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(7) ABSTRACT

A liquid crystal display device whose transparent electrodes
have slits of a rectangle shape or a parallelogram shape. The
slits include slits of first and second kinds having different
angles relative to a row direction. The slit of the first kind in
one transparent electrode and the slit of the second kind in the
other transparent electrode are alternately disposed along the
column direction to form a first slit column, and the slit of the
second kind in the one transparent electrode and the slit of the
second kind in the other transparent electrode are alternately
disposed along the column direction to form a second slit
column. The first slit column and second slit column are
alternately disposed along the row direction, and each posi-
tion of slits of the first slit column is shifted by half a slit
period from each position of slits of the second slit column.




Patent Application Publication = May 22,2008 Sheet 1 of 8 US 2008/0117374 A1

Fig. 1

T 3
1 /
113:9; et =
e VA 7 77 7
b—T"7 ¢ "
PIT00 [
S [ '
|

| S Sm— R J L

L%

.
— e —— o ——— e v ol |
o




Patent Application Publication = May 22,2008 Sheet 2 of 8 US 2008/0117374 A1

Fig. 2

~|(a

122




US 2008/0117374 A1

May 22,2008 Sheet 3 of 8

Fig. 3

Patent Application Publication

= PN |
. N / N
 ———— -I/..././l- -lI..v./'-l
: AN AN G AN

|~ | 7 |
T

| < _ <\ |
N LN
— |% _/n - /-Ill.
NN NN

7 V7 7]

||||I\|\$l (] |q\q'Ab‘|| " T
[ S < -

[y ﬂ SR
—_— - N—o RN, N

N \ AN

! "/rV _ ,_./IV

) ) :

c— = o > v

H. o~— rnM



Patent Application Publication = May 22,2008 Sheet 4 of 8 US 2008/0117374 A1

CﬂZﬁCﬂ&) 5c

Fig. 4

/]

3] I///JV//// !\@»5
Ta(7b)

i fal i Fal
( i (Eb2}\/ (EbI)

% II\V////%/ 4

dc—

[ / )
fe fa(fb)\
c41(643)



US 2008/0117374 A1

May 22,2008 Sheet 5 of 8

Patent Application Publication
Fig. 5




US 2008/0117374 A1

May 22,2008 Sheet 6 of 8

Patent Application Publication
Fig. 6




Patent Application Publication = May 22,2008 Sheet 7 of 8 US 2008/0117374 A1

Fig. 7




Patent Application Publication = May 22,2008 Sheet 8 of 8 US 2008/0117374 A1

Fig. 8

Lal Lbl Lal LbL -
RERER



US 2008/0117374 A1l

LIQUID CRYSTAL DISPLAY DEVICE WHOSE
ELECTRODE HAS SLITS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims priority of
Japanese Patent Application No. 2006-310188 filed on Nov.
16,2006, the entire contents of which are incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] A) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly to a liquid crystal display
device having devised electrode patterns.

[0004] B) Description of the Related Art

[0005] Itis required to improve the visual angle character-
istics and transmissivity of a liquid crystal display device.
[0006] Fora vertical alignment liquid crystal display device
of a segment type or a type combining segments and dot
matrices, a so-called two-domain alignment control method
has been disclosed or proposed by which slit openings are
formed through electrodes of the display device to generate
oblique electric fields near at the slit openings formed through
the upper and lower electrodes in a display area, liquid crystal
alignment is controlled by these electric fields to make central
molecules in a liquid crystal layer have alignment orienta-
tions shifted by 180°. A twist noematic (TN)-L.CD has been
disclosed in Japanese Patent No. 3108768, and a vertical
alignment LCD has been proposed in JP-A-2004-252298.
According to these patent and application, a longer side of
each slit opening is disposed along a right/left direction of the
liquid crystal display device. Therefore, two-domain align-
ment is obtained having different alignment orientations of
liquid crystal molecules along an up/down direction of the
device, so that the visual angle characteristics having good
up/down and right/left symmetries can be acquired.

[0007] With the method described in the above-described
Patent Document, since refractive indices of longer and
shorter optical axes of liquid crystal are different, it is difficult
to equalize the visual angle characteristics along the up/down
and right/left directions. It is also desired to maintain good
transmissivity by making alignment uniform as much as pos-
sible.

