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(7) ABSTRACT

A liquid crystal display of the present invention includes: a
pair of substrates, at least one of which is transparent; a
liquid crystal layer being interposed between said pair of
substrates; electrodes for applying an electric field to liquid
crystals molecules in said liquid crystal layer; active switch-
ing elements connected with said electrodes; an alignment
film being formed on a surface of at least one of said pair of
substrates, said surface being contacted with said liquid
crystal layer; and an optical device for controlling a trans-
mission of light in cooperation with alignment of said liquid
crystal molecules in each pixel, said means being located on
at least one said pair of substrates; wherein an aligning
direction of each liquid crystal molecule in each pixel is
ranged between -2 degree to +2 degrees with respect to an
average aligning direction 8, of said liquid crystal layer.
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display. More particularly, the present invention provides an
In-plane switching (IPS) type liquid crystal display, in which
an electric field is formed laterally to its substrates and
applied to a liquid crystal layer, having a wide viewing
angle, a high contrast ratio and an excellent display quality.

[0002] In a liquid crystal display interposing a liquid
crystal layer between a pair of substrates, at least one of
them being transparent, some display mode have been used
as a display method. Examples of the display mode which
have widely been used include a twisted nematic (TN)
mode. According to this mode, an electric field is applied to
a liquid crystal layer to control its rotary polarization,
thereby controlling a transparency of the liquid crystal layer
and obtaining display of image.

[0003] On the other hand, there has been an in-plane
switching (IPS) mode for applying, to a liquid crystal, an
electric field which is almost parallel with a substrate by
using interdigital shaped electrodes (hereinafter referred to
as an interdigital electrode) or the like. According to this
mode, an electric field is applied to the liquid crystal to
control birefringence of the liquid crystal, thereby switching
display of images. Japanese Patent No. 2743293 has dis-
closed that the IPS mode has a greater angle of view
characteristic than that in a conventional TN mode.

[0004] FIG. 9 is an explanatory view showing a part of a
conventional liquid crystal display using an IPS mode which
is formed by a liquid crystal having a positive dielectric
anisotropy. FIG. 9 shows an electrode substrate 51, two
kinds of interdigital pixel electrodes 53 and 54 formed on the
electrode substrate 51, a counter substrate 52, and liquid
crystal molecules included in a liquid crystal layer 60 which
constitute a liquid crystal panel in the liquid crystal display.
As shown in FIG. 9, the electrode substrate 51 having the
interdigital pixel electrodes 53, 54 and the counter substrate
52 are provided in parallel with each other and the liquid
crystal layer 60 including the liquid crystal molecules is
present between the electrode substrate 51 and the counter
substrate 52. As shown in FIG. 10(a), the electrode substrate
51 and the counter substrate 52 are subjected to an alignment
treatment in a direction of angle 55, thereby the liquid
crystal molecules of the liquid crystal layer 60 are provided
to have an angle of 0,. with respect to a length-wise
direction of pixel electrode 53 and 54.

[0005] Next, a display principle of the liquid crystal dis-
play will be described with reference to FIG. 11. FIG. 11 is
a partial view showing the liquid crystal display using the
IPS mode. FIG. 11 shows only the liquid crystal panel and
two polarizing plates in the liquid crystal display. Referring
to the liquid crystal panel, particularly, there are shown the
electrode substrate 51, interdigital pixel electrodes 33 and 54
(only one pixel electrode is shown respectively), the counter
substrate 52 and liquid crystal molecules included in the
liquid crystal layer 60 (only seven molecules are shown). In
FIG. 11, the reference numeral 53 denotes a first pixel
electrode, the reference numeral 54 denotes a second pixel
electrode, the reference numeral 51 denotes an electrode
substrate, the reference numeral 52 denotes an counter
substrate, the reference numeral §9 denotes a first polarizing
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plate and the reference numeral 58 denotes a second polar-
izing plate. As shown in FIG. 11, the first polarizing plate 59
is provided such that a direction of a major axis of the liquid
crystal molecule is parallel with a direction of a transmission
axis of the first polarizing plate 59 (show in a double headed
arrow) and a direction of a transmission axis of the second
polarizing plate 58 (also shown in a double headed arrow) is
orthogonal to that of the first polarizing plate 39. Directions
of aligning treatments of alignment films (not shown)
formed on the electrode substrate 51 and the counter sub-
strate 52 are both paralle]l with the transmission axis of the
first polarizing plate 59 or the second polarizing plate 58.

[0006] In astate in which no voltage is applied (that is, an
electric field is not formed between the first pixel electrode
53 and the second pixel electrode 54 as shown in FIG. 11A),
a linearly polarized light incident on the liquid crystal layer
60 has an oscillation direction parallel with the liquid crystal
molecule and does not receive a birefringence effect during
passage through the liquid crystal layer. Therefore, a direc-
tion P of oscillation of the light passing through the counter
substrate 52 is orthogonal to the transmission axis of the
second polarizing plate 58 and the light transmitted through
the counter substrate 52 cannot be transmitted through the
second polarizing plate 58 and is set in a dark state.

[0007] In a state in which voltage is applied (that is, the
electric field is formed between the first pixel electrode 53
and the second pixel electrode 54) as shown in FIG. 11B, the
liquid crystal molecule is rotated in the direction of the
electric field (the degree of the rotation depends on a
magnitude of the electric field) while maintaining a parallel
orientation with respect to the surfaces of the electrode
substrate 51 and the counter substrate 52. For this reason, the
linearly polarized light incident on the liquid crystal layer 60
receives the birefringence effect to be changed into an
elliptically polarized light Q and a certain quantity of the
light passes through the second polarizing plate. The quan-
tity of the light transmitted through the second polarizing
plate is changed depending on a rotating angle 8 of the liquid
crystal molecule. The rotating angle 8 of the liquid crystal is
a function of an applied voltage (V). Thus, display of image
can be carried out by changing voltages to be applied to the
first pixel electrodes 53 and the second pixel electrodes 54.

[0008] At this time, an intensity of the transmitted light is
expressed in the Equation 1:

=l sin®(mR/m)sin(20)

[0009] Wherein I, represents an intensity of the light
incident on the first polarizing plate 59, A represents a
wavelength of the light, and R represents a retardation which
is represented by an optical path difference (An)-d between
an ordinary light and an extraordinary light, An representing
an absolute value (Jn_-n_|) of a difference between a refrac-
tive index n, of the ordinary light and a refractive index n,
of the extraordinary light in the liquid crystal. As is apparent
from the Equation 1, the transmitted light has a maximum
intensity with 6=m/4.

[0010] FIG. 12 shows a change in a quantity of the
transmitted light with a variation in a voltage to be applied
between the first pixel electrode 53 and the second pixel
electrode 54. When the applied voltage is increased, the
rotating angle of the liquid crystal molecule becomes greater
and the quantity of the transmitted light is increased. 0 in the

(Equation 1)
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Equation 1 corresponds to the average aligning direction of
the liquid crystal layer realigned by an electric field formed
laterally to the substrate.

[0011] Usually, the TN mode is used in a normally white
mode in which white display is carried out without the
application of an electric field and black display is carried
out with the electric field applied. At this time, more black
display can be obtained by the application of a higher
electric field to the liquid crystal. As a result, a high contrast
ratio can be achieved.

