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600 13th Street, N.W. A liquid crystal display device comprises two substrates
Washington, DC 20005-3096 (US) (111, 134), two electrodes (115, 133) arranged between the
substrates (111, 134), a liquid crystal layer (120) disposed
between the electrodes (115, 133) and having a retardation
(73) Assignee: Matsushita Electric Industrial Co.,  When giving a black display, and retardation layers (116,
Ltd. 132) positioned between the liquid crystal layer (120) and
the substrates (111, 134). The sum of the retardation value of
(21) Appl. No.: 10/107,413 the liquid crystal layer (120) and the retardation values of the
retardation layers (116, 132) is approximately zero for light
incident on the substrate (134) when a voltage for giving the
(22) Filed: Mar. 28, 2002 black display is applied across the electrodes (115, 133).
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal dis-
play device, and more particularly to those of OCB (opti-
cally compensated birefringence) liquid crystal mode.

BACKGROUND ART

[0002] Liquid crystal panels are in wide use as monitors
for word processors, computers and the like, as TV sets of
the projection type, portable compact TV sets and as light
controlling devices such as optical switching devices. Typi-
cal of liquid crystal panels are those incorporating a twisted
nematic (TN) liquid crystal or vertically aligned (VA) liquid
crystal.

[0003] On the other hand, the publication of U.S. Pat. No.
4,556,758 (hereinafter referred to as “publication No. 758”)
discloses a pi cell (or m cell) which is responsive to varia-
tions in the external electric field at a higher speed than
conventional liquid crystal materials, namely, which is as
high as about 2 msec in switching speed, so that research and
development efforts are made in recent years for the appli-
cation of such cells to devices for displaying motion video
pictures. The liquid crystal panel wherein the pi cell is used
is termed a liquid crystal panel of OCB liquid crystal mode
(hereinafter referred to as an “OCB liquid crystal panel”).

[0004] FIGS. 5, (¢) and (b) are sectional views schemati-
cally showing a liquid crystal display device comprising an
OCB liquid crystal panel. The OCB liquid crystal panel 500
comprises an emergent-side substrate assembly 510 com-
posed of a glass substrate 511, a transparent electrode 512
and an alignment film 513; an incident-side substrate assem-
bly 530 composed of an alignment film 531, a transparent
electrode 532 and a glass substrate 533; and a liquid crystal
layer 520 sandwiched between these substrate assemblies
and having liquid crystal molecules 521 which are brought
into a bend alignment when subjected to an initialization
voltage by a power source (not shown). The OCB liquid
crystal panel 500 is further sandwiched between a polarizer
501 and a retardation film 502 which are on the emergent
side, and a polarizer 504 and a retardation film 503 which are
on the incident side to provide a liquid crystal cell for giving
displays. The two polarizers 501, 504 are arranged with their
polarizing axes positioned orthogonal to each other. (This
arrangement will hereinafter be referred to as a “cross Nicol”
arrangement.)

[0005] FIG. 5,a) shows the display device in a state
obtained by applying an initialization voltage (about 25 V)
in the form of pulses across the transparent electrodes 512
and 532 to bring the liquid crystal molecules 521 into a bend
alignment and thereafter applying a relatively low voltage
(about 2.5 V) thereacross. When incident light L1 having no
particular polarization properties is incident on the indent-
side substrate assembly 530, the light passing through the
polarizer 504 becomes linearly polarized light, which is
incident on the liquid crystal layer 520. The light linearly
polarized by the polarizer 504 undergoes birefringence when
passing through the liquid crystal layer 520 in the bend
alignment state, whereby a phase difference occurs in the
light to elliptically polarize the light. Accordingly, in the
case where a voltage is applied across the transparent
electrodes 512 and 532 so that the light passing through the
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liquid crystal layer 520 is rotated through approximately 90
degrees about the polarizing axis of the polarizer 504 to
become linearly polarized light, the light almost entirely
passes through the polarizer 501 which is arranged in the
cross Nicol relation with the polarizer 504, and is output as
emergent light [.2. The state shown in FIG. 5, (a) corre-
sponds to a display of “white”, which is termed a “normally
white display”.

[0006] Next, when a voltage (about 7.0 V) higher than the
above-mentioned low voltage is applied across the transpar-
ent electrodes 512 and 532, the liquid crystal molecules 521
are altered in alignment in accordance with the external
electric field. FIG. 5, (b) shows a state obtained when a
predetermined voltage is applied across the transparent
electrodes 512 and 532 so that the liquid crystal molecules
521 in the central portion of the layer 520 are aligned
perpendicular to the glass substrate 511, etc. The molecules
521 in the central portion of the liquid crystal layer 520 are
almost all oriented in a direction perpendicular to the glass
substrate 511, etc., whereas the liquid crystal molecules 521
in the vicinity of the boundary between the layer 520 and the
alignment film 513 or 531 are generally parallel to, or
inclined at an angle of several degrees to about 30 degrees
with, the glass substrate 511, etc. due to the restraining force
of the interface. When light L1 is incident on the incident-
side substrate assembly 530 in this state, the incident light
L1 is linearly polarized by the polarizer 504 as in the
foregoing case, but the passage of the light through the
liquid crystal layer 520 produces little or no phase differ-
ence. Accordingly, the polarization plane of the light passing
through the layer 520 remains nearly orthogonal to the
polarizing axis of the polarizer 501, and the light is unable
to pass through the plate 501. This state shown in FIG. 5, (b)
corresponds to a display of “black”.

[0007] The alignment of the liquid crystal molecules 521
can be altered by varying the level of the voltage to be
applied across the transparent electrodes 512 and 532. This
varies the phase difference of the light passing through the
liquid crystal layer 520 in accordance with the applied
voltage to vary the long-axis direction of elliptical polariza-
tion and vary the quantity of light passing through the
polarizer 501. Consequently, the OCB liquid crystal panel
500 is made usable as a multigradation display panel.

