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1
LIQUID-CRYSTAL DISPLAY

This application is a Division of application Ser. No.
11/715,342 filed Mar. 8, 2007, which is a Division of appli-
cation Ser. No. 11/070,000 filed Mar. 3, 2005, now U.S. Pat.
No. 7,206,041, which is a Division of application Ser. No.
09/582,026 filed Jun. 21, 2000, now U.S. Pat. No. 6,891,584,
which is a National Stage of Application No. PCT/JP99/
04912 filed Sep. 10, 1999. The entire disclosures of the prior
applications are hereby incorporated by reference herein in
their entirety.

BACKGROUND

The present invention relates to a liquid-crystal display
having a dichroic polarizing layer that passes a light compo-
nent of one polarization and absorbs a light component of
another polarization, a polarization separation layer that
passes a light component of one polarization and reflects a
light component of another polarization, and a liquid-crystal
cell, the retardation value or liquid crystal directors of which
change in response to an electrical field.

Aliquid-crystal display modulates polarized light obtained
by passing the light through a polarizer and, as shown in FIG.
31, in a typical liquid-crystal display 1 of the past, light
exiting from a light source 2 is caused to strike a light-
absorbing type of dichroic linear polarizer 3, the linearly
polarized light obtained therefrom being made to strike a
liquid-crystal cell 4.

In the liquid-crystal display 1, light that strikes the liquid-
crystal cell 4 and passes therethrough as polarized light, is
modulated by the action of a voltage applied to electrodes
provided on the liquid-crystal cell 4, which generates an
electrical field that changes the liquid crystal within the cell is
changed, or exits from the liquid-crystal cell 4 unchanged if
there is no electrical field, after which, by the action of an
absorption type dichroic linear polarizer disposed outside the
liquid-crystal cell 4, light of only a specific polarization direc-
tion is transmitted.

The absorption type dichroic linear polarizers 3 and 5 pass
polarized light of a transmission axis direction, and absorb
almost all light of a direction perpendicular to the transmis-
sion axis direction. Therefore, approximately 50% ofthe light
(unpolarized light) exiting from the liquid-crystal display 2 is
absorbed by the dichroic linear polarizer 3, so that there is an
overall decrease in the efficiency of light usage in the liquid-
crystal display 1, and to achieve a sufficient intensity at the
liquid-crystal display screer, it becomes necessary to cause a
large amount of light from the light source to strike the dich-
roic linear polarizer 3.

However, if the amount of exiting light from the light
source 2 increases in this manner, there is not only an increase
in electrical power consumption, but also an increase in the
heat generated by the light source 2, thus leading to the
problem of an adverse affect on the liquid-crystal cell 4.

In contrast to the above, as disclosed in PC (WO) 4-502524
and the Japanese Unexamined Patent Application publication
6-130424, there has been a proposal of a liquid-crystal dis-
play in which, non-polarized light from a light source is
separated into right-rotational or left-rotational circularly
polarized light, by means of transmission or reflection using
a cholesteric liquid-crystal layer, circularly polarized trans-
mitted light of one rotational direction being caused to strike
aliquid-crystal cell, and circularly polarized reflected light of
another rotational direction being reflected, so as to reverse its
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rotational direction and cause it to pass through a cholesteric
liquid-crystal layer, thereby improving the efficiency of light
usage.

As disclosed in PC (WO) 9-506985, there has been a pro-
posal of a liquid-crystal display in which non-polarized light
from a light source is separated into two linearly polarized
lights by transmission or reflection using an extended multi-
layer film, one transmitted linearly polarized light being
caused to strike a liquid-crystal cell, and the other, reflected
linearly polarized light having a direction that is perpendicu-
lar to the aforementioned light having its polarization direc-
tion changed, and being guided back to the extended multi-
layer film, thereby improving the efficiency of light usage.

In the liquid-crystal displays disclosed in the PC (WO)
4-502524 and the Japanese Unexamined Patent Application
publication 6-130424, when no electrical field is applied to it,
liquid-crystal layer shifts the phase of light an amount of
either  (A/2) or m/2 (M4), and when an electrical field is
applied the liquid-crystal layer does not shift the phase of the
light, light exiting from this liquid-crystal layer striking a
circular polarizer disposed outside, it being transmitted or
reflected, in accordance with its degree of polarization.

In the liquid-crystal display disclosed in PC (WQ)
9-506983, linearly polarized light of one direction that has
passed through an extended multilayer film is caused to strike
a liquid-crystal cell, although there is no disclosure with
regard to the retardation of the liquid-crystal layer.

In the liquid-crystal displays disclosed in PC (WQO)
4-502524 and Japanese Unexamined Patent Application pub-
lication 6-130424, for the following reason, there is an
extreme worsening of readability in the liquid-crystal display,
and a great loss of contrast, making the display quality insuf-
ficient.

Specifically, in the liquid-crystal display of PC (WO)
4-502524, because a circular polarizer disposed outside of the
liquid-crystal layer and directly visible is made from a low
pitch cholesteric applied film having spectrally selective
reflectivity, approximately 50% of the external light striking
this circular polarizer is reflected, so that this directly entering
the eyes of an observer, thereby causing a severe worsening of
readability.

In the same manner, in the liquid-crystal display of Japa-
nese Unexamined Patent Application publication 6-130424,
the color-selective layer that is directly observable from the
outside is a circular polarizer made of a cholesteric liquid
crystal, and this, similar to the case cited above, directly
reflects approximately 50% of the incident external light,
thereby greatly reducing the readability of the display.

SUMMARY

Accordingly, the present invention was made with the
above-described problems of the past in mind, and has as an
object to provide a liquid-crystal display having a simple
configuration, which has no loss of readability or great
decrease in contrast caused by external light, and in particular
in the case of a transmissive type liquid-crystal display, can
provide a great improvement in the efficiency of light usage,
and in the case of a reflective type liquid-crystal display can
provide both high contrast and color display, making use of
the birefringence in the liquid crystal.

A first aspect of the present invention is to provide a liquid-
crystal display, as described in claim 1, comprising a dichroic
polarizing layer having one of a function whereby of the
incident light, a light component having circular polarization
of one direction, either right or left, is transmitted, and a
component of the other circularly polarization direction is
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reflected, and a function whereby one linearly polarized light
component is transmitted and a linearly polarized light com-
ponent perpendicular thereto is absorbed, a liquid-crystal cell
including a liquid-crystal layer that shifts the phase of light
passing therethrough and electrodes for applying an electrical
field to the liquid-crystal layer, whereby one of circularly
polarized light and linearly polarized light incident after
being transmitted through the dichroic polarizing layer is
converted to the other before it exits the other side or is not
converted but the liquid-crystal cell also has one function of a
function that changes the ellipticity of the light if exiting as
circularly polarized light or changes the direction of polar-
ization of the light if it is exiting as linearly polarized light,
and a polarization separation layer having one of a function of
transmitting a light component having circular polarization of
one direction, either right or left, and reflecting a component
of the other circular polarization direction, and a function of
transmitting one linearly polarized light component and
reflecting another component having a polarization direction
perpendicular thereto, these being disposed in this sequence
as seen from the observation side, wherein light is caused to
be incident from either the dichroic polarizing layer or the
polarization separation layer side.

In the above-noted liquid-crystal display, the dichroic
polarizing layer can be a dichroic circular polarizing layer
which, of incident light transmits a circularly polarized light
component of one direction, either right or left, and absorbs a
circularly polarized light component of the other direction,
said liquid-crystal layer having a retardation value that causes
a phase shift in the transmitted light that is substantially 7t/2,
the liquid-crystal cell converting the incident circularly polar-
ized light to linearly polarized light before it exits from the
opposite side by applying an electrical field from said elec-
trodes to the liquid-crystal layer so as to change the orienta-
tion of the directors thereof, thereby causing a change in the
polarization axis of the linearly polarized light, the polariza-
tion separation layer being made a linear polarization sepa-
ration layer that, of the incident light thereto, transmits a light
component of one linear polarization and reflects another
linearly polarized light component having polarization per-
pendicular thereto.

In the above-noted liquid-crystal display, a circuit can be
provided for control of a voltage between the electrodes, so
that the direction of the directors of the liquid crystal in the
liquid-crystal cell is changed by substantially —-45 to +45
degrees with respect to the electrical vector direction of the
incident linearly polarized light.

In the above-noted liquid-crystal display, the dichroic
polarizing layer can be a dichroic circular polarizing layer
which, of incident light transmits a circularly polarized light
component of one direction, either right or left, and absorbs a
circularly polarized light component of the other direction,
the liquid-crystal cell having the effect of shifting the circu-
larly polarized light phase of incident light substantially by 0
to 7, when said electrical field 1s applied to said liquid-crystal
layer from the electrodes so as to change the retardation value
thereof, the polarization separation layer being made a circu-
lar polarization separation layer that, of the incident light
thereto, transmits a light component of one circular polariza-
tion, either right or left, and reflects another circularly polar-
ized light component having the opposite polarization.

In the above-noted liquid-crystal display, the dichroic
polarizing layer can be made a dichroic circular polarizing
layer which, of incident light transmits one circularly polar-
ized light component and absorbs another circularly polar-
ized light component, said liquid-crystal cell having the effect
of shifting a linearly polarized light phase of incident light
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substantially by -m/2 to /2, when said electrical field is
applied to said liquid-crystal layer from said electrodes so as
to change the retardation value thereof, and the polarization
separation layer being a linear polarization separation layer
that, of the incident light thereto, transmits a light component
of one linear polarization and reflects another linearly polar-
ized light component having polarization perpendicular
thereto.

In the above-noted liquid-crystal display, the dichroic
polarizing layer can be a dichroic linear polarizing layer
which, of incident light transmits one linearly polarized light
component and absorbs a linearly polarized light component
perpendicular thereto, the liquid-crystal layer having a retar-
dation value that causes a phase shift in transmitted light of
substantially 7/2, the liquid-crystal cell converting incident
linearly polarized light to circularly polarized light before it
exits from the opposite side, the director direction of the
liquid crystal being changed by applying the electrical field to
the liquid crystal from the electrodes, thereby changing the
ellipticity of the circularly polarized light, and the polariza-
tion separation layer being made a circular polarization sepa-
ration layer that, of the incident light thereto, transmits a light
component of one circular polarization, either right or left,
and reflects another circularly polarized light component hav-
ing the opposite polarization.

In the above-noted liquid-crystal display, a circuit can be
provided for control of a voltage between the electrodes, so
that the direction of the directors of the liquid crystal in the
liquid-crystal cell is changed by substantially -45 to +45
degrees with respect to the light transmission axis of the
dichroic linear polarizing layer.

In the above-noted liquid-crystal display, the dichroic
polarizing layer can be a dichroic linear polarizing layer
which, of incident light transmits one linearly polarized light
component and absorbs a linearly polarized light component
perpendicular thereto, the liquid-crystal cell being such that,
with the electrical field applied to the liquid-crystal layer
from the electrodes, the retardation value of the liquid crystal
is change so as to shift the phase of the incident linearly
polarized light substantially from 0 to t, and the polarization
separation layer being a linear polarization separation layer
that, of the incident light thereto, transmits a light component
of one linear polarization and reflects another linearly polar-
ized light component having polarization perpendicular
thereto.

In the above-noted liquid-crystal display, the dichroic
polarizing layer can be a dichroic linear polarizing layer
which, of incident light transmits one linearly polarized light
component and absorbs a linearly polarized light component
perpendicular thereto, the liquid-crystal cell being such that,
with the electrical field applied to the liquid-crystal layer
from the electrodes, the retardation value of the liquid crystal
is changed so as to shift the phase of the incident light sub-
stantially —v/2 to +m/2, and the polarization separation layer
being a circular polarization separation layer transmitting one
circularly polarized light component of the incident light and
reflecting the other circularly polarized light component of
the incident light.