[0012] On the other hand, the IPS mode is used in a
normally black mode in which the black display is carried
out without the application of the electric field and the white
display is carried out with the electric field applied. FIGS.
9 and 10 show sectional and plan views showing a conven-
tional IPS mode, respectively. In a liquid crystal display
using an IPS mode, 8=0 is theoretically obtained in the
Equation 1 without the application of the electric field so that
light is not transmitted. However, the pixel electrodes 53 and
54 actually have certain thickness. Therefore, when an
aligning treatment such as rubbing is performed, a region 62
having an aligning direction shifted from the angle 55 of the
aligning treatment as well as a region 61 having an aligning
direction almost coincident with the angle 55 of aligning
treatment is formed.

[0013] By the region 62 having the aligning direction
shifted, transmission of light is caused in spite of the black
display. This is a serious problem when a high contrast ratio
is to be implemented by using the IPS mode as a practical
liquid crystal display. Moreover, in the case in which this
region is generated in a rubbing direction, it is visible as a
stripe-shaped mura having a varied brightens. Therefore,
there is a problem in respect of display quality.

[0014] In particular, in the IPS mode liquid crystal display
equipped with active switching elements such as TFTs (thin
film transistors), on the substrate there are electrodes for
applying the lateral electric field to the liquid crystal, active
switching elements for sclectively applying voltages to the
electrodes, and signal wirings for applying electric signals to
the switching element as well as the electrodes. That is,
surface irregularities of several hundreds to several thou-
sands nm (nanometer) caused by the electrodes, switching
elements and wirings are formed on the substrate. Further-
more, in which a color filter is formed on the counter
substrate in order to carry out color display, colorants
contained in the filter, seams formed between pixels, a black
matrix, and the like cause surface irregularities on the
counter substrate. These irregularities on the substrates
make an uniform alignment of the liquid crystal to be
disturbed, and therefore problematic.

[0015] Japanese Unexamined Patent Publication No.
333151/1998 has disclosed a method preventing the genera-
tion of said stripe-shaped mura caused by deflected distri-
bution of rubbing cloth staples. In this method, projections
to fix the deflected distribution of rubbing cloth staples are
formed on the periphery of the substrate. However, the
detailed conditions of rubbing process are not described.

[0016] Furthermore, it is also possible to form or widen a
black matrix on the counter substrate in order to block the
light passing through the region in which aligning direction
of liquid crystal is shifted. With the black matrix, undesired
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leakage of light is prevented, so that high contrast ratio is
obtained. However, an aperture ratio of the substrate (i.e.
that of liquid crystal panel) is decreased with the black
matrix, thereby a luminance of white image is reduced.

[0017] Moreover, a contrast ratio is greatly affected by a
relationship between the aligning direction of the liquid
crystal on two interfaces where the liquid crystal and each
substrate come in contact with each other and an absorption
axis of a polarizing plate provided on the outside of each
substrate.

[0018] In order to solve the above-mentioned problems,
the present invention has been made.

SUMMARY OF THE INVENTION

[0019] As shown in FIG. 1, a liquid crystal display
according to the present invention comprises a pair of
substrates 1, 2 and a liquid crystal layer 5 between the
substrates. One of said substrates is provided with pixel
electrodes 3, opposed electrodes 4 and active switching
elements (not shown) to apply electric fields, which are
substantially parallel to the substrate, to liquid crystal mol-
ecules included in the liquid crystal layer 5. Further, the
liquid crystal display of the present invention comprises
optical devices (e.g. polarizing plates) 7, 8 to selectively
pass the light. Furthermore, either or both of the substrates
1, 2 are provided with alignment films 6a, 65 on their surface
facing the liquid crystal layer, thereby aligning directions of
liquid crystal molecules in each pixel are set to be in a range
of 2 degree with respect to an average aligning direction
6 of the liquid crystal layer § without applying electric
fields.

[0020] The liquid crystal layer 5 designates liquid crystal
molecules interposed between the substrates 1, 2. Moreover,
the average aligning direction 6, of the liquid crystal layer,
which is shown in FIG. 8 diagrammatically, is computed
with following equation 2.

0,,=X(0xS)/5(=1,2,3...)

[0021] Inthe equation, 0; designates an aligning direction
of liquid crystal, Si designates an area of regions having the
aligning direction of 8, and S designates an area of effective
display region through which the light transpire to display
images. It should be noted that separators, such as polymer
beads, for maintaining prescribed distance between two
substrates may be dispersed into the liquid crystal layer,
regions around the separators in which aligning directions
are varied are excluded from the area S.

[0022] That is, the average aligning direction 0, of the
liquid crystal layer is computed with following steps. Firstly,
the effective display region is divided into the regions
according to their aligning direction 64, 6,, 65, . . . . Then,
the area S;, S, S5, . . . of each region is multiplied by its
aligning direction 8,, 6,, 65, respectively, and products
0,xS;, 0,xS,, 0,xS;, . . . are summed up. Lastly, the sum of
the products is divided by the area S of the effective display
region, therefore the average aligning direction 0. is
obtained.

[0023] Here, an aligning direction 6; of liquid crystal in
each region is defined and measured as follows. A pair of
substrates sandwiching a liquid crystal layer is interposed
between two polarizing plates having their absorption axes
orthogonal to each other (i.e. cross nicole arrangement).

(Equation 2)
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When the liquid crystal layer with the substrates is rotated in
relative to the polarizing plates, the intensity of light passing
through the liquid crystal layer and the polarizing plates
varies. Therefore, an angle between the absorption axis of
one polarizing plate and length-wise direction of pixel
electrodes on the substrate wherein the intensity of light
passing through the region becomes minimized is assumed
as aligning direction 0; of liquid crystal in this region.

[0024] With referring to FIGS. 7(a) to 7(c), an aligning
direction of liquid crystal in one region is explained. In an
example shown in FIG. 7(a), a liquid crystal molecule on
the electrode substrate and a liquid crystal molecule on the
counter substrate as well as the other liquid crystal mol-
ecules have almost same aligning direction, i.e. 8;.. On the
other hand, in an example shown in FIG. 7(b), an aligning
direction of a liquid crystal molecule on the electrode
substrate is not equal to that of a liquid crystal molecule on
the counter substrate, however an average aligning direction
in this region is 0,.. FIG. 7(c) shows an alignment of the
liquid crystal in which each liquid crystal molecule is
realigned under application of electric field by the pixel
electrodes, wherein 6, corresponds to an angle at which a
quantity of transmitted light, i.e. light passing through the
liquid crystal and the polarizing plates sandwiching the
liquid crystal and having their axes orthogonal to each other,
is minimized.

[0025] Moreover, it is preferable that the alignment film
formed of an organic substance should be used for control-
ling the orientation of the liquid crystal. In order to relieve
the irregularities on a surface of the substrate, particularly of
a substrate on which active switching elements are formed,
so as to obtain an uniform aligning direction, it is effective
to flatten the irregularities of the substrate by means of an
insulating materials. To form an aligning film thickly is also
effective to relieve the irregularities. Furthermore, a flat-
tened layer may be provided on the surface of the substrate
and an aligning film may be formed on the flattened layer.

[0026] The alignment treatment of the liquid crystal is
carried out by a rubbing method, and it is preferable that a
rubbing strength I shown in Equation 3 should be 50 mm or
more.

L=NxIy(1+2nrn/(60V))

[0027] wherein N represents the number of times of rub-
bing [number], 1, represents an amount of deformation of
rubbing cloth [mm], r represents a radius of a rubbing roller
[mm], n represents the number of revolution of the roller per
minutes [rpm] and V represents a stage moving speed
[mm/s].