[0008] In actuality, components other than the liquid crys-
tal layer 520 cause rotation of the polarization plane. The
liquid crystal display device usually comprises the retarda-
tion films 502 and 503 which give a phase difference
opposite to the phase difference due to the liquid crystal
layer 520. In the state corresponding to the “black” display
shown In FIG. 5, (b), the device is so designed that the
overall phase difference resulting from the retardation films
502, 503 and the liquid crystal layer 520 is about zero
degree, namely, that the retardation value which corresponds
to the phase difference calculated as distance in view of the
wavelength is about 0 nm (nano-meter). For example, if the
retardation value of the liquid crystal layer 520 for the light
incident on the OCB liquid crystal panel 500 perpendicular
thereto 1s 80 nm, the retardation films 502 and 503 are cach
designed to have a retardation value of —40 nm. In giving a
white display, the retardation value of the liquid crystal layer
520 due to birefringence is about 355 nm, and the liquid
crystal display device is then 275 nm (=-40 nm+355 nm-40
nm) in overall retardation. The OCB liquid crystal panel 500
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can be made to serve as a multigradation display panel by
varying this retardation in accordance with the voltage to be
applied across the transparent electrodes 512 and 532.

[0009] Since the retardation value is in proportion to the
optical path length which is the distance light travels, the
light obliquely incident on the plane of the OCB liquid
crystal panel 500 is longer than the light impinging thereon
perpendicular thereto in the optical path length inside the
panel 500 and greater in retardation value than is the case
with the perpendicular incident light. Accordingly, the
refractive index of the retardation films 502 and 503 is so
designed as to have a three-dimensional distribution, such
that the overall retardation value of the liquid crystal layer
520 and the retardation films 502, 503 is zero also for
oblique light in the state shown in FIG. §, (b).

[0010] Tt is common practice to dispose the retardation
film 503 for the incident light L1 and the retardation film 502
for the emergent light .2 for optical compensation as stated
above so as to eliminate leakage of light and obtain
improved contrast for the black display.

[0011] However, the OCB liquid crystal panel 500 has a
multilayer structure which involves multi-reflection at the
interfaces between the component layers, there exists an
optical path which is not zero in overall retardation even in
the state of black display shown in FIG. 5, (b), light leaks
from the polarizer 501, hence the resulting problem of lower
contrast.

[0012] The usual optical path is such that the incident light
L1 passes through the incident-side substrate assembly 530,
the liquid crystal layer 520 and the emergent-side substrate
assembly 510 and emerges as the emergent light L2. As
disclosed in the publication of PCT/WO No.01/09673 (here-
inafter referred to as “publication No. 673”), there exists
light Lt which passes through the liquid crystal layer 520
three times. For example, the light passing through the liquid
crystal layer 520 once is reflected at an ITO surface, a color
filter layer surface or a black matrix surface (none of these
shown) of the emergent-side substrate assembly 510, returns
to the liquid crystal layer 520, is further reflected, for
example, from an ITO or wiring of the incident-side sub-
strate assembly 530, impinges on the liquid crystal layer 520
again and emerges from the emergent side. When a black
display is provided, the light thus internally reflected is
subjected to birefringence by the incident-side retardation
film 503 once, by the liquid crystal layer 520 three times and
by the emergent-side retardation film 502 once. The OCB
liquid crystal panel 500 is usually so designed as to give the
black display when light is subjected to birefringence by the
incident-side retardation film 503 once, by the liquid crystal
layer 520 once and by the emergent-side retardation film 502
once. In the above-mentioned case of internal reflection,
therefore, the overall optical path is other than zero in
retardation value because the light passes through the liquid
crystal layer 520 twice excessively, with the result that the
internally reflected light passes through the polarizer 501 to
emerge as the emergent light 1.2, consequently failing to
give a satisfactory black display on the screen of the panel
500 and entailing impaired contrast. The liquid crystal layer
520 and the retardation films 502, 503 give the light Lt in the
foregoing case a retardation value of 160 nm (=-40 nm+80
nmx3-40 nm) which is other than the retardation value of (0
nm) primarily desired for providing the black display.
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[0013] Although this problem will be encountered, for
example, in the TN liquid crystal mode or VA liquid crystal
mode in the case where front leakage of light is compensated
for by retardation films or the like, the problem becomes
especially pronounced with the OCB liquid crystal panel
wherein front leakage of light in the black display is com-
pensated for by the retardation film.

[0014] Inthe case where the light obliquely incident on the
OCB liquid crystal panel 500 is scattered, for example, by a
color filter layer and then impinges on the emergent-side
retardation film 502 perpendicular thereto, the retardation
value of the overall optical path is not zero but leakage of
light occurs to entail the problem of reduced contrast.

[0015] FIG. 6 shows the path of light obliquely incident
on the OCB liquid crystal panel 500 shown in FIG. 5. This
diagram shows the retardation film 502 and 503 but the other
layers including the liquid crystal layer 520 are omitted to
clearly show the path of light. The light along the optical
path L4 to LS first impinges on the retardation film 503 at an
angle of incidence of 81, is then incident on the liquid crystal
layer 520 (not shown in FIG. 6) from the retardation film
503 and thereafter passes through the liquid crystal layer at
an angle of transmission 02 with respect to the retardation
film 502. Subsequently, the light impinges on the retardation
film 502 from the liquid crystal layer and eventually emerges
from the retardation film 502 at the same angle as the angle
of incidence of 01 with the retardation film 502. Incidentally
as shown in FIG. 6, the angle of incidence 61 and the angle
of transmission 02 are each defined as an angle between the
light L and an axis perpendicular to the retardation film 502
or 503.

