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(57) ABSTRACT

A liquid crystal display apparatus includes a vertically
aligned liquid crystal layer sealed between the first and
second substrates. A first group of electrodes are formed on
the first substrate, and a second group of electrodes are
formed on the second substrate at staggered positions with
respect to the first electrodes, the electrodes extending in the
form of linearly elongated strips in a direction parallel to the
substrate surfaces. A liquid crystal display apparatus of a
transverse electric field drive type is thus provided.
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LIQUID CRYSTAL DISPLAY APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display apparatus and, in particular, to a liquid crystal
display apparatus for turning on and off the liquid crystal
molecules by forming an electric field in the direction
substantially parallel to the substrate surfaces in order to
realize a liquid crystal display apparatus having a superior
visual angle characteristic.

[0003] 2. Description of the Related Art

[0004] A liquid crystal display apparatus for turning on
and off the liquid crystal molecules by forming an electric
field in the direction substantially parallel to the substrate
surfaces is also called a transverse electric field drive type
liquid crystal display apparatus. In the transverse electric
field drive type liquid crystal display apparatus, one of a pair
of the substrates holding the liquid crystal has a first elec-
trode and a second electrode, and the electric field is formed
from the first electrode toward the second electrode. Such a
liquid crystal display apparatus is described in JP-A-7-
36058, for example.

[0005] The horizontal electric field drive type liquid crys-
tal display apparatus uses a liquid crystal of a horizontal
alignment type. The liquid crystal is first aligned in a first
direction parallel to the substrate surfaces, and upon appli-
cation of a voltage thereto, comes to be aligned parallel to
the substrate surfaces in a second direction rotated from the
first direction. Specifically, upon application of a voltage
thereto, the liquid crystal molecules try to be arranged in
parallel to the electric field formed between the first and
second electrodes. The motion of the liquid crystal mol-
ecules occurs in a plane parallel to the substrate surfaces,
and therefore the visual angle characteristic is not deterio-
rated unlike in the TN type liquid crystal, thereby realizing
a liquid crystal display apparatus having a wide visual angle
characteristic.

[0006] JP-A-7-159807 discloses a modification of a trans-
verse electric field drive type liquid crystal display appara-
tus. In this liquid crystal display apparatus, one of a pair of
substrates holding the liquid crystal has a first electrode, and
the other substrate has a second electrode. The first and
second electrodes are at positions staggered from each other
in a direction parallel to the substrate surfaces. In this case,
the first and second electrodes extend in narrow strips
parallel to each other. The plane containing the first and
second electrodes is diagonal to the substrate surfaces to
thereby form an oblique electric field. The distance between
the first and second electrodes, however, is very large
compared with the thickness of the liquid crystal layer, and
therefore the plane containing the first and second electrodes
can be considered substantially parallel to the substrate
surfaces. In this case, too, therefore, a horizontal alignment
type of liquid crystal is used, which behaves in the same
manner as in the aforementioned case.

[0007] JP-A-10-48671 discloses a liquid crystal display
apparatus driven by an oblique electric field. A pixel elec-
trode and a common electrode are both formed in the shape
of comb. Each of the pixel electrode and the common
electrode includes a plurality of linear electrode elements
parallel to each other.
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[0008] In the transverse electric field drive type liquid
crystal display apparatus with first and second electrodes
formed on one substrate, the electric field is formed from the
first electrode toward the second electrode. The strength of
the electric field is higher near the substrate having the
electrodes and weaker near the substrate having no elec-
trodes. Upon application of a voltage, therefore, the liquid
crystal is not uniformly aligned between the first and second
substrates, and a disclination may occur within a pixel. Also,
in the case where only one of the substrates has electrodes
while the other substrate has no electrode, static electricity
may stay in the alignment layer of the substrate having no
electrode.

[0009] 1In the transverse electric field drive type liquid
crystal display apparatus with the first substrate having the
first electrode and the second substrate having the second
electrode, on the other hand, the problem of static electricity
is solved. Actually, however, the electric field is formed
obliquely to the substrate surfaces from the first electrode
toward the second substrate. As a result, when a voltage is
applied, the liquid crystal of horizontal alignment type tilts
up obliquely while rotating to set in a position parallel to the
electric field. It is difficult for the liquid crystal of horizontal
alignment type, however, to tilts up obliquely while rotating.
The liquid crystal behavior may thus be disturbed.

[0010] Further, the transverse electric field drive type
liquid crystal display apparatus is so configured that at least
one of the first and second electrodes is formed in a pixel,
thereby often leading to a small aperture ratio. In view of
this, the electrodes are required to be arranged in a manner
capable of realizing bright display with a large aperture
ratio.

[0011] In an oblique electric field system for driving a
liquid crystal by applying different voltages to the electrodes
on two substrates making up a liquid crystal panel, once the
two substrates are misaligned from each other, the gap
between the electrode on one substrate and the electrode on
the other substrate changes, thereby posing the problem that
the voltage-transmittance characteristic undergoes a change.
The accuracy with which the two substrates are attached to
each other, therefore, is very strict and a very small manu-
facturing margin is allowed.

SUMMARY OF THE INVENTION

[0012] An object of the present invention is to provide a
liquid crystal display apparatus of transverse electric field
drive type in which the behavior of the liquid crystal can be
accurately controlled.

[0013] Aliquid crystal display apparatus, according to the
present invention, comprises first and second opposed sub-
strates, a liquid crystal layer sealed between the first and
second substrates, a first electrodes formed on the first
substrate, and a second electrodes formed on the second
substrate at positions shifted from the first electrodes in a
direction parallel to the substrate surfaces, the liquid crystal
of the liquid crystal layer being vertically aligned and the
dielectric anisotropy of the liquid crystal being positive.

[0014] With this configuration, the first electrode is
formed on the first substrate, the second electrode is formed
on the second substrate, and the first and second electrodes
are arranged at positions shifted from each other in the
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direction parallel to the substrate surfaces. Therefore, when
a voltage is applied between the first electrode and the
second electrode, an oblique electric field is formed between
the first electrode and the second electrode. The liquid
crystal molecules are aligned wvertically, and the liquid
crystal has a positive dielectric anisotropy. As a conse-
quence, the obliqueness of the electric field causes the liquid
crystal molecules to be inclined in the direction parallel to
the oblique electric field. As a result, an alignment free of
disclination is realized with a voltage applied. The absence
of disclination eliminates the portion where elastic energy
stays and realizes a lower threshold voltage.

[0015] Preferably, the liquid crystal comprises a blended
liquid crystal containing at least one of a fluorinated liquid
crystal and a cyanic liquid crystal.