[0028] With reference to FIG. 6, a rubbing process for
aligning the liquid crystal will be described. As shown in
FIG. 6, a roller 72 on which a velvet-like rubbing cloth 73
made of rayon or cotton and having a small staple length is
wound is rotated at n times/min. in a direction of an arrow
R. At the same time, a substrate 74 having an alignment film
formed is mounted on a stage 71 and is moved at a constant
speed V in a direction of an arrow S. The rubbing cloth 73
on the roller 72 is pushed against the substrate 74 on the
stage 71 and deformed, therefore the deformation of the
rubbing cloth is assumed to an amount of deformation 1. A
rubbing direction of the substrate 74 thus rubbed is repre-
sented by a composite vector of a speed vector at which the

(Equation 3)
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rubbing cloth 73 rubs the substrate 74 and a moving speed
vector of the stage 71. In general, the speed at which the
rubbing cloth 73 rubs the substrate 74 is much higher than
the moving speed of the stage 71. Therefore, the rubbing
direction is obtained by projecting the rotating direction of
the rubbing roller onto the substrate.

[0029] 1Insome cases in which a surface of the substrate is
flattened, an effective aligning treatment can be achieved
even if the rubbing strength L is set to 50 mm or less.
However, since the flattening process causes an increase in
the number of manufacturing steps, a decrease in an effec-
tive voltage to be applied to a liquid crystal and a rise in cost,
it is not preferable. On the other hand, if the rubbing strength
L is increased, mura in a displayed image appears easily.
Therefore, it is preferable that the rubbing strength L should
be 300 mm or less.

[0030] Moreover, it is preferable that the aligning direc-
tion of the liquid crystal molecule in the interface of one
substrate and that of the liquid crystal molecule in the
interface of the other substrate should be almost equal to
each other. The expression of “almost equal” implies that an
angle defined by both aligning directions is 0 to 3 degrees.

[0031] In the present invention, moreover, it is preferable
that an optical device for selectively passing the light
according to the alignment of the liquid crystal molecules
should be a pair of polarizing plates provided on the outside
of the substrates respectively and absorption axes of the
polarizing plates should be almost orthogonal to each other.
The expression of “orthogonal” implies that the angle
formed by the absorption axes of the polarizing plates ranges
from 85 degrees to 95 degrees. More preferably, the angle
ranges from 88 degrees to 92 degrees.

[0032] Moreover, it is preferable that the relationship
between a direction 0, of the absorption axis of the polar-
izing plate closer to an observer and the average aligning
direction 6, of the liquid crystal should be set to |6, |-2+
£[0,, =10, ]+3° or the relationship between a direction 6,
of the absorption axis of the polarizing plate which is more
distant from the observer and the average aligning direction
0,. of the liquid crystal should be set to [0, ]-
2°£10,,|=0,.J+3°. At this time, when the liquid crystal panel
is seen from the substrate 1 side, 6, 0,,; and 8, represent,
as a positive direction, a rotation in which the liquid crystal
molecule is rotated by applied electric field.

[0033] Furthermore, it is preferable that the absorption
axis 6, of one of the polarizing plates and the average
aligning direction 6, (bk) of the liquid crystal during black
display are almost equal to each other. The expression of
“almost equal” implies that an angle formed between the
absorption axis and the average aligning direction is 0 to 3
degrees.

[0034] Tt is preferable that the aligning direction of the
liquid crystal molecules in each pixel should range within +2
degrees with respect of the average aligning direction 6, of
the liquid crystal layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is an sectional view showing an example of
one embodiment of liquid crystal display of the present
invention;
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[0036] FIGS. 2(a) to 2(c) are explanatory views showing
an aligning direction of liquid crystal and directions of
absorption axes of polarizing plates;

[0037] FIGS. 3(a) and 3(b) are schematic views of the
liquid crystal display of the present invention;

[0038] FIGS. 4(a) to 4(c) arc explanatory views showing
directions of aligning treatment and arrangement of treated
substrates;

[0039] FIGS. 5(a) to 5(c) are explanatory views showing
directions of aligning treatment and arrangement of treated
substrates;

[0040] FIG. 6 is an explanatory view showing a rubbing
treatment;
[0041] FIG. 7(a) to 7(c) are explanatory views showing an

alignment of liquid crystal molecules;

[0042] FIG. 8 is a schematic illustration showing a defi-
nition of an average aligning direction 0, of a liquid crystal
layer;

[0043] FIG. 9 is an explanatory view showing a conven-
tional IPS mode liquid crystal display;

[0044] FIG. 10 is an explanatory view showing an align-
ment of liquid crystal in the conventional IPS mode liquid
crystal display;

[0045] FIG. 11 is an explanatory view showing a principle
of displaying images in the IPS mode liquid crystal display;
and

[0046] FIG. 12 is an explanatory view showing a rela-
tionship between the applied voltage and the intensity of
transmitted light.

DETAILED DESCRIPTION

[0047] An embodiment of a liquid crystal display accord-
ing to the present invention will be described below with
reference to the drawings. As shown in FIG. 3, the liquid
crystal display according to the present invention comprises
a liquid crystal display panel 11, a driving circuit 12, and a
backlight 13. As shown in FIG. 1, the liquid crystal display
panel 11 comprises a electrode substrate 2, a counter sub-
strate 1 and a liquid crystal layer 5 between the substrates.
On the electrode substrate 2, pixel electrodes 3, opposed
electrodes 4 and active switching elements (not shown) are
formed for each pixel. Moreover, to apply electric signals to
the opposed electrode and active switching elements, signal
wirings are also provided. By applying voltages to pixel
electrodes and opposed electrodes, electric fields are formed
substantially parallel to the electrode substrate so as to drive
and realign liquid crystal molecules in the liquid crystal
layer. As shown in FIG. 2, the pixel electrodes 3 and the
opposed electrodes 4 have interdigital shapes so that volt-
ages can more effectively be applied to the liquid crystal
molecules. As shown in an equivalent circuit of FIG. 3(b)
which is an enlarged partial view showing an A portion of
FIG. 3(a), each pixel electrode is connected to an active
switching element 14 formed on an intersecting point of a
source signal line 15 and a gate signal line 16 which are
provided like a grid. Moreover, by a driving circuit 12
predetermined voltages are applied to the source signal lines
15, which are connected to the active switching elements 14,
and an opposed electrode lines 17. Moreover, the backlight
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13 is a light source provided on the back face of the liquid
crystal display panel (on the outside of the electrode sub-
strate, for example). The structure of the liquid crystal
display described above is common in the following
embodiments.

Embodiment 1

[0048] FIG. 1 shows one embodiment of the present
invention. Two transparent glass substrates having a thick-
ness of 0.7 mm and having their surfaces polished were used
as the substrates. Thin film transistors (TFTS) as the active
switching elements, a signal wirings, the pixel electrodes 3
and the opposed electrodes 4 were formed on the substrate
2, therefore the substrate 2 is called as a TFT substrate. A
color filter (CF: not shown) comprising Red, Green and Blue
is provided on the counter substrate 1, therefore the substrate
1 is called as a CF substrate.

