s further divided into four domains by the lattice shape
of the rough projection pattern 27A and the micro structural
pattern 24 is formed in a different orientation in each domain.
[0123] FIGS. 14A, 14B, 14C and 14D show results of the
experiment by the inventors to evaluate a transmittance in the
test pattern configurations shown in FIG. 12 and FIG. 13.
[0124] Inaliquid crystal display device used in the experi-
ment, the micro structural pattern 24 is 3 um in thickness and
is arranged at intervals of 3 pm in each domain in FIG. 12 or
FIG. 13 50 as to be the same as the previous embodiments.
Moreover, in the experiment, either one of the lattice shaped
rough projection patterns 27A and 27B is formed at various
intervals and various heights by a resist pattern (LC200; Shi-
pley Far East Corporation) 5 um in width and then transmit-
tance characteristics of a panel are visually evaluated in the
driving state, that is, in a state in which the driving voltage 5V
is applied to between the electrode layers 23A and 23B.
[0125] Inthe experiment, FIG. 14A shows a resultin a case
in which the rough projection patterns 27A and 27B are
formed in 0.95 wm height, FIG. 14B shows a result in a case
in which the rough projection patterns 27A and 27B are
formed in 0.75 wm height. FIG. 14C shows a result in a case
in which the rough projection patterns 27A and 27B are
formed in 0.5 wm height. FIG. 14D shows a result in a case in
which the rough projection patterns 27A and 27B are formed
in 0.3 um height. In FIGS. 14A, 14B, 14C and 14D, a left side
picture shows a case in which the orientation directions of the
polarizer 26A and the analyzer 26B correspond to the
extended direction of the micro structural pattern 24, respec-
tively, that is, shows a case in which the orientation directions
of the polarizer 26 A and the analyzer 26B correspond to a tilt
direction of the liquid crystal molecules 22A. On the other
hand, a right side picture shows a case in which the orientation
directions of the polarizer 26 A and the analyzer 26B corre-
spond to the extended directions of the rough projection pat-
terns 27A and 27B, respectively. In each diagram of FIGS.
14A, 14B, 14C and 14D, two pictures on the right side cor-
respond to the test pattern configuration in FIG. 11 and two
pictures on the left side correspond to the test pattern in FIG.
12.

[0126] In each diagram in FIGS. 14A, 14B, 14C and 14D,
the rough projection patterns 27A and 27B are arranged at
intervals of 80 um. As results of FIGS. 14A, 14B, 14C and
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14D, when the rough projection patterns 27A and 27B have
improper heights, the orientation of the liquid crystal mol-
ecules is improperly determined along the micro structural
pattern 24 and then the dark line appears. Results of configu-
rations in FIGS. 14A, 14B, 14C and 14D show a preferable
case in which the vertical orientation liquid crystal of Merck
Corporation as a liquid crystal layer 22 is combined with the
vertical molecule orientation films 25A and 25B of JSR cor-
poration and the liquid crystal layer 22 is 4 um in thickness.
[0127] Regarding the results of FIGS. 14A, 14B, 14C and
14D, it is summarized that for the most preferable display
quality, that is, the least defect display quality, can be obtained
in a case in which the rough projection patterns 27A and 27B
are 0.75 um or 0.5 um in height as shown in FIG. 14B or FIG.
14C. In addition, in each diagram shown in FIGS. 14A, 14B,
14C and 14D, compared a configuration 20C in F1G. 11 with
aconfiguration 20D in FIG. 12, the configuration 20C in FIG.
11 is superior in display quality and approximate 4% higher in
transmittance.

[0128] Moreover, first, the response speed of the configu-
ration 20C in FIG. 12 or the configuration 20D in F1G. 13, in
which the transmittances are superior, is compared with that
of the conventional liquid crystal display device 10 described
in FIG. 1A and FIG. 1B. In a case in which the interval of the
projection pattern 13A or 13B in the conventional liquid
crystal display device 10 is set to 20 um, the transition from
the black state (non-driving state) to the white state (driving
state) requires 104 msec. On the other hand, in the second
embodiment, as a result of combining the rough projection
patterns 27A and 27B with the micro structural pattern 24, it
canbe recognized that the required time is reduced to 71 msec
and the response speed is greatly improved. Furthermore, in
the liquid crystal display device 20C or 20D, in a case in
which both intervals of the rough projection patterns 27A and
27B are determined as 30 um, the transition from the black
state to the white state requires 470 msec. Compared with a
case in which the projection patterns 13A and 13B are
arranged at the same interval in the liquid crystal display
device 10 in this case, the response time is 640 msec. Conse-
quently, it is possible to greatly improve the response time in
the configuration 20C or 20D.

[0129] FIG. 15 is a diagram showing another liquid crystal
display device 40 based on the principle previously
described, according to the second embodiment of the present
invention. In FIG. 15, parts that are the same as the ones in
previous figures are indicated by the same reference numerals
and the explanation thereof will be omitted.

[0130] Referringto FIG. 15, the same pattern as that in FIG.
8 is formed as the pixel electrode 34 on the glass substrate
31A of the liquid crystal display device 40 and the pixel
electrode 34 is shown by a dotted area similar to that in FIG.
8.

[0131] In the second embodiment, furthermore, lattice
shaped rough project patterns 41A and 41B are repeated to
form in the scan electrode direction or the signal electrode
direction at pitch intervals of the pixel electrode 34. Accord-
ingly, in FIG. 15, the lattice shaped rough projection patterns
41A and 41B are formed so as to fit to the domains A through
D. On the other hand, similarly to the micro structural pattern
24 in FIG. 12 or FI1G. 13, the micro-cutout pattern 34 A having
a3 um width is formed at intervals of 3 pm at a 45° angle in
each of domains A through D.

[0132] The rough projection patterns 41A and 41B are the
same projection shape as the projection patterns 13A and 13B
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of the conventional liquid crystal display device 10. For
example, when the liquid crystal display device 40 is a liquid
crystal display device in which a 15 inch display of 1024x768
pixels is available and the rough projection pattern 41B is
formed at intervals of 99 um.

[0133] Itshouldbe noted that the rough projection patterns
41A and 41B are not limited to a projection pattern made up
of aresist or a conducting pattern but can be a concave pattern
such as a cutout pattern or in an electrode layer.

Third Embodiment

[0134] A liquid crystal display device in that the response
speed of the liquid crystal display device 20 or 30 is further
improved will now be described according to a third embodi-
ment of the present invention.

[0135] First, a principle of the third embodiment will now
be described with reference to FIG. 16.

[0136] FIG. 16 is a diagram showing a substrate of the
liquid crystal display device according to the third embodi-
ment of the present invention. In FIG. 16, an example of a
directional pattern 24 A formed on the glass substrate 21A in
FIG. 3A is shown.

[0137] Referring to FIG. 16, the directional pattern 24A is
a triangle insulating or conducting pattern. In a case in which
the directional pattern 24A instead of the micro structural
pattern 24 periodically formed in the liquid crystal display
device 20 in FIG. 3A is formed, an electric field is locally
transformed in the liquid crystal layer 22 as shown by contour
lines in FIG. 16. Then, an electric field distribution inclined
toward a pointed edge of the directional pattern 24A is
formed.

[0138] Thus, if such a directional pattern 24 A is formed in
the liquid crystal display device 20, instead of forming the
micro structural pattern 24, the liquid crystal molecules 22A
are tilted toward the pointed edge of the directional pattern
24A along an inclination formed by the directional pattern
24 A when the driving voltage is applied to between the elec-
trode layers 23A and 23B.

[0139] ATable 1 shows aresult of research into orientations
of the liquid crystal molecules in that the directional pattern
24 A being triangular instead of the micro structural pattern 24
is formed by resist patterns being of various shapes, that is,
having different widths, different lengths and different
heights. In Table 1, a numerical value is shown in a pm unit.

TABLE 1
Orientation
Degree
Toward
Axis
Width Length Height Direction

3 10 0.3 O
0.8 )
15 0.3 )
0.8 )
20 0.3 O
0.8 ©
30 0.3 ©
0.8 ©
5 10 0.3 O
0.8 )
15 0.3 )
0.8 O
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TABLE 1-continued

Orientation

Degree
Toward
Axis
Width Length Height Direction

20 0.3 O

0.8 €]

30 0.3 ]

0.8 €]

7.3 10 0.3 A
0.8 A

15 0.3 A

0.8 O

20 0.3 A

0.8 )

30 0.3 O

0.8 €]

10 10 0.3 X
0.8 X

15 0.3 X

0.8 A

20 0.3 X

0.8 A

30 0.3 A

0.8 O

15 10 0.3 X
0.8 X

15 0.3 X

0.8 X

20 0.3 X

0.8 X

30 0.3 A

0.8 A

20 10 0.3 X
0.8 X

15 0.3 X

0.8 X

20 0.3 X

0.8 X

30 0.3 X

0.8 X

©: almost completely tilted toward axis direction

O: edge is tilted toward a slightly different direction; but almost tilted toward axis direction
A tilted toward axis direction in half of region

X: tilted toward axis direction in less than half of region

[0140] In the table 1, if a case, in which the orientation
direction is different only in a vicinity of each side of the
directional pattern 24A being triangular, is included to a
desired orientation state, it is preferable that the width of the
directional pattern 24 A, that is, a length of a bottom side is set
to be less than 10 um. On the other hand, a preferable orien-
tation is realized when the length of the directional pattern
24A is arange of 10 um through 30 um. However, when the
widthis 7.5 um, the length is required to be more than 15 pm,
and when the width is 10 um, the length is required to be more
than 30 pm. When the width of the directional pattern 24 A
exceeds 10 pm, a ratio of the liquid crystal molecules orient-
ing toward other than the pointed edge of the directional
pattern 24 A, is increased.