[0016] The first and second electrodes extend linearly and
are elongated at least partially. The first and second elec-
trodes are at least partially parallel to each other.

[0017] One of the first and second substrates has a black
matrix and a color filter. The electrode of the substrate
having the black matrix and the color filter constitute a
portion of the black matrix. The black matrix is formed in
contact with the substrate. The color filter has a slit formed
at the position of the electrode formed by the black matrix.

[0018] One of the first and second electrodes is a solid
electrode, and the color filter is formed on the transparent
solid electrode. The color filter has a slit, and the portion of
the solid electrode exposed from the slit constitutes one of
the first and second electrodes.

[0019] A third electrode is formed on one of the first and
second electrodes in such a manner as to share a potential
with one of the first and second electrodes.

[0020] The third electrode is formed in such a manner as
to be overlapped at least partially with one of the first and
second electrodes.

[0021] One of the first and second substrates has a gate
line and a data line, and the electrode formed on the other of
the first and second substrates is formed in such a manner as
to cover the data line. One of the first and second electrodes
is displaced in the direction toward the pixel from the data
line in the same plane and covers the data line.

[0022] One of the first and second substrates has a gate
line and a data line. One of the first and second electrodes
is formed in proximity to one of the gate line and the data
line.

[0023] One of the first and second substrates has a gate
line and a data line. The electrode formed in the other of the
first and second substrates is formed in a pixel.

[0024] One of the first and second substrates has a gate
line, a data line and a TFT. One of the first and second
electrodes is connected to the source electrode of the TFT
and extends onto the next gate line thereby to form an
subsidiary capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The present invention will become more apparent
from the following description of the preferred embodi-
ments, with reference to the accompanying drawings, in
which:
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[0026] FIGS. 1A to 1C are views illustrating the principle
and a basic configuration of the present invention;

[0027] FIGS. 2A to 2C are views illustrating an example
for comparison with the liquid crystal display apparatus of
FIG. 1;

[0028] FIGS. 3A to 3C are views showing a modification
of the configuration of FIGS. 1A to 1C;

[0029] FIG. 4 is a cross-sectional view showing an
embodiment with a detailed configuration of FIGS. 1A and
1B;

[0030] FIG. 5 is a cross-sectional view showing a modi-
fication of the embodiment of FIG. 4,

[0031] FIG. 6 is a plan view showing an application of the
embodiment of FIG. 4,

[0032] FIG. 7 is a cross-sectional view taken in line
VII-VII in FIG. 6;

[0033] FIG. 8 is a view showing a modification of the
embodiment of FIG. 6 in which subsidiary capacitors are
formed;

[0034] FIG.9 is a cross-sectional view taken in line IX-IX
in FIG. 8;

[0035] FIG. 10 is a view showing a modification of the
embodiment of FIG. 8 in which the pixel is divided in a
greater number;

[0036] FIG. 11 is a cross-sectional view taken in line
XI-XI in FIG. 10,

[0037] FIG. 12 is a view showing a modification of the
embodiment of FIG. 10 in which TFTs are formed at the
forward end of extended gate lines;

[0038] FIG. 13 is a cross-sectional view taken in line
XIII-XIII in FIG. 12;

[0039] FIG. 14 is a view showing a modification of the
embodiment of FIG. 6 in which an oblique electric field and
a horizontal electric field are used at the same time;

[0040] FIG. 15 is a cross-sectional view taken in line
XV-XV in FIG. 14;

[0041] FIG. 16 is a view showing a modification of the
embodiment of FIG. 14, in which a common electrode of the
opposed substrate is added to the center of the pixel;

[0042] FIG. 17 is a cross-sectional view taken in line
XVII-XVII in FIG. 16;

[0043] FIG. 18 is a view showing an embodiment in
which the gate electrodes of the TFT substrate are used as
display electrodes;

[0044] FIG. 19 is a cross-sectional view taken in line
XIX-XIX in FIG. 18;

[0045] FIG. 20 is a view showing a modification of the
embodiment of FIG. 18;

[0046] FIG. 21 is a cross-sectional view taken in line
XXI-XXI in FIG. 20;

[0047] FIG. 22 is a view showing an embodiment includ-
ing TFTs having a configuration of top gate type;
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[0048] FIG. 23 is a cross-sectional view taken in line
XXII-XXIII in FIG. 22;

[0049] FIG. 24 is a diagram showing an example of the
drive waveform obtained when the gate electrodes are used
as a common e¢lectrode;

[0050] FIG. 25 is a view showing another embodiment in
which an oblique electric field is applied;

[0051] FIG. 26 is a cross-sectional view taken in line
XXVI-XXVI in FIG. 25;

[0052] FIG.27 is a view showing an example for explain-
ing still another embodiment of the invention in which each
electrode includes a plurality of parallel electrode elements
in a unit pixel;

[0053] FIG. 28 is a view showing the state of a liquid
crystal display apparatus of oblique electric field type with
no voltage applied thereto;

[0054] FIG. 29 is a view showing the liquid crystal
display apparatus of FIG. 28 with a voltage applied thereto;

[0055] FIG. 30 is a view showing the state of another
liquid crystal display apparatus of oblique electric field type
with no voltage applied thereto;

[0056] FIG. 31 is a view showing an example of the
voltage-transmittance characteristic of a liquid crystal dis-
play apparatus of oblique electric field type with the liquid
crystal aligned in the direction perpendicular to the sub-
strates when no voltage is applied thereto;

[0057] FIG. 32 is a view showing the voltage-transmit-
tance characteristic of a liquid crystal display apparatus of
oblique electric field type having a misalignment between
the first and second substrates attached to each other;

[0058] FIG. 33 is a view showing an example of the
electrode elements with the interelectrode gap changed
while keeping the electrode width constant;

[0059] FIG. 34 is a view showing the voltage-transmit-
tance characteristics in the case of using the electrode
elements of FIG. 33,

[0060] FIG. 35 is a view showing an example of the
electrode elements with the electrode width changed while
keeping the interelectrode gap constant;

[0061] FIG. 36 is a view showing the voltage-transmit-
tance characteristic in the case of using the electrode ele-
ments of FIG. 35;

[0062] FIG.37is aview showing an example in which the
electrode elements on the color filter are kept constant and
the electrode elements on the TFT are trapezoidal thereby to
change the interelectrode gap;

[0063] FIG. 38 is a view showing the voltage-transmit-
tance characteristic in the case of using the electrode ele-
ments of FIG. 37;

[0064] FIG.39is aview showing an example in which the
electrode elements on the color filter are trapezoidal and the
electrode elements on the TFT are kept constant thereby to
change the interelectrode gap;

