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7) ABSTRACT

A multi-domain alignment liquid crystal display device in
which liquid crystal molecules are aligned through a simple
process and panel gap is maintained in stable fashion
includes a first plate having a thin-film transistor provided at
each point of intersection of a scanning line and signal line,
a pixel electrode connected to the thin-film transistor and a
first orientation layer formed on the pixel electrode and
defining a curved surface, and a second plate having RGB
color layers, an counterelectrode provided so as to oppose
the pixel electrode, and a second orientation layer. A colum-
nar spacer for regulating the panel gap is provided between
the two opposing plates, and liquid crystal is sandwiched
between the two plates and subjected to multi-domain
alignment by the first orientation layer having the curved
surface and the columnar spacer.
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LIQUID CRYSTAL DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] This invention relates to a liquid crystal display
device and, more particularly, to a liquid crystal display
device of the “divided alignments type”, generally termed as
multi-domain alignment (particularly, multi-domain-verti-
cal-alignment) in which, by aligning the liquid crystal mol-
ecules differently in each domain within a single pixel, the
visual-angle characteristics of the respective domains com-
pensate for each other to provide a wide viewing-angle
characteristic.

BACKGROUND OF THE INVENTION

[0002] Widely known examples of liquid crystal display
devices include those of the twisted nematic (TN) type and
those which employ electrically-controlled birefringence
(ECB). However, a problem with these conventional devices
is that since the alignments of the liquid crystal molecules
aligning under application of a voltage are uniform within a
pixel, tonality differs depending upon the angle of view. A
technique (multi-domain alignment) through which the
directions of alignment of liquid crystal molecules in a
single pixel are made to differ is available as a method of
improving upon the visual-angle characteristic. With a liquid
crystal device of this kind, the visual-angle characteristics of
the multi-domains compensate for each other, as a result of
which the characteristic is improved.

[0003] Multi-domain alignment methods are described in
the specifications of Japanese Patent Kokai Publication
JP-A-Nos. 7-318940, 8-292423, 9-80399, 9-304757 and
9-21913. These examples of the prior art place surrounding
walls about a pixel and regulate the alignment of the wall
surfaces to thereby realize an alignment that is symmetrical
with respect to an axis perpendicular to a plate (substrate) at
the center of the area surrounded by the walls. Multi-domain
alignment is achieved as a result. Alternatively, protruding
and recessed portions having axial symmetry with respect to
the above-mentioned axis of symmetry are formed to cor-
respond to the pixel, whereby similar multi-domain align-
ment is achieved. The art set forth in the specification of
Japanese Patent Kokai Publication JP-A-8-292423 will be
described with reference to FIG. 6. FIG. 6 is a sectional view
showing one pixel of a conventional liquid crystal display
device. As shown in FIG. 6, walls 23, 24 each comprising a
resist or the like are formed on a plate 1 so as to surround
a pixel electrode 22, and a recessed portion 25 consisting of
a resist film is formed between the walls 23 and 24. A
counterelectrode 26 is provided on a plate 2 on the opposite
side of the device, and a projecting portion 27 is formed on
the counterelectrode 26. The plates 1, 2 are arranged to
oppose each other in such a manner that the recessed and
projecting portions 25, 26 will have common axes of sym-
metry. If the gap between the plates 1, 2 is filled with a
mixture of at least liquid crystal and a hardening resin and
the liquid crystal and hardening resin are caused to undergo
phase separation, a liquid crystal area will develop in such
a manner that the liquid crystal precipitates in the recess or
surrounds the protrusion 27. When this occurs, the liquid
crystal molecules in the vicinity of the recess 25 or in the
vicinity of the protrusion 27 become oriented with axial
symmetry, such as in radiating form or in the form of
concentric circles, with the axis being perpendicular to the
plates.
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SUMMARY OF THE DISCLOSURE

[0004] In the course of investigations toward the present
invention, various problems have been encountered. Par-
ticularly a number of problems arise with the example of the
prior art described above.