[0141] Similarly to a previous case shown in FIG. 4, the
directional pattern 24 A being triangular can also be a concave
pattern such as a cutout pattern in the electrode layer 23A.
[0142] Such a directional pattern is not limited to the direc-
tional pattern 24 A being triangular shown in FI1G. 16, but the
top edge of the directional pattern can be an edge of the
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directional pattern 24B which edge is cut out or an edge of the
directional pattern 24C which edge is rounded. Moreovet, as
shown in FIG. 18, a directional pattern 24D in which two
triangles are rotated at 90 degree, respectively, and are joined
to each other, can realize the same effect as the directional
pattern 24 A. As shown in F1G. 19, a directional pattern 24F in
which two triangles are rotated at 180 degree, respectively,
and are joined to each other to become rhombic shape, can
also realize the same effect as the directional pattern 24 A.
[0143] Particularly, in the directional pattern 24E being a
rhombic shape in FIG. 19, the liquid crystal molecules tilt to
a right side or a left side against a center of the directional
pattern 24E.

[0144] In the table 1, in a case in which the micro-cutout
projection pattern is made up of an electrode pattern (slit),
instead of a convex structured object, a tilted direction of the
liquid crystal molecules is reversed. However, the micro-
cutout projection pattern made up of an electrode pattern has
an almost equal effect as a convex structured object having
0.8 um height since a strain of the electrode field is stronger
toward the orientation degree of an axis direction.

[0145] Table 2 shows a result of research into orientations
of the liquid crystal molecules in that the directional pattern
24E being a rhombus is formed by resist patterns being of
various shapes, that is, having different widths, different
lengths and different heights. In Table 1, a numerical value is
shown in a um unit.

TABLE 2
Orientation
Degree
Toward
Axis
Width Length Height Direction
3 20 0.3 O
0.8 O
30 0.3 O
0.8 O
40 0.3 O
0.8 C]
60 0.3 C]
0.8 C]
5 20 0.3 O
0.8 O
30 0.3 O
0.8 O
40 0.3 O
0.8 C]
60 0.3 C]
0.8 C]
75 20 0.3 A
0.8 A
30 0.3 A
0.8 O
40 0.3 O
0.8 O
60 0.3 O
0.8 C]
10 20 0.3 X
0.8 X
30 0.3 X
0.8 A
40 0.3 A
0.8 A
60 0.3 O
0.8 O
15 20 0.3 X
0.8 X
30 0.3 X
0.8 X
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TABLE 2-continued

Orientation

Degree
Toward
Axis
Width Length Height Direction

40 0.3 X
0.8 X
60 0.3 A
0.8 A
20 20 0.3 X
0.8 X
30 0.3 X
0.8 X
40 0.3 X
0.8 X
60 0.3 X
0.8 X

length !
©: almost completely tilted toward axis direction
O: edge is tilted toward a slightly different direction; but almost tilted toward axis direction
A: tilted toward axis direction in half of region
X: tilted toward axis direction in less than half of region

[0146] Referring to Table 2, if a case, in which the orienta-
tion direction is different only in a vicinity of each side of the
directional pattern 24E being a rhombus, is included to a
desired orientation state, it is preferable that the width of the
directional pattern 24E, that is, a length of a bottom side is set
to be less than 10 um. On the other hand, a preferable orien-
tation is realized when the length of the directional pattern
24E is in a range of 20 um through 60 pm.

[0147] Also, in Table 2, in a case in which the micro-cutout
projection pattern is made up of an electrode pattern (slit),
instead of a convex structured object, a tilted direction of the
liquid crystal molecules is reversed. However, the micro-
cutout projection pattern made up of an electrode pattern has
an almost equal effect a convex structured object having 0.8
um height since a strain of the electrode field is stronger
toward the orientation degree of an axis direction.

[0148] FIG. 20 is a diagram showing an operational char-
acteristic of the liquid crystal display device according to the
third embodiment of the present invention. In FIG. 20, a
relationship between a transmittance and a response speed is
shown in a case in which the liquid layer 22 of the liquid
crystal display device 20 is 4 um in thickness and the direc-
tional pattern 24E being a rhombus is formed by a resist
pattern being 70 um in length, 10 um in width and 0.4 pm in
thickness. It should be noted that the transmittance is defined
100% where the driving voltage is 5.4V in FIG. 20. Also, in
the conventional liquid crystal display device 10 in FIG. 1A
and FIG. 1B, the projection patterns 13A and 13B are formed
at intervals of 10 um by a resist pattern being 10 pm in width
and 1.5 um in height and other specifications for the conven-
tional liquid crystal display device 10 are the same as those of
the liquid crystal display device 20 used in the experiment. In
FIG. 20, another relationship between the transmittance and
the response speed in this case of the liquid crystal display
device 10 is shown for a comparison.

[0149] Referring to FIG. 20, in the liquid crystal display
device 20 according to the third embodiment, under the same
transmittance, the response speed is substantially shortened
in a case including the half tone display mode where the
driving voltage less than 5.4V is applied.
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[0150] FIG. 21 is a diagram of a liquid crystal display
device according to the third embodiment of the present
invention. In a liquid crystal display device 50 in FIG. 21, the
directional pattern 24E being a rhombus in FIG. 19 is aligned
onthe pixel electrode 34 in the liquid crystal display device 30
previously described in FIG. 6 through FIG. 8. In FIG. 21,
parts that are the same as the ones in previous figures are
indicated by the same reference numerals and the explanation
thereof will be omitted.

[0151] Referring to FIG. 21, the pixel electrode 34 is sec-
tioned into two sections of an upper domain and a lower
domain. In the upper domain, the micro-cutout projection
pattern 24E being a rhombus made up of a resist pattern or the
like is repeated to form in a first direction crossing an
extended direction of the scan electrode 33 at 45°. The micro-
cutout projection pattern 24E is repeated to form in a second
direction crossing the first direction at 45°. When the driving
voltage is applied to the liquid crystal layer 31, the tilt direc-
tion of the liquid crystal molecules in the liquid crystal layer
31 is regulated toward a top edge of the directional pattern
24E by a local transformation of the electrode field. As a
result, as previously described in FIG. 20, the response speed
of the liquid crystal display device 30 is greatly improved.
[0152] In the directional pattern 24E being a rhombus in
FIG. 19 or FIG. 21 and furthermore the directional patterns
24 A through 24D being triangular in FIG. 16 through FIG.
18, both inclined sides can form steps as shown in FIG. 22. A
step shaped pattern is easily formed. Therefore, a production
vield of the liquid crystal display device 30 can be improved.

[First Variation]

[0153] FIG. 23 is a diagram showing a first variation of the
liquid crystal display device according to the third embodi-
ment of the present invention. In FIG. 23, a liquid crystal
display device 50A as the first variation of the liquid crystal
display device 50 is shown.

[0154] Referring to FIG. 23, in the first variation, the direc-
tional pattern 24E, which a top edge is cut out, and formed as
atriangle directional pattern 24E' on the pixel electrode 34 in
FIG. 21 based on the directional pattern 24B in FIG. 17 that is
a triangle on liquid crystal display device 50A. As aresult, a
region 34F where no structured pattern is formed is formed.
[0155] In the first variation of the third embodiment, the
triangle directional pattern 24E' is formed only on areas
where the orientation direction of the liquid crystal molecules
is disordered. In this configuration, it is possible to improve
the transmittance and the response speed of the liquid crystal
display device 50A.