[0065] FIG. 40 is a view showing the voltage-transmit-
tance characteristic in the case of using the electrode ele-
ments of FIG. 39;

Aug. 2, 2001

[0066] FIG. 41 is a view showing an example of the
electrode elements stepped thereby to change the interelec-
trode gap;

[0067] FIG. 42 is a view showing the voltage-transmit-
tance characteristic in the case of using the electrode ele-
ments of FIG. 41;

[0068] FIG. 43 is a view showing an example of changing
the interelectrode gap by causing the electrode elements on
the TEFT to cross the electrode elements on the color filter;
and

[0069] FIG. 44 is a view showing the voltage-transmit-
tance characteristic in the case of using the electrode ele-
ments of FIG. 43.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0070] FIGS. 1A to 1C show the principle and a basic
configuration of the present invention. FIG. 1A shows a
liquid crystal display apparatus when no voltage is applied
thereto, FIG. 1B shows a liquid crystal display apparatus
when a voltage is applied thereto, and FIG. 1C shows the
display of a pixel when a voltage is applied thereto.

[0071] In FIGS. 1A to 1C, the liquid crystal display
apparatus 10 comprises first and second opposed transparent
glass substrates 12 and 14, and a liquid crystal layer 16
sealed between the first and second substrates 12 and 14.

[0072] A first electrode 18 is formed on the first substrate
12, and a second electrode 20 is formed on the second
substrate 14. Note that FIGS. 1A to 1C show a substantially
one pixel region, and that a plurality of first electrodes 18
and a plurality of second electrodes 20 are provided in the
liquid crystal display apparatus. The first electrode 18 and
the second electrode 20 extend in the form of linearly
elongated strips in the direction perpendicular to the sheet of
FIGS. 1A to 1C. The second electrode 20 is not overlapped
(or opposed) with the first electrode 18 and shifted from the
latter in the direction parallel to the substrate surface.
According to the embodiment, the first electrode 18 is a
common electrode, and the second electrode 20 is a pixel
electrode.

[0073] The liquid crystal of the liquid crystal layer 16 is
vertically aligned. The dielectric anisotropy of the liquid
crystal is positive. Further, alignment layers 22 and 24 are
formed on the first and second substrates 12 and 14, respec-
tively. The alignment layers 22 and 24 are of the vertical
alignment type. The vertical alignment layers 22 and 24 can
be polyimide vertical alignment layers made by Japan
Synthetic Rubber. The liquid crystal can be one having a
positive dielectric anisotropy made by Merck & Co. The
liquid crystal is a blended liquid crystal containing at least
one of a fluorinated liquid crystal and a cyanic liquid crystal.

[0074] Thus, as shown in FIG. 1A, when no voltage is
applied thereto, the liquid crystal molecules are aligned
substantially perpendicular to the substrate surfaces. As
shown in FIG. 1B, when a voltage is applied between the
first electrode 18 and the second electrode 20, as indicated
by arrow, an electric field directed from the second electrode
20 toward the first electrode 18 is formed.

[0075] Although the electric field is formed at an angle to
the substrate surfaces, the distance between the first elec-
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trode 18 and the second electrode 20 is considerably larger
than the thickness of the liquid crystal layer 16. Therefore,
the inclination of the plane containing the first electrode 18
and the second electrode 20 is comparatively small and the
plane can be considered substantially parallel to the sub-
strate surfaces. The liquid crystal display apparatus 10 can
thus be considered as a type of a horizontal electric field
drive type liquid crystal display apparatus. By the way, the
electric field formed at an angle to the substrate surfaces is
hereinafter called an oblique electric field.

[0076] When a voltage is applied, the liquid crystal mol-
ecules vertically aligned and having a positive dielectric
anisotropy are aligned parallel to the oblique electric field.
Many liquid crystal molecules in each pixel transfer very
smoothly from the state of FIG. 1A to the state of FIG. 1B
and are aligned stably in parallel to the oblique electric field.
Consequently, as shown in FIG. 1C, the unit pixel area 10a
of the liquid crystal display apparatus 10 can realize a bright
display free of disclination.

[0077] FIGS. 2A to 2C show an example for comparison
with the liquid crystal display apparatus of FIGS. 1A to 1C.
In FIGS. 2A to 2C, a first electrode 184 and a second
electrode 20a are formed only on the second substrate 14.
The liquid crystal layer 16 includes liquid crystal vertically
aligned and having a positive dielectric anisotropy. There-
fore, when a voltage is applied, as indicated by an arrow, the
liquid crystal molecules are aligned parallel to the horizontal
electric field. It is not sure, however, whether the liquid
crystal molecules located in the intermediate portion
between the two electrodes 18a and 20a follow the direction
of alignment of the liquid crystal molecules on the extreme
right side or the direction of alignment of the liquid crystal
molecules on the extreme left side, resulting in an unstable
alignment of the liquid crystal. Thus, as shown in FIG. 2C,
a disclination D occurs at the central portion of the unit pixel
area 10b of the liquid crystal display apparatus.

[0078] Also, in the configuration of FIGS. 1A to 1C, in the
case where the liquid crystal molecules have a negative
dielectric anisotropy, the liquid crystal molecules are aligned
perpendicular to the electric field. This is analogous to the
alignment of the liquid crystal molecules located in the
intermediate portion of FIG. 2B. In this case, the liquid
crystal molecules are substantially vertically aligned and
therefore cannot realize a bright display. In the embodiment
of FIGS. 1A to 1C, an alignment free of disclination is
realized when a voltage is applied thereto. The absence of
the disclination eliminates the portion where elastic energy
stays and the threshold voltage can be reduced.

[0079] FIGS. 3A to 3C show a modification of the con-
figuration of FIGS. 1A to 1C. FIG. 3A shows a liquid
crystal display apparatus with no voltage applied thereto,
FIG. 3B shows a liquid crystal display apparatus with a
voltage applied thereto, and FIG. 3C shows the display of
a unit pixel with a voltage applied thereto. In FIGS. 3A to
3C, the liquid crystal display apparatus 10 comprises first
and second opposed transparent glass substrates 12 and 14,
and a liquid crystal layer 16 sealed between the first and
second substrates 12 and 14.