[0005] A first problem is that distribution of spacers
(spheres etc.) generally used to maintain the panel gap
between the plates is inappropriate. The reason for this is
that the presence of spacers in the pixel areas tends to
provide nuclei resulting in poor liquid crystal alignment,
thereby greatly degrading the display characteristic. In con-
trast, if the spacers would be provided at portions where
there are no pixels in order to avoid the problem of poor
alignment, this increases the number of process steps.

[0006] A second problem is the requirement of process
steps for mixing the hardening resin with the liquid crystal
and causing phase separation and curing after the panel is
filled. As aresult, process load for forming the liquid crystal
alignment is great.

[0007] Accordingly, an object of the present invention is to
provide a multi-domain alignment liquid crystal display
device in which regulation of the alignment of liquid crystal
molecules is carried but through a simple process and panel
gap can be maintained in stable fashion.

[0008] According to a first aspect of the present invention,
there 1s provided a novel active-matrix liquid crystal display
device. The device comprises generally first and second
transparent insulating plates arranged to oppose each other,
the first plate having disposed thereon a plurality of scanning
lines and a plurality of signal lines, thin-film transistors
provided in the vicinity of intersections between the scan-
ning lines and signal lines, and pixel electrodes connected to
the thin-film transistors, the second plate having a black
matrix provided with openings at areas that oppose the pixel
electrodes, a color layer and counterelectrodes provided so
as to oppose the pixel electrodes, a liquid crystal sandwiched
between the opposing first and second plates being control
led by voltage impressed across the pixel electrodes and
counterelectrodes. Further an orientation layer is provided
on the pixel electrodes of the first plate via an insulating film,
the orientation layer being formed into a curved surface and
causing molecules of the liquid crystal to become oriented in
a direction normal to the curved surface of the orientation
layer, and columnar spacers for regulating panel gap are
provided between the two opposing plates. Particularly, each
pixel is provided with one spacer.

[0009] Inthe first aspect of present invention, each colum-
nar spacer has an end portion on one side thereof that
preferably is disposed approximately at the center of the
orientation layer formed on the first plate.

[0010] In acase where the orientation layer formed on the
first plate defines a cavity recessed toward the side of the
first plate in a cross section taken along a normal to the plate,
the diameter of the columnar spacer becomes progressively
smaller in the direction toward the second plate.

[0011] In a case where the orientation layer formed on the
first plate defines a protrusion directed toward the side of the
second plate in a cross section taken along a normal to the
plate, the diameter of the columnar spacer becomes progres-
sively larger in the direction toward the second plate.
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[0012] According to a second aspect of the present inven-
tion, there is provided an active-matrix liquid crystal display
device generally comprising first and second transparent
insulating plates arranged to oppose each other, the first plate
having disposed thereon a plurality of scanning lines and a
plurality of signal lines, thin-film transistors provided in the
vicinity of intersections between the scanning lines and
signal lines, and pixel electrodes connected to the thin-film
transistors, the second plate having a black matrix provided
with openings at areas that oppose the pixel electrodes, a
color layer and counterelectrodes provided so as to oppose
the pixel electrodes, a liquid crystal sandwiched between the
opposing first and second plates being controlled by voltage
impressed across the pixel electrodes and counterelectrodes.
Further, the pixel electrodes on the first plate and an orien-
tation layer formed on the pixel electrodes define curved
surfaces, and columnar spacers for regulating panel gap are
provided between the two opposing plates.

[0013] In the second aspect of the present invention, the
alignment (orientation) layer is formed, e.g., by oblique
vapor deposition of SiO, and molecules of the liquid crystal
are oriented substantially at right angles to the plane of the
plate.

[0014] Each of the columnar spacers has an end portion on
one side thereof that preferably is disposed approximately at
the center of the pixel electrode formed on the first plate.

[0015] In a case where the pixel electrode formed on the
first plate defines a cavity recessed toward the first plate in
a cross section taken along a normal to the plate, the
diameter of the columnar spacer becomes progressively
larger (or smaller) in the direction toward the second plate.