[Second Variation]

[0156] Furthermore, in the third embodiment, in order to
improve the response speed in the liquid crystal display
device 30 shown in FIG. 6 through FIG. 8, as a means for
inducing local changes of the electric field similar to those of
directional patterns 24 A through 24E which are a triangle or
a rhombus, an optical hardened composite having a three-
dimensional liquid crystal skeleton may be introduced into in
the liquid crystal layer 31 made up of a nematic liquid crystal.
When the optical composite is hardened and then an optical
hardened material is made, the liquid crystal skeleton is
formed so as to incline to a substrate 31 A. Thus, it is possible
to form an electric field inclining to the extended direction of
the micro-cutout patterns 34A, which is similar to the electric
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field described in FIG. 16. For example, when the optical
hardened composite is used to regulate the orientation direc-
tion in the conventional liquid crystal display device 10
shown in FIG. 1A and FIG. 1B, a large amount of optical
hardened composite is required to be introduced. As a result,
the orientation direction of the liquid crystal molecules is
disordered. However, in the liquid crystal display device 30
according to the present invention, the micro-cutout pattern
34A regulates the orientation direction of the liquid crystal
molecules. Therefore, it is possible to preferably regulate
orientation direction by a slight amount of the optical hard-
ened composite.

[0157] Accordingly in the second variation, in the liquid
crystal display device 30 previously described in the first
embodiment, a liquid crystal mono achryrate monomer UCL-
001-K1 of Dai Nippon Ink K.K. in addition to the liquid
crystal MJ96213 is additionally provided and then the mono-
mer is hardened by emitting ultraviolet rays while applying
5.0V driving voltage so as to form a liquid crystal display
device. In the optical hardened material formed by a process
described above, when the liquid crystal display device 50A
is in the non-driving state, the three-dimensional liquid crys-
tal skeleton orients in a direction different from the orienta-
tion direction of the liquid crystal molecules.

[0158] FIG. 24 is a diagram showing an operational char-
acteristic of the liquid crystal display device according to the
third embodiment of the present invention. In FIG. 24, a
relationship between a transmittance and a response speed is
shown in a case in which the driving voltage is applied.
Similar to the case in FIG. 20, the conventional liquid crystal
display device 10 in FIG. 1A and FIG. 1B are compared in
FIG. 24.

[0159] Referring to FIG. 24, in the liquid crystal display
device according to the second variation, the response speed
is substantially shorter than that of the conventional liquid
crystal display device. In particularly, the response speed in a
half tone is greatly improved.

Fourth Embodiment

[0160] A liquid crystal display device similar to the liquid
crystal display device 40 previously described in FIG. 15, in
which the micro structural pattern 24 in FIG. 3A is combined
with the projecting patterns 13A and 13B, will now be
described according to a fourth embodiment. In the liquid
crystal display device according to the fourth embodiment,
the micro structural pattern 24 is made up of a cutout pattern
formed in the electrode 23A as shown in FIG. 4. Also, the
projecting pattern 13 A formed on the substrate 11A is made
up of a cutout pattern formed in the electrode layer 23A.
[0161] FIG. 25A and FIG. 25B are diagrams for explaining
a principle based on the configuration in FIG. 4, according to
the fourth embodiment of the present invention. In FIG. 25A
and FIG. 25B, for the sake of convenience, only the electrode
layers 23A and 23B are shown. But the polarizer 26 A and the
analyzer 26B and the molecule orientations 25A and 25B are
not shown. In FIG. 25A, it is shown that a wider gap 23G is
periodically repeated to form at greater intervals in the elec-
trode layer 23A while corresponding to the projection pat-
terns 13A and 13B. In FIG. 25B, it is shown that a smaller gap
23g is periodically repeated to form at shorter intervals in the
electrode layer 23A.

[0162] In FIG. 25A, when the wider gap 23G is formed in
the electrode layer 23A, an equipotential surface is locally
transformed in the liquid crystal layer 22 by effects of gap
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edges. As aresult, even if in the non-driving state in which the
driving voltage is not applied between the electrode layers
23A and 23B, a pre-tilt structure is obtained. In the pre-tilt
structure, the liquid crystal molecules 22A in the liquid crys-
tal layer 22A tilt toward a center of electrode patterns config-
uring the electrode layer 23A. Then, when the driving voltage
is applied to between the electrode layers 23A and 23B in the
liquid crystal layer 22 where the pre-tilt structure is formed,
the liquid crystal molecules 22A quickly tilt in a pre-tilt
direction.

[0163] On the other hand, as shown in FIG. 25B, in a case
in which the gap 23g, which is repeated to form on the
electrode layer 23 A, is smaller and a repeat period of the gap
23g s shorter, pre-tilt similar to that in FIG. 25A occurs in the
non-driving state as shown at a left side of FIG. 25B. How-
ever, in a case in which the driving voltage is applied between
the electrode layer 23A and the electrode layer 23B in the
driving state, the liquid crystal molecules 22A, which tend to
tilt in a right direction or a left direction, mutually interfere
and then the liquid crystal molecules 22 A result in tilting in an
extended direction of the gap 23g, as shown at a right side of
FIG. 25B.

[0164] In a state shown in FIG. 25A, when the driving
voltage is applied, the liquid crystal molecules 22A is regu-
lated to tilt at the right side or the left side by the pre-tilt of the
liquid crystal molecules 22A. However, tilted liquid crystal
molecules 22A can not be regulated to arrange in a single
direction. On the contrarily, if a configuration shown in FIG.
25B is combined with a configuration shown in FIG. 254, it
is possible to control an orientation of tilted liquid crystal
molecules 22 A to orient in a specific direction when the liquid
crystal molecules 22 A tilt to the right side or the left side. That
is, in the second embodiment of the present invention previ-
ously described in FIG. 10, a cutout pattern formed in the
electrode layer 23A is used, instead of the rough projection
pattern 27A, and also a micro-cutout pattern formed in the
electrode layer 23A is used, instead of the micro structural
pattern 24.

[0165] FIG. 26 is a diagram showing a configuration of a
pixel electrode part of a liquid crystal display device 60
according to the present invention. In FIG. 26, elements that
are the same as the ones in previous figures are indicated by
the same reference numerals and the explanation thereof will
be omitted.

[0166] Referring to FIG. 26, a configuration of the liquid
crystal display device 60 is similar to that of the liquid crystal
display device 30 previously described in FIG. 6 and FIG. 7,
but a pixel electrode 61 is used, instead of using the pixel
electrode 34.

[0167] The glass substrate 31B, a projection pattern 61A
corresponding to the projection pattern 13B previously
described in FIG. 1A and FIG. 1B, which is made up of a
resist pattern typically having 3 pm through 35 um in width
and 1.2 um through 1.6 um in height, is repeated to form while
the projection pattern 61A is bent at a right angle in zigzag.
Also, in the pixel electrode 61, a cutout pattern 61B having a
zigzag shape corresponding to the projection pattern 61A is
formed with a 4 um through 15 pm width at an intermediate
between the projection patterns neighboring each other.
Moreover, in the configuration in FIG. 26, a micro-cutout
pattern 61C, which is 2 pm through 5 pm in width but pref-
erably approximately 3 pm in width, is repeated to form at
pitch intervals of the width, that is, 2 pm through 5 pm but
preferably approximate 3 um, in the pixel electrode 61 so as
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to laterally extend from the cutout pattern 61B. As a result of
forming the micro-cutout pattern 61C, the pixel electrode 61
becomes a set of pectinate patterns 61D having long and
slender teeth. In the configuration in FIG. 26, the pixel elec-
trode 61 includes a first domain where the projection pattern
61A extends from upper right to lower left and a second
domain where the projection pattern 61A extends from upper
left to lower right. Accordingly, an extended direction of the
pectinate pattern 61D in the first domain is different from that
in the second domain. That is, the extended direction of the
pectinate pattern 61D in the first domain vertically crosses the
extended direction of the pectinate pattern 61D in the second
domain.

[0168] The set of the pectinate patterns 61D is needed to
form a single pixel electrode 61. Thus, the pectinate patterns
61D are mutually connected at edge sides 61m of the pixel
electrode 61 and right under the projection pattern 61A of the
facing glass substrate 31B in FIG. 6.

[0169] Furthermore, in the liquid crystal display device 60
in FIG. 26, a transparent or opaque common electrode pattern
61F' is extended along the cutout pattern 61B. The transpar-
ent or opaque common electrode pattern 61E' is directly
formed on the glass substrate 31A, that is, is formed across an
insulating film under the pixel electrode 61 and then forms the
auxiliary capacitance electrode Cs. The common electrode
patterns 61F and 61E" are electrically connected. In this case,
the transparent common electrode pattern 61E' shows parts
obliquely extending in the pixels from the common electrode
pattern 61E. The transparent common electrode pattern 61E'
maintains the same electric potential as a facing electrode on
the facing glass substrate 31B. As a result, a molecule orien-
tation effect by the wider cutout pattern 61B can be rein-
forced. In this case, the common electrode pattern 61F'
crosses the signal electrode 32 in FIG. 26 through FIG. 28.
But practically, it is preferable to cut off the common elec-
trode pattern 61E' before crossing the signal electrode 32. If
the common electrode pattern 61E' is formed in the extended
direction, the common electrode pattern 61E' may cause a
short with the signal electrode 32. Even in a case in which the
common electrode pattern 61E' is cut off before the signal
electrode 32, an excellent effect can be obtained.