[0049] The pixel electrode 3 and the opposed electrode 4
are formed by patterning a Cr layer of 100 nm thickness with
photolithography method so that a width of each electrode is
set to 5 um and interval between adjacent electrodes is set to
10 um. However, the width of electrode, the interval
between electrode, number of electrode and the like are not
restricted to the examples described above. In this embodi-
ment, an intersection of a source signal wiring and a gate
signal wiring is stepped out by 1.1 gm from adjacent light
transmitting portion in each. Meanwhile, the active switch-
ing elements such as TFTs could have any arrangement as
long as voltage is applicable to the pixel electrode through
them so as to form electric field between pixel electrode and
opposed electrode. Since a manufacturing method of TFTs is
not related to a main frame of the present invention, detailed
description thereof will be omitted.

[0050] Alignment films OPTOMER™ AL 1054 (products
of ISR Corporation) made of soluble polyimide were formed
on a TFT substrate and a CF substrate by a flexo printing
method, and was burned for one hour in an oven at a
temperature of 180° C. Thus, alignment films having a
thickness of 70 nm were obtained. A material of the align-
ment film which was used is not restricted but any alignment
film for aligning a liquid crystal through a rubbing treatment
may be used.

[0051] In the present example, the TFT substrate and the
CF substrate which are provided with the alignment film was
subjected to the rubbing treatment once with an amount of
deformation of 0.4 mm, a revolution of roller of 400 rpm and
a stage moving speed of 15 mm/s by means of a roller having
a diameter of 130 mm, around which a rubbing cloth having
a staple length of 1.85 mm wrapped. At this time, the
rubbing strength L expressed in the Equation 3 was 73 mm.
The direction of the rubbing treatment will be described with
reference to FIGS. 4(a) to 4(c). FIG. 4(b) is a view showing
a section taken along the line B-B of FIG. 4(a), illustrating
superposition of the TFT substrate and the CF substrate. The
TFT substrate and the CF substrate which are completely
subjected to the rubbing treatment are superposed as shown
in an arrow M with corresponding points K and L coincident
with each other as shown in FIGS. 4(b) and 4(c). As shown
in an arrow D of FIG. 4(a), rubbing directions ¢-rpr and ¢pep
for the TFT substrate 18 and the CF substrate 19 were set to
be parallel with each other, that is, coincident with each
other to form an angle of 10 degrees with respect to the
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length-wise direction of pixel electrode when the TFT
substrate 18 is superposed on the CF substrate 19, and were
set such that a pretilt direction of the liquid crystal molecule
on the interface of the TFT substrate 18 and the liquid crystal
layer and that of the liquid crystal molecule on the interface
of the CF substrate 19 and the liquid crystal layer are
identical (parallel) to each other. The rubbing directions
¢, and ¢op imply directions in which the liquid erystal is
rotated when a voltage is applied (clockwise on the basis of
the TFT substrate 18 in FIG. 4) in a state in which the TFT
substrate 18 and the CF substrate 19 are superposed.

[0052] Furthermore, separators comprising polymer beads
were distributed onto one of the substrates, a seal material
was applied onto the outer periphery of a display region in
the other substrate leaving a part and both substrates were
stuck. Next, a liquid crystal having a dielectric anisotropy of
Ae=7.8 and An=0.079 was injected through a vacuum inject-
ing method by using, as an injecting port, a portion where
the seal material is not applied, and the injecting port was
sealed with an ultraviolet thermosetting type sealing mate-
rial. At this time, a panel gap (a gap between the TFT
substrate 18 and the CF substrate 19) was set to 4.2 um.

[0053] The average aligning direction 6, of the liquid
crystal layer of the liquid crystal panel is determined by the
equation (2) using a polarizing microscope having polariz-
ing plates in a cross nicole arrangement. While disposing the
liquid crystal panel onto the polarizing microscope and
rotating successively by 0.5 degree, each area Si wherein the
light is extinguished is determined in relation to each angle
6, by means of imaging with a CCD camera and succeeding
image processing. Thereafter, each area Si with each angle
6; is put into the equation (2) so as to determine the average
aligning direction 0, of the liquid crystal layer. The average
aligning direction 0, of the liquid crystal layer of the liquid
crystal panel thus fabricated was an angle of 10 degrees with
respect to the longitudinal direction of the pixel electrode.
Moreover, the aligning direction of the liquid crystal mol-
ecules in each pixel was set to 2.0 degree or less with respect
to the average aligning direction 0, of the liquid crystal
layer. With a driving circuit attached to the liquid crystal
panel, a voltage of amplitude 0.3 V is applied between the
pixel electrodes 3 and the opposed electrodes 4. The liquid
crystal panel thus being driven was interposed between two
polarizing plates having absorption axes orthogonal to each
other and the polarizing plates were rotated with the rela-
tionship between the polarizing plates maintained. Thus, an
intensity of a transmitted light was measured. As a result,
when the direction 0, of the absorption axis of one of the
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polarizing plates is 0.5 degree, the intensity of the transmit-
ted light was minimized. More specifically, when the voltage
amplitude between the pixel electrode 3 and the opposed
electrode 4 was 0.3 V, the average aligning direction 0, . (bk)
of the liquid crystal layer was 0.5 degree during black
display.

[0054] A polarizing plate having an absorption axis of 10
degrees was laminated to the TFT substrate 18 of the liquid
crystal panel.

[0055] Moreover, one of five polarizing plates having
absorption axes of 98 degrees, 99 degrees, 100 degrees, 101
degrees and 102 degrees was provided on the CF substrate
19.

[0056] Next, the driving circuit and the backlight were
combined with the liquid crystal panel, thereby the liquid
crystal display was formed. For the liquid crystal display
obtained as described above, a contrast ratio was measured.
At this time, an amplitude of a voltage to be applied between
the pixel electrode 3 and the opposed electrode 4 was set to
6 V and 0.3 V for white display and black display, respec-
tively. Hereinafter, an angle of view in an up and down
direction and an angle of view in a right and left direction are
measured and defined as an range of angles of a viewer’s
sight wherein a contrast ratio of white display to black
display being larger than 10:1 is observed. It should be noted
that the liquid crystal display is positioned so that the
longitudinal direction of the pixel electrode is set to an up
and down direction.

[0057] The contrast ratio shown in Table 1 indicates a
result of measurement at the vertical direction (at the right
angle to the frontal face) with respect to the liquid crystal
display. When the absorption axis of the polarizing plate
laminated to the CF substrate was 100 degrees (i.¢. orthogo-
nally to the absorption axis of the polarizing plate on the
TFT substrate), a high contrast ratio of 195:1 was obtained.
Moreover, when the absorption axis of the polarizing plate
on the TFT substrate was parallel with an initial average
aligning direction (i.e. average aligning direction without
applying voltages) 0, , of the liquid crystal layer and an angle
formed by the absorption axes of the polarizing plates on the
TFT and CF substrates was set to 90 degrees +2 degrees, a
high contrast ratio of 100:1 or more was obtained. Moreover,
as indicated in the Table 1, angles of view in an up and down
direction and in a right and left direction were set to a wide
range of 160 degrees or more and an excellent display
characteristic could be obtained without mura in a displayed
image.