[0016] In a case where the pixel electrode formed on the
first plate defines a protrusion directed toward the second
plate in a cross section taken along a normal to the plate, the
diameter of the columnar spacer becomes progressively
smaller (or larger) in the direction toward the second plate.

[0017] According to a third aspect, there is provided a
multi-domain alignment active-matrix liquid crystal display
device comprising: first and second transparent plates
arranged to oppose each other; a liquid crystal being sand-
wiched between the first and second plates, and pixel
electrodes disposed on one of the plates and counterelec-
trodes disposed on the other of the plates and adapted to
apply voltage to the liquid crystal across the pixel electrodes
and the counterelectrodes:

[0018] wherein an orientation layer is provided on each
pixel electrode of one of said plates via an insulating film,

[0019] wherein the orientation layer is formed into a
curved or slanted surface so as to orient molecules of the
liquid crystal in a direction normal to the curved or slanted
surface of said orientation layer, and

[0020] wherein columnar spacers are provided between
the two opposing plates for regulating a panel gap between
the plates.

[0021] The columnar spacers are disposed approximately
at a center of the orientation layer on a pixel. The orientation
layer defines a cavity recessed toward one of said plates. The
columnar spacer has a side wall adapted to assist alignment
of the liquid crystal molecules oriented by the orientation
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layer to secure multi-domain alignment thereof. The orien-
tation layer defines a protrusion or recess directed toward
one of said plates.

[0022] According to a fourth aspect of the present inven-
tion, there is provided a multi-domain alignment active-
matrix liquid crystal display device comprising like com-
ponents as in the third aspect, provided that an orientation
layer is provided on each pixel electrode of one of the plates,

[0023] wherein the orientation layer and the pixel elec-
trode are formed into a curved or slanted surface;

[0024] wherein columnar spacers are provided between
the two opposing plates for regulating a panel gap between
the plates.

[0025] According to a fifth aspect, there is provided a
multi-domain alignment active-matrix liquid crystal display
device comprising the components as in the third aspect,
provided that an orientation layer is provided at least on each
pixel electrode disposed on one of the plates, and

[0026] that columnar spacers are provided between the
two opposing plates for regulating a panel gap between the
plates.

[0027] The columnar spacers have a side wall adapted to
pre-align molecules of the liquid crystal surrounding each of
the columnar spacers centering thereat. The columnar spac-
ers have a diameter varying along its axis. The columnar
spacers have a diameter decreasing or increasing toward one
end thereof.

[0028] The side wall is adapted to pre-align molecules of
the liquid crystal, e.g., substantially parallel to the side wall.
The orientation layer is formed into a curved or slanted
surface so as to orient molecules of the liquid crystal in a
defined direction normal to the curved or slanted surface of
the orientation layer.

[0029] The curved or slanted surface is formed into a
recess or protrusion.

[0030] Other features and advantages of the present inven-
tion will be apparent from the following description taken in
conjunction with the accompanying drawings, in which like
reference characters designate the same or similar parts
throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a sectional view showing one pixel of a
liquid crystal display device according to a first embodiment
of the present invention;

[0032] FIG. 2 is a plan view showing one pixel of a liquid
crystal display device according to the first embodiment of
the present invention;

[0033] FIG. 3 is a sectional view showing one pixel of
another structure of a liquid crystal display device according
to the first embodiment of the present invention;

[0034] FIG. 4 is a sectional view showing one pixel of a
liquid crystal display device according to a second embodi-
ment of the present invention;

[0035] FIG. 5 is a sectional view showing one pixel of
another structure of a liquid crystal display device according
to the second embodiment of the present invention; and
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[0036] FIG. 6 is a sectional view showing one pixel of a
liquid crystal display device according to the prior art.

[0037] FIGS. 7 and 8 schematically illustrate the principle
of multi-domain alignment according to the present inven-
tion, respectively.