[0170] Also, in the liquid crystal display device 60 in FIG.
26, the transparent or opaque common electrode pattern 61F'
forming the auxiliary capacitance electrode Cs passes
through a region marked by a circle line in FIG. 26 and
extends in a direction extending toward the scan electrodes
33. Then, the orientation of the liquid crystal molecules is
stabilized in the region marked by the round line.

[0171] As previously described in FIG. 25A and FIG. 258,
in the configuration of the liquid crystal display device 60, the
tilt direction of the liquid crystal molecules in the liquid
crystal layer is determined by the common electrode pattern
61E, which pattern 61E is formed while corresponding to the
cutout pattern 61B. In addition, the tilt direction of the liquid
crystal molecules is regulated by the micro-cutout pattern
61C and the pectinate pattern 61D. As a result, in the liquid
crystal display device 60, the response speed is improved and
the display quality is improved. Specifically, stability of the
orientation direction of the liquid crystal molecules is
improved. Therefore, it is possible to prevent a development
of an image to display from remaining in a previous image,
even if the image displayed is rapidly changed.

[0172] Inthe region markedby the circle line in FIG. 26, the
micro-cutout pattern 61C extends across the region right
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under the projection pattern 61A on the facing glass substrate
31B. In this configuration, it can be realized to regulate the
orientation of the liquid crystal molecules. Also, the projec-
tion pattern 61A can be a cutout pattern formed on a facing
electrode.

[First Variation]

[0173] FIG. 27 is a diagram of a liquid crystal display
device 60A showing a first variation of the configuration of
the liquid crystal display device 60 according to the fourth
embodiment of the present invention.

[0174] Referringto FIG. 27, in the first variation, the micro-
cutout pattern 61C in F1G. 26 is replaced with a cutout pattern
61C' that is the same as the directional pattern 24A being
triangular previously describe in FIG. 16. As previously
described, since the directional pattern induces the electric
field distribution having a direction, in the liquid crystal dis-
play device 60, the molecule orientation effect can be rein-
forced by the projection pattern 61A, the cutout pattern 61B
and the common electrode patterns 61E. As a result, in the
liquid crystal display device 61A, the response speed is more
improved.

[Second Variation]

[0175] FIG. 28 is a diagram showing a second variation of
the configuration of the liquid crystal display device 60
according to the fourth embodiment of the present invention.
[0176] As shown in FIG. 28, in the liquid crystal display
device 60 in FIG. 26, a pectinate pattern 61A similar to the
pectinate pattern 61D can be formed on the facing glass
substrate 31B so as to be provided between the facing elec-
trode 36 and the liquid crystal layer or between the facing
substrate 31B and the facing electrode 36. In addition, in a
case in which the orientation of the liquid crystal molecules is
regulated enough by the projection pattern 61 or 61A' and the
cutout pattern 61B, as shown in FIG. 28, the micro-cutout
pattern 61C formed in the pixel electrode 61 is not formed in
aregion A, so that an uniform electrode is formed. Moreover,
instead of the projection pattern 61 A or 61A', a cutout pattern,
which corresponds to the facing electrode 36 of the glass
substrate 31B.

Fifth Embodiment

[0177] Next, a fifth embodiment, in which the operational
characteristic of the liquid crystal display device 60A in FIG.
27 is further improved, will now be described.

[0178] In the liquid crystal display device 60A in FIG. 27,
a high-speed response can be realized by forming the micro-
cutout pattern 61C being a taper shape in the pixel electrode
61. However, in the configuration of the liquid crystal display
device 60A in FIG. 27, the micro-cutout pattern 61C is
required to form on substantially an entire surface other than
areas where the cutout pattern 61B is formed in the pixel
electrode 51. That is, a highly accurate photolithography
process is required to form the micro-cutout pattern 61C
being a taper shape and a yield of the liquid crystal display
device 60A is deteriorated.

[0179] To eliminate the above problem, the inventor of the
present invention examined the display characteristic. The
inventor formed a pixel electrode structure 71 laterally and
periodically extending a pectinate ITO (In,O,.5n0,) pattern
71B from a banded ITO pattern 71A shown in FIG. 30 and
then variously changed a length B of the pectinate ITO pattern
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71B and a width A of the banded ITO pattern 71A in the liquid
crystal display device 70 having the pixel electrode structure
71.

[0180] FIG. 30 is a diagram showing the configuration of
the liquid crystal display device 70 according to the fifth
embodiment of the present invention. In FIG. 30, specifically,
a configuration of the pixel electrode structure 71 is shown.
[0181] Referring to FIG. 30, the pixel electrode structure 71
includes a plurality of banded ITO patterns 71A. Each of the
banded ITO patterns 71A has the pectinate ITO pattern 71B.
Also, each of the plurality of banded ITO patterns 71 has the
width B shown in FIG. 29 on one side and is mutually spaced
by a gap G corresponding to the cutout pattern 61B in the
configuration in FIG. 26 or FIG. 27. The plurality of the
banded ITO patterns 71A are mutually connected by connec-
tion parts 71C,, 71C, and 71C; and then are connected to the
TFT 31T. The banded ITO pattern 71A corresponds to the
projection pattern 61A forming a zigzag shape (in FIG. 26 or
FIG. 27) on the facing glass substrate 31B and then forms a
zigzag shape.

[0182] A Table 3 shown below shows the display charac-
teristic in a case in which the length A and the width B as
parameters in FIG. 29 are variously changed in the liquid
crystal display device 70 in FIG. 30. It should be noted that in
this experiment, similarly to the fourth embodiment, the lig-
uid crystal of Merck corporation as the liquid crystal 31 is
combined with the vertical molecule orientation film of JSR
corporation. The liquid crystal layer 33 has 4 pm. Also, in the
pixel electrode structure 71, the pectinate ITO pattern 71Bhas
a 3.5 pm and is periodically repeated at intervals of 6 pm.

TABLE 3

Occupied Rate

Of pectinate Nonuniformity Improvement rate
Pattern Region In of

(B/(A +B)) Half Tone Response Speed
83 X O (80%)
73 Xt0A O (75%)
63 Ao O O (70%)
50 O O (60%)
33 O A (25%)
25 O X (up to 10%)

[0183] Referring to Table 3, when the length B of the pec-

tinate pattern 71B is more than 65% of a total width of the
pectinate pattern 71B and the banded ITO pattern 71 A, non-
uniformity occurs in the halftone display mode. Accordingly,
a preferable rate for the total width (A+B) of the pectinate
pattern 71B is less than 65%. On the other hand, when the
length B of the pectinate pattern 71B is less than 35% of the
total width, an improved effect of the response characteristic
is smaller. Accordingly, a preferable rate for the total width to
the pectinate pattern 71B is more than 35%. Consequently, it
is considered that a dispersion of approximate 0.2 um through
0.3 pum in a patterning of the pectinate pattern 71B empha-
sizes nonuniformity in the half tone display mode.

[0184] FIG. 31A is a diagram showing a change of the
transmittance and the response speed when a width W of the
pectinate pattern 71B is variously changed in the liquid crys-
tal display device 70 in FIG. 30. It should be noted that for a
resultin FIG. 31A, in the electrode 71 in FIG. 29, the width A
of the banded ITO pattern 71A is 11 pm, the length B of the
pectinate pattern 71B is 15 pm and the pectinate pattern 71B
is periodically formed at intervals of 6 um.
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[0185] Referring to FIG. 31A, when the width W of the
pectinate pattern 71B is O (zero), a response time of only the
banded ITO pattern 71A is improved. However, when the
width W of the pectinate pattern 71B exceeds 1.5 pm, the
response time is dramatically improved. Then, when the
width W of the pectinate pattern 71B exceeds 3.5 pm, the
response time is gradually increased. The response time is
rapidly increased before and after the width W of the pecti-
nate pattern 71B is 4.5 um. As shown in FIG. 31B, the liquid
crystal molecules should be oriented toward a direction to
properly display white, but the liquid crystal molecules tend
to orient to another direction to display black, so that the
orientations of the liquid crystal molecules are disordered. As
a result, the transmittance is degraded.

[0186] Theresultin FIG. 31 A shows that a preferable width
W of the pectinate pattern 71B is a range from 2.5 pm through
4.5 um.

[0187] FIG. 32 is a diagram showing a relationship between
an achieved transmittance and a required time in the liquid
crystal display device 70 in FIG. 30. It should be noted that in
FIG. 29, the width A of the banded ITO pattern 71A is 11 pm,
the length B of the pectinate pattern 71B is 15 pm, a width of
the gap G is 8 um, the width W of the pectinate pattern 71B is
3.5 um and the pectinate pattern 71B is periodically formed at
intervals of 6 pm. And, the projection pattern 61A is not
formed on the facing substrate 31B. In addition, FIG. 32
shows a characteristic of the achieved transmittance and the
required time of the conventional liquid crystal display device
10 in FIG. 1A and FIG. 1B.