In the above-noted liquid-crystal display, the liquid-crystal
cell is held between two substrates the electrodes being dis-
posed on the two substrates, with the liquid crystal therebe-
tween. When voltage is applied to the electrodes, the mode is
enabled in which angle of the liquid crystal molecules with
respect to the substrate surfaces changes, thereby changing
the retardation value of the liquid crystal.

In the above-noted liquid-crystal display, the dichroic
polarizing layer can be a dichroic linear polarizing layer
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which, of incident light transmits one linearly polarized light
component and absorbs a linearly polarized light component
perpendicular thereto, the liquid-crystal cell including a lig-
uid-crystal layer having a retardation value that shifts the
phase of transmitted light substantially 7, and applying the
electrical field to the liquid-crystal layer from the electrodes
so as to change the orientation of the directors thereof,
thereby causing a change in the polarization axis of the lin-
early polarized light to the opposite direction which perpen-
dicular to the original light, and the polarization separation
layer being made a linear polarization separation layer that, of
the linearly polarized light incident thereto, transmits a light
component of one linear polarization and reflects another
linearly polarized light component having polarization pet-
pendicular thereto.

In the above-noted liquid-crystal display, a circuit can be
provided for control of a voltage between the electrodes, so
that the direction of the directors of the liquid crystal in the
liquid-crystal cell is changed by substantially 0 to +45
degrees.

In the above-noted liquid-crystal display, the liquid-crystal
layer of the liquid-crystal cell can be held between two sub-
strates, the electrodes being formed on one substrate, wherein
when a voltage is applied to the electrode, the resulting elec-
trical field as a part that is substantially parallel to the sub-
strate surface, the direction of the most of the liquid crystal
molecules within the liquid-crystal layer being in a mode in
which they remain substantially parallel to the substrate sur-
face.

In the above-noted liquid-crystal display, the circular
polarization separation layer can be made of a rotation-selec-
tive layer made of a cholesteric liquid crystal.

In the above-noted liquid-crystal display, the circular
polarization separation layer can be made of a laminate of a
phase-shifting layer having a retardation value that shifts the
phase of a transmitted light by substantially zt/2 and three or
more films having birefringence, this being a planar multi-
layer structure wherein of two lights having oscillation direc-
tions mutual perpendicular within the plane of each layer, the
difference in index of refraction between layers adjacent in
the thickness direction with respect to one light is different
from the difference in the index of refraction between adja-
cent layers in the thickness direction for the other light, lin-
early polarized light transmitted through or reflected by this
planar multilayer structure being converted to circularly
polarized light.

In the above-noted liquid-crystal display, the linear polar-
ization separation layer can be a planar multiplayer structure
of three or more films having birefringence, wherein of two
lights having oscillation directions mutually perpendicular
within the plane of each layer, the difference in index of
refraction between layers adjacent in the thickness direction
with respect to one light is different from the difference in
index of refraction between layers adjacent in the thickness
direction with respect to the other light.

In the above-noted liquid-crystal display, the linear polar-
ization separation layer can be made up of a phase-shifting
layer having a retardation value that shifts the phase of trans-
mitted light by substantially 7/2, and a rotation-selective
layer made of a cholesteric liquid-crystal layer, wherein cit-
cularly polarized light transmitted through or reflected by the
cholesteric layer is converted to linearly polarized light.

Inthe above-noted liquid-crystal display, an auxiliary dich-
roic linear polarizing layer can be provided between the lig-
uid-crystal cell and the linear polarization separation layer,
whereby, of the incident light, one linearly polarized light
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component is transmitted, and another linearly polarized light
component perpendicular thereto is absorbed.

In the above-noted liquid-crystal display, an auxiliary dich-
roic circular polarizing layer can be provided between the
liquid-crystal cell and the circular polarization separation
layer, whereby, of the incident light, one circularly polarized
light component of either right or left rotation is transmitted,
and another circularly polarized light component of the oppo-
site direction is absorbed

In the above-noted liquid-crystal display, a light source can
be disposed on the side of the polarization separation layer
opposite from the liquid-crystal cell, light from the light
source passing through the polarization separation layer and
striking the liquid-crystal cell.

In the above-noted liquid-crystal display, a light-absorbing
layer can be disposed on the side of the polarization separa-
tion layer opposite from the liquid-crystal cell, whereby light
having passed through the polarization separation layer is
absorbed.

In the present invention, in addition to using a light-absorb-
ing dichroic polarizer on the externally viewable surface, the
retardation value or liquid crystal director is selected, in
accordance with this dichroic polarizer, thereby eliminating a
reduction in light utilization efficiency and preventing a loss
of display contrast and worsening of readability caused by
external light, while using birefringence of the liquid-crystal
layer to achieve a color liquid-crystal display with good con-
trast.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified cross-section view showing an
exploded view of a liquid-crystal display according to a first
embodiment of the present invention;

FIG. 2 is a graph of a Poincare sphere illustrating various
polarization relationships;

FIG. 3 is a graph showing the symbols used to describe
elliptically polarized light and a cross-section of elliptically
polarized light;

FIG. 4 is a cross-section view showing an enlarge view of
aliquid-crystal cell in the above-noted liquid-crystal display;

FIG. 5 is an enlarged cross-section view showing the direc-
tor directions of a liquid crystal in the above-noted liquid-
crystal cell;

FIG. 6 is an enlarged cross-section view showing the direc-
tor directions of a liquid crystal in the above-noted liquid-
crystal cell when an electrical field is applied;

FIG. 7 is a cross-section view similar to FIG. 1, showing
the dark condition of a display function of the above-noted
liquid-crystal display;

FIG. 8 is a simplified cross-section view showing an
exploded view of the main part of a liquid-crystal display
according to a second embodiment of the present invention;

FIG. 9 is a cross-section view similar to FIG. 7, showing
the dark condition of a display of the above-noted liquid-
crystal display;

FIG. 10 is a simplified cross-section view showing an
exploded view of the main part of a liquid-crystal display
according to a third embodiment of the present invention;

FIG. 11 is a cross-section view similar to FIG. 10, showing
the condition of a dark display of the above-noted liquid-
crystal display;

FIG. 12 is a cross-section view similar to FIG. 6, showing
a liquid-crystal display according to a fourth embodiment of
the present invention;
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FIG. 13 is a cross-section view similar to FIG. 12, showing
the condition of a dark display of the above-noted liquid-
crystal display;

FIG. 14 is a simplified cross-section view showing an
exploded view of the main part of a liquid-crystal display
according to a fifth embodiment of the present invention;

FIG. 15 is an enlarged cross-section view of a liquid-crystal
cell in the above-noted liquid-crystal display:;

FIG. 16 is a simplified cross-section view showing the
condition of a dark display in the above-noted liquid-crystal
display;

FIG. 17 is a simplified cross-section view showing an
exploded view of the main part of a liquid-crystal display
according to a sixth embodiment of the present invention;

FIG. 18 is a simplified cross-section view showing the
condition of a dark display in the above-noted liquid-crystal
display;

FIG. 19 is a cross-section view similar to FIG. 14, showing
aliquid-crystal display according to a seventh embodiment of
the present invention;

FIG. 20 is a cross-section view similar to FIG. 14, showing
a liquid-crystal display according to a eight embodiment of
the present invention;

FIG. 21 is a simplified cross-section view showing an
exploded view of the main part of a liquid-crystal display
according to a ninth embodiment of the present invention;

FIG. 22 is an enlarged cross-section view of a liquid-crystal
cell in the above-noted liquid-crystal display;

FIG. 23 is a simplified cross-section view showing the
condition of a dark display in the liquid-crystal display of
FIG. 21

FIG. 24 is a simplified cross-section view showing an
exploded view of the main part of a liquid-crystal display
according to a tenth embodiment of the present invention;

FIG. 25 is a cross-section view similar to FIG. 24, showing
the condition of a dark display in the above-noted liquid-
crystal display;

FIG. 26 is a simplified cross-section view showing an
exploded view of the main parts of a liquid-crystal display
according to an eleventh embodiment of the present inven-
tion;

FIG. 27 is a simplified cross-section view showing an
exploded view of the main parts of a liquid-crystal display
according to a twelfth embodiment of the present invention;

FIG. 28 is an enlarged cross-section view of a liquid-crystal
cell in the above-noted liquid-crystal display;

FIG. 29 is a cross-section view similar to FIG. 27, showing
the dark display function of the above-noted liquid-crystal
display;

FIG. 30 is a simplified cross-section view showing an
exploded view of the main part of a liquid-crystal display
according to a thirteenth embodiment of the present inven-
tion; and

FIG. 31 is a cross-section view similar to FIG. 1, showing
a liquid-crystal display of the past.

DETAILED DESCRIPTION OF EMBODIMENTS

Preferred embodiments of the present invention are
described in detail below, with references being made to
relevant accompanying drawings.

As shown in FIG. 1, a liquid-crystal display 10 according to
the first embodiment of the present invention includes a light
source 12 that emits non-polarized light, a circular polariza-
tion separation layer 14, which, of light emitted form the light
source, transmits one (elliptical) circularly polarized light, a
liquid-crystal cell 16, a light-absorption type dichroic linear
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polarizing layer 18 disposed on the side of the liquid-crystal
cell 16 opposite from the circular polarization separation
layer 14, which receives linearly polarized light transmitted
through the liquid-crystal cell 16, pixel electrodes 24A and
24B, which apply an electrical field to the liquid-crystal layer
22, wherein circularly polarized light passing through the
circular polarization separation layer 14 is converted to lin-
early polarized light before it exits from the opposite direction
from the circular polarization separation layer 14, this lin-
early polarized light passing through the liquid-crystal cell 16
being received by the light-absorption type dichroic linear
polarizing layer 18 and further wherein an electrical field is
applied to the liquid-crystal layer 22 from the pixel electrodes
24A and 24B, thereby changing the direction of the directors
of the liquid crystal, which changes the polarization axis of
the linearly polarized light.

In FIG. 1, the symbols “<>” and “+” indicate electrical 25
field oscillation vectors of linearly polarized light, “ <>
being directions within the plane of the drawing and “<” being
a direction perpendicular to the plane of the drawing.

A reflective layer 12A is formed on the rear surface (lower
surface as shown in FIG. 1) of the light source 12. The reflec-
tive layer 12A reflects light that has exited the light source 12
and been reflected to the circular polarization separation layer
14 back in the direction of the circular polarization separation
layer 14, whereupon the phase of the circularly polarized light
component is reversed, or the light is made non-polarized
light, so that it can pass through the circular polarization
separation layer 14.

The circular polarization separation layer 14 is made of, for
example a cholesteric liquid-crystal layer, and the light-ab-
sorption type dichroic linear polarizing layer 18 passes polar-
ized light of the transmission axis direction and absorbs
almost all polarized light of a direction perpendicular to the
transmission axis, this being formed either by immersing a
PVA (polyvinyl alcohol) film in an aqueous solution of potas-
sium iodide, and then extending the PVA film in one direction
in a boric acid solution, so as to laminate a protective film in
which iodine atoms absorbed by the PVA film are oriented in
one direction, an a so-called iodine-based polarizer, or by a
dye-based dichroic polarizer, or the like.

The liquid crystal in the liquid-crystal layer 16 is adjusted
so that its retardation value causes a shift of substantially /2
in the phase of transmitted light, regardless of whether an
electrical field is applied.

The adjustment can be done by a known liquid crystal (for
example, a nematic liquid crystal) by control of the birefrin-
gence and thickness of the liquid-crystal layer.

The Poincare sphere shown in FIG. 2 is used in describing
polarization, and in investigating how the form of the polar-
ization changes when the phase is changed. In FIG. 2, the
poles at the top and bottom of the sphere represent left and
right circular polarizations, respectively, and a point on the
equator represents linear polarization, with other points rep-
resenting elliptically polarized light.

An arbitrary point H on the equator represents horizontal
polarization, and a point V on other end of a diameter that
passes through the point H represents vertical polarization.
The diameter of the sphere is generally taken to be 1, and can
alternately be proportional to the intensity of light.