TABLE 1

polarizing plate

rubbing  rubbing absorption absorption
angle of  angle of axis on the axis on the angle of view
strength of CF TFT CF TFT up right  “mura”
rubbing  substrate  substrate  substrate  substrate 6,, 06, contrast and and of
(mm) OCF(°) OTFI() ) ©) () (°) rnatio[-] down left  display
EMBODI- 73 10 98 10 10 =2 100 »>160  >160 No
MENT 1 99 155 »160  >160 No
100 195 »>160  >160 No
101 160 »160  >160 No

102 105 »>160  >160 No
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polarizing plate

rubbing rubbing  absorption absorption
angle of  angle of axis on the axis on the angle of view
strength of CF TFT CF TFT up right  “mura”
rubbing  substrate  substrate  substrate  substrate 6, 5 6. contrast and and of
(mm) ®CF (°) OTFT (") ®) © () (°) ratio[-] down left  display
EMBODI- TFT 10 10 98 10 10 =15 108 160 160 No
MENT 2 substrate 99 158 »160 160 No
120 100 205 160  »160 No
CF 101 170 »160 »160 No
substrate 102 112 >160  >160 No
60
EMBODI- 60 10 10 98 10 10 =2 76 »160  »160 No
MENT 3 99 117 »160 160 No
100 157 »160 160 No
101 152 »160 »160 No
102 108 »160 160 No
Com. 40 10 10 98 10 10 =35 60  »160 »160 No
Ex.1 99 90  »160 160 No
100 122 »160  »160 No
101 132 »160  »160 No
102 107 »160 150 No

voltage for displaying black: 0.3 V, voltage for displaying white: 6 V

[0058] As in the present embodiment, a liquid crystal
panel having aligning directions of a liquid crystal mol-
ecules in each pixel set to 2.0 degrees or less with respect to
the average aligning direction 6, of the liquid crystal layer
was interposed between polarizing plates having their
absorption axes almost orthogonal to each other. Conse-
quently, a liquid crystal display having a high contrast ratio
and a high display quality could be obtained.

[0059] In the present embodiment, the liquid crystal dis-
play in which the direction of absorption axis of the polar-
izing plate on TFT substrate 1s fixed to be in parallel to the
average aligning direction 0,. and the direction of the
absorption axis of the polarizing plate on CF substrate is
varied with in a range of +2 degree with respect to the
direction orthogonal to the average aligning direction 8, _has
been described. However, also in a liquid crystal display
wherein the direction of absorption axis of the polarizing
plate on CF substrate is fixed to be orthogonal to the average
aligning direction 0, and the direction of the absorption axis
of the polarizing plate on TFT substrate is varied with in a
range of 2 degree with respect to the parallel direction to
the average aligning direction 0, the advantage of this
embodiment could be attained. Moreover, even if the direc-
tion of the absorption axis of the polarizing plate on the CF
substrate is caused to approximate 10 degrees, i.e. parallel to
the average aligning direction, and the absorption axis of the
polarizing plate on the TFT substrate is provided almost
perpendicularly to the absorption axis of the polarizing plate
on the CF substrate, the same advantages can also be
obtained. These advantages can be similarly obtained in the
following embodiment.

Embodiment 2

[0060] In the present embodiment, alignment films on the
substrates were formed in the same manner as in EMBODI-
MENT 1. Then, a TFT substrate was subjected to a rubbing
treatment twice on the rubbing conditions of an amount of
deformation of 0.35 mm, a revolution of a roller of 500 rpm

and a stage moving speed of 20 mm/s. At this time, a rubbing
strength L was 120 mm. Moreover, the CF substrate was
subjected to the rubbing treatment once on the same condi-
tions as those of the TFT substrate. At this time, the rubbing
strength L was 60 mm. Other conditions of fabrication are
the same as those of EMBODIMEMENT 1.

[0061] The average aligning direction 6,_ of the liquid
crystal layer of the liquid crystal panel fabricated as
described above was almost 10 degrees with respect to the
length wise direction of the pixel electrode as shown in
Table 2. Moreover, aligning directions of the liquid crystal
molecules in each pixel were set to 1.5 degrees or less with
respect to the average aligning direction 6, of the liquid
crystal layer. A polarizing plate having an absorption axis of
10 degrees was provided on the TFT substrate of the liquid
crystal panel. Moreover, one of five polarizing plates having
absorption axes of 98 degrees, 99 degrees, 100 degrees, 101
degrees and 102 degrees were provided on the CF substrate.

[0062] In the same manner as in EMBODIMENT 1, next,
the driving circuit and the backlight were combined with the
liquid crystal panel, thereby the liquid crystal display was
formed. For the liquid crystal display thus obtained, a
contrast ratio was measured at a vertical direction (at the
right angle to the frontal face of the display). The result is
shown in the Table 1. When the absorption axis of the
polarizing plate on the TFT substrate was parallel with an
initial average aligning direction 8,. of the liquid crystal
layer and an angle formed by the absorption axes of the
polarizing plates on the TFT and CF substrates was set to 90
degrees £2 degrees, a high contrast ratio of 100:1 or more
was obtained. Moreover, as indicated in the Table 1, angles
of view in an up and down direction and in a right and left
direction were set to a wide range of 160 degrees or more
and an excellent display characteristic could be obtained
without mura in a display screen.

[0063] As in the present embodiment, a liquid crystal
panel having aligning directions of a liquid crystal mol-



US 2001/0038430 Al

ecules in each pixel set to 1.5 degrees or less with respect to
the average aligning direction 0, of the liquid crystal layer
was interposed between polarizing plates having their
absorption axes almost orthogonal to each other. Conse-
quently, a liquid crystal display having a high contrast ratio
and a high display quality could be obtained.

Embodiment 3

[0064] In the present embodiment, alignment films on the
substrates were formed in the same manner as in EMBDI-
MENT 1. Then, a TFT substrate and a CF substrate were
subjected to a rubbing treatment once on the rubbing con-
ditions of an amount of deformation of 0.35 mm, a revolu-
tion of roller of 1000 rpm and a stage moving speed of 40
mm/s. At this time, a rubbing strength L was 60 mm. Other
conditions of fabrication are the same as those of EMBODI-
MENT 1.

[0065] The average aligning direction 6,_ of the liquid
crystal layer of the liquid crystal panel fabricated as
described above was almost 10 degrees with respect to the
length wise direction of the pixel electrode as shown in
Table 1. Moreover, aligning directions of the liquid crystal
molecules in each pixel were set to 2 degrees or less with
respect to the average aligning direction 0,_ of the liquid
crystal layer. A polarizing plate having an absorption axis of
10 degrees was provided on the TFT substrate of the liquid
crystal panel. Moreover, one of five polarizing plates having
absorption axes of 98 degrees, 99 degrees, 100 degrees, 101
degrees and 102 degrees were provided on the CF substrate.

[0066] In the same manner as in EMBODIMENT 1, next,
the driving circuit and the backlight were combined with the
liquid crystal panel, thereby the liquid crystal display was
formed. For the liquid crystal display thus obtained, a
contrast ratio was measured at a vertical direction (at the
right angle to the frontal face of the display). The result is
shown in Table 1. When the absorption axis of the polarizing
plate on the TFT substrate was parallel with an initial
average aligning direction 0, _ of the liquid crystal layer and
an angle formed by the absorption axes of the polarizing
plates on the TFT and CF substrates were set to 89 degrees
to 92 degrees, a high contrast ratio of 100:1 or more was
obtained. Moreover, as indicated in the Table 1, angles of
view in an up and down direction and in a right and left
direction were set to a wide range of 160 degrees or more
and an excellent display characteristic could be obtained
without mura in a displayed image.