[0188] Referring to FIG. 32, compared with the conven-
tional liquid crystal display device 10, the required time espe-
cially in the half tone range is greatly shortened.

[0189] FIG. 33 is adiagram showing a relationship between
an achieved transmittance and a required time in the liquid
crystal display device 70 in FIG. 30. In this case in FIG. 33,
projection patterns 61A similar to ones in FIG. 26 and F1G. 27
on the facing substrate 31B are formed. The relationship in
this configuration is shown as a second variation in the dia-
gram in FIG. 33. And, the relationship in the liquid crystal
display 70 shown in FIG. 32 is shown as a first variation.

[0190] Referring to FIG. 33, in a case in which the projec-
tion pattern 61A is formed in the facing substrate 31B, espe-
cially when the transmittance is closer to 0%, the required
time is improved.

[0191] FIG. 34 is a diagram showing a relationship between
a transmittance and a gradation in the first variation and the
second variationin FIG. 33. It should be noted that in F1G. 34,
a state in that the driving voltage is applied to the pixel
electrode 71 is defined as 256 gradations.

[0192] Referring to FIG. 34, the transmittance of the liquid
crystal display device 70 is greatly improved by forming the
projection pattern 61A on the facing substrate 31B.

[0193] In the fifth embodiment, various patterns such as
shown in FIG. 35A through FIG. 35C can be used as the pixel
electrode 71.

[0194] In the fifth embodiment, the projection pattern 61A
on the facing substrate 31B is not limited to a projection
pattern such as a resist pattern or the like. The projection
pattern 61A can be a cutout pattern formed in the facing
electrode 35 Also, the period of repeating the pectinate pat-
tern 71B is not limited to the 6 pm interval. When the period
is in a range greater than 2 pm and shorter than 15 um, it is

Jan. 1, 2015

possible to realize to effectively regulate the orientation of the
liquid erystal molecules in the extended direction of the pec-
tinate pattern.

Sixth Embodiment

[0195] Next, a method for fabricating a liquid crystal dis-
play device will now be described in a case in which a struc-
tural pattern in the liquid crystal display device 30 described
in the first embodiment; for example, the structural pattern
34A in FIG. 8 is formed by a resist pattern.

[0196] Referring to FIG. 36A, a conducting film 81, which
forms the scan electrode 33 and the auxiliary capacitance
electrode Cs, is uniformly formed on the glass substrate 31A.
Moreover, resist patterns R1 and R2, corresponding to a scan
electrode pattern and an auxiliary capacitance electrode Cs,
respectively, are formed on the conducting film 81.

[0197] In a next step in FIG. 36B, a patterning process is
conducted for the conducting film 81 by using the resist
pattern R1 and R2 as masks. Then, as shown as a plan view
diagram in FIG. 36C, the scan electrode 33 and the auxiliary
capacitance electrode Cs are formed on the glass substrate
31A. As a result of the patterning process in FIG. 36B, an
electrode pad 33A is formed at an end edge of the scan
electrode 33 and an electrode pad CsA is formed at an edge of
the auxiliary capacitance electrode Cs.

[0198] Inastep in FIG. 36D, a gate insulating film 82, an
amorphous silicon film 83 and an SiN film are accumulated in
sequence. And, a resist pattern R3 is formed on the SiN film
84 50 as to cover over the TFT 31G.

[0199] Moreover in a step in FIG. 36E, the patterning pro-
cess is conducted for the SiN film 84 by using the resist
pattern R3 as a mask. And, the the SiN channel protection film
84A is corresponded to a channel region of the TFT 31T and
then is formed. FIG. 36F is a plan view diagram showing a
structure formed in this method.

[0200] In a step in FIG. 36G, n+ type amorphous silicon
film 85 and a conducting film 86 forming the signal electrode
32 are sequentially accumulated and a resist pattern R4 cor-
responding to the signal electrode 32 and a resist pattern RS
corresponding to the auxiliary capacitance electrode Cs are
formed on the conduction film 86. The resist pattern R4
includes shapes corresponding to a source electrode pattern
and a drain electrode pattern of the TFT 31T. By conducting
the patterning process for layers 83, 85 and 86 by the resist
patterns R4 and RS as masks, as shown in FIG. 36H and FIG.
361, a source electrode pattern 86S and a drain electrode
pattern 86D of the TFT 31T are formed with a channel layer
pattern 83A, a source pattern 85S and a drain pattern 85D
forming the TFT 31T. On the other hand, in the auxiliary
capacitance electrode region, a facing electrode pattern Cs’
forming a capacitor is simultaneously formed with the auxil-
iary capacitance electrode Cs. FIG. 361 is a plan view diagram
showing a structure in this method. In the patterning process
in FIG. 36H, the signal electrode 32 including the end of the
pad electrode 32A is formed by the patterning process for the
conducting film 86.

[0201] In a step in FIG. 36J, a protection film 87 is uni-
formly accumulated on the structure shown in FIG. 36H.
Moreover, a resist pattern R6 forms resist opening parts RA
and RB corresponding to the source electrode pattern 86S and
the facing electrode pattern Cs” facing the auxiliary capaci-
tance electrode Cs, respectively, on the protection film 87.
[0202] In a step in FIG. 36K, the patterning process is
conducted for the protection film 87 by the resist pattern R6 as
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amask and then contact holes 87A and 87B are formed to the
resist openings RA and RB, respectively, in the protection
film 87. In addition, as shown in FIG. 361, simultaneously, a
opening part 87A' exposing the pad 33A in the protection film
87 is formed at the electrode pad 33A. Subsequently, as
shown in FIG. 36M, a contact hole 87A" exposing the pad
electrode CsA in the protection film 87 is formed at the pad
electrode 32A. FIG. 36N is a plan view diagram showing a
structure obtained in this method.

[0203] Inastep in FIG. 360, on the structure in FIG. 36N,
the ITO film 88 is uniformly accumulated so that the contact
holes 87A and 87B contact the source region 86S and the
facing electrode Cs facing the auxiliary capacitance electrode
Cs, respectively. Subsequently, a resist pattern R7 corre-
sponding to a pixel electrode 34 to be formed is formed on the
ITO film 88. In a step in FIG. 36P, the patterning process is
conducted for the ITO film 88 by the resist pattern R7 as a
mask, so that the pixel electrode 34 is formed.

[0204] Simultaneously, as shown in FIG. 36Q and FIG.
36R, the electrode pads 33A and 32A are formed so that the
ITO contact pads 88A and 88B contact the electrode pads
33A and 32A atthe contact holes 87A" and 87B', respectively.
[0205] FIG. 36S is a plan view diagram showing the sub-
strate 31A obtained in this method.

[0206] In a step in FIG. 36T in the sixth embodiment, a
resist film is uniformly covered over an entire surface of the
structure shown in FIG. 36S. And, by an exposing process and
a developing process, a structural pattern 34X, which
includes micro branches corresponding to the micro-cutout
patterns 34A previously described in FIG. 8, is formed by a
shape of a resist pattern. Then, a liquid crystal display device
80 corresponding to the liquid crystal display device 30 is
obtained.

[0207] Inorderto effectively regulate the orientation direc-
tion of the liquid crystal molecules for the structural pattern
34X, a width of each micro branch is required to be less than
6 um. For example, the resist film can be in a range of 600 nm
through nm by adjusting a coefficient of viscosity of a resist
SC-1811 of Shipley Far East Corporation. Preferably, the
resist film can be approximately 700 nm in thickness. It is
possible to maintain a 100 nm to 700 nm thickness of the
resist film as the resist pattern after the exposing process and
the developing process, by a uniformly approximate 700 nm
thickness of the resist film. In this case, in order to suppress a
decrease of a film thickness at a top edge of each branch in the
developing process, a gh line stepper is used in the exposing
process and preferably an exposure dose, which generally is
set to be more than double of an exposure threshold, is set to
be approximate 1.5 times as much as the exposure threshold,
a so called “underexposure”.

[0208] After the exposing process and the developing pro-
cess, an ashing process and a removing process are conducted
to a surface layer of the resist pattern 34X so that the thickness
of theresist pattern 34X is approximate 300 nm. For example,
in the ashing process, a reactive plasma etching device is used
while O, is supplied at 400 SCCM flow by a pressure under
30.0 Pa and a 600 W plasma power.

[0209] After the ashing process, a thermosetting process is
conducted for the resist pattern 34X. That is, the thermoset-
ting process begins at a temperature of less than 140° C.,
preferably approximately at 130° C. The thermosetting pro-
cess gradually rises up to 140° C.-270° C. and preferably
heats and hardens the resist pattern 34X at a high temperature
and high humidity for more than 10 minutes. In this method,
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even if the micro-branches of the resist pattern 34X are 6 pm
in width, itis possible to harden the resist pattern 34X without
deteriorating the shapes of the micro-branches.