PREFERRED EMBODIMENTS OF THE
INVENTION

[0038] In a preferred mode of a multi-domain alignment
liquid crystal display device, as shown in FIG. 1, a first plate
1 has a thin-film transistor provided at each point of inter-
section of a scanning line and signal line, a pixel electrode
8 connected to the thin-film transistor and an orientation
layer 10 formed on the pixel electrode and defining a curved
surface, a second plate 2 has three types of color layers 13
that corresponding to the three colors R, G, B, an counter-
electrode 14 provided so as to oppose the pixel electrode 8,
and an orientation layer 11, a columnar spacer 12 for
regulating the panel gap is provided between the two oppos-
ing plates 1, 2, and liquid crystal is sandwiched between the
two plates and subjected to multi-domain alignment by the
orientation layer 10 having the curved surface and the
columnar spacer.

[0039] FIG. 7 schematically illustrates the concept of the
columnar spacer disposed at the center of the pixel electrode
between two opposing electrodes (pixel- and counterelec-
trodes). By the provision of the columnar spacer the mol-
ecules of the liquid crystal in a region surrounding the spacer
are pre-aligned in the direction marked by arrows. The basic
(or background) orientation is determined by the orientation
layers. In this case the orientation layers opposing each other
orient the molecules of liquid crystal substantially normal to
the surface plane of the orientation layer. The orientation
direction of the orientation layer may be controlled by, e.g.,
oblique deposition technique of certain material, e.g., SiO
which causes oblique orientation to the orientation layer. In
FIG. 7, the flux lines generally represent the basic orienta-
tion caused by the orientation layers.

[0040] The columnar spacer may or should have specific
alignment properties of the liquid crystal molecules, either
parallel, perpendicular or at angular relation to the side wall
surface. The alignment properties may be determined and/or
further emphasized by the dimensional shape or configura-
tion and/or the nature of the material (alignment property,
e.g., perpendicular or parallel to the surface thereof).

[0041] FIG. 8 schematically represents the basic concept
of the combination of the curved orientation layer 12 and the
columnar spacer. The flux lines represent the background
orientation caused by the orientation layers 11 and 12, in
which the orientation 1 s established perpendicular to the
layer surface. The columnar spacer, being disposed at the
center of the recess, further stabilizes the background ori-
entation surrounding the spacer to give multi-domain pre-
alignment for one unit area (e.g., pixel).

[0042] If this alignment state is viewed from the top of the
layer 11, there are observed optical multi-domains centered
at the spacer for one pixel area.

[0043] This pre-aligned multi-domain formulation of the
liquid crystal molecules provides a uniform gradation or
tone of each pixel irrespective of the angle of view, i.e., in
a wide angle of view.
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[0044] Preferred embodiments of the present invention
will now be described in detail with reference to the draw-
ings.

First Embodiment

[0045] A liquid crystal display device according to a first
embodiment of the present invention will be described with
reference to FIGS. 1 to 3, in which FIG. 1 is a sectional view
showing one pixel of a liquid crystal display device accord-
ing to the first embodiment, FIG. 2 a plan view of the one
pixel and FIG. 3 a sectional view showing one pixel of a
liquid crystal display device in which the shape of the curved
surface of an orientation layer differs from that of FIG. 1.

[0046] A method of manufacturing the liquid crystal
device of the first embodiment will be described with
reference to FIGS. 1 and 2. First, a gate electrode 3 and gate
wiring 18, which comprise a single layer or multiple layers
of a metal such as Cr or ITO, are formed on the transparent
plate 1 such as glass by a process such as sputtering and a
photoresist step, and a gate insulating film 4 comprising the
two layers of silicon oxide and silicon nitride is formed on
the gate electrode and gate wiring by a process such as CVD.
A semiconductor layer 5 comprising amorphous silicon
(a-Si, n+a-Si) is then formed by a processing (vapor depo-
sition technique) such as CVD and a photoresist step, and a
drain electrode 6, source electrode 7 and drain wiring 19,
which comprise a single layer or multiple layers of a metal
such as Cr or ITO, are formed by a process such as
sputtering and a photoresist step. The steps described thus
far form the drain wiring, gate wiring and a switching
element. The wiring layer may extend in a direction sub-
stantially in agreement with the direction of a transmission
axis of a polarizer provided on the first or second plate.