[0080] A first electrode 18 is formed on the first substrate
12, and a second electrode 20 and a third electrode 26 are
formed on a second substrate 14. The first electrode 18, the
second electrode 20 and the third electrode 26 extend in the
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form of linearly elongated strips in the direction perpen-
dicular to the sheet of FIGS. 3A to 3C. The second electrode
20 is not overlapped with the first electrode 18, and is
disposed at a position different from the first electrode 18 in
the direction parallel to the substrate surface. The third
electrode 26 is disposed at a position overlapped with (or
opposed to) the first electrode 18. In FIGS. 3A to 3C, the
first electrode 18 and the third electrode 26 are common
electrodes, and the second electrode 20 is a pixel electrode.
The liquid crystal of the liquid crystal layer 16 is vertically
aligned and has a positive dielectric anisotropy. Further,
vertical alignment layers 22 and 24 are formed on the first
and second substrates 12 and 14, respectively.

[0081] As aresult, as shown in FIG. 3A, when no voltage
is applied thereto, the liquid crystal molecules are aligned
substantially perpendicular to the substrate surfaces. As
shown in FIG. 3B, when a voltage is applied between the
first electrode 18 and the second electrode 20 and between
the third electrode 26 and the second electrode 20, as
indicated by arrows, electric fields directed from the second
electrode 20 toward the first electrode 18 and the third
electrode 26 are formed.

[0082] As described above, the combined use of an
oblique electric field and a transverse electric field stabilizes
especially the alignment of the liquid crystal molecules
located in the intermediate portion. As shown in FIG. 3C,
therefore, the pixel area 10a of the liquid crystal display
apparatus 10 can realize a bright display free of disclination.
Also, the drive voltage can be reduced.

[0083] FIG. 4 is a cross-sectional view showing the con-
figuration of FIGS. 1A and 1B in more detail according to
the embodiment. The first substrate 12 is a color filter
substrate including a color filter 28 and a black matrix 30.
The color filter 28 includes a red pixel 28R, a green pixel
28G and a blue pixel 28B. The first group of electrodes 18
are configured of portions of the black matrix 30 extending
linearly in the direction perpendicular to the page.

[0084] The black matrix 30 is formed of a metal such as
chromium in contact with the first substrate 12. The color
filter 28 is formed on the black matrix 30. In order to
facilitate application of a voltage to the liquid crystal, the
color filter 28 is formed with slits at the portions of the black
matrix 30 corresponding to the first electrodes 18, so that the
color filter layer is not present on the first electrodes 18. The
portions where the alignment layer 22 appears to protrude
upward are the slits in the color filter 28.

[0085] The second substrate 14 is a TFT substrate formed
with TFTs (not shown). The TFT substrate has TFTs formed
at the intersections of gate lines (scanning lines) and data
lines extending in grid. Each TFT includes a gate electrode
connected to the gate line, a drain electrode connected to the
data line, and a source electrode. Each second electrode 20
is formed of an extension with the source electrode. The data
lines 32 are also shown in FIG. 4. The data lines 32 are
located under the first electrodes 18, respectively, and each
second electrode 20 is located intermediate between two first
electrodes 18. In this way, the first electrodes 18 constitute
a common electrode and the second electrodes 20 constitute
pixel electrodes.

[0086] FIG. 5 shows a modification of the embodiment of
FIG. 4. In this example, a solid ITO electrode 34 is formed
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over the first substrate 12 constituting a color filter substrate.
The color filter 28 is formed on the solid ITO electrode 34.
Like in the example of FIG. 4, the color filter 28 is formed
with slits from which the [TO portions which form the first
electrodes 18 are exposed. The color filter 28 has a com-
paratively large thickness of 1 to 2 pm, and therefore the
portions of the solid ITO electrode 34 covered with the color
filters 28 fail to contribute to driving the liquid crystal. Also,
the configuration of FIGS. 4 and 5 has a sufficient function
of protection against static electricity.

[0087] FIGS. 6 and 7 show an application of the embodi-
ment of FIG. 4. The TFT 38 is formed at the intersection
between the gate line 36 and the data line 32. The TFT 38
includes the gate electrode 40, the drain electrode 42 and the
source electrode 44. The second electrode 20 extends par-
allel to the data line 32, via a first portion 20b extending
from the source electrode to the intermediate portion of the
pixel in parallel to the gate line 36. 44. In this way, the
second electrode 20 is arranged at the central portion of the
pixel.

[0088] Each first electrode 18 which is formed by the
black matrix 30, covers the TFT 38 and extends upward of
the data line 32 with a larger width than the data line 32. The
first electrode 18 is overlapped with the data line 32 with a
margin m, and thereby protected from the effect of the
electric field generated from the data line 32. In other words,
the alignment of the liquid crystal is disturbed in a certain
area by the electric ficld formed between the first electrode
18 and the data line 32. Since this area is covered by the first
electrode 18, however, the display is not affected. The color
filter 28 is not shown.

[0089] FIGS. 8 and 9 show a modification of the embodi-
ment of FIGS. 6 and 7. In this example, the second
electrode 20 extends parallel to the data line 32, via the first
portion 206 extending from the source electrode 44, to the
intermediate portion of the pixel in parallel to the gate line
36, and includes a second portion 20c¢ extending along and
overlapping the gate line 36. In this way, the second elec-
trode 20 functions the same way as the preceding embodi-
ment while, at the same time, forming a Cs-on-Gate struc-
ture providing an subsidiary capacitor for the liquid crystal.

[0090] FIGS. 10 and 11 show a modification of the
embodiment of FIGS. 8 and 9, which presents an increased
number of pixel divisions. In this example, the electrode 20
extends in two portions parallel to the data line 32 from the
first portion 20b, which extends from the source electrode 44
to the intermediate portion of the pixel in parallel to the gate
line 36. Further, two first electrodes 18 are arranged outside
of the two second electrodes 20, and another first electrode
18 is added between the two second electrodes 20. In this
way, a plurality of electric fields are formed from the second
electrodes 20 toward the first electrodes 18 at shorter inter-
vals. The pixel can also be divided into four or more parts.

[0091] FIGS. 12 and 13 show a modification of the
embodiment of FIGS. 10 and 11, in which the gate line is
extended and a TFT is formed at the forward end thereof.
The gate line 36 has an extension 36a extending downward
in the drawing along the data line 32, which is formed above
the extension 36a of the gate line 36 via an insulating layer
46. The TFT 38 is formed at the forward end of the lower
extension 36a of the gate line 36.

[0092] Further, the second electrode 20 is connected to the
TFT 38 disposed in the upper part of the drawing. Specifi-
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cally, the second electrode 20 has a third portion 20d
extending somewhat downward from the source electrode of
the TFT 38, which third portion turns rightward to form the
first portion 20b extending along the gate line 36, which in
turn extends downward in two strips, as in the preceding
case. The first portion 20b of the second electrode 20
extending along the gate line 36 overlaps the gate line 36. In
the preceding case; in which the first portion 20b extends
inward of the pixel as compared with the gate line 36, the
aperture ratio is reduced. In this embodiment, in contrast, the
aperture ratio is improved. Also, the first portion 205 and the
second portion 20c form an subsidiary capacitor by being
overlapped on the gate line 36.