An arbitrary point P on the surface of a unit radius Poincare
sphere is represented by a longitude 2A and a latitude 2w, in
which case A and w satisfy the conditions -180°<2A<180°
and -90°<2mw<90°, respectively.

The longitude is taken as being positive when measured in
the clockwise direction from point H, and the latitude is taken
as being positive when measured upward from the equator,
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that is, toward the pole representing right circular polariza-
tion. The coordinates of the point P in FIG. 2, therefore, are
positive.

The arbitrary point P represents total elliptical polariza-
tion, with a direction angle of A and a ellipticity ratio of tan
lol. The rotation to the left or right depends upon whether the
point P is in the upper or lower hemisphere. Summarizing
these conventions, for the cross-section view of elliptical
polarization represented by the point P, the following rela-
tionships (1) and (2) obtain.

a=h %)

b/a=tan |l @

The cross-section of monochroic light is generally an
ellipse, and the ellipse can be represented by the symbols
shown in FIG. 3. The angle o formed between the half major
axis and the X axis is called the direction angle of the cross-
sectional view, which satisfies the relationship 0°Za=-90°.
If the ellipticity is the ratio b/a of the two half axes and tan™"
b/a=f3, then 90°=[=-90°.

The orientation of polarized light is right-rotational if 2w is
positive and left-rotational if 2w is negative. From the above,
each point in the Poincare sphere represents light of a differ-
ent form of polarization. That is, one form of polarized light
can be represented by one point on the Poincare sphere.

Therefore, if left-rotational totally circularly polarized
light at the upper pole of the Poincare sphere is shifted in the
positive direction by 2 with a direction angle of A=0, the
point H on the equator of the Poincare sphere will be reached.
That is, by shifting circularly polarized light by /2, it is
changed to horizontal linearly polarized light. In the same
manner, shifting positively by m will reach the lower pole,
which represents right-rotational totally circularly polarized
light.

If right-rotational totally circularly polarized light at the
lower pole of the Poincare sphere is shifted by /2 at a direc-
tion angle of A=0, point V on the equator will be reached, this
representing vertical linearly polarized light, and shifting by
awill result in left-rotational totally circularly polarized light
at the upper pole. If the shift amount is neither /2 nor m,
elliptical polarization results.

The liquid-crystal cell 16 is described below in further
detail, with reference made to FIG. 4 and FIG. 5.

The liquid-crystal cell 16, as shown in FIG. 4 is made up of
a liquid-crystal layer 22 sandwiched between two substrates
20A and 20B, and pixel electrodes 24 A and 24B disposed on
the upper surface of the substrate 20A as shown in FIG. 4,
these being separated from one another in the horizontal
direction. The direction of the electrical field occurring when
a voltage from circuit 26 is applied between the pixel elec-
trodes 24A and 24B is substantially parallel to the substrate
surface, so that the mode is enabled in which the direction of
the directors D of a larger part of the liquid crystal molecules
in the liquid-crystal layer 22 rotate while remaining substan-
tially parallel to the substrate surface, this being known as the
IPS (in-plane switching) mode.

The direction of the liquid crystal directors D in the liquid-
crystal layer 22 can be further described as follows. As shown
in FIG. 5, in the condition in which an electrical field is not
applied between pixel electrodes 24 A and 24B, the direction
ofthe directors D is substantially perpendicular to the plane of
the drawing and, as shown in FIG. 6, in the condition in which
an insulation film is applied between the pixel electrodes 24A
and 24B, the directors D of the liquid crystal move toward the
direction which is substantially parallel to the drawing plane.
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The dielectric constant anisotropy Ae of the liquid crystal
in FIG. 5 is shown as positive, in which case if an electrical
field is not applied between pixel electrodes 24 A and 24B, the
direction of the directors D of the liquid crystal are substan-
tially parallel to the drawing plane, while if an electrical field
is applied between the pixel electrodes 24A and 24B, the
directors D of the liquid crystal move towards a direction that
is substantially perpendicular to the drawing plane.

The change of the directors D of the liquid crystal in the
example of FIG. 1 is one in which, when the polarization
condition of the circularly polarized light incident to the
liquid-crystal cell 16 is shifted to linearly polarized light, the
direction of the polarization axis of the linearly polarized
light is changed, this being the direction angle A, that is, the
longitudinal direction on the Poincare sphere of F1G. 2.

Therefore, for example, horizontal linearly polarized light
represented by point H on the equator of the Poincare sphere,
by changing the directors D ofthe liquid crystal, is changed to
a polarization axis direction represented by a point that is
shifted along the equator.

For circularly polarized light, a change in the directors D of
the liquid crystal changes the direction of the polarization
axis. For example, left-rotational circularly polarized light
represented by the upper pole point on the Poincare sphere, by
a change in the directors D of the liquid crystal, experiences
achange in the direction angle A, and is represented by a point
on the equator shifted in the latitudinal direction.

The liquid-crystal layer 22 is adjusted so as to have a
retardation value that shifts the phase of transmitted light by
substantially /2, and the retardation value is substantially the
same, regardless of whether or not an electrical field is applied
between the pixel electrodes 24 A and 24B. This adjustment
can be performed, for example, by a known liquid crystal, for
example a nematic (Nn) liquid crystal, by control of the
birefringence and thickness of the liquid-crystal layer. The
director D are substantially parallel to the substrates 20A and
20B.

The above-noted expressions “(shifted) substantially 7/2”
and “substantially parallel to the substrates 20A and 20B”
include the cases in which there is a slight shift from the ideal
condition, because of a pre-tilt angle in the liquid crystal or
various external disturbances.

As noted above, the circular polarization separation layer
14 is made, for example, of a cholesteric liquid-crystal layer.
This cholesteric liquid-crystal layer exhibits, by virtue of
physical molecular orientation, rotation selectivity which
separates a light component of one rotational direction from a
light component of the opposite rotational direction, light that
is incident to the helical axis of a planar arrangement being
separated into right-rotational and left-rotational circularly
polarized lights, one being transmitted, and the other being
reflected.

This phenomenon is known as circular polarization dich-
roicity, and if the rotation direction with respect to the inci-
dent light is selected appropriately, circularly polarized light
having a rotational direction the same as the helical axis
direction of the cholesteric liquid crystal is selectively scat-
tered and reflected.

The maximum rotated light scattering in this case occurs at
a wavelength of A0 given by Equation (3).

M=navp (©)

In the above, p is the helical pitch, and nav is the average

index of refraction within a plane perpendicular to the helical
axis.
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Under these conditions, the wavelength bandwidth Ak of
the reflected light is given by Equation (4).

Ah=Anp @

In the above, An=n (I)-n (tight angle), where n (I1) is the
maximum index of refraction in a plane perpendicular to the
helical axis, and n (right angle) is the maxinum index of
refraction in a plane parallel to the helical axis.

Methods of achieving a wide wavelength bandwidth AA
include a method of changing the helical pitch (for example,
in U.S. Pat. No. 5,691,789) and a method of superposing a
number of cholesteric liquid-crystal layers having different
pitches (in Japanese Unexamined Patent Application publi-
cation H9-304770).

It is known that that wavelength A¢ of selectively scattered
light of light incident at an inclination to the helical axis of a
planar arrangement is shifted toward the short wavelength in
comparison with A0.

Asa cholestericliquid crystal material, it is desirable touse
a chiral nematic liquid crystal with a Shiff’s base, an azo
compound, an ester, or a biphenyl nematic liquid crystal
compound, with an optically activated 2-methy! butyl group,
a 2-methyl butoxy group, a 4-methyl hexyl group joined to an
end group thereof, or a chiral reactive liquid crystal com-
pound.

Whereas a general high-polymer liquid crystal is a high
polymer in which a mesogen group is introduced in the main
chain, the side chain, or the main and side chain positions, a
high-polymer cholesteric liquid crystal is obtained by intro-
ducing a cholesteryl group, for example, into the side chain.

The polarization separation action of a cholesteric liquid
crystal is one whereby one circularly polarized light compo-
nent, either right- or left-rotational, is transmitted, the other
component being reflected. Upon reflection, the right or left
circularly polarized light is reflected as is as right or left
circularly polarized light.

The light source 12 is a white transparent thin-film planar
light source, such as a thin-film electroluminescent source
sandwiched between transparent resin sheets having elec-
trodes, for example, and as noted above a reflective layer 12A
made of, for example, a metal thin film is provided on the rear
surface thereof.

In a liquid-crystal display 10 such as described above, of
non-polarized light emitted from the light source 12, a circu-
larly polarized light component of one rotational direction
only is transmitted through the circular polarization separa-
tion layer 14, thereby reaching the liquid-crystal cell 16.

For example, of the setting is made such that, as in FIG. 1,
only left-rotational circularly polarized light is transmitted,
the right-rotational circularly polarized light is reflected at the
circular polarization separation layer 14, the phase being
reversed when it is reflected at the reflective layer 12A of the
light source 12, or the light being scattered within the light
source (by, for example, a light-scattering function thereof),
thereby becoming left-rotational circularly polarized light
thatis transmitted through the circular polarization separation
layer 14, and that strikes the liquid-crystal cell 16.

Left-rotational circularly polarized light transmitted
through the liquid-crystal cell 16 is shifted by m/2 when
passing therethrough, regardless of whether or not an electri-
cal field is applied. Therefore, circularly polarized light inci-
dent to the liquid-crystal cell 16 exits from the liquid-crystal
cell 16 as linearly polarized light.

Described in terms of the Poincare sphere of FIG. 2, if a
shift is made from the upper pole point of the Poincare sphere
with a direction angle of A=0, the result is that left-rotational
circularly polarized light becomes horizontal linearly polar-
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ized light (point H), and if the shift is made with a direction
angle of A=90°, it becomes vertical linearly polarized light
(point V).

Thus, by applying an electrical field to the liquid-crystal
layer 22 in the liquid-crystal cell 16 from the pixel electrodes
24A and 24B, it is possible to maintain the retardation value
while changing the direction and the directors D of the liquid
crystal, so that the polarization axis of transmitted polarized
light is caused to change.

On the Poincare sphere of F1G. 2, as aresult of a phase shift
of m/2, vertical linearly polarized light indicated by the point
V on the equator is changes to linearly polarized light having
an inclination indicated a point that is shift along the equator.

In the case of light incident to the liquid-crystal layer 22, it
is desirable to provide a circuit 26 that controls the voltage
between the electrodes so that the direction of the directors of
the liquid crystal is changed substantially -45° to +45° with
respect to the transmission axis of the dichroic linear polar-
ization separation layer as a reference.

The dichroic linear polarization separation layer 18 is
made of a dichroic polarizing material such as Polaroid [™],
which passes polarized light having the transmission axis
direction and absorbs almost all light of a direction that is
perpendicular to the transmission axis.

By causing the polarized light transmission axis of the
dichroic linear polarization separation layer 18 so that it
either coincides with or is perpendicular to the polarization
axis of linearly polarized light exiting from the liquid-crystal
cell 16, and using the circuit 26 to control the electrical field
applied to the liquid-crystal layer 22, and particularly by
controlling the electrical field so that the direction of the
liquid crystal is controlled so that the direction is changed
substantially from -45° to +45° with respect to the linearly
polarized light transmission axis of the dichroic linear polar-
ization separation layer 18 as a reference, it is possible to
adjust the amount of light transmitting through the dichroic
linear polarization separation layer 18 from the maximum
amount to the minimum amount, thereby making it possible
to achieve a good display function, such as a gray-scale dis-
play function.

This can be expressed by Equation (5).

I=1, sin?20(V) sin? (ndAn/h) ).

In the above, 8 (V) is the rotational angle of the liquid
crystal molecules, [ is the intensity of light transmitted
through the dichroic linear polarization separation layer 18,1,
is the intensity of incident light, 0 is the angle formed between
the liquid crystal long axis (light axis) and the incident polar-
ization direction, An and n are the index of refraction of the
liquid crystal and the cell thickness, respectively, and A is the
wavelength of the incident light.