[0067] As in the present embodiment, a liquid crystal
panel having aligning directions of a liquid crystal mol-
ecules in each pixel set to 2 degrees or less with respect to
the average aligning direction 6, of the liquid crystal layer
was interposed between polarizing plates having their
absorption axes almost orthogonal to each other. Conse-
quently, a liquid crystal display having a high contrast ratio
and a high display quality could be obtained.

COMPARATIVE EXAMPLE 1

[0068] In the present comparative example, alignment
films on the substrates were formed in the same manner as
in EMBODIMENT 1. Then, both substrates were subjected
to a rubbing processing once on the rubbing conditions of an
amount of deformation of 0.35 mm, a roller rotating speed
of 250 rpm and a stage moving speed of 15 mm/s. At this
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time, a rubbing strength L was 40 mm. Other conditions of
fabrication are the same as those of EMBODIMENT 1.

[0069] The average aligning direction 6,_ of the liquid
crystal layer of the liquid crystal panel fabricated as
described above was almost 10 degrees with respect to the
longitudinal direction of the pixel electrode as shown in
Table 1. Moreover, aligning directions of the liquid crystal
molecules in each pixel were set to 3.5 degrees or less with
respect to the average aligning direction 6, of the liquid
crystal layer. A polarizing plate having an absorption axis of
10 degrees was provided on the TFT substrate of the liquid
crystal panel. Moreover, one of five polarizing plates having
absorption axes of 98 degrees, 99 degrees, 100 degrees, 101
degrees and 102 degrees were provided on the CF substrate.

[0070] Inthe same manner as in EMBODIMENT 1, next,
the driving circuit and the backlight were combined with the
liquid crystal panel, thereby the liquid crystal display was
formed. For the liquid crystal display thus obtained, a
contrast ratio was measured at a vertical direction (at the
light angle to the frontal face of the display). The result is
shown in Table 1. In the present comparative example, a
contrast ratio of 100:1 is attained only when the angle
formed by the absorption axes of the two polarizing plates
was 90 degrees to 92 degrees, and the contrast ratio itself
also has a smaller value than that in each of EMBODIMENT
1 to EMBODIMENT 3. In the case in which the angle
formed by the absorption axes of the two polarizing plates
was 92 degrees, an angle of view in a right and left direction
was 150 degrees, which is smaller than that in each of
EMBODIMENT 1 to EMBODIMENT 3.

Embodiment 4

[0071] In the present example, alignment films on the
substrates were formed in the same manner as in EMBODI-
MENT 1. Then, both substrates were subjected to a rubbing
treatment once on the rubbing conditions of an amount of
deformation of 0.40 mm, a revolution of roller of 500 rpm
and a stage moving speed of 20 mm/s. At this time, a rubbing
strength L was 68 mm.

[0072] With reference to FIGS. 5(a) to 3(c), a direction of
the rubbing treatment will be described. FIG. 5(b) is a view
showing a section taken along the line C-C in FIG. 5(a),
illustrating superposition of the TFT substrate and the CF
substrate. As illustrated in FIGS. 5(b) and 5(c), the TFT
substrate and the CF substrate which are completely sub-
jected to the rubbing processing are superposed as shown in
an arrow M such that corresponding points K and L are
coincident with each other. A rubbing direction of a rubbing
processing D was set to 15 degrees with respect to the
length-wise direction of the pixel electrode for the TFT
substrate ¢pppr and the CF substrate ¢, and orientation of
a liquid crystal which is obtained by the superposition of the
substrates was set to be antiparallel as shown in FIGS. 5(a)
to 5(c). That is, an aligning direction of liquid crystal
molecule adjacent to the electrode substrate and that of
adjacent to the counter substrate are identical, and a pletilt
direction of liquid crystal molecule adjacent to the electrode
substrate and that of adjacent to the counter substrate are
varied. Other conditions of fabrication are the same as those
of EMBODIMENT 1.

[0073] The average aligning direction 6,_ of the liquid
crystal layer of the liquid crystal panel fabricated as
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described above was almost 15 degrees with respect to the
length wise direction of the pixel electrode as shown in
Table 2. Moreover, aligning directions of the liquid crystal
molecules in each pixel were set to 2 degrees or less with
respect to the average aligning direction 6, of the liquid
crystal layer. A polarizing plate having an absorption axis of
15 degrees was provided on the TFT substrate of the liquid
crystal panel. Moreover, one of five polarizing plates having
absorption axes of 103 degrees, 104 degrees, 105 degrees,
106 degrees and 107 degrees provided on to the CF sub-
strate.

[0074] In the same manner as in EMBODIMENT 1, next,
the driving circuit and the backlight were combined with the
liquid crystal panel, thereby constituting the liquid crystal
display. For the liquid crystal display thus obtained, a white
display voltage was set to 6.5 V and a black display voltage
was set to 0.3V. Thus, a contrast ratio was measured. The
result is shown in Table 2. When the absorption axis of the
polarizing plate on the TFT substrate was parallel with an
initial average aligning direction 0, of the liquid crystal
layer and an angle formed by the absorption axes of the
polarizing plates on the TFT and CF substrates were set to
88 degrees to 92 degrees, a high contrast ratio of 100:1 or
more was obtained. Moreover, as indicated in Table 2,
angles of view in an up and down direction and in a right and
left direction were set to a wide range of 160 degrees or more
and an excellent display characteristic could be obtained
without mura in a display screen.

TABLE 2
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crystal display having a high contrast ratio and a high
display quality could be obtained.

Embodiment 5

[0076] In the present embodiment, alignment films on the
substrates were formed in the same manner as in EMBODI-
MENT 1. Then, both substrates were subjected to a rubbing
treatment once on the rubbing conditions of an amount of
deformation of 0.35 mm, a revolution of a roller 1000 rpm
and a stage moving speed of 20 mm/s. At this time, a rubbing
strength L was 119 mm.

[0077] Referring to directions of rubbing treatments, a
direction of the treatment in TFT substrate ¢TFT was set to
16 degrees and a direction of the treatment in CF substrate
¢cp Was set to 14 degrees, and an orientation of a liquid
crystal which is obtained by the superposition of the treated
substrates was set to be antiparallel as shown in FIG. 5.
Other conditions of fabrication are the same as those of
EMBODIMENT 1.

[0078] The average aligning direction 6, of the liquid
crystal layer of the liquid crystal panel fabricated as
described above was almost 15 degrees with respect to the
longitudinal direction of the pixel electrode as shown in the
Table 2. Moreover, the aligning directions of the liquid
crystal molecules in each pixel were set to 2 degrees or less
with respect to the average aligning direction 0, of the

polarizing plate

rubbing  rubbing absorption absorption
angle of  angle of axis on the axis on the angle of view
strength of CF TFT CF TFT up right  “mura”
rubbing  substrate  substrate  substrate  substrate ©,, 0 6, contrast and and of
(mm)  ®CF(°) @TFT (") ©) © () (°) ratio[-] down left  display
EMBODI- 68 15 15 103 15 15 22 101 >160  >160 No
MENT 4 104 156 >160  >160 No
105 190 >160  >160 No
106 165  >160  >160 No
107 105 >160 >160 No
EMBODI- 119 14 16 103 15 15 22 100 >160  >160 No
MENT 5 104 152 >160  >160 No
105 189 >160  >160 No
106 160 >160  >160 No
107 103 >160  >160 No
EMBODI- 286 15 15 103 15 15 22 101 >160 160 No
MENT 6 104 157 >160  >160 No
105 200 »160  >160 No
106 165 »160 160 No
107 110 >160  >160 No
Com. 327 15 15 103 15 15 215 103 >160 >160 Yes
Ex2 104 160 >160  >160 Yes
105 203 »160 160 Yes
106 166  >160  >160 Yes
107 111 >160  >160 Yes