[0093] FIGS. 14 and 15 show a modification of the
embodiment of FIGS. 6 and 7, showing an example using
both the oblique electric field and the transverse electric field
at the same time. The first electrode 18 and the second
electrode 20 are formed in substantially a similar manner to
the embodiment of FIGS. 6 and 7. The third electrode 26,
similar to the one shown in FIG. 3, is formed in a rectan-
gular frame. The third electrode 26 is formed in the same
layer as the gate line 36. The third electrode 26 is set to the
same potential as the first electrode 18. In this way, in the
case where the second electrode 20 and the third electrode
26 are formed on the TFT substrate, the problem is that the
structure is complicated and the aperture ratio is reduced. In
spite of this, the electric field is shut off from the data line
very effectively. Also, the first portion 205 and the second
portion 20c of the second electrode 20 overlapped with the
third electrode 26 forms an subsidiary capacitor. By the way,
an insulating layer is of course interposed in the overlapped
electrode portions.

[0094] FIGS. 16 and 17 show a modification of the
embodiment of FIGS. 14 and 15 in which the third elec-
trode 26 is added to the center of the pixel. In this case, the
second electrode 20 is in two strips, and the first electrode
18 and the third electrode 26 are in three strips. In this way,
the pixel is divided and driven. The third electrode 26 is in
the shape of a frame.

[0095] The first electrode 18 and/or the third electrode 26
constituting a common electrode are preferably formed in
such a position as to surround the pixel in order to minimize
the effect of the transverse electric field from the data line 32
or the gate line 36. The embodiments of FIGS. 6 to 17, for
example, are designed with this fact taken into consider-
ation.

[0096] The embodiments described above assume TFTs of
an inverse stagger type, and therefore the gates exist in the
lowest layer. If the top gate type is used (in which Cs is
formed between the source electrode and the gate electrode),
on the other hand, the gate of the Cs-on-Gate structure can
be more preferably formed on the data line. In such a case,
the data line 32 can be covered with the lower extension 36a
of the gate line 36, and therefore the adverse effect of the
horizontal electric field due to the data electrode can be
prevented.

[0097] This process is shown in FIGS. 22 and 23. This
embodiment is substantially similar to the embodiment of
FIGS. 12 and 13 in which the gate line 36 (having the
downward extension 36a#) and the drain line 32 are replaced
with each other vertically.

[0098] The distance between each first electrode 18 and
each second electrode 20 is set to the range of 6 um to 20 um.
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This has made it possible to drive the liquid crystal simply
by applying a voltage of not higher than 15 V between the
electrodes. It has been ascertained that the thicker the cell,
the lower the drive voltage. The cell thickness is set to the
range of 3 um to 6 um. A superior white brightness could be
obtained when the panel is 0.5 gm=+0.2 ym in terms of And.
Further, this liquid crystal display apparatus includes a
vertically aligned liquid crystal, and therefore a configura-
tion with overlapped uniaxial optical films of negative
refractive anisotropy is effective for improving the visual
angle. For example, assume that the cell thickness is set to
d for the liquid crystal panel, and the refractive anisotropy
of the liquid crystal An. Also, assuming that the film thick-
ness is d2 and the refractive anisotropy thereof An2. The
system is configured to assure the relation in which Anxd is
substantially equal to An2d2.

[0099] FIGS. 18 and 19 show an embodiment in which
the gate electrode of the TFT substrate is used as a common
electrode for display. In this case, a liquid crystal display
apparatus high in aperture ratio driven by the horizontal
electric field can be realized. The first electrode 18 of the
first substrate 12 of the embodiment described above is not
included, and the transverse electric field is formed by the
second electrodes 20 and the third electrodes 26 of the
second substrate 14. The second electrode 20 is connected to
the source electrode 44 of the TEFT 38, and the third electrode
26 is connected to the gate line 36. As in the embodiment of
FIGS. 12 and 13, the gate line 36 includes the lower
extension 36a extending along the data lines 32. The gate
line 36 further includes a second lower extension 36b
located at the central portion of the pixel. These lower
extensions 36a and 36b constitute the third electrode 26.

[0100] As shown in FIGS. 18 and 19, in order to improve
the aperture ratio for the drive using the transverse electric
field, the overlap of the gate line 36 with the first portions
206 and 20c of the second electrode 20 can be used as an
subsidiary capacitor. In this case, the third electrode 26
connected to the gate line 36 drives the liquid crystal by
forming an electric field between itself and the second
electrode 20 as a common potential during the nonselected
period. As a result, the LCD of transverse electric field type
can be formed with an improved aperture ratio. Also, as the
shape of the forward end of the downward extension 36a on
the data line, apart from the bend (the portion designated by
A in the drawing) for forming a TFT 38, the forward end of
the downward extension 364 is extended (the portion des-
ignated by B in the drawing) separately for applying a
uniform electric field to the liquid crystal.

[0101] FIGS. 20 and 21 show a modification of the
embodiment of FIGS. 18 and 19. In this example, the gate
line 36 includes the lower extension 36a (the gate electrode
40) and the upper extension 36c extending along the data
line 32. The TFT 38 is formed on the lower extension 364,
and the upper extension 36c¢ constitutes the third electrode
26. Further, the gate line 36 has the central extension 36d
extending to the center of the pixel, and this central exten-
sion 36d also constitutes the third electrode 26. In this case,
the upper extension 36¢ is extended on the side of the data
line 32 in parallel to the data line 32. The upper and lower
portions of the central extension 36d are overlapped with the
first portion 205 and the second portion 20c, respectively, of
the second electrode 20 thereby to form an subsidiary
capacitor.
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[0102] The first electrode 18 of the first substrate 12,
though lacking in the embodiments of FIGS. 18 to 21, can
of course be formed at the position of the first substrate 12
corresponding to the third electrode 20.

[0103] FIG. 24 shows an example of a drive waveform in
the case where the extensions 36¢ and 36d of the gate line
36 are used as a common electrode. For driving the TFT, it
is necessary to apply an off voltage of about -5 V to the gate.
This voltage is used for a common electrode, and therefore
the data voltage is also required to change about the voltage
of -5 V. This configuration is realized by applying —10 V as
a reference drive voltage for the driver. The data itself is
applied as a logic level up to 3 V, for example, and therefore
the adjustment is required.