[0016] As described above, the refractive index of the
retardation films 502 and 503 is so designed that when light
passes through the optical path I.4 to L5, the overall retar-
dation value will be nearly zero. Thus,

al+2And1=0 (1)

[0017] wherein ol is the retardation value of the liquid
crystal layer 520 in the path [4 to LS, and An-dl is the
retardation value of the retardation film 502 or 503 in the
case where the retardation films 502 and 503 have the same
thickness, each have an optical path length of d1 and are
each An in the difference between refractive indices thereof
for normal light and abnormal light. Similarly, the refractive
index is so designed that the overall retardation value of the
path L6 to L7 for perpendicular light will be zero. Thus,

a+2And0=0 ©

[0018] wherein a0 is the retardation value of the liquid
crystal layer 520 in the path 16 to L7, and An-d0 is the
retardation value of the retardation film 502 or 503 when the
retardation films 502 and 503 cach have a thickness of d0.

[0019] For example, when the incident light L4 is scat-
tered at point A and emerges as an emergent light L7, the
overall retardation value R of the optical path L4 to L7 is
R=An-dl+0l1+An'd0, and R=An-(d0-dl) in view of the
above Equations (1) and (2). Accordingly, the overall retar-
dation value R of the path 1.4 to L7 is not zero, and the light
incident on the polarizer 501 is elliptically polarized light,
entailing leakage of light. Stated more specifically, the light
is scattered forwardly by the ITO, the color filter layer, the
overcoat layer, etc. of the emergent-side substrate assembly
510 while passing through the OCB liquid crystal panel 500,
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with a portion of light passing through the glass substrate
511 in a direction normal to the plane thereof. This light
portion passes through the retardation film 502 perpendicu-
lar thereto which retardation film is disposed externally of
the substrate 511 to thereby result in lower front contrast.
This phenomenon is also a problem unique to the OCB
liquid crystal mode wherein the front leakage of light
involved in the black display is compensated for by retar-
dation films.

[0020] Backlight is provided usually by a diffusion light
source in liquid crystal monitors, liquid crystal TV sets, etc.,
therefore naturally includes oblique incident light and
encounters the above problem, whereas even if a parallel
light source is used, the light is scattered variously while
passing through the incident-side substrate assembly, and a
portion of light will obliquely pass through the liquid crystal
panel. If this light portion emerges obliquely with respect to
the substrate, front contrast will not be impaired, but per-
pendicular emergence leads to reduced front contrast.

[0021] In the case where the contrast of liquid crystal
panels is defined as the ratio of the transmittance (quantity
of transmitted light) in giving the white display to the
transmittance (quantity of transmitted light) in giving the
black display, the front contrast of the liquid crystal cell in
the OCB liquid crystal mode wherein retardation films are
used is about 500 to about 800 in the case where the liquid
crystal panel comprises, for example, a glass substrate, an
alignment film, an ITO and liquid crystal. However, with
liquid crystal display panels comprising a retardation film, a
TFT, a color filter, etc. and fabricated for use as monitors or
TV sets, the contrast is as low as about 100 to about 200.

DISCLOSURE OF THE INVENTION

[0022] An object of the present invention is to provide a
liquid crystal display device wherein leakage of light is
diminished that would entail lower contrast in the OCB
liquid crystal mode described and which is useful for
realizing display panels and optical switching panels of high
contrast having a TFT and a color filter incorporated therein.

[0023] To fulfill the above object, the present invention
provides as a first feature thereof a liquid crystal display
device comprising two substrates, two electrodes arranged
between the substrates, a liquid crystal layer disposed
between the electrodes and having a retardation value when
giving a black display, and at least one retardation layer
positioned between the substrate and the liquid crystal layer,
the device being characterized in that the sum of the retar-
dation value of the liquid crystal layer and the retardation
values of the retardation layers is approximately zero for
light incident on the substrate when a voltage for giving the
black display is applied across the electrodes. The liquid
crystal display device is adapted to reduce the leakage of
light due to the internal reflection of the incident light when
giving the black display and to diminish the impairment of
front contrast. This feature makes it possible to provide
devices of very high contrast including liquid crystal moni-
tors, liquid crystal TV sets, display devices for use in
vehicles and portable display devices for mobile or portable
telephones. The invention also gives optical switching
devices higher contrast, therefore improved ON- and OFF-
characteristics and enhanced reliability.

[0024] Forexample, the liquid crystal layer can be a liquid
crystal layer comprising liquid crystal molecules in an OCB
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mode. The liquid crystal molecules in this mode are in a
splay alignment in the absence of applied voltage. Before
displaying images, the liquid crystal layer is subjected to an
initialization voltage for the transition to a bend alignment,
and the molecules in this bend alignment state provide
display of images.

[0025] Preferably, the liquid crystal display device of the
invention comprises two alignment films having the liquid
crystal layer sandwiched therebetween, and the above-men-
tioned at least one retardation layer is disposed adjacent to
the alignment film at one side thereof not in contact with the
liquid crystal layer.

[0026] Preferably the retardation layer is a color filter
layer.
[0027] The above-mentioned at least one retardation layer

is preferably an overcoat layer.

[0028] The above-mentioned at least one retardation layer
is preferably a flattening layer.

[0029] The above-mentioned at least one retardation layer
is preferably an alignment film.

[0030] Preferably, the liquid crystal display device com-
prises two retardation layers, each of the retardation layers
being disposed adjacent to each of the alignment films at one
side thereof not in contact with the liquid crystal layer.