[0047] Next, the pixel electrode 8 comprising a transpar-
ent, electrically conductive film such as ITO is formed by a
process such as sputtering etc. and a photoresist step. A
recess 18 formed on the pixel electrode 8 by a transparent
insulating film 9. Specifically, acrylic resin or polyimide
resin, for example, is used as a thermoplastic material, a
portion having a comparatively large film thickness is
formed on the pixel electrode 8 by a photoresist process, and
then the oblique (or curved) surface and bottom of the recess
are formed utilizing the thermoplasticity of the material.
Next, the orientation layer 10 comprising a transparent
insulating film which causes liquid crystal molecules to
align perpendicular to the film surface is formed on the
insulating film 9. Specifically, polyimide resin SE-121
(manufactured by Nissan Kagaku K. K.) is applied to the
insulating film 9 and the polyimide resin is heated (cured)
under conditions that will suppress the thermoplasticity of
the insulating film 9, thereby forming the orientation layer
10.

[0048] The columnar spacer 12 comprising an insulating
film 1s formed substantially at the center of the recess. The
columnar spacer 12 preferably is made of a material that will
cause the liquid crystal molecules to align parallel to the
surface of the spacer, and it is desired that the side surface
of the spacer 12 be slanted or inclined. The direction of
inclination is decided so as to agree with the direction in
which the liquid crystal molecules are caused to slant by the
recess. In this embodiment, it is preferred that the inclination
of the side surface of the spacer 12 be such that the diameter
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(cross section) of the spacer will broaden in the direction
toward the plate 1. Specifically, a column with vertical
(upright or straight) side walls is formed from photosensitive
acrylic resin or polyimide resin by a photoresist process.
Then, when the column is heated for curing, the temperature
is raised gradually to form the inclined surface (side wall).
Tt is required that this process be performed under conditions
that will suppress the thermoplasticity of the insulating film
9 50 as to finally form the desired inclination.

[0049] The structure of the plate 2 on the opposite side of
the device will now be described. If the device presents a
color display, the color layers 13 are formed on the trans-
parent plate 2, which consists of glass or the like. A
transparent electrically conductive film and the counterelec-
trode 14, which comprises ITO, are formed on the color
layer(s) 13 as by sputtering. Next, the orientation layer 11
comprising a transparent insulating film which orient the
liquid crystal molecules to align perpendicular to the film
surface is formed on the counterelectrode 14. Specifically,
the orientation layer 11 is formed using polyimide resin
SE-121 (manufactured by Nissan Kagaku K. K.).

[0050] Next, the plates (substrate) 1 and 2 with their
orientation layers opposing each other are disposed substan-
tially in parallel with a fixed spacing maintained between
them by the columnar spacer 12, and the gap between them
is filled with a liquid crystal material whose dielectric
anisotropy is negative. The material used is MLC-6608
(Merck). In this embodiment, adding a hardening resin to the
liquid crystal material is unnecessary. However, hardening
resin may be added if desired, as set forth in Japanese Patent
Kokai Publication JP-A-8-292423, (the entire disclosure
thereof being incorporated herein by reference.)

[0051] Optical films 15, 16 are affixed to the outer-side
surfaces of the plates 1 and 2. The optical films 15, 16 each
comprise a polarizer or a combination of a polarizer and an
optical compensation film. The polarizers affixed to the
plates are arranged in such a manner that the light absorption
axes thereof are orthogonal to each other.

[0052] In the embodiment described above, a recess is
formed by the insulating film 9. However, a protrusion may
be formed by the insulating film 9, as illustrated in FIG. 3.
In this case the columnar spacer 12 is formed on the plate 2
and it is preferred that the columnar spacer 12 be formed in
such a manner that its side surfaces be inclined in a direction
that narrows the spacer in the direction toward the plate 1.
Other components are the same as those shown in FIG. 1.