Further, while FIG. 1 shows the so-called bright display
condition, in which linearly polarized light exits from the
dichroic linear polarization separation layer, as shown in FIG.
7 if the direction of the directors D of the liquid crystal in the
liquid-crystal cell 16 is changed to a direction that is perpen-
dicular to the direction at which the linearly polarized light
exits from the liquid-crystal cell 16, the so-called dark display
condition occurs.

Because the dichroic linear polarization layer 18, is made
up of a light-absorbing type of dichroic polarizer, even if
external light (non-polarized light) strikes the surface of the
dichroic linear polarization layer 18, 50% thereofis absorbed,
and the remaining 50% is transmitted, so that there is almost
no reflected component, the result being that it is possible to
greatly suppress the decrease in screen contrast in the liquid-
crystal display 10.
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InFIG. 1 and F1G. 7, as shown by the double-dot-dash line,
itis further possible to provide an auxiliary dichroic circularly
polarizing layer 13 between the circular polarization separa-
tion layer 14 and the liquid-crystal cell 16, so that right-
rotational or left-rotational circularly polarized light that is
transmitted through the circular polarization separation layer
14 is transmitted, and the other circularly polarized light
component is absorbed.

The auxiliary circular polarization layer 13 is formed by a
method of laminating a A/4 phase-shifting layer (plate) 35
onto a dichroic linear polarizing layer 18 A having the same
configuration as the dichroic linear polarization layer 18, so
that linearly polarized light is caused to be incident atan angle
of 45° to the lead or lag axis within the plane of the A/4
phase-shifting layer 35, onto the liquid-crystal cell 16 and
linear polarization separation layer 14, so that, of the incident
light, either right-rotational or left-rotational circularly polar-
ized light is transmitted, with the other circularly polarized
light component being almost entirely absorbed.

The 3/4 phase-shifting layer (plate) 35 can also be made of
aliquid crystal material or an inorganic material, as long as it
has effect of shifting the phase of light by M4, but it is
preferable from the standpoint of good manufacturability, to
use a high polymer resin extended film (extension ratio of
approximately 1.3to 1.4) PC, PVA, PS, PMMA, Norbomene
resin or the like.

To achieve a wideband A/4 phase-shifting plate that shifts
the phase of light over the wavelength range of visible light, it
is possible to cause dispose a A/4 phase-shifting plate and a
/2 phase-shifting plate so that the phase-lead axis and phase-
lag axis thereof intersect at an angle of 60°+10°, with the A/2
disposed on the polarizer side. When this is done, the rela-
tionship of the transmission axis of the polarizer with the lead
axis or lag axis of the A/2 phase-shifting plate is appropriately
adjusted so that the circularly polarized light incident to the
)4 phase-shifting plate is transmitted with maximum inten-
sity, and that circularly polarized light of the opposite polar-
ization direction is transmitted with the minimum intensity.

If the above is done, right-rotational or left-rotational cir-
cularly polarized light transmitted through the circular polar-
ization separation layer 14 passes through the auxiliary dich-
roic circular polarization layer 13, whereupon the other
circularly polarized light component that could not be
reflected at the circular polarization separation layer 14 is
absorbed by the auxiliary dichroic circular polarization layer
13, so that the other circularly polarized light component does
not reach the liquid-crystal cell 16. Thus, an extremely high
contrast condition is obtained.

For example, as shown in FIG. 1, if the setting is made so
that only left-rotational circularly polarized light is transmit-
ted, the right-rotational circularly polarized light is reflected
at the circular polarization separation layer 14, and when it is
reflected at the light source reflective layer 12A, the phase
thereof is reversed, or the phase is scattered within the light
source 12 (by, for example, a light-scattering function
thereof), thereby being left-rotational circularly polarized
light that is transmitted through the circular polarization sepa-
ration layer 14 and that strikes the liquid-crystal cell 16.

Next a liquid-crystal display 30 according to a second
embodiment of the present invention is described below, with
reference being made to FIG. 8.

In FIG. 8, elements having corresponding elements in the
liquid-crystal display 10 of FIG. 1 are assigned the same
reference numerals and will not be explicitly described
herein.

Theliquid-crystal display 30 is formed by alight source 12,
a linear polarization separation layer 32 which, of light exit-
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ing from the light source 12, transmits one linearly polarized
light and reflects another linearly polarized light component
that is perpendicular thereto, a liquid-crystal cell 16, and a
light-absorption type dichroic circular polarization layer 34
that receives light having been transmitted through the liquid-
crystal cell 16.

The linear polarization separation layer 32 can be a planar
multilayer structure of three or more films having birefrin-
gence, wherein of two lights having oscillation directions
mutually perpendicular within the plane of each layer, the
difference in index of refraction between layers adjacent in
the thickness direction with respect to one light is different
from the difference in index of refraction between layers
adjacent in the thickness direction with respect to the other
light.

A film having birefringence such as noted above is dis-
closed, for example, in the Japanese Unexamined Patent
Application publication H3-75705 and in PCT (WO)
H9-506837, can be obtained by extending a substance exhib-
iting intraplanar birefringence (index of refraction anisot-
ropy), such as a polycarbonate resin, a polyester resin (for
example, crystalline naphthalene dicarbonic acid polyester),
apolyvinyl alcohol resin, or a acetic acid cellulose resin or the
like.

For example, the index of refraction with respect to a light
having oscillation in the X-axis direction of neighboring bire-
fringent layers (films) is substantially the same nx, the differ-
ence in index of refraction Anx (=Inx-nxl) between neigh-
boring layers in the X-axis direction being substantially zero.

In contrast to this, for example, if the indices of refraction
with respect to light having oscillation in the Y-axis direction
of the first and third films of a 3-layer birefringent film are
both ny, and the index of refraction in the same direction in
the second film is ny,(»=ny,), the index of refraction Any
between neighboring films in the Y-axis direction is not sub-
stantially zero.

The reflection of light oscillating in the direction in which
the index of refraction difference is large (i.e., the Y-axis
direction) is greater than the reflection of light oscillating in
the direction in which the index of refraction difference is
small (i.e., the X-axis direction), and the transmission of light
in the X-axis direction is greater than transmission in the
Y-axis direction.

For this reason, as seen from light oscillating in the X-axis
direction, even if the linear polarization separation layer 32
has a planar multilayer structure, because the index of refrac-
tion in each layer is substantially same, there is only a slight
surface reflection at two locations, the plane of incidence to
the linear polarization separation layer 32 and the plane of
exit therefrom.

In contrast to this, as seen from light oscillating in the
Y-axis direction, because the index of refraction differs in
each layer within the planar multilayer structure, in addition
to the plane of incidence to and plane of exit from the linear
polarization separation layer 32, reflection occurs as well at
the surfaces (boundaries) between each of the layers, so that
the greater the number of layers is, the more times light
oscillating in the Y-axis direction is reflected.

The dichroic circular polarization layer 34 is formed by a
method, for example, of laminating a /4 phase-shifting layer
35 to the dichroic linear polarization layer 18 on the side of
the liquid-crystal cell 16.

In the liquid-crystal display 30, of the unpolarized light
from the light source 12, one linearly polarized light compo-
nent is transmitted at the linear polarization separation layer
32, and a linearly polarized light component perpendicular
thereto is reflected.
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The reflected linearly polarized light component is
reflected either at the reflective layer 12A of the light source
12 or within the light source (by, for example, a light-scatter-
ing function thereof), so that the component transmitted
through the linear polarization separation layer 32 is
increased.

Linearly polarized light that strikes the linear polarization
separation layer 32 is incident to the liquid-crystal layer 22, at
which, in the case in which the direction of the electrical field
vector of the linearly polarized light substantially forms an
angle of 45° with the direction of the directors of the liquid-
crystal layer (that is, the case in which the linearly polarized
light is incident at an angle of 45° with respect to either the
phase-lag axis direction or the phase-lead axis direction of the
liquid-crystal layer), the phase thereof is shifted substantially
7/2, so that the light becomes circularly polarized light.

Described in terms of the Poincare sphere of FIG. 2, for
example, a vertical linearly polarized light perpendicular rep-
resented by the position of a point V on the equator is shifted
by 7/2 in the positive direction, thereby becoming left-rota-
tional circularly polarized light, and horizontal linearly polar-
ized light represented by a point H on the equator is shifted by
7/2 in the positive direction, thereby becoming right-rota-
tional circularly polarized light represented by the lower pole
point of the Poincare sphere.

According to the electrical field applied to the liquid-crys-
tal layer 22, linearly polarized light becomes, because of a
change in the angle of incidence with respect to the phase-lag
axis direction or phase-lead axis direction of the liquid-crys-
tal layer, circularly polarized light with a modulated elliptic-
ity. Describing this in terms of the Poincare sphere of FIG. 2,
when linearly polarized light changes to circularly polarized
light, there is modulation in the longitudinal direction on the
Poincare sphere, with the ellipticity of the circularly polarized
light changing.

For example, in the case in which the angle of incidence of
linearly polarized light with respect to the phase-lag axis
direction or the phase-lead axis direction of the liquid-crystal
layer is zero, linearly polarized light incident to the liquid-
crystal layer remains as linearly polarized light. However, in
the case in which the angle of incidence of linearly polarized
light with respect to the phase-lag axis direction or phase-lead
axis direction is —45°, the linearly polarized light incident to
the liquid-crystal layer becomes circularly polarized light
with a rotation direction the opposite of the above-noted
circularly polarized light.

That is, the circuit 26 is configured so that, in the case in
which linearly polarized light strikes the liquid-crystal layer
22, it controls the voltage between the electrodes so as to vary
the director direction of the liquid crystal substantially from
-45° to +45°, with respect to the electrical field vector direc-
tion of the incident linearly polarized light as a reference.

Therefore, by controlling the voltage applied to the liquid-
crystal layer 22 from the pixel electrodes 24A and 24B, it is
possible to adjust the amount of light passing through the
dichroic circular polarization layer 34, thereby enabling a
gray-scale display. When this is done, circularly polarized
light that is not transmitted through the dichroic circular
polarization layer 34, for example, the left-rotational circu-
larly polarized light in FIG. 8, is absorbed thereby.

If right-rotational circularly polarized light is transmitted
through the dichroic circular polarization layer 34 from the
bottom, it is first converted to linearly polarized light by the
A4 phase-shifting layer 35, after which it passes through the
dichroic linear polarization layer 18, and exits as horizontal
linearly polarized light.
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In the above-noted liquid-crystal display 30, in the case in
which no electrical field is applied to the liquid-crystal layer
22 of the liquid-crystal cell 16, as shown in FIG. 9, linearly
polarized light striking the liquid-crystal cell 16 is adjusted to
left-rotational circularly polarized light, so that the so-called
dark display condition occurs.

In this liquid-crystal display 30, even if unpolarized exter-
nal light strikes the dichroic circular polarization layer 34,
50% thereof'is absorbed, making it possible to suppress a loss
of screen contrast caused by reflection.

Tt is possible, as shown by the two-dot-dash line in FIG. 8
and F1G. 9, to dispose a light-absorption type auxiliary dich-
roic linear polarization separation layer 15 between the linear
polarization separation layer 32 and the liquid-crystal cell 16.

This auxiliary dichroic linear polarization layer 15 has the
same configuration as the dichroic linear polarization layer
18, transmitting linearly polarized light that has passed
through the linear polarization separation layer 32 and
absorbing a linearly polarized light perpendicular thereto,
which could not be reflected at the linear polarization sepa-
ration layer 32.

By doing this, perpendicular linearly polarized light com-
ponents that could not be reflected at the linear polarization
separation layer 32 are absorbed by the auxiliary dichroic
linear polarization layer 15, so that unnecessary polarized
light components do not reach the liquid-crystal cell 16. Thus,
it is possible to obtain a display condition with extremely
good contrast.