[0104] FIGS. 25 and 26 show another embodiment for
applying an oblique electric field. In this example, the
oblique electric field is formed between the first electrode 58
and the second electrode 20. The first electrode 58 has a
function, for example, similar to the first electrode of FIG.
1. However, the first electrode 58 and the second electrode
20 are both located on the second substrate 14.

[0105] The first electrode 58 is arranged in contact with
the substrate surface of the second substrate 14. The second
electrode 20 is arranged at a distance from the substrate
surface of the second substrate 14. Specifically, the second
electrode 20 is formed on a silicon nitride layer 50 and an
amorphous silicon layer 52. In other words, when forming
the TFT 38, the source electrode layer is formed on the
silicon nitride layer 50 and the amorphous silicon layer 52.
Also, the second electrode 20 is formed on the silicon nitride
layer 50 and the amorphous silicon layer 52 together with
the source electrode layer.

[0106] Therefore, the first electrode 58 and the second
electrode 20 which have different heights can form an
oblique electric field. By utilizing this oblique electric field,
an alignment free of disclination can be realized.

[0107] In this process, a display with an especially small
disclination could be realized when the displacement
between the first and second electrode layers forming the
oblique electric field is not less than 0.3 um or preferably not
less than 0.6 um. In other words, a superior display could be
realized by setting the thickness of the silicon nitride layer
50 and the amorphous silicon layer 52 to not less than 0.3

pm.

[0108] To provide a difference in height between the first
electrode 58 and the second electrode 20, it is also necessary
to form a special layer in addition to the silicon nitride layer
50 and the amorphous silicon layer 52. For example, an
ultraviolet setting resin is coated, and an electrode is formed
thereon and connected to the source electrode, so that the
source electrode can be separately farther from the glass
substrates. In this case, the electric field between the second
electrode 20 and the first electrode 58 in the gate line layer
assumes a more oblique shape.

[0109] The foregoing description refers to the case of an
inverse stagger. A similar configuration can be realized,
however, with a stagger type. In this case, the gate consti-
tuting a common electrode layer is most distant from the
substrates. In FIGS. 25 and 26, the second electrode
becomes the first electrode constituting a common electrode,
and the second electrode constitutes a pixel electrode. Also,



US 2001/0010575 Al

the relative positions of SiN and a-Si are reversed or SiN is
further overlapped on the double layers of SiN, a-Si. In this
case, the presence of double SiN layers may further increase
the difference in height between the electrodes.

[0110] FIG. 27 shows an example for explaining a liquid
crystal display apparatus according to still another embodi-
ment of the invention, in which each electrode includes a
plurality of parallel electrode elements in each pixel. FIG.
27 is a view of the electrode configuration in a single pixel
as taken from above one of the substrates of the liquid
crystal display apparatus. The first electrode 70 is formed in
the shape of comb, and has a plurality of parallel electrode
elements 72. The electrode elements 72 of the first electrode
70 and the electrode elements 76 of the second electrode 74
are formed alternately in parallel to each other.

[0111] FIG. 28 shows the state of a liquid crystal display
apparatus of oblique electric field type with no voltage
applied thereto, and FIG. 29 shows the state of the liquid
crystal display apparatus of FIG. 28 with a voltage applied
thereto. In FIGS. 28 and 29, the liquid crystal display
apparatus 10 comprises the first and second substrates 12
and 14 and the liquid crystal layer 16. Further, the first
substrate 12 includes the first electrode elements 72, and the
second substrate 14 includes the second electrode elements
76. The first electrode elements 72 and the second electrode
elements 76 as shown in FIG. 27, are arranged staggered
from each other in the direction parallel to the substrate
surfaces.

[0112] The first electrode 70 having the first electrode
elements 72, like the common electrode 18 shown in FIGS.
6 to 26, can be formed on the first substrate (color filter
substrate) 12. The second electrode 74 having the second
electrode elements 76 can be connected to the TFTs 38 of the
active matrix in the same manner as the pixel electrodes 20
shown in FIGS. 6 to 26.

[0113] The liquid crystal layer 16 includes a liquid crystal
having a positive dielectric anisotropy, and a vertical align-
ment layer (not shown) is formed on the first and second
substrates 12, 14. As a result, when no voltage is applied, the
liquid crystal molecules are aligned vertically (FIG. 28),
while when a voltage is applied, the liquid crystal molecules
are aligned along the oblique electric field (FIG. 29). This
operation is similar to the corresponding ones in the afore-
mentioned embodiments.

[0114] FIG. 30 shows the state of another liquid crystal
display apparatus of oblique electric field type when no
voltage is applied thereto. In this case too, the first substrate
12 has first electrode elements 72, and the second substrate
14 has second electrode elements 76. The first electrode
elements 72 and the second electrode elements 76, as shown
in FIG. 27, are arranged staggered in parallel to each other
in the direction parallel to the substrate surfaces. In FIG. 30,
the liquid crystal layer 16 includes a liquid crystal having a
positive dielectric anisotropy, and the first and second sub-
strates 12 and 14 are formed with a horizontal alignment
layer (not shown). Thus, when no voltage is applied, the
liquid crystal molecules are aligned substantially parallel to
the substrate surfaces. When no voltage is applied, the liquid
crystal molecules are aligned along the oblique electric field.
The embodiments described below are applicable to both the
liquid crystal display apparatus of vertical alignment type
shown in FIG. 28 and the liquid crystal display apparatus of
horizontal alignment type shown in FIG. 30.
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[0115] 1In the electrode structure as shown in FIG. 27, it is
assumed that the first substrate 12 and the second substrate
14 are misaligned from each other when attached to each
other. The gap between the first electrode elements 72 of the
first substrate 12 and the electrode elements 76 of the second
substrate 14 (interelectrode gap) undergoes a change, so that
the voltage-transmittance characteristic curve changes at the
time of using the liquid crystal display apparatus.

[0116] FIG. 31 shows an example of the voltage-trans-
mittance characteristic curve for the liquid crystal display
apparatus of electric field type in which the molecules are
aligned in the direction perpendicular to the substrates when
no voltage is applied thereto. The curve P represents the
voltage-transmittance characteristic for the interelectrode
gap of 15 um, the curve Q for the interelectrode gap of 10
um, and the curve R for the interelectrode gap of 6 um. As
seen from FIG. 31, the voltage-transmittance characteristic
curve is affected to a considerable measure by the interelec-
trode gap. In assembling the liquid crystal display apparatus,
therefore, a great care must be taken not to cause any
misalignment when the first substrate 12 and the second
substrate 14 are attached to each other. Only a very small
manufacturing margin is allowed.