[0031] Alternatively, the present invention provides as a
first feature thereof a liquid crystal display device compris-
ing two substrates, two electrodes arranged between the
substrates, and a liquid crystal layer disposed between the
electrodes and having a retardation when giving a black
display. The sum of the retardation value of the liquid crystal
layer and the retardation values of the electrodes is approxi-
mately zero for light incident on the substrate when a voltage
for giving the black display is applied across the electrodes.
This device has the same advantage as the foregoing device.

[0032] To fulfill the above object, the present invention
provides as a second feature thereof a liquid crystal display
device comprising two substrates, two electrodes arranged
between the substrates, a liquid crystal layer disposed
between the electrodes and having a retardation when giving
a black display, a retardation layer, and a color filter layer
disposed between the liquid crystal layer and the retardation
layer, the device being characterized in that the color filter
layer comprises a pigment dispersed therein, the pigment
being in the form of aggregate particles at least 0.01 um
(micro-meter) to not greater than 0.1 ym in size.

[0033] The liquid crystal display device according to the
second feature of the invention is adapted to reduce scat-
tering of oblique incident light toward the forward direction.
This feature makes it possible to provide devices of very
high contrast including liquid crystal monitors, liquid crystal
TV sets, display devices for use in vehicles and portable
display devices for mobile or portable telephones. The
invention also gives optical switching devices higher con-
trast, therefore improved ON- and OFF-characteristics and
enhanced reliability.

[0034] A color filter layer comprising a dye may be used
in place of the color filter layer comprising the dispersed
pigment, whereby the same advantage as the device of the
second feature is available.
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[0035] To accomplish the foregoing object, the present
invention provides as a third feature thereof a liquid crystal
display device comprising two substrates, two electrodes
arranged between the substrates, a liquid crystal layer dis-
posed between the electrodes and having a retardation when
giving a black display, a retardation layer, a backlight, and
light control means for controlling the direction of radiant
light from the backlight, the device being characterized in
that the light control means controls the direction of the
radiant light so that the total quantity of incident light having
an angle of incidence within the range of at least a prede-
termined angle to not greater than 90 degrees, with respect
to the direction of a normal to the first of the substrates
disposed closer to the backlight is less than the total quantity
of light having an angle of incidence with respect to said
direction of the normal within the range of at least 0 degree
to less than the predetermined angle, the predetermined
angle being at least 0 degree to not greater than 30 degrees.
The liquid crystal display device according to the third
feature of the invention is adapted to reduce the quantity of
light component in such a direction that will lead to impaired
front contrast. This feature makes it possible to provide
devices of very high contrast including liquid crystal moni-
tors, liquid crystal TV sets, display devices for use in
vehicles and portable display devices for mobile or portable
telephones. The invention also gives optical switching
devices higher contrast, therefore improved ON- and OFF-
characteristics and enhanced reliability.

[0036] Preferably, the light control means controls the
direction of the radiant light so that the total quantity of
incident light which is within the range of at least the
predetermined angle to not greater than 90 degrees in said
angle of incidence which is within a first plane containing
the direction of alignment of the liquid crystal and perpen-
dicular to the first substrate is less than the total quantity of
incident light which is within the range of at least the
predetermined angle to not greater than 90 degrees in said
angle of incidence which is within a second plane perpen-
dicular to the first plane and to the substrate.

[0037] Preferably, the light control means controls the
direction of the radiant light so that within a first plane
containing the direction of alignment of the liquid crystal
and perpendicular to the first substrate and within a second
plane perpendicular to the substrate and to the first plane, the
total quantity of incident light which is within the range of
at least the predetermined angle to not greater than 90
degrees in said angle of incidence is less than the total
quantity of incident light which is within the range of at least
0 degree to not greater than the predetermined angle in said
angle of incidence.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is a sectional view schematically showing
the construction of a liquid crystal display device according
to a first embodiment of the invention.

[0039] FIG. 2 is a sectional view schematically showing
the construction of a liquid crystal display device according
to a second embodiment of the invention.

[0040] FIG. 3 is a sectional view schematically showing
the construction of a liquid crystal display device according
to a third embodiment of the invention.
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[0041] FIG. 4 are graphs showing examples of distribu-
tions of angles at which light is incident on the liquid crystal
display device of the third embodiment of the invention.

[0042] FIG. 5 includes sectional views schematically
showing the construction of a conventional liquid crystal
display device, (a) and (b) showing a white display state and
a black display state, respectively.

[0043] FIG. 6 is a diagram for illustrating leakage of lLight
due to scattering in the interior of the liquid crystal display
device.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0044] Embodiments of the present invention will be
described below with reference to the drawings.

Embodiment 1

[0045] FIG. 1 is a sectional view schematically showing
the construction of a liquid crystal display device according
to a first embodiment of the invention. The liquid crystal
display device according to this embodiment comprises a
liquid crystal panel 100 and polarizers 101 and 102. The
liquid crystal panel 100 comprises an emergent-side sub-
strate assembly 110 composes of a glass substrate 111, a
black matrix 112, a color filter layer 113, an overcoat layer
114, a transparent electrode 115, a retardation layer 116 and
an alignment film 117; an incident-side substrate assembly
130 composed of an alignment film 131, a retardation layer
132, a transparent electrode 133 and a glass substrate 134;
and a liquid crystal layer 120 sandwiched between these
substrate assemblies and comprising liquid crystal mol-
ecules 121 to be brought into a bend alignment by being
subjected to an initialization voltage. The liquid crystal
panel 100 is sandwiched between the two polarizers 101 and
102. These two polarizers 101 and 102 are arranged in a
cross Nicol relation. In the case where the liquid crystal
panel is of the active matrix type, the incident-side substrate
assembly 130 comprises a TFT (not shown).