While both the above-noted liquid-crystal displays 10 and
30 are transmissive type displays, it will be understood that
the present invention is not restricted in this manner, and can
be applied as well to a reflective type liquid-crystal display.

The liquid-crystal display 40 of FIG. 10 is liquid-crystal
display 10 of FIG. 1, except that this is made a reflective type
display, wherein a light-absorbing layer 36 is provided in
place of the light source 12 of FIG. 1.

Other aspects and elements of the configuration are the
same as the liquid-crystal display 10 of FIG. 1, with corre-
sponding elements assigned the same reference numerals,
and not explicitly described herein. The auxiliary dichroic
circular polarization layer 13 to be explained below is set so
as to transmit left-rotational circularly polarized light, and the
circular polarization separation layer 14 is set so as to reflect
left-rotational circularly polarized light.

In this configuration, the light-absorbing layer 36 is, for
example, a black paper, or a resin sheet, film, thin film, or the
like, the surface of which has been roughened to prevent
reflections.

In the above-noted reflective-type liquid-crystal display
40, of external light (unpolarized light), a linearly polarized
light component of one direction, for example horizontal
linearly polarized light, is transmitted through the dichroic
linear polarization layer 18, and strikes the liquid-crystal cell
16.

Of the external light, a vertical linearly polarized light
component that could not pass through the dichroic linear
polarization layer 18 is absorbed thereby. Therefore, because
reflection does not occur, it is possible to suppress the loss of
contrast caused by reflections.

A linearly polarized light incident from the dichroic linear
polarization layer 18 has its polarization axis modulated by
the electrical field applied to the liquid-crystal cell 16. As
described with regard to the liquid-crystal layer 22, this layer
has a retardation value that causes a phase shift of substan-
tially /2 in the transmitted light, so that it has the effect of
converting linearly polarized light by shifting it to circularly
polarized light.
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The rotational direction of this circularly polarized light is
established by the above-described modulation of the polat-
ization axis and when it strikes the circular polarization sepa-
ration layer 14, reflection occurs if the rotational direction is
left, but transmission occurs if the rotational direction is right.

Described in terms of the Poincare sphere of FIG. 2, hori-
zontal linearly polarized incident light, by changing the liquid
crystal director D from —-45° to +45°, is moved from the point
H on the equator, the move being from the upper pole point to
the point H in the case of -45° to 0°, so that left-rotational
circularly polarized light becomes linearly polarized light,
and the move being from the lower pole point to the point H
in the case of 0 to 45°, so that right-rotational circularly
polarized light become linearly polarized light.

Left-rotational circularly polarized light I reflected by the
circular polarization separation layer 14 returns to the liquid-
crystal cell 16 from a direction that is the opposite of that
noted above, and when this light passes through the liquid-
crystal cell 16, in the same manner as in the liquid-crystal
display 10 of FIG. 1, it exits as linearly polarized light, the
polarization axis thereof being modulated by the direction of
the directors D of the liquid crystal, and passes through the
dichroic linear polarization layer 18 to become display light.
Therefore, the amount of light reflected by the circular polar-
ization separation layer 14 and passing through the liquid-
crystal cell 16 can be adjusted by means of the voltage applied
to the liquid-crystal layer 22. That is, it is possible to obtain a
gray-scale display by using this method.

In the liquid-crystal layer 22, in the case of right-rotational
circularly polarized light, after a component exiting from the
liquid-crystal layer 22 and not reflected by the circular polar-
ization separation layer 14 passes therethrough, it is absorbed
by the light-absorbing layer 36 and removed, so that the dark
display shown in FIG. 11 occurs. For this reason, in compari-
son with the left-rotational circularly polarized light L
reflected by the circular polarization separation layer 14 and
passing through the liquid-crystal cell 16, there is very good
display contrast.

In the liquid-crystal display 40 as well, as shown by the
two-dot-dash line of FIG. 10 and FIG. 11, and in the same
manner as shown in FIG. 1 and FIG. 7, it is possible to dispose
the auxiliary dichroic circular polarization layer 13 between
the circular polarization separation layer 14 and the liquid-
crystal cell 16.

By doing this, when light transmitted through the liquid-
crystal cell 16 strikes the auxiliary dichroic circular polariza-
tion layer 13, left-rotational circularly polarized light is trans-
mitted and right-rotational circularly polarized light is
absorbed, so that there is a further improvement in contrast.

Areflective type liquid-crystal display 50 shown in F1G. 12
is described below.

This liquid-crystal display 50 has, in place of the light
source 12 of the liquid-crystal display 30 shown in F1G. 8, the
light-absorbing layer 36 as noted above, and has a modified
dichroic circular polarization layer 34.

The dichroic circular polarization layer 34 is laminated so
as to have a M4 phase-shifting layer on the side opposite that
of the liquid-crystal cell 16 side in the dichroic linear polar-
ization layer thereof in the liquid-crystal display 10 shown in
FIG. 8, the phase-lead axis or phase-lag axis thereof being at
an angle of 45° with respect to the transmission axis of the
dichroic linear polarization layer.

In the liquid-crystal display 50, external light (unpolarized
light) strikes the dichroic circular polarization layer 34 and
only right-rotational circularly polarized light R strikes the
liquid-crystal cell 16. The other left-rotational circularly
polarized light [ of the external light is absorbed by the
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dichroic circular polarization layer 34, so that there is no
decrease in screen contrast caused by reflected light.

Because the liquid-crystal layer 22 has a retardation value
so as to shift the phase of light substantially «/2, for the
right-rotational circularly polarized light R striking the lig-
uid-crystallayer 22, in terms of the Poincare sphere of FIG. 2,
by the application of an electrical field to the liquid-crystal
layer 22, the director D direction of the liquid-crystal layer is
changed, resulting ina shift from the lower pole point to either
the point V orthe point H on the equator, representing linearly
polarized light, the ellipticity of the circularly polarized light
being modulated.

Therefore, linearly polarized light that has exited from the
liquid-crystal cell 16, depending upon its polarization condi-
tion, is reflected by the linear polarization separation layer 32
or absorbed thereby. Thus, a high contrast condition is
obtained.

In the example of FIG. 12, only a vertical linearly polarized
light component is reflected by the linear polarization sepa-
ration layer 32 so as to strike the liquid-crystal cell 16 once
again, this being changed by the liquid-crystal layer to left-
rotational circularly polarized light, which cannot pass
through the dichroic circular polarization layer 34, so that the
display does not become bright.

As shown in FIG. 13, when only vertical linearly polarized
light exits from the liquid-crystal cell 16, this light passes
through the linear polarization separation layer 32, and is
absorbed by the light-absorbing layer 36, so that the dark
display condition occurs.

In the aforementioned embodiments, the light source 12 is
a transparent thin-film white planar light source made of a
thin-film electroluminescent sources sandwiched between
transparent resin sheets having transparent electrodes, with a
reflective layer 12A made of, for example, a metal thin film
provided on the rear thereof. It will be understood, however,
that the present invention is not restricted in this manner, and
can also use an edge-light type white planar light source in
which light from a light source incident from a side edge of a
light-guide sheet is caused exit one surface of the light-guide
sheet, for example, by disposing a linear light source on a
light-guide sheet. In this case, a reflective layer made of a
metal thin film or the like is disposed on the other side of the
light-guide sheet, and it is also possible to use white PET
(polyethylene teraphthalate).

It is also possible to laminate a phase-shifting layer with a
retardation value such that the phase of transmitted light is
shifted substantially by /2 on the circular polarization sepa-
ration layer or linear polarization separation layer, the result
being that this laminate has the same effect as a linear polar-
ization separation layer or a circular polarization separation
layer.

In general, there are two modes in a liquid crystal panel,
one being the normally white mode, in which, depending
upon the angle (direction angle) of the transmission axis of
the dichroic polarizer with respect to the liquid crystal, light is
transmitted when voltage is not applied to the liquid crystal,
and the normally black mode, in which, light is not transmit-
ted when there is no voltage applied to the liquid crystal, and
it should be understood that the present invention can be
applied to both the normally white mode and the normally
black mode.

In the liquid-crystal display 50 as well, as shown by the
two-dot-dash lines of FIG. 12 and FIG. 13, and similar to the
case shown in FIG. 8 and FIG. 9, can have the auxiliary
dichroic linear polarization layer 15 disposed between the
linear polarization separation layer 32 and the liquid-crystal
cell 16.
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If this is done, linearly polarized light exiting from the
liquid-crystal cell 16, if the polarization condition is vertical,
absorbed by the auxiliary dichroic linear polarization layer
15, the remaining non-absorbed light being entirely absorbed
by the light-absorbing layer 36, so that there is a further
improvement in the contrast.

Referring to FIG. 14, a liquid-crystal display 60 according
to the fifth embodiment of the present invention has the light
source 12, the circular polarization separation layer 14, a
liquid-crystal cell 62 having a retardation value that changes
with application of an electrical field to the liquid crystal, and
which acts to shift the phase of incident circularly polarized
light substantially 0 to =, and the light-absorbing type dich-
roic circular polarization layer 34 disposed on the side of the
liquid-crystal cell 62 opposite from the circular polarization
separation layer 14, which receives circularly polarized light
that has been transmitted through the liquid-crystal cell 62.

In FIG. 14, elements corresponding to elements shown in
FIG. 1, FIG. 4, and FIG. 9 have been assigned the same
reference numerals and are not explicitly described herein.

The liquid-crystal cell 62, as shown in FIG. 15, is formed
by a liquid-crystal layer 64 sandwiched between two sub-
strates 20A and 20B as shown in FIG. 15, and a pair of pixel
electrodes 64A and 64B disposed on the lower surface of the
upper substrate 20A and the upper surface of the lower sub-
strate 20B, and which sandwich the liquid-crystal layer 64 in
the thickness direction.

The liquid-crystal layer 64 in the liquid-crystal cell 62 has
a liquid crystal retardation value that changes with the appli-
cation of an electrical field from the pixel electrodes 64A and
64B, this being adjusted so that the phase of circularly polar-
ized incident light passing through the circular polarization
separation layer 14 is shifted substantially O to 7.

This adjustment can be done by various known liquid crys-
tals, by control of the birefringence and thickness of the
liquid-crystal layer 64.

Such liquid crystals are known as ECB (electrically con-
trolled birefringence) liquid crystals, and have modes such as
a DAP (deformation of vertical aligned phases) mode, a HAN
(hybrid aligned nematic) mode, an STN (super twisted nem-
atic) mode, an SBE (super twisted birefringence effect) mode,
an SSGLC (surface stabilized ferroelectric liquid crystal)
mode, an OCB (optically compensated bend) mode, and a
VAN (vertically aligned nematic) mode.

While the OCB mode usually refers to a mode in which a
bend aligned liquid-crystal layer and a biaxial phase shifting
sheet are sandwiched between light-absorbing type dichroic
linear polarizing sheets having light-absorbing axes that are
mutually perpendicular, with regard to the present invention,
the term will be used to refer to the bend aligned liquid-crystal
cell only.

Similarly, while the VAN mode usually refers to a mode in
which a VAN aligned cell of vertically sandwiched nematic
liquid crystals is sandwiched between light-absorbing type
dichroic linear polarizing sheets having light-absorbing axes
that are mutually perpendicular, with regard to the present
invention, the term will be used to refer to the VAN aligned
liquid-crystal cell only.

The other modes are similar.

While the term ECB is often used to refer to a color display
method which makes uses of birefringence, with regard to the
present invention the term will be used to refer to a mode in
which the birefringence value of a liquid-crystal layer
changes.

The expression “shift the phase substantially 0 to " refers
to substantially changing the phase at the liquid-crystal layer
64 itself, or to the use of a phase shifting layer separate from
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the liquid-crystal cell 62, this being formed between the lig-
uid-crystal cell 62 and the above-noted first dichroic circular
polarization layer 34 and/or between the liquid-crystal cell 62
and the circular polarization separation layer 14, the mutual
interaction between the liquid-crystal layer 64 and the phase-
shifting layer acting to substantially shift the phase of light
passing therethrough by 0 to 7.