[0117] The curve S shows the voltage-transmittance char-
acteristic with the three curves averaged out. The curve S
represents the case in which a plurality of interelectrode
gaps coexist in a pixel. In this case, as shown by the curve
S, the voltage-transmittance characteristic curve becomes
less steep and the transmittance changes less with the
voltage.

[0118] Also, in the case where a misalignment occurs
between the first and second substrates 12, 14 attached to
each other, the voltage-transmittance characteristic shifts to
the low voltage side in some areas, and to the high voltage
side in other areas. Thus, the change of the unit pixel as a
whole is decreased as compared with when the interelec-
trode gaps are uniform. For the reason mentioned above, the
change in the voltage-transmittance characteristic due to the
misalignment or the variations of the electrode width at the
time of manufacture can be suppressed.

[0119] FIG. 32 shows the voltage-transmittance charac-
teristic curve for the liquid crystal display apparatus of
oblique electric field type with the first and second substrates
misaligned from each other. The curve H represents the
voltage-transmittance characteristic for a misalignment of
3.9 um, the curve I for a misalignment of 1.8 um, the curve
J for a misalignment of 5.8 um, and the curve J for a
misalignment of 0.4 gm. The misalignment causes two
different interelectrode gaps and hence two steps in the
voltage-transmittance characteristic curve. In addition, dif-
ferent degrees of misalignment for different liquid crystal
panels differentiates the voltage-transmittance characteristic
from one liquid crystal panel to another.

[0120] Consequently, the first electrode 70 and the second
electrode 74 each include a plurality of parallel electrode
elements 74 and 76 in a unit pixel. By setting at least one of
the electrode width and the interelectrode gap of the elec-
trode elements 74, 76 of the first and second electrodes to a
non-uniform value, the change in the voltage-transmittance
characteristic by a misalignment which may occur can be
minimized. FIGS. 33 to 44 are diagrams showing cases in
which at least one of the electrode width and the interelec-
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trode gap is not uniform. In all cases, the cell thickness is 4
pm and the liquid crystal material has Ae of 14.8.

[0121] FIG. 33 shows an example of the clectrode ele-
ments 74 and 76 with the interelectrode gap changed while
maintaining the electrode width constant. The electrode
width of the parallel and linear electrode elements 74 and 76
is a constant 4 um. In this example, the interelectrode gaps
(the portions where the light is transmitted) between the
electrode elements 74 and 76 forming an oblique electric
field were 12u, 10 m, 8 gm, 12 ym, 10 um, 8 um. FIG. 34
shows an associated voltage-transmittance characteristic
curve. A plurality of different interelectrode gaps coexist,
and different voltage-transmittance characteristics develop
in corresponding interelectrode gaps in a unit pixel. The
voltage-transmittance characteristic curve is the sum of
them.

[0122] In FIG. 35, different electrode widths 8 ym, 6 um,
4 um are used while keeping the same interelectrode gap (10
um). The electrode elements 72 and 76 are arranged linearly
in parallel, with a plurality of different electrode widths. As
a result, a voltage-transmittance characteristic correspond-
ing to each electrode width is exhibited in each unit pixel,
and the voltage-transmittance characteristic curve for the
whole pixel is the sum of them. FIG. 36 shows an associated
voltage-transmittance characteristic curve.

[0123] In FIG. 37, the clectrode elements 76 on the TFT
substrate are arranged at a predetermined width and pitch,
while the electrode elements 72 on the color filter substrate
are trapezoidal for changing the interelectrode gap. The
electrode width of the trapezoidal electrode elements 72 is
12 um for a wide portion and 4 um for a narrow portion. The
interelectrode gap is 8 um for a wide electrode portion, and
12 ym for a narrow electrode portion. The interelectrode gap
continuously changes longitudinally of the electrode ele-
ments 72. FIG. 38 shows the voltage-transmittance charac-
teristic curve involved.

[0124] In FIG. 39, the clectrode elements 72 on the color
filter substrate are arranged at a fixed width and pitch, while
the electrode elements 76 on the TFT substrate are trapezoi-
dal with the interelectrode gaps changed. The dimensional
relations are the reverse of those for the case shown in FIG.
37. FIG. 40 shows the voltage-transmittance characteristic
curve involved.

[0125] In FIGS. 37 and 39, the electrode elements are
formed into a trapezoidal shape and innumerable different
interelectrode gaps lead to innumerable different corre-
sponding voltage-transmittance characteristic curves. The
voltage-transmittance characteristic for the whole pixel,
therefore, is the sum of them.

[0126] In FIG. 41, the electrode elements 72, 76 are
stepped for changing the interelectrode gap. In the process,
in order to finely change the interelectrode gap, the steps are
staggered between the electrode elements 76 on the TET
substrate and the electrode elements 72 on the color filter
substrate. As compared with the interelectrode gap in FIGS.
37 and 39 which continuously changes, the interelectrode
gap in FIG. 41 discretely changes at the same rate as the
interelectrode gaps in FIGS. 37 and 39. In order to change
the interelectrode gap as finely as possible, the steps of the
electrode elements are staggered between the first and
second substrates. FIG. 42 shows the voltage-transmittance
characteristic curve involved.
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[0127] In FIG. 43, the interelectrode gap is changed by
causing the electrode elements 76 on the TFT substrate to
cross the electrode elements 72 on the color filter substrate.
The electrode elements 72 on the color filter substrate are
parallel to a bus line (the bus line 32 of FIG. 6, for example),
while the electrode elements 76 on the TFT substrate are
formed at an angle of 30 degrees to the same bus line. The
electrode elements 76 on the TFT substrate are arranged at
pitches of 16 um. In this way, innumerable different inter-
electrode gaps are formed. FIG. 44 shows the voltage-
transmittance characteristic involved. Alternatively, the
electrode elements 76 on the TFT substrate can be formed in
parallel to the bus line, and the electrode elements 72 on the
color filter substrate can be formed at an angle (30 degrees,
for example) to the bus line.

[0128] In all cases of FIGS. 33 to 43, the differences in the
interelectrode gap due to the misalignment between the first
and second substrates 12 and 14 can be offset to some extent
in a unit pixel. Also, in the case where the interelectrode gap
is changed within a pixel as shown in FIGS. 33 to 43, a
plurality of voltage-transmittance characteristics develop in
each pixel, so that the voltage-transmittance characteristic
for the whole pixel is the sum of a plurality of the individual
voltage-transmittance characteristics. As a result, the behav-
ior of the transmittance with respect to the voltage becomes
gentle, so that the voltage-transmittance characteristic
changes less with the interelectrode gap.