[0053] Though the planar structure of the pixel electrode
8 may be rectangular in general, a circular or oval shape is
preferred if matching with the recess or protrusion is taken
into consideration. It is also possible to adopt a composite
shape such as the combination of rectangular and circular
shapes shown in FIG. 2.

[0054] 1In terms of operation of the present Embodiment
the following explanation is given. Now referring to FIG. 1,
the pixel surface of the plate 1 defines a recess. In the initial
state, which is devoid of applied voltage, the liquid crystal
molecules are caused to orient generally perpendicular to the
surface of the recess by the orientation layer 10. Accord-
ingly, since the direction of an electric field produced when
a potential difference develops across the pixel electrode 8
and counterelectrode 14 is substantially perpendicular to the
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surfaces of the plates, the direction of orientation of the
liquid erystal molecules in the initial state tilts relative to the
direction of the electric field.

[0055] This direction of tilt agrees with the direction of tilt
of the liquid crystal molecules oriented parallel to the
surface of the columnar spacer 12. Since the liquid crystal
molecules exhibit negative dielectric anisotropy, they tilt in
a direction perpendicular to the electric field when voltage is
applied. In other words, the tilt is increased further in the
initial direction of tilt, as indicated by the liquid crystal
molecules 17 in FIG. 1. The transmittance of transmitted
light is controlled by the angle of tilt. Since the liquid crystal
molecules in one pixel tilt with the columnar spacer 12 (i.e.,
the axis thereof) serving as the axis of symmetry, the display
characteristics of the respective directions of tilt compensate
for each other even if the angle of sight (viewing angle)
changes. This makes it possible to obtain a display in which
there is little change in color at different viewing angles. The
same effect can be obtained with the arrangement of FIG. 3
as well.

Second Embodiment

[0056] A liquid crystal display device according to a
second embodiment of the present invention will be
described with reference to FIGS. 4 and 5, in which FIG. 4
is a sectional view showing one pixel of a liquid crystal
display device according to the second embodiment, and
FIG. 5 is a sectional view showing one pixel of a variant
liquid crystal display device in which the shape of the curved
surface of an orientation layer differs from that of FIG. 4.

[0057] The second embodiment differs from the first
embodiment in that the pixel electrode 8 is provided on the
insulating film 9 and basically defines the shape of a recess:
wiring 20 is an electrically conductive film, preferably a
transparent film so as not to block transmitted light, formed
by a process such as sputtering and a photoresist step (here,
using ITO) so as to electrically communicate the source
electrode 7 and pixel electrode 8; a film which orients the
liquid crystal molecules perpendicular to the horizontal
plane of the plates is adopted as an orientation layer 21 (and
is formed, here, by oblique vapor deposition of Si0); and the
direction of inclination of the side surface (wall) of the
columnar spacer 12 is such that the cross section of the
columnar spacer 12 narrows in the direction toward the plate
1.

[0058] According to this arrangement, the pixel electrode
8 generally makes up or defines a recess. As a result, the
electric field produced at application of voltage is not
perpendicular to the horizontal plane of the plates but is
nearly perpendicular to the curved surface of the recess.
When the liquid crystal molecules would be oriented per-
pendicular to the curved surface in the initial state, therefore,
as in the foregoing embodiment, the direction of orientation
and the direction of the electric field substantially would
coincide and the directions in which the liquid crystal
molecules tilt would occur in random fashion, thus causing
a faulty display. Accordingly, it is desired that the liquid
crystal molecules be oriented perpendicular to the plane of
the plates in the initial state.

[0059] In this arrangement, the direction of tilt of the
liquid crystal molecule 17 differs from that of the first
embodiment and, hence, the direction of inclination of the
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side surface of columnar spacer 12 also is changed accord-
ingly. Further, the wiring 20 may be formed through a
process the same as that used to fabricate the source elec-
trode 7. In such case, use of a light-blocking electrically
conductive film may be contemplated. However, a decline in
transmittance can be suppressed by making the direction in
which the wiring 20 extends agree with the direction of the
light transmission axis of the polarizer as much as possible.
Furthermore, by achieving electrical communication with
the pixel electrode 8 at the bottom of the recess, it is
unnecessary to separately provide an opening to effect such
communication. This makes it possible to hold down any
increase in the process load.