[0046] As in FIG. 5, the light L1 incident on the polarizer
102 passes through the panel in the order of the incident-side
substrate assembly 130, the liquid crystal layer 120 and the
emergent-side substrate assembly 110, and the quantity of
emergent light [.2 to be output is controlled by the voltage
applied across the transparent electrodes 115 and 133. The
refractive index distribution of the retardation layers 116 and
132 is so designed that the overall retardation value for the
light passing through the retardation layer 132, the liquid
crystal layer 120 and the retardation layer 116 cach once will
be nearly zero when the black display is provided.

[0047] The foregoing definition of contrast indicates that
the quantity of transmitted light for giving the black display
exerts the greatest influence on contrast, so that the quantity
of light when giving the black display will be described
below. The arrangement of liquid crystal molecules 121
shown in FIG. 1 is an alignment state resulting from the
application of a voltage higher than in the normally white
display mode to produce the black display. As in the state
shown in FIG. 5, the liquid crystal molecules 121 in the
central portion of the liquid crystal layer 120 are almost all
oriented in a direction perpendicular to the glass substrate
111, etc., whereas the liquid crystal molecules 121 in the
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vicinity of the interface between the layer 120 and the
alignment film 117 or 131 are generally parallel to, or
inclined at an angle of several degrees to about 30 degrees
with, the glass substrate 111, etc. due to the restraining force
of the interface.

[0048] A case of internal reflection will be considered.
Suppose the light Lt passing through the liquid crystal layer
120, the retardation layer 116, etc. is reflected at the interface
between the overcoat layer 114 and the color filter layer 113,
passes through the retardation layer 116, the liquid crystal
layer 120, etc. again, is reflected at the interface between the
retardation layer 132 and the transparent electrode 133 of the
incident-side substrate assembly 110, passes through the
emergent-side substrate assembly 110 and emerges from the
polarizer 101. The light L1 to be emergent after being
reflected twice inside the liquid crystal panel 100 in this case
passes through the liquid crystal layer 120 three times, the
retardation layer 132 three times and the retardation layer
116 three times, whereas since each of the retardation layers
116, 132 is positioned between the liquid crystal layer 120
and the glass substrate 111 or 134, the overall retardation
value given to the light Lt by these components is approxi-
mately zero. Thus, in giving the black display, the light
passing through the optical path involving internal reflection
twice is almost unlikely to emerge from the polarizer 101
like the light not reflected internally to obviate the reduction
of front contrast.

[0049] According to the publication No. 673 wherein a
black matrix is provided for cutting the light Lt inside the
liquid crystal display device, the portion of light Lt not
impinging on the black matrix upon reflection inside the
liquid crystal panel 100 will emerge as leak light, whereas
the present embodiment, unlike the device of the publication
No. 673, is adapted to suppress the emergence of the light
reflected inside the panel 100 as leak light regardless of the
presence or absence of the black matrix or of the position
thereof.

[0050] Stated more specifically, the quantity of light to be
transmitted when giving the black display can be effectively
reduced to fully diminish the impairment of front contrast if
the combined retardation value of the retardation layers 116
and 132 is at least about 10 nm to not greater than 120 nm
and further when the retardation value of each of the
retardation layers 116 and 132 is at least about 5 nm to not
greater than 60 nm.

[0051] When the liquid crystal display device according to
the present embodiment is fabricated as a display panel
comprising a TFT, a color filter, etc., for actual use as a
monitor or TV set, a front contrast value of about 300 can be
realized.

[0052] Although reflection at the interface between the
overcoat layer 114 and the color filter layer 113 and at the
interface between the retardation layer 132 and the trans-
parent electrode 133 has been described above, the internal
reflection occurs at almost all the interfaces between the
component layers. With the liquid crystal panel 100 shown
in FIG. 1, however, the light reflected at any of the inter-
faces between the retardation layer 116 and the polarizer 101
and reflected at any of the interfaces between the retardation
layer 132 and the polarizer 102 always passes through the
liquid crystal layer 120, and the retardation layers 116 and
132 the same number of times, so that the overall retardation
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value of the optical path is approximately zero. Thus, the
light internally reflected when giving the black display is
almost unlikely to emerge from the polarizer 101. This
diminishes the impairment of front contrast.

[0053] 1In contrast with the internal reflection occurring
twice as described above, the incidence of reflection occur-
ring an even number of times of at least four times is low and
the quantity of light involved is small, but the overall
retardation value of the optical path in such a case is also
approximately zero.

[0054] Although it is most preferable to position the
retardation layers 116 and 132 adjacent to the respective
alignment films 117 and 131 as shown in FIG. 1 so that an
overall retardation value of about zero will be available in
the largest number of internal reflection modes, the retarda-
tion layer may be provided between the transparent elec-
trode 115 and the substrate 111 or between the electrode 133
and the substrate 134. The overall retardation value of the
optical path in this case will not be about zero for the light
reflected at interfaces between the retardation layers 116 and
132, whereas the overall retardation value of the optical path
will be about zero for the light reflected at interfaces which
are positioned externally of the compensators 116 and 132,
hence the advantage of diminished leakage of light.

[0055] With the embodiment described above, the retar-
dation layers 116 and 132 are each in the form of a single
layer, but these layers may each comprise a plurality of
layers.

[0056] The optical retardation layers 116 and 132 need not
always be arranged symmetrically about the liquid crystal
layer 120. For example, the retardation layer 116 may be
interposed between the transparent electrode 115 and the
alignment film 117, with the retardation layer 132 disposed
between the transparent electrode 133 and the substrate 134.