[0210] Moreover, in the same method, as shown in FIG. 37,
it is possible to form a resist pattern 34Y having micro-
branches having sharpened edges. Furthermore, according to
the sixth embodiment, it is possible to form the directional
pattern 24E or 24E' previously described in FIG. 21 or FIG.
23. A configuration in FIG. 37 approximately corresponds to
the configuration of the liquid crystal display device 50.
[0211] In the sixth embodiment, as the resist film, various
polyimide resins, novolak resins or acrylic resins can be used.

Seven Embodiment

[0212] A configuration ofa liquid crystal display device 90
will now be described according to a seventh embodiment.
[0213] In the liquid crystal display device 90 according to
the seventh embodiment, a thickness of each branch of the
pattern 34X in FIG. 36 or the pattern 34Y in FIG. 37 is thinner
toward the end edge.

[0214] FIG. 38A and FIG. 38B are diagrams showing a
principle of the seventh embodiment according to the present
invention.

[0215] Referring to FIG. 38A and FIG. 38B, the liquid
crystal display device 90 is configured based on the liquid
crystal display device 10 in FIG. 1A and FIG. 1B, and the
liquid crystal layer 12 is maintained between the glass sub-
strate 11A where the projection pattern 13A is formed and the
glass substrate 11B where the projection pattern 13B is
formed. Micro directional patterns 13a, which have sharp-
ened edges laterally from the projection pattern 13A, are
extended similarly to the directional pattern 24F in FIG. 21 or
the directional pattern 24E'.

[0216] Inthis case, as shown in a sectional view diagram in
FIG. 38B, not only a width but also a height and a thickness of
the micro directional pattern 13a are gradually decreased
toward the edge. As a result, slopes facing each other are
formed by a pair of the micro directional patterns 13« facing
each other. The projection pattern 13B on glass substrate 11B
is formed so as to face toward the micro directional pattern
13a and then a pre-tilt is applied to the liquid crystal mol-
ecules in the liquid crystal layer 12. As a result, when the
driving electric field is applied to the liquid crystal layer 12,
the liquid crystal molecules are rapidly tilted to orient toward
in an approximate horizontal direction. In this case, the micro
directional pattern 13a is periodically repeated to form typi-
cally at intervals of a few pum. Thus, as described in previous
embodiments, the tilt direction of the liquid crystal molecules
is regulated in the extended direction of the micro directional
pattern 13a.

[0217] For example, the micro directional pattern 13a
forming a slope can be formed by exposing a positive resist by
using a photo mask shown in FIG. 39.

[0218] As a typical example, a spin coating process, in
which a positive resist S1808 manufactured by Shipley Far
East corporation is 0.1 pm to 3 pum in thickness, typically
approximate 1.5 pm, is conducted so as to cover the pixel
electrode on the glass substrate 13A.

[0219] Subsequently. the resist film masked by the photo
mask in FIG. 39 is exposed to ultraviolet rays and then a
developing process, a rinsing process and a baking process
are conducted. Consequently, as shown in FIG. 38A and FIG.
38B, it is possible to form the projection pattern 13A so that
the micro directional pattern 134 is laterally extended.
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[0220] FIG. 40A and FIG. 40B are diagrams showing
results of simulating an operation of the liquid crystal display
device 90 configured in this method. FIG. 40B is a diagram
that shows a case of the present invention in that the micro
directional pattern 13a s provided. FIG. 40A is a diagram that
shows a case of the conventional configuration in that the
micro directional pattern 13« is not provided. In FIG. 40A and
FIG. 40B, a required time to achieve to a given contrast,
which is variously defined, is shown. According to the present
invention, as a result of providing the micro directional pat-
tern 13a, the required time is decreased in a vicinity of the
projection pattern 13A.

[0221] Table 4 shows a comparison of the conventional
liquid crystal display device 10 in FIG. 1A and FIG. 1B and
the liquid crystal display device in the seventh embodiment in
FIG. 38A and FIG. 38B where an applied voltage is 2.5V or
3.0V.

TABLE 4
Applied Conventional Present
Voltage Method Invention
25V 520 ms 238 ms
3.0V 166 ms 117 ms

[0222] Table 4 explicitly shows that the micro directional
pattern 13« contributes to reduce the response time.

[0223] In the seventh embodiment, since the micro direc-
tional pattern 13a is inclined, it is not required for the micro
directional pattern 134 to be sharpened. For example, a pat-
tern 134" having a uniform width shown in FIG. 41A or a
pattern 134" in FIG. 13B which width is increased toward the
edge can also obtain a similar effect.

Eighth Embodiment

[0224] FIG. 42 is adiagram showing a liquid crystal display
device 100 according to an eighth embodiment of the present
invention.

[0225] The liquid crystal display device 100 in FIG. 42 is
configured based on the configuration of the liquid crystal
display device 30 previously described. Thus, in FIG. 42,
elements that are the same as the ones in previous figures are
indicated by the same reference numerals and the explanation
thereof will be omitted.

[0226] Referring to FIG. 42, on the pixel electrode 34, a
plurality of directional patterns 101A similar to the direc-
tional pattern 24A described in FIG. 16 is formed at column
intervals WG and at row intervals HG in a matrix ina common
direction.

[0227] FIG. 43 is a diagram showing the directional pattern
101A according to an eighth embodiment of the present
invention.

[0228] Referring to FIG. 43, the directional pattern 101 A is
a wedge shape with a width W and a height H and a cutout
portion with a width SW and a height SH is formed at a
bottom of the directional pattern 101A. The directional pat-
tern 101A can be a resist pattern formed in the pixel electrode
34 or a cutout pattern formed in the pixel electrode 34. In this
case, the width W is 8 um, the width SW is 4 um, the height H
is 30 pm and the height SH is 5 pm to 20 pm, and the
directional pattern 101A is repeated to be arranged at inter-
vals of 2 pm width WG and at intervals of O um height HG on
the pixel electrode 34.
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[0229] By forming the directional pattern 101A, the liquid
crystal molecules in the liquid crystal layer 31 are regulated to
orient in a direction defined by the directional pattern 1014,
as previously described. Consequently, when the driving volt-
age is applied to the liquid crystal layer 31, the liquid crystal
molecules are quickly tilted. Thus, a transition to a nine-layer
state is occurred at a high speed.

[0230] FIG. 44 is a diagram showing a first variation of the
liquid crystal display device 100 in FIG. 42, according to the
eighth embodiment of the present invention. In FIG. 44, the
pixel electrode 34 are sectioned into a domain A and a domain
B in the liquid crystal display device 100 in FIG. 42, and the
orientation direction of the directional pattern 101A is differ-
ent in each of the domain A and the domain B as shown by
arrows. According to the first variation of the eighth embodi-
ment, it is possible to improve a characteristic of a visible
angle in the liquid crystal display device 100.

[0231] FIG. 45 is a diagram showing a second variation of
the liquid crystal display device 100 in FIG. 42, according to
the eighth embodiment of the present invention. In F1G. 45, in
the liquid crystal display device 100 in FIG. 42, the pixel
electrode 34 is sectioned into domains A, B, C and D similarly
to the configuration in FIG. 15 and the orientation direction of
the directional pattern 101A is different in each of domains A,
B, C and D as shown by arrows. According to the second
variation of the eighth embodiment, it is possible to further
improve the characteristic of the visible angle in the liquid
crystal display device 100.

[0232] FIG. 46 is a diagram showing a third variation of the
liquid crystal display device 100 in FI1G. 44, according to the
eighth embodiment of the present invention. In F1G. 46, in the
liquid crystal display device 100 in FIG. 42, a structural
pattern 102 configured by a resist pattern or a cutout pattern is
formed similarly to the projection pattern 13A in the liquid
crystal display device 10 in FIG. 1A and FIG. 1B, ata border
between the domain A and the domain B.

[0233] According to the third variation of the eighth
embodiment, it is possible to further improve regulating the
orientation of the liquid crystal molecules in directions,
whichare indicated by arrows, ofthe directional pattern 101 A
by the structural pattern 102.

[0234] FIG. 47 is a diagram showing a fourth variation of
the liquid crystal display device 100 in FIG. 45, according to
the eighth embodiment of the present invention. In FIG. 47, a
lattice shaped structural pattern 102B configured by a lattice
shaped resist pattern or a lattice shaped cutout pattern is
formed in the configuration of the liquid crystal display
device 100.

[0235] According to the fourth variation of the eighth
embodiment, since the lattice shaped pattern 102B is formed,
it is possible to further improve regulating the orientation of
the liquid crystal molecules in directions directed by the
directional pattern 101A and indicated by arrows.

[0236] FIG. 48 is a diagram showing a fifth variation of the
directional pattern 101 A. In FIG. 48, another directional pat-
tern 101B based on the directional pattern 101 A is shown.
[0237] Referring to FIG. 48, the directional pattern 101B is
an inverted T pattern having a width W and a height H, in
which a bottom member has the width W and a height SH and
a projecting member has a width SW and projects from the
bottom member.