SUMMARY OF THE INVENTION

[0008] An object of this invention is to provide a liquid
crystal display device capable of presenting good visual angle
characteristics and transmissivity.

[0009] According to one aspect of the present invention,
there is provided a liquid crystal display device comprising: a
pair of substrates disposed facing each other; a pair of trans-
parent electrodes formed above the substrates, the transparent
electrodes being stacked and sandwiching a vertical align-
ment liquid crystal layer to form a display area; and slits of a
rectangle shape or a parallelogram shape formed through the
transparent electrodes in a matrix shape, wherein: the slits
include slits of first and second kinds having different angles
relative to a row direction; slits of the first kind are disposed
along the row direction at one row, and slits of the second kind
are disposed along the row direction at each row adjacent to
the one row along a column direction; the slit of the first kind
in one transparent electrode and the slit of the second kind in
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the other transparent electrode are alternately disposed along
the column direction to form a first slit column; the slit of the
second kind in the one transparent electrode and the slit of the
second kind in the other transparent electrode are alternately
disposed along the column direction to form a second slit
column; and the first slit column and the second slit column
are alternately disposed along the row direction, and a slit
period of the first slit column is shifted by half a slit period
from a slit period of the second slit column.

[0010] It is therefore possible to realize good visual angle
characteristics and high transmissivity.

[0011] Itispossibleto prevent arise in electric resistance of
electrodes.
[0012] Itis possible to facilitate designs of various segment

patterns and art works.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic cross sectional view of a ver-
tical alignment liquid crystal display device.

[0014] FIG. 2 is a plan view showing directions of trans-
mission axes of polarizers of the liquid crystal display device.
[0015] FIG. 3 is a plan view showing a layout of slits of the
liquid crystal display device.

[0016] FIG. 4 is a schematic cross sectional view showing
directions of electric fields generated between transparent
electrodes.

[0017] FIG. 5is a schematic plan view showing vectors of
oblique electric fields generated between transparent elec-
trodes.

[0018] FIG. 6 is a plan view showing a slit layout of a
comparative example.

[0019] FIG. 7A is a photograph of a vertical alignment
liquid crystal display having the slitlayout of the first embodi-
ment, taken with a polarization microscope while a voltage is
applied, and FIG. 7B is a photograph of a vertical alignment
liquid crystal display having the slitlayout of the comparative
example, taken with a polarization microscope while a volt-
age is applied.

[0020] FIG. 8isaplan view showing a slit layout according
to a second embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0021] FIG. 1 is a schematic cross sectional view of a ver-
tical alignment liquid crystal display device according to the
first embodiment. The liquid crystal display device shown in
FIG. 1 has a back substrate 1 made of glass and a front
substrate 2 made of glass and facing the back substrate, and a
liquid crystal layer 3 is disposed between both the substrates
1 and 2. Transparent back electrodes 4 as segment electrodes
are disposed on the back substrate 1, and a transparent front
electrode 5 as a common electrode is disposed on the front
substrate 2, respectively on the side of the liquid crystal layer
3. Both the transparent electrodes 4 and 5 are superposed
upon each other with the liquid crystal layer 3 being inter-
posed therebetween, and the superposed area constitutes a
display area. A plurality of slits (rectangle or parallelogram,
parallelogram in FIG. 1) 6 and 7 to be described later are
formed through both the transparent electrodes 4 and 5 in the
display area. Alignment films 9a and 95 are disposed on both
the substrates 1 and 2 on the liquid crystal layer 3 side,
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covering both the transparent electrodes. An insulating film
may be disposed when necessary between the alignment film
and transparent electrode.

[0022] Description will be made on a manufacture method
for the liquid crystal display device. First, the transparent
electrodes 4 and 5 mainly made of indium tin oxide (ITO) are
formed on both the substrates 1 and 2.

[0023] The vertical alignment films 9a and 95 are coated
and baked, covering the transparent electrodes 4 and 5. The
alignment film material may be SE1211 manufactured by
Nissan Chemical Industries, Ltd.

[0024] Next, main seal material is coated on the substrates
1 and 2, and gap control members having a predetermined
diameter (in this embodiment, 4 pm) are sprayed. Thereafter,
both the substrates 1 and 2 are stacked and the main seal
material is cured to thereby form an empty cell between the
substrates 1 and 2.