[0057] While the alignment films 117 and 131 act to align
the liquid crystal molecules of the liquid crystal layer 120 in
a specified direction, these films 117 and 131 can be given
birefringence characteristics for the adjustment of the dis-
tribution of refractive index so as to serve the whole or part
of the function of the retardation layers 116 and 132 of
compensating for the retardation due to the liquid crystal
layer 120. Since the number of interfaces serviceable as
reflecting planes then decreases, this modification produces
a greater effect in reducing the leakage of light than when the
retardation layers 116 and 132 are provided independently of
the alignment films 117 and 131.

[0058] Similarly, the function of the retardation layers 116
and 132 can wholly or partly be given to the color filter layer
113 for imparting colors to the light passing through the
liquid crystal layer 120, the transparent electrodes 115 and
133 provided on the respective glass substrates 111 and 134,
the overcoat layer 114 covering the glass substrate 111, a
flattening layer (not shown, see the publication of JP-A No.
2000-321588, FIG. 8) sandwiched between the transparent
electrode 133 (or 115) and scanning signal wiring (not
shown) and video signal wiring (not shown) so as to provide
the scanning signal wiring and the video signal wiring, and
the electrode 133 (or 115) in different layers, the glass
substrates 111 and 134, or a combination of such compo-
nents.

[0059] Tt is also possible to insert layers of plastic or like
resin or high-molecular-weight liquid crystal, or liquid crys-
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tal molecules other than those in the bend alignment and to
be driven, into the panel anew and give the inserted layers
the function of the retardation layers 116 and 132.

[0060] Although the structure shown in FIG. 1 includes
the black matrix 112 and the color filter layer 113, these
components can be dispensed with, or the two glass sub-
strates 111 and 134 can be replaced by thin films of plastic
or the like or components in film shape.

[0061] The publication of JP-A No. 1996-104609 (here-
inafter referred to as “publication No. 609”) also discloses a
liquid crystal display device comprising a polarizer, a glass
substrate, a retardation film and liquid crystal which are
arranged in superposed layers in this order. However, pub-
lication No. 609 discloses or suggests nothing about retar-
dation, nor does the publication disclose or suggest anything
about the problem of the leakage of light due to internal
reflection that would occur if the liquid crystal layer has a
retardation when giving the black display.

Embodiment 2

[0062] FIG. 2 is a sectional view schematically showing
the construction of a liquid crystal display device according
to a second embodiment of the invention. The liquid crystal
display device according to this embodiment comprises a
liquid crystal panel 200, polarizers 201 and 202 and retar-
dation film 216 and 232 The liquid crystal panel 200
comprises an emergent-side substrate assembly 210 com-
poses of a glass substrate 211, a black matrix 212, a color
filter layer 213, an overcoat layer 214, a transparent elec-
trode 215 and an alignment film 217, an incident-side
substrate assembly 230 composed of an alignment film 231,
a transparent electrode 233 and a glass substrate 234; and a
liquid crystal layer 220 sandwiched between these substrate
assemblies and comprising liquid crystal molecules 221 to
be brought into a bend alignment by being subjected to an
initialization voltage. The liquid crystal panel 200 is sand-
wiched between the two polarizers 201 and 202 which are
arranged in a cross Nicol relation. The color filter layer 213
is one comprising a pigment dispersed therein in the form of
aggregate particles at least 0.01 um to not greater than 0.1
pm in size.

[0063] With reference to FIG. 2, oblique incident light L3
passes through inside layers of the panel 200 and reaches the
color filter layer 213. If this layer is a conventional color
filter layer of the pigment dispersion type, the light will be
scattered at this position. The smaller the particle size of the
pigment of the color filter layer 213, the less likely to occur
is scattering, but scattering is fully avoidable if the particle
size of the pigment is generally not greater than the wave-
length of the light to be incident on the layer. The color filter
layer 213 in the liquid crystal panel 200 comprises a pigment
dispersed therein in the form of aggregate particles which
are at least 0.01 um to not greater than 0.1 ym in size, with
the result that the incident light L3, which is visible light
ranging from about 400 to about 800 nm in wavelength,
passes as it is through this layer almost without being
scattered and obliquely passes through the retardation film
216. Accordingly, little or no scattered light will occur
although scattered light is responsible for impaired front
contrast and attributable to the overall retardation value of
the optical path which is not zero and which would pass
through the polarizer 201 perpendicular thereto (forward
direction), consequently making it possible to maintain front
contrast at a very high value.

Oct. 3, 2002

[0064] The color filter layer 213 need not always be
disposed at the position shown in FIG. 2, but the effect to
diminish the impairment of front contrast conventionally
occurring is available also when the filter layer 213 is
disposed between the liquid crystal layer 220 and the
retardation film 216 or between the liquid crystal layer 220
and the retardation film 232.

[0065] The retardation films 216 and 232 need not always
be arranged externally of the liquid crystal panel 200 as
shown in FIG. 2, but the effect to diminish the impairment
of front contrast conventionally occurring is available also
when the color filter layer 213 is positioned between the
liquid crystal layer 220 and the retardation film 216 or
between the liquid crystal layer 220 and the retardation film
232, with the retardation films 216 and 232 arranged inside
the liquid crystal panel 200 in the same manner as shown in
FIG. 1.

[0066] Usable as the color filter layer 213 is a color filter
layer wherein a particulate pigment or the like is not used.
For example, usable are a dye color filter and a color filter
resorting to the interference of light. Also usable are a color
filter comprising a pigment and a dye as mixed therewith,
and a color filter wherein other chromogenic material is
incorporated.

[0067] When the liquid crystal display device according to
the present embodiment is fabricated as a display panel
comprising a TFT, a color filter, etc., for actual use as a
monitor or TV set, a front contrast value of about 500 to
about 800 can be realized.