voltage for displaying black: 0.3 V, voltage for displaying white: 6.5 V

[0075] As in the present embodiment, a liquid crystal
panel having aligning directions of liquid crystal molecules
in each pixel set to 2 degrees or less with respect to the
average aligning direction 6, of the liquid crystal layer was
interposed between polarizing plates having their absorption
axes almost orthogonal to each other. Consequently, a liquid

liquid crystal layer. A polarizing plate having an absorption
axis of 15 degrees was provided on the TFT substrate of the
liquid crystal panel. Moreover, one of five polarizing plates
having absorption axes of 103 degrees, 104 degrees, 105
degrees, 106 degrees and 107 degrees were provided on the
CF substrate.
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[0079] Inthe same manner as in EMBODIMENT 1, next,
the driving circuit and the backlight were combined with the
liquid crystal panel, thereby the liquid crystal display was
formed. For the liquid crystal display thus obtained, a
contrast ratio was measured at a vertical direction (at the
right angle to the frontal face of the display). As shown in
Table 2, consequently, the contrast ratio was high, that is,
100:1 or more without depending on an angle of an absorp-
tion axis of the polarizing plate provided on the CF sub-
strate. Moreover, as indicated in Table 2, angles of view in
an up and down direction and in a right and left direction
were set to a wide range of 160 degrees or more and an
excellent display characteristic could be obtained without
mura in a displayed image.

[0080] As in the present embodiment, a liquid crystal
panel in which directions of aligning treatments of the TFT
substrate and the CF substrate are almost parallel with each
other and having aligning directions of liquid crystal mol-
ecules in each pixel set to 2 degrees or less with respect to
the average aligning direction 0, of the liquid crystal layer
was interposed between polarizing plates having their
absorption axes almost orthogonal to each other. Conse-
quently, a liquid crystal display having a high contrast ratio
and a high display quality could be obtained.

Embodiment 6

[0081] In the present embodiment, alignment films on the
substrates were formed in the same manner as in EMBODI-
MENT 1. Both substrates were subjected to a rubbing
treatment once on the rubbing conditions of an amount of
deformation of 0.35 mm, a revolution of a roller of 1200 rpm
and a stage moving speed of 10 mm/s. At this time, a rubbing
strength L was 286 mm.

[0082] Referring to directions of rubbing treatments, both
a TFT substrate ¢prer and a CF substrate ¢ were set to 15
degrees, and orientations of a liquid crystal which are
obtained by the superposition of treated substrates were set
to be antiparallel as shown in FIG. 5. Other conditions of
fabrication are the same as those of EMBODIMENT 1.

[0083] The average aligning direction 0, of the liquid
crystal layer of the liquid crystal panel fabricated as
described above was almost 15 degrees with respect to the
length wise direction of the pixel electrode as shown in
Table 2. Moreover, the aligning direction of the liquid
crystal molecules in each pixel were set to 2 degrees or less
with respect to the average aligning direction 0, of the
liquid crystal layer. A polarizing plate having an absorption
axis of 15 degrees was provided on the TFT substrate of the
liquid crystal panel. Moreover, one of five polarizing plates
having absorption axes of 103 degrees, 104 degrees, 105
degrees, 106 degrees and 107 degrees were provided on the
CF substrate.

[0084] 1In the same manner as in EMBODIMENT 1, next,
the driving circuit and the backlight were combined with the
liquid crystal panel, thereby the liquid crystal display was
formed. For the liquid crystal display thus obtained, a
contrast ratio was measured at a vertical direction (at the
right angle to the frontal face of the display). The result is
shown in Table 2. The contrast ratio had a high value, that
is, 100:1 or more without depending on an angle of an
absorption axis of the polarizing plate provided on the CF
substrate. Moreover, as indicated in Table 2, angles of view
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in an up and down direction and in a right and left direction
were set to a wide range of 160 degrees or more and an
excellent display characteristic could be obtained without
mura in a display screen.

[0085] As in the present embodiment, a liquid crystal
panel having aligning direction of liquid crystal molecules in
each pixel set to 2 degrees or less with respect to the average
aligning direction 6, of the liquid crystal layer was inter-
posed between polarizing plates having their absorption axes
almost orthogonal to each other. Consequently, a liquid
crystal display having a high contrast ratio and a high
display quality could be obtained.

COMPARATIVE EXAMPLE 2

[0086] Inthe comparative example, alignment films on the
substrates were formed in the same manner as in embodi-
ment 1. Both substrates were subjected to a rubbing treat-
ment once on the rubbing conditions of an amount of
deformation of 0.40 mm, a revolution of a roller of 1200 rpm
and a stage moving speed of 10 mm/s. At this time, a rubbing
strength L was 327 mm.

[0087] Other conditions of fabrication are the same as
those of EMBODIMENT 6. The average aligning direction
6,. of the liquid crystal layer of the liquid crystal panel
fabricated as described above was almost 15 degrees with
respect to the longitudinal direction of the pixel electrode as
shown in Table 2. Moreover, the aligning directions of the
liquid crystal molecules in each pixel were set to 1.5 degrees
or less with respect to the average aligning direction 0,  of
the liquid crystal layer. A polarizing plate having an absorp-
tion axis of 15 degrees was laminated to the TFT substrate
of the liquid crystal panel. Moreover, one of five polarizing
plates having absorption axes of 103 degrees, 104 degrees,
105 degrees, 106 degrees and 107 degrees were laminated to
the CF substrate.

[0088] 1In the same manner as in EMBODIMENT 6, next,
the driving circuit and the backlight were combined with the
liquid crystal panel, thereby the liquid crystal display was
formed. For the liquid crystal display thus obtained, a
contrast ratio was measured at a vertical direction (at the
right angle to the frontal face of the display). As shown in
Table 2, consequently, the contrast ratio could have a high
value that is, 100:1 or more without depending on an angle
of an absorption axis of the polarizing plate provided on the
CF substrate. Moreover, as indicated in Table 2, angles of
view in an up and down direction and in a right and left
direction were set to a wide range of 160 degrees or more
and an excellent display characteristic could be obtained.
However, stripe-shaped mura parallel with the direction of
the rubbing treatment was observed in a displayed image so
that an excellent display characteristic could not be
obtained.

[0089] As in the comparative example, when the rubbing
strength L was set to 300 mm or more, mura on the screen
became remarkable. Consequently, the liquid crystal display
had a display quality deteriorated.

Embodiment 7

[0090] In the present embodiment, a liquid crystal panel
was fabricated on the same conditions as those of EMBODI-
MENT 5. With a driving circuit attached to the liquid crystal
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panel, a voltage of amplitude 1.0 V is applied between the
pixel electrodes 3 and the opposed electrodes 4, and an
average aligning direction 6, (bk) of a liquid crystal layer
was measured during black display in the same manner as in
EMBODIMENT 1. As a result, when the direction 6, of the
absorption axis of one of the polarizing plates is set to 17.5
degree, the intensity of the transmitted light was minimized.
More specifically, when the voltage amplitude between the
pixel electrode and the opposed electrode was 1 V, the
average aligning direction 0, (bk) of the liquid crystal layer
was 17.5 degrees during black display.