[0238] As atypical example, the width W is set from 5 pm
to 8 um, the height is set from 10 pm to 30 pm, the width SW
of the projecting member is set from 2 um to 3 um. and the
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height SH of the bottom member is set from 3 pm to 5 pm. The
directional pattern 101 A is arranged at row intervals HG of 2
wm and at column intervals WG of 2 um on the pixel electrode
34 in the configuration in FIG. 42.

[0239] FIG. 49 shows diagrams of various directional pat-
terns, instead of the directional pattern 101A or 101B.
[0240] These various directional patterns in FIG. 49 gener-
ally have line symmetric shapes that are not rotation symme-
tries. As previously described, the various directional patterns
can be resist patterns formed on the pixel electrode 34 or
cutout patterns formed in the pixel electrode 34.

[0241] FIG. 50A and FIG. 50B are diagrams showing
arrangement variations of the directional pattern according to
the eighth embodiment of the present invention.

[0242] In FIG. 50A, right triangle shaped patterns are
arranged to form a cross shape where a top edge of each
directional pattern directs an orientation. A set of the direc-
tional patterns regulates the orientation of the liquid crystal
molecules. In this case, the right triangle shaped patterns are
not the directional patterns having rotation symmetries. How-
ever, itis possible to realize predetermined effects by forming
the set of non-directional patterns such as the right triangle
shaped patterns.

[0243] On the other hand, in a configuration shown in FIG.
50B, a plurality of directional patterns having isosceles tri-
angles are arranged to have rotation symmetry at a center. It
can be also realized to regulate the orientation of the liquid
crystal molecules in the above configuration.

[0244] When the directional patterns 101A in FIG. 43 are
formed on the pixel electrode 31 so as to arrange in a lattice
shape, the directional pattern 101A can be alternately
arranged as shown in FIG. 51.

[0245]  Also, if necessary, it is also possible to arrange the
directional patterns 101A in a concentric circle or spiral as
shown in FIG. 52.

Ninth Embodiment

[0246] FIG. 53A is a sectional view diagram showing a
liquid crystaldisplay device 110 according to a ninth embodi-
ment of the present invention and FIG. 53B is a plan view
diagram showing a liquid crystal display device 110 accord-
ing to the ninth embodiment of the present invention. In FIG.
53A, asectional view of the liquid crystal display device 110
is shown at a line A to A' in FIG. 53B.

[0247] Referring to FIG. 53A, in the liquid crystal display
device 110, the liquid crystal layer 113 is clamped between a
glass substrate 112A carrying a pixel electrode 112A and a
glass substrate 111B, and a projection pattern 114A is formed
with lattice shapes on the pixel electrode 112A and a projec-
tion pattern 114B is formed with lattice shapes on the pixel
electrode 112B.

[0248] On the projection pattern 114A (hereinafter, called
lattice shaped pattern 114A), a localized pattern 1144 form-
ing a slope as shown in FIG. 53 A and FIG. 53B is formed at
across point of each lattice shape. Similarly, on the projection
pattern 114B (hereinafter, called lattice shaped pattern 114B),
a localized pattern 1145 forming a slope is formed at a cross
point of each lattice shape.

[0249] Moreover, a vertical molecule orientation film 115A
is formed on the glass substrate 111A so as to cover the lattice
shaped pattern 114A, and also a vertical molecule orientation
film 115B is formed on the glass substrate 111B so as to cover
the lattice shaped pattern 114B. The vertical molecule orien-
tation films 115A and 115B are adjacent to the liquid crystal

Jan. 1, 2015

layer 113, and the vertical molecule orientation films 115A
and 115B allow the liquid crystal molecules in the liquid
crystal layer 113 to orient in a direction that is vertical to the
liquid crystal layer 113. And also, a polarizer 115A outside of
the glass substrate 111A and an analyzer 115B outside of the
glass substrate 111B are formed in a crossed Nicol state,
respectively. In FIG. 53B, directions of absorbent axes of the
polarizer 115A and the analyzer 115B are shown, respec-
tively.

[0250] In the liquid crystal display device 110, the pre-tilt
angle, similar to FIG. 3A and FIG. 3B previously described,
is given to the crystal molecules in the liquid crystal layer 113
by the lattice shaped patterns 114A and 114B and by slopes
formed by the localized patterns 113¢ and 1135. As a result,
when the driving electric field is applied to between the ver-
tical molecule orientation films 115A and 115B, the liquid
crystal molecules quickly fall down. Therefore, the operation
speed of the liquid crystal display device 110 is improved.

[0251] FIG. 54 is a diagram showing the orientation of the
liquid crystal molecules 113 A in the liquid crystal layer 113
in the driving state of the liquid crystal display device 110,
according to the ninth embodiment of the present invention.

[0252] Referring to F1G. 54, directions of absorbent axes of
the polalizer 116A and the analyzer 116B are set so as to
correspond to an extended direction of the lattice shaped
patterns 114 A and 114B. On the right above the lattice shaped
patterns 114A and 114B, a single dark line occurs, similarly
to the case in FIG. 9. However, double dark lines do not occur
at both sides of the lattice shaped pattern 114A or 114B.
Therefore, it is possible to eliminate the problems, described
in FIG. 2, related to the occurrences of the double dark lines
and the deterioration of the transmittance caused by the
occurrences of the double dark lines.

[0253] Next, a method for fabricating the liquid crystal
display device 110 shown in FIG. 53A and FIG. 53B, will
now be described with reference to FIG. 55A through FIG.
55D.

[0254] Referring to FIG. 53A, a resist film 114, which is
typically a positive type resist S1808 manufactured by Ship-
ley Far East Corporation, is formed on the glass substrate
111A so as to cover the pixel electrode 112A. When a pre-
baking process is conducted at 90° C. for 20 minutes, an
exposing process is conducted by using a mask M1 and then
a developing process is conducted by, for example, liquid
developer MF319 manufactured by Shipley Far East Corpo-
ration or the like. Then, the lattice shaped pattern 114A is
formed as shown in FIG. 53B. In a step in FIG. 53B, a
post-baking process is conducted to the lattice shaped pattern
114 at 120° C. for 40 minutes and the post-baking process is
further conducted at 200° C. for 40 minutes.

[0255] InastepinFIG.355C, aresistfilm 114' configured by
the localized pattern 114a is formed on the glass substrate
111A so as to cover the lattice shaped pattern 114A. Subse-
quently, the exposing process and the developing process are
conducted by using a mask M2. As shown in FIG. 55D, the
localized pattern 114a is formed at a cross point of each lattice
of the lattice shaped pattern 114A. That is, the localized
pattern 114a is formed so that typically, one side is 45 um and
aheight is 0.3 um. On the other hand, for example, a width of
the lattice shaped pattern 114A itself is 5 um.

[0256] Inastep in FIG. 55D, for example, a vertical orien-
tation film JALS684 manufactured by ISR Corporation is
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formed as the molecule orientation film 115A so as to cover
the lattice shaped pattern 114A and the localized pattern
114a.

[0257] Similarly, the lattice shaped pattern 114B and the
localized pattern 1145 are formed on the glass substrate
111B.

[0258] When the glass substrates 111A and 111B are com-
bined together and the liquid crystal display device 110 is
formed, the lattice shaped patterns 114A and 114B are
formed so as to be spaced 20 um between the lattice shaped
patterns 114A and 114B

[0259] FIG. 56 is a diagram showing a first variation of the
liquid crystal display device 110 according to the ninth
embodiment of the present invention.

[0260] In FIG. 56, instead of the localized patterns 114a
and 114b, a localized pattern 114¢ and 1144 having projec-
tions extending at 45° to an extended direction of the lattice
shaped pattern 114A and 114B.

[0261] According to the first variation in FIG. 56, it is
possible to realize a desired pre-tilt direction of the liquid
crystal molecules in an intermediate region between the lat-
tice shaped patterns 114A and 114B, in which region pre-tilt
effects of the lattice shaped patterns 114A and 114B are not
directly given to the intermediate region.

[0262] On the contrary, FIG. 57 is a diagram showing a
second variation of the liquid crystal display device 110
according to the ninth embodiment of the present invention.
[0263] In FIG. 57, instead of the localized patterns 114a
and 1145, a localized pattern 114e and 114/ having projec-
tions extending in an extended direction of the lattice shaped
pattern 114A and 114B.

[0264] According to the second variation in FIG. 57, it is
possible to further reinforce the pre-tilt effects of the lattice
shaped patterns 114A and 114B by the localized patterns
114e and 114f

[0265] FIG. 58 is a diagram showing a third variation of the
liquid crystal display device 110 according to the ninth
embodiment of the present invention.