Embodiment 3

[0068] FIG. 3 is a sectional view schematically showing
the construction of a liquid crystal display device according
to a third embodiment of the invention. The liquid crystal
display device according to this embodiment comprises a
liquid crystal panel 300 having the same construction as the
one shown in FIG. 2, polarizers 301 and 302, retardation
films 316 and 332, an optical film 303 and a backlight 304.
As shown in FIG. 4, the optical film 303 controls the
direction of the light emanating from the backlight 304 and
passing through the optical film 303 so that the quantity of
component of incident light which is greater than about 30
degrees in the angle of incidence will be up to about ¥ of the
quantity of components of the incident light in all directions.

[0069] The black display to be provided by the arrange-
ment described will be considered. Incident light having an
angle of incidence 61 of about 0 to about 30 degrees and
included in the light emanating from the backlight 304 and
having its direction controlled by the optical film 303 passes
through the liquid crystal layer 320 at an angle 62 of about
0 to about 19 degrees according to Snell’s law.

[0070] As already described with reference to FIG. 6, the
light incident on the liquid crystal layer along a path L4,
scattered at point A and emerging toward the front along a
path L7 will be considered. The overall retardation value R
given to the scattered light is R=An-(d0-d1) as previously
mentioned. When the angle of incidence 61 is in the range
of about 0 to about 30 degrees, the difference between d0
and d1 is small, so that if the angle of incidence 61 is in this
range, R is also small and the leakage of light is not very
great.
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[0071] For example, when the polarizers 301 and 302 are
arranged in a cross Nicol relation and when the initial state
of the liquid crystal panel 300 is normally white, the incident
light having an angle of incidence 01 of about 0 to about 30
degrees is almost free from alteration of the polarization
plane if the voltage for the black display is applied to the
liquid crystal layer, so that almost no light passes through the
polarizer 301 to result in no impairment of the front contrast.
Experiments have also revealed that oblique light with an
angle of 0 to about 30 degrees is almost unlikely to lower the
front contrast.

[0072] On the other hand, light having an angle of inci-
dence of greater than about 30 degrees and included in the
light having its direction controlled by the optical film 303
passes through the liquid crystal at an angle of about 20 to
about 42 degrees and is therefore given a great phase
difference by the liquid crystal layer 320.

[0073] To describe in greater detail, the light incident on
the liquid crystal layer along a path 1.4, scattered at point A
and emerging toward the front along a path L7 will be
considered as stated above. The overall retardation value R
given to the scattered light is R=An-(d0-d1) as previously
mentioned. When the angle of incidence 01 is greater than
about 30 degrees, the difference between d0 and d1 becomes
also greater, so that if the angle of incidence 61 is in this
range, R becomes also greater, hence greater leakage of
light. The light with an angle of incidence 01 in this range
is elliptically polarized or otherwise altered in polarization
plane to pass through the polarizer 301, entailing lower
contrast.

[0074] The greater the angle of incidence 61, the greater
the quantity of leakage of light, whereas with an increase in
the angle of incidence 01, the probability of the light
becoming scattered toward the forward direction conversely
decreases. Thus the degree of contribution of the light with
an angle of incidence |1 to the impairment of the front
contrast is not dependent on the angle but can be considered
almost definite. Accordingly if the quantity of components
of light with an angle of incidence 61 of greater than 30
degrees is limited to not greater than about ¥ of the quantity
of components of incident light in all directions as in the
liquid crystal display device 300 of the present embodiment,
the contribution to the impairment of total contrast is dimin-
ished to about % of the impairment that would result when
the emanating light of the backlight is emitted uniformly in
all directions and becomes incident on the liquid crystal
panel 300.

[0075] FIGS. 4, (a) to (d) are diagrams showing examples
of distributions of angles of diffusion, i.c., of angles 81 of
incidence on the panel 300, of the light emanating from the
backlight 304 and passing through the optical film 303. The
diagrams all reveal that the quantity of component of the
light with an angle of incidence 81 of greater than 30 degrees
is not greater than % of the quantity of components of light
in all directions, indicating that high front contrast can be
realized.

[0076] A prism sheet, diffusion sheet or like light collect-
ing sheet is usable as the optical film 303. A plurality of
optical sheets 303 are also usable.

[0077] The impairment of contrast can be diminished
similarly also by giving the optical film 303 such light
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control characteristics that the quantity of component of
light with an angle of incidence 61 of at least 40 degrees will
be about ¥4 of the quantity of components of light in all
directions, or that the quantity of component of light with an
angle of incidence 01 of at least 50 degrees will be about %
of the quantity of components of light in all directions.

[0078] The impairment of contrast can be diminished
similarly also by giving the optical film 303 such lLight
control characteristics that no light components will occur
which have an angle of incidence 81 of not small than a
predetermined angle, for example, not smaller than 30
degrees.

[0079] While no consideration is given to the direction of
alignment of liquid crystal molecules 321 in the foregoing
description, it is now assumed that the direction of alignment
of the liquid crystal molecules 321 of the layer 320 is X-axis,
the direction perpendicular to the direction of liquid crystal
alignment within the plane of the substrate 334 is Y-axis, and
the axis perpendicular to both X-axis and Y-axis is Z-axis
(see FIG. 3). Still higher contrast can be realized by so
designing the optical film 303 that the quantity of compo-
nent of light with an angle of incidence of at least about 30
degrees in the distribution of incidence angles of light in the
YZ plane will be smaller than the quantity of components of
light with an angle of incidence of at least about 30 degrees
in the distribution of incidence angles of light in the XZ
plane.

[0080] The impairment of contrast can be diminished
further if the quantity of component of light with an angle of
incidence of at least about 30 degrees in each of the
distributions of incidence angles of light in the YZ plane and
in the XZ plane is not greater than % of the quantity of
components of incident light in all directions.