[0129] Inthe conventional liquid crystal display apparatus
of oblique electric field type, as explained above with
reference to FIG. 32, a misalignment between the first and
second substrates attached to each other develops two dif-
ferent interelectrode gaps. As a result, the voltage-transmit-
tance characteristic curve is formed in two steps and the
difference in the degree of misalignment from one liquid
crystal panel to another leads to different voltage-transmit-
tance characteristics for different liquid crystal panels. In the
liquid crystal display apparatus Model 15 XGA of an
oblique electric field type having stepped electrode elements
72,76 as shown in FIG. 41, a misalignment between the first
and second substrates attached to each other leads to no
change in the voltage-transmittance characteristic, and no
difference develops in the voltage-transmittance character-
istic for different liquid crystal panels.

[0130] As explained above, according to this invention, a
bright liquid crystal display apparatus with a high aperture
ratio and a superior visual angle characteristic can be real-
ized. Also, a liquid crystal display apparatus with a small
change in the voltage-transmittance characteristic is
obtained.

1. A liquid crystal display apparatus comprising first and
second opposed substrates, a liquid crystal layer sealed
between said first and second substrates, a first electrodes
formed on said first substrate, and a second electrodes
formed on said second substrate at positions shifted from
said first electrodes in the direction parallel to the substrate
surfaces, the liquid crystal of said liquid crystal layer being
aligned wvertically, the dielectric anisotropy of the liquid
crystal being positive.

2. Aliquid crystal display apparatus as described in claim
1, characterized in that said first and second electrodes are
at least partially linearly elongated.

3. Aliquid crystal display apparatus as described in claim
1, characterized in that one of said first and second substrates
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has a black matrix and a color filter, and the electrodes of the
substrate having said black matrix and said color filter
comprise a part of said black matrix.

4. Aliquid crystal display apparatus as described in claim
1, characterized in that electrodes of one of said first and
second electrodes are formed by a solid electrode extending
over the substrate, a color filter is formed on said transparent
solid electrode, said color filter has slits, and the portion of
said solid electrode exposed from said slits constitute elec-
trodes of one of said first and second electrodes.

5. Aliquid crystal display apparatus as described in claim
1, characterized in that a third electrodes are formed on one
of said first and second substrates in such a manner as to
have a common potential with electrodes of one of said first
and second electrodes.

6. A liquid crystal display apparatus as described in claim
5, characterized in that said third electrodes are formed in
such a manner as to overlap at least partially with electrodes
of one of said first and second electrodes.

7. Aliquid crystal display apparatus as described in claim
1, characterized in that one of said first and second substrates
has gate lines and data lines, and the electrodes formed on
the other of said first and second substrates are formed
within pixels.

8. Aliquid crystal display apparatus as described in claim
1, characterized in that one of said first and second substrates
has gate lines, data lines and TFTs, and electrodes of one of
said first and second electrodes are connected to source
electrodes of said TFTs and extend onto the next gate lines
to thereby form subsidiary capacitors.

9. A liquid crystal display apparatus comprising first and
second opposed substrates, a liquid crystal layer sealed
between said first and second substrates, a first electrodes
formed on said first substrate, and a second electrodes
formed on said second substrate at positions shifted from
said first electrodes in the direction parallel to the substrate
surfaces, one of said first and second substrates having gate
line, data lines and TFTs, electrodes of one of said first and
second electrodes comprising portions connected to the gate
line.

10. A liquid crystal display apparatus as described in
claim 9, characterized in that the electrodes constituting the
portions connected to said gate lines are used as a common
electrode, electrodes of the other of said first and second
electrodes are connected to the source electrodes of the
TFTs, and the liquid crystal is driven by the electric field
formed between the first and second electrodes.

11. Aliquid crystal display apparatus as described in claim
10, characterized in that first and second gate lines are
adjacent to each other, the electrodes constituting the por-
tions connected to the first gate lines extend to the vicinity
of the second gate lines above the data line, the TFTs are
formed at the forward ends of the electrodes constituting the
portions connected to said first gate lines, the electrodes
connected to said source electrodes are mainly located on
the side opposite to said first gate lines with respect to the
second gate lines, and the electrodes connected to said
source electrodes are connected to the TFTs formed at the
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forward end of the electrodes constituting the portions
connected to said first gate lines over said second gate lines.

12. A liquid crystal display apparatus as described in
claim 10, characterized in that first and second gate lines are
adjacent to each other, the electrodes constituting the por-
tions connected to the first gate lines extend to the vicinity
of the second gate lines above the data line, the TFTs are
formed at the forward ends of the electrodes constituting the
portions connected to said first gate lines, and the forward
ends of the electrodes constituting the portions connected to
said first gate lines are formed in two forked parts as portions
for forming TFTs and portions for forming an electric field.

13. A liquid crystal display apparatus comprising first and
second opposed substrates, a liquid crystal layer sealed
between said first and second substrates, and first and second
electrodes formed on one of said first and second substrates
in spaced relation to each other at different positions with
different distances from the substrate surfaces, whereby an
oblique electric field is formed between said first and second
electrodes.

14. A liquid crystal display apparatus as described in
claim 13, characterized in that said liquid crystal is aligned
vertically and driven by said oblique electric field.

15. A liquid crystal display apparatus comprising first and
second opposed substrates, a liquid crystal layer sealed
between said first and second substrates, first electrodes
formed on said first substrate, and second electrodes formed
on said second substrate, each of said first and second
electrodes including a plurality of parallel electrode ele-
ments in a single pixel, at least one of an electrode width and
an interelectrode gap of the electrode elements of the elec-
trodes being not uniform.

16. A liquid crystal display apparatus as described in
claim 15, characterized in that the electrode elements of at
least one of said first and second electrodes are parallel or
perpendicular to the data bus line.

17. A liquid crystal display apparatus as described in
claim 15, characterized in that a part or the whole of the
electrode elements of at least one of said first and second
electrodes is not parallel to the data bus line.

18. A liquid crystal display apparatus as described in
claim 15, characterized in that a part or the whole of the
width of the electrode elements of at least one of said first
and second electrodes changes discretely.

19. A liquid crystal display apparatus as described in
claim 15, characterized in that the electrode elements of at
least one of said first and second electrodes are stepped.

20. A liquid crystal display apparatus as described in
claim 15, characterized in that the electrode elements of both
said first and second electrodes are stepped and have an
electrode width narrowed in the same direction.

21. A liquid crystal display apparatus as described in
claim 15, characterized in that the electrode elements of
electrodes of one of said first and second electrodes cross the
electrode elements of the other of said first and second
electrodes at least at a point.

* * * * *
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