[0266] InFIG. 58, the first variation and the second varia-
tion are joined in the third variation. That is, a localized
pattern 114g is formed at each cross point of the lattice shaped
pattern 114A and a localized pattern 114/ is formed at each
cross point of the lattice shaped pattern 114B.

[0267] AndFIG. 59 is adiagram showing a fourth variation
of the liquid crystal display device 110 according to the ninth
embodiment of the present invention.

[0268] InFIG. 59, the first variation and the second varia-
tion are superposed in the third variation. That is, the local-
ized pattern 114e is formed on the localized pattern 114¢ and
the localized pattern 114fis formed on the localized pattern
114d.

[0269] According to the fourth variation in FIG. 59, espe-
cially, it is possible to realize steep slopes of the localized
patterns 114e and 114f. Therefore, the pre-tilt effect of the
liquid crystal molecules can be enhanced.

[0270] The variations shown in FIG. 53 through FIG. 59
can be applied to any embodiments previously described and
can contribute to improve the operation speed of the liquid
crystal display device.

[0271] According to the present invention, the structural
pattern is to form an electric field periodically changing in the
second direction. Thus, the structural pattern may be a convex
pattern that is formed on the first electrode and is made up of
an insulating material or a conducting material, or a concave

Jan. 1, 2015

pattern such as a cutout pattern or the like formed on the first
electrode. Also, in the present invention, a plurality of pixel
electrodes is preferably used as the first electrode. However,
in this case, each of the plurality of pixel electrodes is sec-
tioned into a plurality of domains. The structural pattern is
formed in each of the plurality of domains so that the first
direction in one domain crosses the first direction in other
domains adjacent to sides of the one domain at 90° angle. The
visibility angle, which is superior by applying the vertical
orientation mode, can be more improved. On the first sub-
strate, thin film transistors, which correspond to a plurality of
pixel electrodes, respectively, and drives the pixel electrodes,
are formed. Then, by applying a active matrix driving
method, the liquid crystal display device according to the
present invention can optimize its superior response charac-
teristic.

[0272] On at least one of the first substrate and the second
substrate, another structural pattern different from the struc-
tural pattern can be formed so as to cross the first direction and
be repeat in a different direction from the second direction at
intervals of substantially a greater period than the repeat
period which the structural pattern is repeated in the second
direction at. By forming another structural pattern, it is pos-
sible to uniquely determine a tilt direction of the liquid crystal
molecules when the voltage is applied. And it is possible to
improve an effect of regulating the tilt direction of the liquid
crystal molecule by the micro patterns. As a result, the
response speed of the liquid crystal display device is
improved. Preferably, another structural pattern has a higher
height than the structural pattern.

[0273] When the structural pattern is formed by a plurality
of micro patterns that extend in the first direction and are
repeated in the second direction at a first period, another
structural pattern is formed by a first rough structural pattern
formed on the first substrate and extending in a third direction
crossing the first direction, and a second rough structural
pattern formed on the second substrate and extending in a
fourth direction vertically crossing the second direction. Pref-
erably, the first rough structural pattern is repeated in the
fourth direction at intervals of substantially a greater period
than the first period and the second rough pattern is repeated
in the third direction at intervals of substantially a greater
period than the first period. In order to maximally the
response speed improved by another structural pattern, it is
preferably that each of the first rough structural pattern and
the second rough structural pattern has a wider width than the
micro pattern. Itis preferable that the third direction vertically
crosses the first direction, or the third direction crosses the
first direction at 45° angle.

[0274] When the structural pattern is formed by a plurality
of micro patterns that extend in the first direction with a first
width and are repeated in the second direction at a first period,
another structural pattern can be formed by a first lattice
shaped pattern and a second lattice shaped pattern. The first
lattice shaped pattern is formed on the first substrate so as to
extend in a third direction obliquely crossing the first direc-
tion and the second direction and a fourth direction vertically
crossing the third direction. The second lattice shaped pattern
is formed on the second substrate at a position displaced from
the first lattice shaped pattern so as to extend in the third
direction and in the fourth direction. In this case, the first
lattice shaped pattern and the second lattice shaped pattern
are repeated at intervals of greater periods than the first
period, respectively. In this configuration, it is preferable that
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each of the first lattice shaped pattern and the second lattice
shaped pattern has a wider width than the micro pattern. In
addition, it is preferable that the third direction crosses the
first direction at 45° angle. In this case, the first lattice shaped
pattern is sectioned into a first, a second, a third and a fourth
domains on the first substrate and the micro pattern is formed
so that the first direction in one of the first, the second, the
third and the fourth domains and the first direction in each of
other domains adjacent to the one domain form a 900 angle.
Therefore, it is possible to optimize the characteristic of the
visible angle.
[0275]  Another structure pattern described above can be a
convex pattern or a concave pattern.
[0276] Also, according to the present invention, it is pref-
erable that each of patterns forming the structural pattern is
directional and directs at least one direction in the first direc-
tion. For example, it is preferable that each of the plurality of
patterns has approximately a triangle shape and is formed so
that a vertex of the triangle directs the direction. Alternatively,
it is preferable that each of the plurality of patterns has a
rhombus shape having a first vertex and a second vertex
opposing each other in that said first vertex directs said first
direction as one direction and said second vertex directs said
second direction as an opposed direction. By using the direc-
tional pattern as the structural pattern, when the liquid crystal
molecules in the liquid crystal layer tilt in the driving state, a
tilt direction is uniquely determined in the first direction. As a
result, the response speed of the liquid crystal display device
is improved. Also, in a case in which an optical hardened
material of the optical hardened composite, similar effect can
be achieved. It is preferable that each of the plurality of the
directional patterns has a maximum width less than 10 pm.
[0277] The present invention is not limited to the specifi-
cally disclosed embodiments, variations and modifications,
and other variations and modifications may be made without
departing from the scope of the present invention.
[0278] The present application is based on Japanese Prior-
ity Application No. 2000-295266 filed on Sep. 27, 2000, the
entire contents of which are hereby incorporated by refer-
ence.
What is claimed is:
1. A liquid crystal display device comprising:
a first substrate;
a second substrate facing said first substrate;
aliquid crystal layer sealed between said first substrate and
said second substrate;
a pixel electrode formed on said first substrate;
a counter electrode formed on said second substrate;
a first molecule orientation film formed on said first sub-
strate so as to cover said pixel electrode; and
a second molecule orientation film formed on said second
substrate so as to cover said counter electrode, wherein
said pixel electrode includes first micro-electrode patterns
extending in a first direction, second micro-electrode
patterns extending in a second direction, third micro-
electrode patterns extending in a third direction and
forth micro-electrode patterns extending in a forth direc-
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tion, wherein the first, second, third and fourth directions
are different from one another, and

when a driving voltage is applied between the pixel elec-

trode and the counter electrode, liquid crystal molecules
of said liquid crystal layer which are located at the first,
second, third and fourth micro-electrode patterns are
tilted in a corresponding one of the first, second, third
and fourth directions when viewed in a plan view.

2. The liquid crystal display device of claim 1, wherein the
pixel electrode further includes a connecting portion electri-
cally connected with the first, second, third and fourth micro-
electrode patterns;

wherein the pixel electrode is divided into four regions in

which boundaries of the four regions are defined by the
connecting pattern and an edge of the pixel electrode,
and

when the driving voltage is applied between the pixel elec-

trode and the counter electrode, the liquid crystal mol-
ecules are tilted from the edge of the pixel electrode
toward the connecting pattern.
3. The liquid crystal display device of claim 1, further
comprising:
a polarizer provided outside of one of said first and second
substrates, said polarizer having a light absorption axis
P; and

an analyzer provided outside of the other of said first and
second substrates, said analyzer having a light absorp-
tion axis A,

wherein the light absorption axis A of said analyzer crosses

the light absorption axis P of said polarizer,

wherein at least some of said micro-electrode patterns

extend in a direction that obliquely crosses at least one of
said light absorption axis A of said analyzer and said
light absorption axis P of said polarizer.

4. The liquid crystal display device according to claim 1,
wherein in a non-driving state in which a driving voltage is
not applied between said pixel electrode and said counter
electrode, liquid crystal molecules are oriented in a vertical
direction to surfaces of said first and second substrates by said
first molecule orientation film and said second molecule ori-
entation film, respectively.

5. The liquid crystal display device as claimed in claim 1,
wherein said liquid crystal layer comprises liquid crystal with
negative inductive factor anisotropy.

6. The liquid crystal display device according to claim 2,
wherein an angle defined by two out of the first, second, third
and fourth directions is approximately 90 degrees or 180
degrees.

7. The liquid crystal display device according to claim 3,
wherein an angle defined by one of the first, second, third and
fourth directions with respect to the light absorption axis P of
said polarizer is approximately 45 degrees.

8. The liquid crystal display device according to claim 1,
wherein the tilt direction of liquid crystal molecules, of said
liquid crystal layer, in the presence of an applied voltage is
controlled by an optical hardened material within said liquid
crystal layer.
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