[0025] Liquid crystalisinjected into the empty cell to form
the liquid crystal layer 3. The liquid crystal material used has
Ae<0and An of about 0.15. Liquid crystal molecules 8 in the
liquid crystal layer 3 are vertically aligned by the vertical
alignment films.

[0026] Thereafter, a back polarizer 10 is bonded to the outer
side (lower side in FIG. 1) of the back substrate 1, and a visual
angle compensation plate 11 and a front polarizer 12 in a
stacked state are bonded to the outer side (upper side in FIG.
1) of the front substrate 2. The material of the visual angle
compensation plate 11 may be a film VAC-180 manufactured
by Sumitomo Chemical Company Ltd.

[0027] FIG. 2 is a plan view showing directions of trans-
mission axes of the polarizers of the liquid crystal display
device. As shown, a transmission axis 10a of the back polar-
izer 10 is perpendicular to a transmission axis 12a of the front
polarizer 12 to form a normally black liquid crystal display
device. In this way, a liquid crystal is formed.

[0028] FIG. 3 is a plan view showing a slit layout of the
liquid crystal display device. As shown, in the first embodi-
ment, slits formed through the transparent electrodes are dis-
posed in a matrix shape. Although directions of rows and
columns are arbitrary in the display plane, it is preferable that
the row direction is coincident with the right/left (or up/down)
direction as the liquid crystal display device is viewed in a
normal state, and that the column direction is coincident with
the up/down (right/left) direction.

[0029] The slits 6 indicated by doted lines and formed
through the transparent back electrode 4 and the slits 7 indi-
cated by solid lines and formed through the transparent front
electrode 5 are constituted of slits 6a and 7a of the first kind
having an angle relative to the row direction and slits 65 and
7b of the second kind having an angle different from that of
the first kind relative to the row direction.

[0030] Description will be directed to the slit 6 (7). Inone of
the transparent electrodes 4 and 5, the slits 6a (7a) of the first
kind are disposed along the row direction at each row, and the
slits 66 (7b) of the second kind are disposed along the row
direction at each row adjacent to the first-mentioned row at a
position shifted by half a pitch (slit period) along the row
direction.

[0031] The slit 6a of the first kind of the transparent back
electrode 4 and the slit 7a of the first kind of the transparent
front electrode 5 are alternately disposed along each column
direction at positions shifted by half a pitch (slit period) along
the column direction to form a first slit column Lal. The slit
6 of the second kind of the transparent back electrode 4 and
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the slit 75 of the second kind of the transparent front electrode
5 are alternately disposed along each column direction at
positions shifted by half a pitch along the column direction to
form a second slit column Lb1.

[0032] Thefirstslit column Lal and second slit column Lb1
are alternately disposed along the row direction, and each
position of slits of the first slit column Lal is shifted by halfa
period from each position of slits of the second slit column
Lbl.

[0033] In the first embodiment, the inclination angle of the
slit of the first kind relative to the row direction is set to about
+45° whereas the inclination angle of the slit of the second
kind relative to the row direction is set to about —45°.
Although these inclination angles may be set to angles dif-
ferent from about =45°, it is preferable to set the inclination
angles to £45° in order to maintain good symmetries of the
visual angle characteristics along both the up/down and right/
left directions.

[0034] FIG. 4 is a schematic cross sectional view showing
directions of electric fields generated between the transparent
electrodes. In the slit layout of the first embodiment, oblique
electric fields Eal (Ebl) are generated extending from an
edge de (border of slit) of the back electrode 4 toward a slit
center line portion 5¢ of the front electrode 5. Electric fields
parallel to these electric fields are also generated extending
from a slit center line portion 4¢ of the back electrode 4
toward an edge 5e of the front electrode.

[0035] Oblique electric fields Ea2 (Eb2) are also generated
having a different inclination angle from that of the oblique
electric fields Eal (Eb1), setting the slit center line portion 4¢
as a border. Electric fields parallel to these electric fields are
also generated extending from the edge 4e toward the slit
center line portion 5c.

[0036] The slit center line portion indicates a position on
the electrode in a display plane corresponding to each of
center lines C11 to Cl4 of each slit along the width direction
(perpendicular to the longitudinal direction).