For example, by changing the retardation value o the lig-
vid-crystal layer 64 itself from 0.1 to 1.1, or by the mutual
interaction between the liquid-crystal layer 64 and the dich-
roic circular polarization layer 14 and/or with a phase-shifi-
ing layer having a retardation value of substantially 0.1
provided separately on the circular polarization separation
layer 14 causes the phase of light passing therethrough to shift
substantially from 0 to m.

The above-noted mutual interaction is the action that
occurs, for example, when lead axis or lag axis of a phase
shifting layer having a retardation value of substantially 0.1t
is caused to intersect perpendicularly with the lead axis orlag
axis of a liquid-crystal layer when the retardation thereof is
0.1z or 1.17. For example, the calculations would be 0.17-
0.17=0, and 1.1m-0.17=m.

It will be understood that the action of changing the phase
substantially from -x to 0 is also within the scope of the
present invention.

When the phase of circularly polarized light is shifted by =,
it is changed to circular polarization layer of the opposite
rotational direction.

In the liquid-crystal display 60, of the unpolarized light
exiting from the light source 12, for example as shown in FIG.
14 a left-rotational circularly polarized light component L is
transmitted through the circular polarization separation layer
14 and reaches the liquid-crystal cell 62.

The other, right-rotational circularly polarized light com-
ponent R is reflected at the circular polarization separation
layer 14, and when it is reflected by the reflective layer 12A of
the light source 12 its phase is reversed or it becomes unpo-
larized, becoming left-rotational circularly polarized light
passing through the circular polarization separation layer 14
which then strikes the liquid-crystal cell 62.

By applying a voltage to the liquid-crystal layer 64 of the
liquid-crystal cell 62 from the pixel electrodes 64A and 64B,
the retardation value is caused to change, thereby shifting the
phase of the light transmitted through the liquid-crystal cell
62 substantially 0 to rt by the application of an electrical field.
Therefore, when left-rotational circularly polarized light L
striking the liquid-crystal cell 62 undergoes the maxinmum
shift of =, it becomes right-rotational circularly polarized
light R with a reversed rotational direction, and exits from the
liquid-crystal cell 62.

Ifthe polarization transmission axis of the dichroic circular
polarization layer 34 is made to coincide with one of the two
rotational directions, for example, with right rotation, by con-
trolling an electrical field applied to the liquid-crystal layer
64, it is possible to adjust the amount of right-rotational
circularly polarized light R that passes through the dichroic
circular polarization layer 34, thereby achievinga liquid crys-
tal display function.

Describing this in terms of the Poincare sphere of FIG. 2,
with a shift from the upper pole point on the Poincare sphere
of 0to /2, /2, and /2 to 7, via a point H on the equator, with
a direction angle of A=0, left-rotational circularly polarized
light changes to left-rotational elliptically polarized light,
then horizontal linearly polarized light, right-rotational ellip-
tically polarized light, and finally right-rotational circularly
polarized light.
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Therefore, in the shift range from 0to 7t/2, the dark display
condition such as shown in FIG. 16 occurs, and in the shift
range from /2 to m, the larger the shift amount is the more
light passes through the dichroic circular polarization layer
34, thereby enabling a gray-scale display.

Because the dichroic circular polarization layer 34 is a
light-absorbing type dichroic polarizer, even if external (un-
polarized) light strikes the surface thereof, 50% of'the light is
absorbed, and the remaining 50% is transmitted, so that there
is almost no reflected component, thereby enabling a great
suppression of a reduction in screen contrast in the liquid-
crystal display 60.

By using the birefringence of the liquid-crystal layer 64, it
is possible to achieve a color liquid crystal display function
without having to provide a separate color filter.

In the liquid-crystal display 60 as well, the auxiliary dich-
roic circular polarization layer 13 can be disposed between
the circular polarization separation layer 14 and the liquid-
crystal cell 62.

By doing this, right-rotational circularly polarized light R
that was not reflected by the circular polarization separation
layer 14 is absorbed by the auxiliary dichroic circular polar-
ization layer 13. Therefore, it is possible to achieve a condi-
tion with extremely good contrast.

A liquid-crystal display 70 according to the sixth embodi-
ment of the present invention and shown in FIG. 17 is
described below.

The liquid-crystal display 70 has the light source 12, the
linear polarization separation layer 32, which of light exiting
from the light source 12 transmits one linearly polarized light
component and reflects a linearly polarized light component
perpendicular thereto, the liquid-crystal cell 62, and the light-
absorption type dichroic linear polarization layer 18 that
receives polarized light that has been transmitted through the
liquid-crystal cell 62.

In the liquid-crystal display 70, one linearly polarized light
component of unpolarized light from the light source is trans-
mitted by the linear polarization separation layer 32, and a
linearly polarized light component perpendicular thereto is
reflected.

When the reflected linearly polarized light component is
reflected by the reflective layer 12A of the light source 12, a
light scattering sheet or the like disposed in the light path (not
shown in the drawing) changes it to unpolarized light, which
passes through the linear polarization separation layer 32.

Linearly polarized light that has passed through the linear
polarization separation layer 32 strikes the liquid-crystal
layer 64 at which, by the action of an electrical field, the phase
thereof is shifted substantially 0 to m.

If the phase of linearly polarized light is shifted by m, it
becomes linearly polarized light of a direction that is perpen-
dicular to the above-noted linearly polarized light.

Described in terms of the Poincare sphere of FIG. 2, with a
shift from a point H on the equator of the Poincare sphere of
0 to = with a direction angle of A=0, horizontal linearly
polarized light becomes lefi-rotational elliptically polarized
light, then right-rotational circularly polarized light, then
right-rotational elliptically polarized light, and finally verti-
cal linearly polarized light. Therefore, the larger is the amount
of shift, the smaller is the amount of light passing through the
dichroic circular polarization layer. The dark display condi-
tion is shown in FIG. 18.

Therefore, by controlling the voltage applied to the liquid-
crystal layer 64 from the pixel electrodes 64A and 64B, it is
possible to adjust the amount of light transmitted through the
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dichroic linear polarization layer 18. That is, it is possible to
achieve a liquid crystal display function with gray-scale capa-
bility.

This can be represented by Equation (6).

I=1,sin220sin? (mdAn( VYA 6)

In the above, 1 is the intensity of light transmitted through
the dichroic linear polarization layer 18, I is the intensity of
incident light, 0 is the angle formed between the incident light
direction and the normal light oscillation direction in the
liquid-crystal cell, An(V) and d are the birefringence at an
applied voltage of V an the cell thickness, and A is the wave-
length of the incident light.

In the liquid-crystal display 70, even if unpolarized exter-
nal light is received, the dichroic linear polarization layer 18
absorbs 50% thereof, so that it is possible to suppress the
reduction in screen contrast caused by reflection.

In the liquid-crystal display 70 as well, an auxiliary dich-
roic linear polarization layer 15 can be disposed between the
linear polarization separation layer 32 and the liquid-crystal
cell 62. The action of this auxiliary linear polarization sepa-
ration layer 15 is the same as described above.

While both the above-noted liquid-crystal displays 60 and
70 are transmissive types, it will be understood that the
present invention is not restricted in this manner, and can be
applied as well to a reflective type of liquid-crystal display.

The liquid-crystal display 80 shown in FIG. 19 is the lig-
uid-crystal display 60 of F1G. 14, except that is made a reflec-
tive type, in which the light-absorbing layer 36 is provided in
place of the light source 12 of FIG. 14.

Other aspects and elements of the configuration are the
same as the liquid-crystal display 60 shown in FIG. 14 and
corresponding elements have been assigned the same refer-
ence numerals, and are not explicitly described herein. The
dichroic circular polarization layer 34 is set so as to transmit
right-rotational circularly polarized light and the circular
polarization separation layer 14 is set so as to reflect lefi-
rotational circularly polarized light.

In this reflective type liquid-crystal display 80, external
(unpolarized) light strikes the dichroic circular polarization
layer 34 and, of the right-rotational and left-rotational circu-
larly polarized light components, right-rotational circularly
polarized light R strikes the liquid-crystal cell 62. The other
circularly polarized light component of the incident light, that
is, the left-rotational circularly polarized light L is absorbed
by the dichroic circular polarization layer 34, so that there is
no reduction in screen contrast by reflected light.

The polarization axis of right-rotational circularly polar-
ized light R striking the liquid-crystal layer 62, in accordance
with a liquid crystal retardation value that varies with a
change in the electrical field applied to the liquid-crystal cell
62, is shifted substantially 0 to .

Described in terms of the Poincare sphere of FIG. 2, as
shown in FIG. 19, if right-rotational circularly polarized light
striking the liquid-crystal cell 62, on the Poincare sphere of
FIG. 2, is shifted from the lower pole by a shift amount of 0 to
/2, it becomes right-rotational elliptically polarized light. If
the shiftamount is /2 the shiftis to the point V on the equator,
this representing vertical linearly polarized light, if the shift
amount is /2 to m, the shift is to the upper hemisphere,
representing left-rotational elliptically polarized light, and if
the shift amount is 7, the light exits the liquid-crystal cell 62
as circularly polarized light.

In this manner, the rotational direction of the circularly
polarized light is established by modulation of the polariza-
tion axis, and when light strikes the circular polarization
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separation layer 14, it is reflected if the rotational direction is
left and transmitted if the rotational direction is right.

Therefore, it is possible to adjust the amount of light
reflected from the circular polarization separation layer 14
and passed through the liquid-crystal cell 62 by means of the
voltage applied to the liquid-crystal layer 64.

Left-rotational circularly polarized light L. reflected at the
circular polarization separation layer 14 returns to the liquid-
crystal cell 62 with the same rotational direction as noted
above, the polarization axis being again modulated by 0 to =,
it thereby becoming right-rotational circularly or elliptically
polarized light, which exits via the dichroic circular polariza-
tion layer 34 and becomes display light, while a polarized
light component that has exited from the liquid-crystal layer
64 and passed through the circular polarization separation
layer 14 (included leaking light through the polarizer 35) is,
as noted above, a small amount, this being absorbed and
removed by the light-absorbing layer 36.

For this reason, there is good display contrast in relation to
the polarized light (display light) that has been reflected by
the circular polarization separation layer 14 and transmitted
through the liquid-crystal cell 62.

By using the birefringence of the liquid-crystal layer 64, it
is possible to achieve a color liquid-crystal display function,
without the need for a separately provided color filter.

In the liquid-crystal display 80 as well, it is possible to
dispose an auxiliary circular polarization layer 13 between
the circular polarization separation layer 14 and the liquid-
crystal cell 62.

In this case, at the auxiliary circular polarization layer 13
before the circular polarization separation layer 14, because
right-rotational circularly polarized light R of the transmitted
light from the liquid-crystal cell 62 is absorbed, there is
almost no transmitted component through the circular polar-
ization separation layer 14. For this reason, it is possible to
achieve a further improvement in contrast.

A reflective type liquid-crystal display 90 shown in F1G. 20
is described below.

The liquid-crystal display 90 has, in place of the light
source 12 of the liquid-crystal display 70 shown in FIG. 17,
the light-absorbing layer 36.

In the liquid-crystal display 90, when external light (unpo-
larized light) is transmitted through the dichroic linear polar-
ization layer 18, it is changed to linearly polarized light,
which strikes the liquid-crystal cell 62. Of the external light,
a component which cannot be transmitted through the dich-
roic linear polarization layer 18 is absorbed thereby. There-
fore, there is almost no reflected light, making it possible to
suppress a reduction in contrast caused by reflected light.

Linearly polarized light that has passed through the dich-
roic linear polarization layer 18, in accordance with the lig-
uid-crystal layer retardation value that changes with an elec-
trical field applied to the liquid-crystal layer 64, undergoes a
phase shift of substantially 0 to 7.