[0091] Next, polarizing plates having combinations of the
directions 6, and 8, of the absorption axes of 16 degrees
and 106 degrees, 17 degrees and 107 degrees, 18 degrees
and 108 degrees, and 19 degrees and 109 degrees were
laminated to a liquid crystal panel fabricated on the same
conditions. Then, the driving circuit and a backlight were
combined with the liquid crystal panel, thereby a liquid
crystal display was formed in the same manner as in
EMBODIMENT 1.

[0092] For the liquid crystal display obtained as described
above, a contrast ratio was measured. At this time, an
amplitude of a voltage to be applied between the pixel
electrode 3 and the opposed electrode 4 was set to 6.5 V and
1 V for white display and black display, respectively. An
angle of view in an up and down direction and an angle of
view in a right and left direction are measured and defined
as an range of angles of a viewer’s sight wherein a contrast
ratio of white display to black display being larger than 10:1
is observed. It should be noted that the liquid crystal display
is positioned so that the longitudinal direction of the pixel
electrode is set to an up and down direction.

[0093] As shown in Table 3, consequently, a high contrast
ratio of 100:1 or more was obtained for all combination of
the polarizing plates. Moreover, as indicated in Table 3,
angles of view in an up and down direction and in a right and
left direction were set to a wide range of 160 degrees or more
and an excellent display characteristic could be obtained
without mura in a displayed image.

TABLE 3

tion axis of one of the polarizing plates is almost parallel
with the average aligning direction 0, (bk) of the liquid
crystal layer during the black display. Consequently, a liquid
crystal display having a high contrast ratio, a sharp volt-
age—transmitted light intensity characteristic and a high
display quality could be obtained.

COMPARATIVE EXAMPLE 3

[0095] The conditions of fabrication of a liquid crystal
panel to be used for the present comparative example is the
same as that in the seventh embodiment. Polarizing plates
having combinations of the directions 6,, and 6, of the
absorption axes of 15 degrees and 105 degrees, and 20
degrees and 110 degrees were laminated to the liquid crystal
panel thus fabricated. Then, the driving circuit and a back-
light were combined with the liquid crystal panel, thereby a
liquid crystal display was formed in the same manner as in
EMBODIMENT 7. For the liquid crystal display thus
obtained, a contrast ratio was measured at a vertical direc-
tion (at the right angle to the frontal face of the display).

[0096] As shown in Table 3, consequently, the contrast
ratio has a small value of 100:1 or less without depending on
the angles of the absorption axes of the polarizing plates. On
the other hand, large angles of view, that is, viewing angle
of 160 degrees or more was obtained in an up and down
direction and in a right and left direction.

[0097] As in the present comparative example, when a
liquid crystal panel having aligning directions of liquid
crystal molecules in each pixel set to 2 degrees or less with
respect to the average aligning direction 6, of the liquid
crystal layer was interposed between polarizing plates hav-
ing their absorption axes almost orthogonal to each other in
such a state that the directions of the absorption axes of the
polarizing plates are shifted, by more than 2 degrees, from
the average aligning direction 6, (bk) of the liquid crystal
layer during the black display, a contrast ratio of the liquid
crystal display was decreased.

[0098] The forgoing is considered as illustrative only of
the principle of the invention. Further, because numerous

polarizing plate

rubbing  rubbing  absorption absorption
angle of  angle of axis on the axis on the angle of view
strength of CF TFT CF TFT LI up right  “mura”
rubbing  substrate  substrate  substrate  substrate 6,, 86,. (bk) contrast and and of
(mm) @®CF(°) ®TFT (") @) © )y ) (O nrtio[-] down left  display
EMBODI- 119 15 15 106 16 15 =2 175 119  >160 >160 No
MENT 7 107 17 197 >160  >160 No
108 18 239 »160  >160 No
109 19 167 >160  >160 No
Com. 119 15 15 105 15 15 =2 175 70 >160  >160 No
Ex.3 110 20 97  >160 >160 No

voltage for displaying black: 1.0 V, voltage for displaying white: 6.5 V

[0094] As in the present embodiment, a liquid crystal
panel having aligning directions of liquid crystal molecules
in each pixel set to 2 degrees or less with respect to the
average aligning direction 6, of the liquid crystal layer was
interposed between polarizing plates having their absorption
axes almost orthogonal to each other such that the absorp-

modifications and changes will readily occur to those skilled
in the art, it is not desired to limit the invention to the exact
construction and operation shown and described, and
accordingly all suitable modifications and equivalents may
be resorted to falling within the scope of the invention as
defined by the claims which follow.
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What is claimed is:
1. Aliquid crystal display comprising: a pair of substrates,
at least one of which is transparent;

a liquid crystal layer being interposed between said pair of
substrates; electrodes for applying an electric field to
liquid crystal molecules in said liquid crystal layer;

active switching elements connected with said electrodes;

an alignment film being formed on a surface of at least
one of said pair of substrates, said surface being con-
tacted with said liquid crystal layer; and

an optical device for controlling a transmission of light in
cooperation with alignment of said liquid crystal mol-
ecules in each pixel, said means being located on at
least one said pair of substrates;

wherein an aligning direction of each liquid crystal mol-
ecule in each pixel is ranged between -2 degrees to +2
degrees with respect to an average aligning direction
6 _of said liquid crystal layer.

2. The liquid crystal display of claim 1, wherein said
alignment film which is formed on at least one of said pair
of substrates is made of organic substance and subjected to
an alignment treatment by means of a rubbing treatment.

3. The liquid crystal display of claim 2, wherein a rubbing
strength (L) of said rubbing treatment is represented as
follows:

L=NxI (14+2n+n/(60V))

wherein N represents the number of times of rubbing, 1,
represents an amount of deformation of rubbing cloth
[mm], r represents a radius of a roller [mm], n repre-
sents the number of revolution of the roller [rpm] and
V represents a stage moving speed [mm/s]; and
wherein said strength (L) is at least 50 mm.
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4. The liquid crystal display of claim 1, wherein said
aligning direction of said each liquid crystal molecule in an
interface between one of said pair of substrates and said
liquid crystal layer is substantially identical to said aligning
direction of said each liquid crystal molecule in an interface
between the other one of said pair of substrates and said
liquid crystal layer.

5. The liquid crystal display of claim 1, wherein said
optical device is a pair of polarizing plates, each of said pair
of polarizing plates being arranged outside each of said pair
of substrates, an absorption axis of one of said pair of
polarizing plates is substantially perpendicular to another
absorption axis of the other one of said pair of polarizing
plates.

6. The liquid crystal display of claim 5, wherein a
direction 6 of said absorption axis of a polarizing plate of
said pair of polarizing plates which is closer to an observer
and an average aligning direction 0, of said liquid crystal
have a relation of |0,|-2°23 [0,,|=0, |+3°, or a direction
6 ,of said absorption axis of the other polarizing plate which
is more distant from said observer and the average aligning
direction 6,_ of said liquid crystal have a relation of |6, |-
2°510,,=6,[+3°.

7. The liquid crystal display of claim 5, wherein said
direction 8, of said absorption axis of a polarizing plate of
said pair of polarizing plates which is closer to an observer
or said direction 0, of said absorption axis of the other
polarizing plate which is more distant from said observer is
substantially equal to an average aligning direction 8, _ (bk)
in said liquid crystal layer during black display.
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