[0037] Although the direction of the electric field is
described as directing from the transparent back electrode 4
to transparent front electrode 5, the direction may be reversed.
[0038] FIG. 5is a schematic plan view showing vectors of
oblique electric fields generated between the transparent elec-
trodes. As shown, horizontal direction components (compo-
nents parallel to the substrates 1 and 2) of the oblique electric
fields Eal and Ea2 are perpendicular to the longitudinal direc-
tion of the slits 6a and 7a, whereas horizontal direction com-
ponents of the oblique electric fields Eb1 and Eb2 are perpen-
dicular to the longitudinal direction of the slits 65 and 7.
[0039] Therefore, in the first (second) slit column Lal
(Lb1), the fall directions of liquid crystal molecules are
reversed in accordance with the horizontal direction compo-
nents of the oblique electric fields Eal and Ea2 (Ebl and
Eb2), at the borders represented by the center lines CI1 and
CL2 (C13 and Cl4) along the width direction of the slits 6a and
7a (66 and 7b).

[0040] Further, since the slit longitudinal direction of the
first slit column Lal is shifted by 90° from the slit longitudinal
direction of the second slit column b1, a four-domain align-
ment structure is realized.

Comparative Example

[0041] As the comparative example for comparison with
the first embodiment to be described later, a vertical align-
ment liquid crystal display device was manufactured having a
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different slit layout and similar other structures to those of the
first embodiment. This comparative example will be
described hereunder.

[0042] FIG. 6 is a plan view showing a slit layout of the
comparative example. As shown, slits 13 indicated by dotted
lines and formed through a transparent back electrode and
slits 14 indicated by solid lines and formed through a trans-
parent front electrode are constituted of slits 13e and 14a of a
first kind having an angle of +45° relative to the row direc-
tion, and slits 135 and 146 of a second kind having an angle of
—45° relative to the row direction, respectively.

[0043] In the transparent back electrode, the slit 13a of the
first kind and the slit 135 of the second kind are alternately
disposed along the row direction shifted by half a pitch (slit
period) of the row direction. Also in the transparent front
electrode, the slit 144 of the first kind and the slit 145 of the
second kind are alternately disposed along the row direction
shifted by half a pitch of the row direction.

[0044] The slit 13a of the first kind through the transparent
back electrode and the slit 145 of the first kind through the
transparent front electrode are alternately disposed along the
column direction shifted by half a pitch of the column direc-
tion to constitute a first slit column La2. The slit 135 of the
second kind through the transparent back electrode and the
slit 145 of the second kind through the transparent front
electrode are alternately disposed along the column direction
shifted by half a pitch of the column direction to constitute a
second slit column Lb2.

[0045] Thefirstslit column La2 and second slit column Lb2
are alternately disposed along the row direction, and in row
direction, each position of slits of the first slit column La2 is
the same as each position of slits of the second slit column
Lb2.

Comparison Between First Embodiment and
Comparative Example

[0046] FIG. 7A is a photograph taken with a polarization
microscope when a voltage is applied to the vertical align-
ment liquid crystal display device having the slit layout of the
first embodiment, and FIG. 7B is a photograph taken with a
polarization microscope when a voltage is applied to the
vertical alignment liquid crystal display device having the slit
layout of the comparative example.

[0047] A slit size of the liquid crystal display device of the
comparative example has a longer side 11 of 100 um and a
shorter side 12 of 14 um. A gap (distance) as viewed in plan
between slits along the row direction is 20 um.

[0048] Asshown in FIGS. 7A and 7B, it can be seen thatthe
photograph of the first embodiment taken with the polariza-
tion microscope has a smaller area of a dark portion S and
brighter display, than the photograph of the comparative
example taken with the polarization microscope.

[0049] Maximum transmissivities of the first embodiment
and comparative example were measured in the following
way. T1 represents a reference at a transmissivity of 100%
when two polarizers of the liquid crystal display device are
disposed in a parallel Nicol layout. T2 represents a maximum
optical intensity of polarized light passed through the liquid
crystal display device of the first embodiment or comparative
example when a voltage is applied. A percentage (%) of
T2/T1 was calculated. The optical intensity was calculated
based on the electro-optical characteristics.

[0050] The maximum transmissivity of the comparative
example was 23%, whereas that of the first embodiment was
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34%. Improvement on the transmissivity by about 1.48 times
was confirmed. The visual angle characteristics of the first
embodiment was symmetrical and homogeneous in the
up/down and right/left directions.