Described in terms of the Poincare sphere of FIG. 2, hori-
zontal linearly polarized light, for example, as represented by
point H on the equator is shifted in the positive direction by 0
to m/2, thereby becoming right-rotational elliptically polar-
ized light, is shifted by 70/2 to become right-rotational totally
circularly polarized light represented by the lower pole point
on the Poincare sphere, is shifted by m/2 to 7 to become
right-rotational elliptically polarized light, and is shifted by =
to become vertical linearly polarized light.

Therefore, the left-rotational elliptically or circularly
polarized light exiting from the liquid-crystal cell 62, depend-
ing upon the polarization axis thereof, is reflected at the linear
polarization separation layer 32, with other light passing
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through the linear polarization separation layer 32. Linearly
polarized light having passed through the linear polarization
separation layer 32 returns to the liquid-crystal cell 62 with a
direction the opposite of that noted above, at which point it
undergoes a phase shift of substantially 0 to 7, and strikes the
dichroic linear polarization layer 18, with only a horizontal
linearly polarized light transmitted. Therefore, a condition of
extremely good contrast is achieved.

It is also possible to have an arrangement in which, when
no voltage is applied to the liquid-crystal layer of the liquid-
crystal cell from the pixel electrodes, the phase of light trans-
mitted through the liquid-crystal cell is shifted substantially
7/2, and when a voltage is applied to the electrodes, the phase
of light transmitted through the liquid-crystal cell is substan-
tially unshifted.

In the liquid-crystal display 90 as well, it is possible to
dispose an auxiliary linear polarization layer 15 between the
linear polarization separation layer 32 and the liquid-crystal
cell 62.

The function of the auxiliary linear polarization layer 15 is
as above described.

As shown in FIG. 21, a liquid-crystal display 100 accord-
ing to the ninth embodiment of the present invention has the
light source 12, the circular polarization separation layer 14,
a liquid-crystal cell 102 having a liquid crystal retardation
value that changes with the application of an electrical field
thereto, and which acts to shift the phase of incident light
transmitted through the circular polarization separation layer
14 by substantially -m/2 to 7t/2, and the light-absorption type
dichroic linear polarization layer 18 disposed on the side of
the liquid-crystal cell 102 opposite from the circular polar-
ization separation layer 14 and which receives light that has
passed through the liquid-crystal cell 102.

The liquid-crystal cell 102, as shown in FIG. 22, has a
liquid-crystal layer 104 sandwiched between two substrates
20A and 20B, and a pair of pixel electrodes 104A and 104B
disposed on the lower surface of the upper substrate 20A and
the upper surface of the lower substrate 20B, which sandwich
the liquid-crystal layer 104 in the thickness direction.

The liquid-crystal layer 104 in the liquid-crystal cell 102
has a retardation value that changes with application of an
electrical field from the pixel electrodes 104 A and 104B, this
being adjusted so as to shift the phase of circularly polarized
light that has passed through the circular polarization sepa-
ration layer 14 by substantially -m/2 to 7/2.

Since the above-noted configuration is the same as the
liquid-crystal layer 64 shown in FIG. 15, this adjustment will
not be described herein.

The above-noted phrase “shifted . . . substantially —w/2 to
n/2” refers to substantially changing the phase at the liquid-
crystal layer 102 itself, or to the use of a phase shifting layer
separate from the liquid-crystal cell 102, this being formed
between the liquid-crystal cell 102 and the above-noted dich-
roic circular polarization layer 34, the mutual interaction
between the liquid-crystal layer 104 and the phase-shifting
layer acting to substantially shift the phase of light passing
therethrough by -m/2 to w/2.

For example, if the retardation value of the liquid-crystal
layer 104 itself is varied from 0 to m, the phase difference
between the liquid-crystal layer 104 and the dichroic circular
polarization layer 34 and/or the mutual interaction with a
phase difference which is substantially a 71/2 provided sepa-
rately in the circular polarization separation layer 14 encom-
passes a shift of substantially -mt/2 to /2 in the phase of light
passing therethrough. The above-noted mutual interaction is
the effect that occurs when, with respect to the phase-lead axis
or the phase-lag axis when the retardation value of the liquid-
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crystal layer is m, the retardation value is substantially /2,
which is the phase-lead axis or phase-lag axis of the phase-
shifting layer that are caused to intersect perpendicularly, for
example, this being calculatable as 0-w/2=-m/2, and m-n/
2=n/2.

It will be understood that the use of a liquid-crystal cell
having the effect of shifting the phase by substantially 7t/2 to
-1/2 1s encompassed in the present invention.

When the phase of circularly polarized light is shifted by
7/2, it becomes linearly polarized light, and when it is shifted
-71/2 it becomes linearly polarized light that is perpendicular
to the above-noted linearly polarized light. When the phase of
linearly polarized light is shifted by /2 it becomes circularly
polarized light, and when it is shifted by -m/2 it becomes
circularly polarized light of the opposite rotational direction.

Inaliquid-crystal display 100 as described above, of unpo-
larized light exiting from the light source 12, circularly polar-
ized light of one rotational direction, for example left-rota-
tional circularly polarized light I as shown in FIG. 21 is
transmitted through the circular polarization separation layer
14, so that it reaches the liquid-crystal cell 102.

The other, right-rotational circularly polarized light R is
reflected by the circular polarization separation layer 14, and
when it is reflected by the reflective layer 12A of the light
source 12, its phase is reversed, or it becomes unpolarized
light, so that the amount of left-rotational circularly polarized
light L transmitted through the circular polarization separa-
tion layer 14 increases, and strikes the liquid-crystal cell 102.

By applying a voltage from the pixel electrodes 104A and
104B to the liquid-crystal layer 104, the retardation value of
the liquid crystal it changes, so that the circularly polarized
light passing through the liquid-crystal cell 102 is shifted by
the applied electrical field substantial by -r/2 to w/2.

Therefore, when the phase of circularly polarized light
striking the liquid-crystal cell 12 is shifted by 7/2, it becomes
linearly polarized light, and when it is shifted by -m/2 it
becomes linearly polarized light of a direction perpendicular
thereto, which exits from the liquid-crystal cell 102.

By causing the polarization transmission axis of the dich-
roic linear polarization layer 18 to coincide with one of the
two polarization directions, by controlling the electrical field
applied to the liquid-crystal layer 104, it is possible to adjust
the amount of light passing through the dichroic linear polar-
ization layer 18, thereby enabling a liquid crystal display
function and, of course, a gray-scale display as well.

Described in terms of the Poincare sphere of FIG. 2, by
shifting to the point H on the equator with a direction angle of
2=0 by 0 to /2 from the upper pole point on the Poincare
sphere, left-rotational circularly polarized light is changed to
elliptical polarized light, and then changed to horizontal lin-
early polarized light, and if a shift is made from the point V on
the equator by 0 to —m/2, left-rotational circularly polarized
light becomes vertical linearly polarized light.

Therefore, when amount of shift of 0 to /2, the larger the
amount of shift is, the greater is the amount of light passing
through the dichroic linear polarization layer 18, and with an
amount of shift of 0 to -7/2, the larger the amount of shift is,
the darker is the display, until it finally reaches the dark
display shown in FIG. 23.

Because the dichroic linear polarization layer 18 is made of
a light-absorption type dichroic polarizer, even if external
(unpolarized) light strikes the surface of the dichroic linear
polarization layer 18, 50% thereof'is absorbed, the remaining
50% being transmitted, so that there is almost no reflected
component, thereby enabling great suppression of a loss of
screen contrast in the liquid-crystal display 100.
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By using the birefringence of the liquid-crystal layer 104,
it is possible to achieve a color display function without the
need to use a separate color filter.

In the liquid-crystal display 100 as well, it is possible to
dispose the auxiliary dichroic circular polarization layer 13
between the circular polarization separation layer 14 and the
liquid-crystal cell 102.

In this case, at the auxiliary circular polarization layer 13
before the circular polarization separation layer 14, because
right-rotational circularly polarized light R of the transmitted
light from the liquid-crystal cell 102 is absorbed, there is
almost no transmitted component through the circular polar-
ization separation layer 14. For this reason, it is possible to
achieve a further improvement in contrast.

A liquid-crystaldisplay 110 according to the tenth embodi-
ment of the present invention, shown in FI1G. 24, is described
below.

The liquid-crystal display 110 has the light source 12, the
linear polarization separation layer 32 which, of the light
exiting from the light source 12 transmits a linearly polarized
light component of one direction within the plane of the
drawing (which will be taken as horizontal in this example)
and reflects a linearly polarized light of a direction perpen-
dicular thereto, the liquid-crystal cell 102, and the light-ab-
sorption type dichroic circular polarization layer 34, which
receives polarized light that passes through the liquid-crystal
cell 102.

In the liquid-crystal display 110, of the unpolarized light
from the light source 12, a horizontal linearly polarized light
component is transmitted through the linear polarization
separation layer 32 and a linearly polarized light component
perpendicular thereto is reflected.

The reflected linearly polarized light component is
reflected to the reflective layer 12A of the light source 12 or
reflected within the light source 12 (by, for example, a light
scattering function thereof), so that its phase is disturbed,
resulting in an increase in the component passing through the
linear polarization separation layer 32.

Linearly polarized light having passed through the linear
polarization separation layer 32 strikes the liquid-crystal cell
102, and has its phase shifted by the electrical field applied
thereto.

By applying a voltage to the liquid-crystal layer 104 from
the pixel electrodes 104A and 104B, the retardation value of
the liquid crystal is changed, thereby shifting linearly polar-
ized light passing through the liquid-crystal cell 102 by the
action of the electrical field by substantially -m/2 to 7w/2.

When the phase oflinearly polarized light which strikes the
liquid-crystal cell 102 is shifted by /2, it becomes circularly
polarized light, and when it is shifted by -m/2 it becomes
circularly polarized light of the opposite rotational direction,
whereupon it exits from the liquid-crystal cell 102.

Described in terms of the Poincare sphere of FIG. 2, if a
shift of 0 to 71/2 is made at a direction angle of A=0 from the
point H on the equator of the Poincare sphere, horizontal
linearly polarized light becomes right-rotational elliptically
polarized light and then right-rotational circularly polarized
light. Therefore, the larger the amount of the shift, the greater
is the amount of light passing through the dichroic circular
polarization layer 34. If a shift of 0 to & is made from the
above-noted point H, the display will darken according to the
amount of the shift, until at -rt/2 when it reaches the dark
display condition as shown in FIG. 25.

By causing the polarization transmission axis of the dich-
roic circular polarization layer 34 to coincide with the right-
rotational component of two rotational directions, similar to
the case of the liquid crystal cell 62 of F1G. 14, by controlling
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the electrical field applied to the liquid-crystal layer 104, it is
possible to adjust the amount of light transmitted through the
dichroic circular polarization layer 18, thereby enabling
achievement of a liquid crystal display function and a gray-
scale display as well.

In the liquid-crystal display 110 as well it is possible to
dispose the auxiliary dichroic linear polarization layer 15
between the linear polarization separation layer 32 and the
liquid-crystal cell 102.

In this case, linearly polarized light transmitted through the
linear polarization separation layer 32 passes through the
auxiliary dichroic linear polarization layer 15, and the
remaining linearly polarized light that is not reflected by the
linear polarization separation layer 32 is absorbed. Therefore,
it is possible to achieve an extremely good contrast condition.

A liquid-crystal display 120 according to an eleventh
embodiment of the present invention, shown in FIG. 26, is
described below.

The liquid-crystal display 120 shown in FIG. 26 is the
liquid-crystal display 100 except that it is a reflective type, in
which a light-absorbing layer 36 is provided in place of the
light source 12 of FIG. 21.

Because other aspects and elements of the configuration
are the same as the liquid-crystal display 100 shown in FIG.
21, corresponding elements have been assigned the same
reference numerals, and are not explicitly described herein.