[0060] FIG. 5 illustrates a variant case in which the
insulating film 9 is made a protrusion instead of a recess.
Similar effects can be obtained with this arrangement as
well. Further, in FIG. 5, the insulating film 9 is provided with
aopening by a photoresist step in order to establish electrical
communication between the source electrode 7 and the pixel
electrode 8. However, depending upon the shape of the
insulating film 9, the two electrodes can be communicated
directly without forming an opening.

[0061] The present invention provides the effects
described below.

[0062] The first effect is that the direction of alignment of
the liquid crystal molecules can be regulated stably. The
reason for this is that the columnar spacer is formed at the
center of the recess or protrusion corresponding to a pixel,
and the columnar spacer has a surface that slants in a
direction that conforms to the direction in which the liquid
crystal molecules are tilted. Furthermore, the liquid crystal
molecules are oriented parallel to the slanted surface of the
columnar spacer in the initial state. Since only a columnar
spacer is present at the pixel portion of the device, faulty
orientation or alignment does not readily occur.

[0063] A second effect is a smaller process load. The
reason for this is that since the columnar spacer functions as
both a column for regulating orientation of the liquid crystal
molecules and a spacer for supporting (or retaining) the
panel gap, the column and spacer can be formed by a single
step. In addition, it is unnecessary to mix a hardening resin
with a liquid crystal material in order for alignment of the
liquid crystal to be achieved stably. This makes it possible to
dispense with processes for phase separation and hardening.

[0064] As a result of the effects set forth above, it is
possible to obtain, through a comparatively simple process,
a liquid crystal display device having a wide viewing in
which there is little variance in tonality or gradation of
individual pixels observed mainly when the visual angle is
changed.

[0065] As many apparently widely different embodiments
of the present invention can be made without departing from
the spirit and scope thereof, it is to be understood that the
invention is not limited to the specific embodiments thereof
except as defined in the appended claims.

[0066] It should be noted that other objects and aspects of
the present invention will become apparent in the entire
disclosure and that modifications may be done without
departing the gist and scope of the present invention as
disclosed herein and appended herewith.
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[0067] Also it should be noted that any combination of the
disclosed and/or claimed elements, matters and/or items
may fall under the modifications aforementioned.

1. A multi-domain alignment active-matrix liquid crystal
display device comprising first and second transparent insu-
lating plates arranged to oppose each other;

said first plate having disposed thereon a plurality of
scanning lines and a plurality of signal lines, thin-film
transistors provided in the vicinity of intersections
between the scanning lines and signal lines, and pixel
electrodes connected to the thin-film transistors;

said second plate having a black matrix provided with
openings at areas that oppose said pixel electrodes, a
color layer and counterelectrodes provided so as to
oppose said pixel electrodes;

a liquid crystal being sandwiched between the opposing
first and second plates and being controlled by voltage
impressed across said pixel electrodes and said coun-
terelectrodes;

wherein each of said pixel electrodes on said first plate
and an orientation layer formed on said pixel electrode
defines a curved surface, and

wherein at least one columnar spacer having a diameter
varying along its axis is provided between the two
opposing plates for regulating a panel gap therebe-
tween, said at least one columnar spacer disposed
approximately at a center of a pixel.

2. The device according to claim 1, wherein said orien-
tation layer is adapted to orient molecules of the liquid
crystal substantially at right angles to the planes of said
plates.

3. The device according to claim 2, wherein said orien-
tation layer is formed by oblique vapor deposition of SiO.

4. The device according to claim 1, wherein said pixel
electrode formed on said first plate defines a cavity recessed
toward said first plate in a cross section taken along a line
normal to said first plate; and

wherein said columnar spacer has a diameter that
becomes progressively larger in the direction toward
said second plate.

5. The device according to claim 2 wherein said pixel
electrode formed on said first plate defines a cavity recessed
toward said first plate in a cross section taken along a line
normal to said first plate; and

wherein said columnar spacer has a diameter that
becomes progressively larger in the direction toward
said second plate.