[0081] With the first to third embodiments of the invention
described above, the two polarizers 101 and 102, 201 and
201, or 301 and 303 are arranged in a cross Nicol relation,
whereas liquid crystal display devices can be constructed in
the same manner as above to realize similarly high front
contrast if the polarizing axes of the respective polarizers are
parallel in an open Nicol arrangement.

[0082] Although liquid crystal display devices wherein the
liquid crystal layer has a retardation when giving a black
display have been described above with reference to liquid
crystal display devices of OCB mode, the invention is not
limited to liquid crystal display devices of OCB mode but
can be embodied as liquid crystal display devices in the
same manner as above to similarly realize high front contrast
insofar as the liquid crystal layer therein has a retardation
when providing the black display. According to the inven-
tion, the liquid crystal layer is preferably at least about 50
nm to not greater than about 120 nm, more preferably at least
about 70 nm to not greater than about 100 nm, in retardation
value when giving the black display.

INDUSTRIAL APPLICABILITY

[0083] The invention provides a liquid crystal display
device wherein leakage of light is diminished that would
entail impaired contrast and which realizes display panels
and optical switching devices of high contrast comprising a
TFT and a color filter.
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[0084] The liquid crystal display device of the invention
can be of the field sequential color type wherein red, green
and blue backlights are turned on in succession for color
displays without using the color filter layer 213 insofar as
such a modification is not in conflict with the essential
feature of the invention.

1. A liquid crystal display device comprising:
two substrates,
two electrodes arranged between the substrates,

a liquid crystal layer disposed between the electrodes and
having a retardation when giving a black display, and

at least one retardation layer positioned between the
substrate and the liquid crystal layer,

the sum of the retardation value of the liquid crystal layer
and the retardation values of the retardation layers
being approximately zero for light incident on the
substrate when a voltage for giving the black display is
applied across the electrodes.

2. A liquid crystal display device according to claim 1
wherein the liquid crystal layer comprises liquid crystal
molecules in an OCB mode.

3. A liquid crystal display device according to claim 1
which comprises two alignment films having the liquid
crystal layer sandwiched therebetween, said at least one
retardation layer being disposed adjacent to the alignment
film at one side thereof not in contact with the liquid crystal
layer.

4. A liquid crystal display device according to claim 1
wherein said at least one retardation layer is a color filter
layer.

5. A liquid crystal display device according to claim 1
wherein said at least one retardation layer is an overcoat
layer.

6. A liquid crystal display device according to claim 1
wherein said at least one retardation layer is a flattening
layer.

7. A liquid crystal display device according to claim 1
wherein said at least one retardation layer is an alignment
film.

8. A liquid crystal display device according to claim 2
which comprises two retardation layers, each of the retar-
dation layers being disposed adjacent to each of the align-
ment films at one side thereof not in contact with the liquid
crystal layer.

9. A liquid crystal display device comprising:
two substrates,
two electrodes arranged between the substrates, and

a liquid crystal layer disposed between the electrodes and
having a retardation when giving a black display,

the sum of the retardation value of the liquid crystal layer
and the retardation values of the electrodes being
approximately zero for light incident on the substrate
when a voltage for giving the black display is applied
across the electrodes.
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10. A liquid crystal display device comprising:
two substrates,
two electrodes arranged between the substrates,

a liquid crystal layer disposed between the electrodes and
having a retardation when giving a black display,

a retardation layer, and

a color filter layer disposed between the liquid crystal
layer and the retardation layer and comprising a pig-
ment dispersed therein, the pigment being in the form
of aggregate particles at least 0.01 um to not greater
than 0.1 um in size.

11. A liquid crystal display device comprising:
two substrates,
two electrodes arranged between the substrates,

a liquid crystal layer disposed between the electrodes and
having a retardation when giving a black display,

a retardation layer, and

a color filter layer disposed between the liquid crystal
layer and the retardation layer and comprising a dye.

12. A liquid crystal display device comprising:
two substrates,
two electrodes arranged between the substrates,

a liquid crystal layer disposed between the electrodes and
having a retardation when giving a black display,

a retardation layer,
a backlight, and

light control means for controlling the direction of radiant
light from the backlight, the light control means being
operable to control the direction of the radiant light so
that the total quantity of incident light having an angle
of incidence within the range of at least a predeter-
mined angle to not greater than 90 degrees, with respect
to the direction of a normal to the first of the substrates
disposed closer to the backlight is less than the total
quantity of light having an angle of incidence with
respect to said direction of the normal within the range
of at least 0 degree to less than the predetermined angle,
the predetermined angle being at least zero degree to
not greater than 30 degrees.

13. A liquid crystal display device according to claim 12
wherein the light control means controls the direction of the
radiant light so that the total quantity of incident light which
is within the range of at least the predetermined angle to not
greater than 90 degrees in said angle of incidence which is
within a first plane containing the direction of alignment of
the liquid crystal and perpendicular to the first substrate is
less than the total quantity of incident light which is within
the range of at least the predetermined angle to not greater
than 90 degrees in said angle of incidence which is within a
second plane perpendicular to the first plane and to the
substrate.
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14. A liquid crystal display device according to claim 12
wherein the light control means controls the direction of the
radiant light so that within a first plane containing the
direction of alignment of the liquid crystal and perpendicular
to the first substrate and within a second plane perpendicular
to the substrate and to the first plane, the total quantity of
incident light which is within the range of at least the
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predetermined angle to not greater than 90 degrees in said
angle of incidence is less than the total quantity of incident
light which is within the range of at least 0 degree to not
greater than the predetermined angle in said angle of inci-
dence.
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