[0051] Since the slit layout of the first embodiment has a
smaller squeezing region between the upper and lower trans-
parent electrodes than that of the comparative example, it can
be expected that a rise in electric resistance can be suppressed.
[0052] In this measurement, a center-of-gravity distance
(distance between centers of gravity of adjacent slits as
viewed on a display plane) between slits along the column
direction was 60 pm. Maximum transmissivities were mea-
sured at a center-of-gravity distance of 120 um. The maxi-
mum transmissivity of the comparative example was 29%,
whereas that of the first embodiment was 41%. Improvement
on the transmissivity by about 1.41 times was confirmed.
[0053] It was confirmed from measurements that there
arose no problem about alignment stability, response time and
the like of liquid crystal if the slit center-of-gravity distance
along the column direction was shorter than about 120 pum.
The slit center-of-gravity distance along the row direction is
preferably five times or shorter than the slit center-of-gravity
distance along the column direction.

[0054] If the slit size is too large, the pattern of four
domains become visually recognizable. A length of the
shorter side is preferably greater than a cell thickness. It is
preferable that the slit size has a longer side 1 of 20 um to 500
pm and a shorter side 1 of 4 pm to 30 pm. A two-dimensional
gap g is preferably set to 20 pm or shorter.

Second Embodiment

[0055] FIG. 8 shows a slit layout of the second embodi-
ment. The relation of the slit layout is similar to the first
embodiment. A two-dimensional gap g along the row direc-
tion is eliminated, and slits are disposed so that the shorter
side of each slit in a slit column Lal becomes as viewed in
plan in contact with the shorter side of each slit in a slit
column Lbl.

[0056] Theabove-described embodiments are applicable to
avertical alignment liquid crystal display device of a segment
type or a type combining segments and dot matrices (the
embodiments are applied to segments).

[0057] Although the shape of a slit is a parallelogram in the
embodiments, the slit shape may be a rectangle. It is expected
also in the latter case that good visual angle characteristics
and high transmissivity can be obtained. In the latter case,
patterning becomes easier than that for the parallelogram.
[0058] The present invention has been described in connec-
tion with the preferred embodiments. The invention is not
limited only to the above embodiments.

[0059] For example, the direction of a slit may be reversed
along the up/down direction.

[0060] It will be apparent to those skilled in the art that
other various modifications, improvements, combinations,
and the like can be made.

What are claimed are:

1. A liquid crystal display device comprising:

a pair of substrates disposed facing each other;

a pair of transparent electrodes formed above said sub-
strates, said transparent electrodes being stacked and
sandwiching a vertical alignment liquid crystal layer to
form a display area; and

slits of a rectangle shape or a parallelogram shape formed
through said transparent electrodes in a matrix shape,
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wherein:

said slits include slits of first and second kinds having
different angles relative to a row direction;

slits of the first kind are disposed along the row direction at
one row, and slits of the second kind are disposed along
the row direction at each row adjacent to the one row
along a column direction;

the slit of the first kind in one transparent electrode and the
slit of the second kind in the other transparent electrode
are alternately disposed along the column direction to
form a first slit column;

the slit of the second kind in the one transparent electrode
and the slit of the second kind in the other transparent
electrode are alternately disposed along the column
direction to form a second slit column; and

said first slit column and said second slit column are alter-
nately disposed along the row direction, and each posi-
tion of slits of said first slit column is shifted by half a slit
period from each position of slits of said second slit
column.

2. The liquid crystal display device according to claim 1,

wherein:

the row direction and the column direction correspond to a
right/left direction or an up/down direction of a visual
field of said display area;
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angles of said slits of the first and second kinds relative to
the row direction are about +45° and about —45°,
respectively; and

transmission axes of one polarizer and the other polarizer
disposed along said substrates are parallel to the row
direction and the column direction, respectively.

3. The liquid crystal display device according to claim 2,
wherein a length of a shorter side of said slit is greater than a
cell thickness of a liquid crystal cell.

4. The liquid crystal display device according to claim 3,
wherein a slit center-of-gravity distance of said slits along the
column direction is 120 pm or shorter.

5. The liquid crystal display device according to claim 4,
wherein the slit center-of-gravity distance of said slits along
the row direction is five times or shorter than the slit center-
of-gravity distance of said slits along the column direction.

6. The liquid crystal display device according to claim 5,
wherein the liquid crystal display device is of a segment type.

7. The liquid crystal display device according to claim 5,
wherein the liquid crystal display device is of a type combin-
ing segments and dot matrices.
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