6. The device according to claim 1, wherein said pixel
electrode formed on said first plate defines a protrusion
directed toward said second plate in a cross section taken
along a line normal to said first plate; and

wherein said columnar spacer has a diameter that
becomes progressively smaller in the direction toward
said second plate.

7. The device according to claim 4, wherein a wiring layer
is provided beneath said pixel electrode, and said wiring
layer electrically connects a source or drain electrode of the
thin-film transistor and said pixel electrode.
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8. The device according to claim 7, wherein said wiring
layer extends in a direction substantially in agreement with
the direction of a transmission axis of a polarizer provided
on said first or second plate.

9. The device according to claim 1, wherein liquid crystal
molecules contiguous to the surface of the columnar spacer
are aligned substantially parallel to the surface of said
columnar spacer.

10. A multi-domain alignment active-matrix liquid crystal
display device comprising;

first and second transparent plates arranged to oppose
each other;

a liquid crystal being sandwiched between the first and
second plates, and

pixel electrodes disposed on one of said plates and
counterelectrodes disposed on the other of said plates
and adapted to apply voltage to the liquid crystal across
the pixel electrode and the counterelectrodes;

wherein an orientation layer is provided on each pixel
electrode of one of said plates,

wherein said orientation layer and said pixel electrode are
formed into a curved or slanted surface; and

wherein at least one columnar spacer having a diameter
that varies along its axis is provided between the two
opposing plates for regulating a panel gap between said
plates, and said at least one columnar spacer is disposed
approximately at a center of a pixel.

11. The device according to claim 10, wherein said
orientation layer is adapted to orient the liquid crystal
molecules substantially at right angles to the planes of said
plates.

12. The device according to claim 10, wherein said pixel
electrode defines a cavity recessed toward the counterelec-
trode.

13. The device according to claim 12, wherein said
columnar spacer has a side wall adapted to provide multi-
domain alignment of molecules of the liquid crystal.

14. The device according to claim 13, wherein said
columnar spacer has a diameter increasing toward the coun-
terelectrode opposing the pixel electrode.

15. The device according to claim 14, wherein said
orientation layer is adapted to orient molecules of the liquid
crystal substantially at right angles to the planes of said
plates.
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16. The device according to claim 10, wherein said pixel
electrode defines a curved or slanted protrusion protruding
toward the counterelectrode.

17. The device according to claim 16, wherein said
columnar spacer has a side wall adapted to provide multi-
domain alignment of the liquid crystal molecules.

18. The device according to claim 17, wherein said
columnar spacer has a diameter decreasing toward the
counterelectrode opposing the pixel electrode.

19. The device according to claim 18, wherein said
orientation layer is adapted to orient the liquid crystal
molecules substantially at right angles to the planes of said
plates.

20. A multi-domain alighment active-matrix liquid crystal
display device comprising;

first and second transparent plates arranged to oppose
each other;

a liquid crystal being sandwiched between the first and
second plates, and

pixel electrodes disposed on one of said plates and
counterelectrodes disposed on the other of said plates
and adapted to apply voltage to the liquid crystal across
the pixel electrodes and the counterelectrodes;

wherein an orientation layer is provided at least on each
pixel electrode disposed on one of said plates; and

wherein at least one columnar spacer having a side
surface that is slanted or inclined is provided between
the two opposing plates for regulating a panel gap
between said plates, said at least one columnar spacer
disposed approximately at a center of a pixel;

wherein said side surface of said at least one columnar
spacer is adapted to pre-align molecules of the liquid
crystal surrounding each of the columnar spacers cen-
tering thereat;

wherein said orientation layer is formed into a curved or
slanted surface so as to orient molecules of the liquid
crystal in a defined direction normal to the curved or
slanted surface of said orientation layer; and

wherein said curved or slanted surface is formed into a
recess.
21. The device according to claim 20, wherein said curved
or slanted surface is formed into a protrusion.

* #* * #* #®
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