In the reflective type liquid-crystal display 120, external
(unpolarized) light strikes the dichroic linear polarization
layer 18, at which only horizontal linearly polarized light
coinciding with the established transmission axis thereof is
allowed to strike the liquid-crystal cell 10. The other linearly
polarized light component of the external light is absorbed by
the dichroic linear polarization layer 18, so that reflected light
is not allowed to reduce the screen contrast.

The phase of horizontal linearly polarized light striking the
liquid-crystal cell 102 is shifted by the electrical field applied
to the liquid-crystal layer.

Thatis, by applying a voltage to the liquid-crystal layer 104
from the pixel electrodes 104A and 104B, the retardation
value of the liquid crystal is changed, so that the phase of
linearly polarized light passing through the liquid-crystal cell
102 is shifted by the applied electrical field substantially —m/2
to /2.

As described above, when the phase of linearly polarized
light striking the liquid-crystal cell 102 is shifted by w2, it
becomes linearly polarized light, and when it is shifted by
-1/2 it becomes circularly polarized light of the opposite
rotational direction, whereupon it exits from the liquid-crys-
tal cell 102.

Of circularly polarized light exiting from the liquid-crystal
cell 102 circularly polarized light of one rotational direction,
for example a left-rotational circularly polarized light L as
shown in FIG. 21, is transmitted through the circular polar-
ization separation layer 14, so that it reaches the light-absorb-
ing layer 36.

The other, right-rotational circularly polarized light R is
reflected at the circular polarization separation layer 14, and
strikes the liquid-crystal cell 102 without a change in its
phase.

Because, as described above, a voltage is applied to the
liquid-crystal layer 104 of the liquid-crystal cell 102 from the
pixel electrodes 104A and 104B, the phase of circularly polar-
ized light that passes through the liquid-crystal cell 102 is
shifted substantially by -n/2 to /2 by the action of the appli-
cation of an electrical field.

Therefore, when the phase of circularly polarized light
incident to the liquid-crystal cell 102 is shifted by @/2, it
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becomes linearly polarized light, and when it is shifted by
-1/2, itbecomes linearly polarized light of the opposite direc-
tion, whereupon it exits from the liquid-crystal cell 102.

Because the polarization transmission axis of the dichroic
linear polarization layer 18 is caused to coincide with one of
the polarization directions of the two directions as noted
above, light is transmitted through the dichroic linear polar-
ization layer 18 responsive to the inclination of the polariza-
tion axis of linearly polarized light exiting from the liquid-
crystal cell 102, this light being used as the display light.
Therefore, by controlling the electrical field applied to the
liquid-crystal layer 104, it is possible to adjust the amount of
light passing through the dichroic linear polarization layer 18,
so that a liquid crystal display function can be achieved, in
addition, of course, to gray-scale display.

It is also possible to have the shift the phase of light trans-
mitted through the liquid-crystal cell by /2 when no voltage
is applied to the liquid-crystal cell from the pixel electrodes,
and to substantially not shift the phase of light transmitted
through the liquid-crystal cell with voltage applied to the
electrodes.

In the liquid-crystal display 120 as well, it is possible to
dispose the auxiliary circular polarization layer 13 between
the circular polarization separation layer 14 and the liquid-
crystal cell 102.

In this case, a left-rotational circularly polarized light L
exiting from the liquid-crystal cell 102 is absorbed in the
auxiliary dichroic circular polarization layer 13, so that a
condition with very good contrast is achieved.

A liquid-crystal display 130 according to the twelfth
embodiment of the present invention, shown in FIG. 27, is
described below. This liquid-crystal display 130 includes the
light source 12, the linear polarization separation layer 32, a
liquid-crystal layer 134 having a retardation value that shifts
the phase of transmitted light substantially by r (refer to FIG.
28), and pixel electrodes 134 A and 134B that apply an elec-
trical field to this liquid-crystal layer 134. The liquid-crystal
display 130 further has a liquid-crystal cell 132 whereby
incident linearly polarized light that passes through a linear
polarization separation layer 14 is converted before it exits
from the other direction with respect to the linear polarization
separation layer 32 to another linearly polarized light of a
direction that is perpendicular to the above-noted linearly
polarized light, by a change in the direction of the directors in
the liquid crystal by application of an electrical field to the
liquid-crystal layer 134 from the pixel electrodes 134A and
134B, and the light-absorption type dichroic linear polariza-
tion layer 18 disposed on the side of the liquid-crystal cell 132
opposite of the linear polarization separation layer 32, and
which receives linearly polarized light that passes through the
liquid-crystal cell 132.

Because the liquid-crystal cell 132, with the exception of
the liquid-crystal layer 134, is same as the liquid-crystal cell
16 show in FIG. 4 to FIG. 6, other parts will not be described
herein.

The liquid-crystal layer 134 is adjusted so as to have a
retardation value that shifts the phase of transmitted light by
substantially m, regardless of whether or not an electrical field
is applied to the pixel electrodes 134A and 134B, the retar-
dation value being substantially the same. This adjustment
canbe done by a known liquid crystal (for example, a nematic
liquid crystal) by control of the birefringence and thickness of
the liquid-crystal layer. The direction of the directors D is
substantially parallel with respect to both of the substrates
20A and 20B.

The above-noted expressions “(shifted) substantially 7/2”
and “substantially parallel to the substrates 20A and 20B”
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include the cases in which there is a slight shift from the ideal
condition, because of a pre-tilt in the liquid crystal or various
external disturbances.

If the above-noted shift is described in terms of the
Poincare sphere of FIG. 2, for example, if horizontal linearly
polarized light represented by a point H on the equator is
shifted with a direction angle of =0 in the positive direction,
it reaches to the point V on the equator of the Poincare sphere.
That is, the horizontal linearly polarized light is shift by x so
that it becomes vertical linearly polarized light.

As noted above, when the phase of horizontal linearly
polarized light is shifted by =, this becomes vertical linearly
polarized light that is perpendicular to the horizontal linearly
polarized light. Therefore, if linearly polarized light is caused
to be incident at an angle of 45° with respect to the director
direction of a liquid crystal having a retardation value that
shifts the phase of light by =, the linearly polarized light that
is perpendicular to the above-noted linearly polarized light
results.

If the director direction within the liquid crystal is rotated
with the plane without a change in the retardation value of the
liquid crystal, the polarization condition changes from the
condition of the one linearly polarized light to the other lin-
early polarized light having a direction perpendicular thereto.
For example, if linearly polarized light is caused to be inci-
dent at an angle of 0° with respect to the direction of the liquid
crystal, the polarization condition of the linearly polarized
light ideally does not change, and if the linearly polarized
light is caused to be incident at an angle of 0 to 45° with
respect to the direction of the liquid crystal, the polarization
condition of the linearly polarized light is an arbitrary condi-
tion up until linearly polarized light that is perpendicular to
the above-noted linearly polarized light. The linearly polar-
ized light is moved to an arbitrary point on the equator of the
Poincare sphere of FIG. 2. That is, it is possible to change the
direction of the electrical field vector of linearly polarized
light incident to the liquid-crystal layer substantially in the
range from 0 to 90°.

Inaliquid-crystal display 130 as described above, of unpo-
larized light exiting from the light source 12 linearly polar-
ized light of a particular direction, for example, a horizontal
linearly polarized light is transmitted, with a component per-
pendicular thereto being reflected.

Because the reflected linearly polarized light component is
reflected by the reflective layer 12A of the light source 12, in
the case of a scattering sheet, for example, 50% of the light
becomes horizontal linearly polarized light, which is trans-
mitted through the linear polarization separation layer 32.
This is true even in the case in which the light scattering sheet
exists in the light path.

The linearly polarized light that has passed through the
linear polarization separation layer 32 strikes the liquid-crys-
tal cell 132, at which depending upon the direction of the
directors of the liquid-crystal layer, the direction of the elec-
trical field vector is substantially changed from 0 to 90°.

More specifically, according to the retardation in the lig-
uid-crystal layer 134 of the liquid-crystal cell 132, the hori-
zontal linearly polarized light becomes vertical linearly
polarized light, and by applying a voltage to the liquid-crystal
layer 22 from the pixel electrodes 134A and 134B, the direc-
tor direction is changed without changing the retardation
from substantially , thereby changing the direction of the
electrical field oscillation vector of the linearly polarized light
passing through the liquid-crystal cell 132 by the action of the
applied electrical field by substantially 0 to 90°.

In particular, it is preferable that a circuit 26 (referring to
FIG. 4) be provided that controls the voltage between the
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electrodes so that the director direction of the liquid crystal is
substantially changed by 0 to 45°.

If this is done, as described above, the phase of linearly
polarized light incident to the liquid-crystal cell 132 exits
from the liquid-crystal cell 132 in a polarization condition
changed up to linearly polarized light perpendicular to the
polarization of the incident light.

If the polarization transmission axis of the dichroic linear
polarization layer 18 is caused to coincide with one of the two
polarization directions, by controlling the electrical field
applied to the liquid-crystal layer 134 so that the direction of
the directors of the liquid crystal are changed substantially by
0to45°,itis possible, similar to the case of the liquid-crystal
cell 16 of FIG. 4, to adjust the amount of light passing through
the dichroic linear polarization layer 18 from the mininum to
the maximum amount, thereby enabling achievement of a
good display function, such as a gray-scale display function.

FIG. 27 shows the so-called light display condition of
linearly polarized light exiting from the dichroic linear polar-
ization layer 18 and, as shown in F1G. 29, but if the direction
of the directors D of the liquid crystal in the liquid-crystal cell
132 is changed so that the polarization direction of linearly
polarized light exiting from the liquid-crystal cell 132 is
perpendicular to the case of FIG. 27, the so-called dark dis-
play condition will results.

Because the dichroic linear polarization layer 18 is made of
a light-absorption type dichroic polarizer, even if external
(unpolarized) light strikes the surface of the dichroic linear
polarization layer 18, 50% thereof is absorbed, and the
remaining 50% is transmitted, so that there is almost no
reflected component, therefore enabling a great suppression
of a reduction in screen contrast in the liquid-crystal display
130.

In this liquid-crystal display 130 as well, it is possible to
dispose the auxiliary linear polarization layer 15 between the
linear polarization separation layer 32 and the liquid-crystal
cell 132.

In this case, linearly polarized light that has passed through
the linear polarization separation layer 32 is transmitted
through the auxiliary dichroic linear polarization layer 15,
while the remaining linearly polarized light that is not
reflected by the linear polarization separation layer 32 is
absorbed. Therefore, a condition is achieved in which there is
excellent contrast.

A liquid-crystal display 140 according to the thirteenth
embodiment of the present invention, shown in FIG. 30, is
described below.

In FIG. 30, elements corresponding to those in the liquid-
crystal display 130 of F1G. 27 are assigned the same reference
numerals, and are not explicitly described herein.

The liquid-crystal display 140 shown in FIG. 30 is the
liquid-crystal display 130 except that it is a reflective type, in
which the light-absorbing layer 36 is provided in place of the
light source 12 of FIG. 27.

Because other aspects and elements of the configuration
are the same as the liquid-crystal display 130 shown in FIG.
27, corresponding elements have been assigned the same
reference numerals, and are not explicitly described herein.

In the reflective type liquid-crystal display 120, external
(unpolarized) light strikes the dichroic linear polarization
layer 18, at which only horizontal linearly polarized light
coinciding with the established transmission axis thereof is
allowed to strike the liquid-crystal cell 132. The other linearly
polarized light component of the external light is absorbed by
the dichroic linear polarization layer 18, so that reflected light
is not allowed to reduce the screen contrast.
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The direction of the electrical field oscillation vector of
horizontal linearly polarized light striking the liquid-crystal
cell 132 is substantially shifted by 0to 90°, by the existence of
the liquid-crystal layer 134.

While the retardation value of the liquid crystal in the
liquid-crystal cell 132 tends to cause the horizontal linearly
polarized light tends to shift so as to become vertical linearly
polarized light, by applying a voltage to the liquid-crystal
layer 134 from the pixel electrodes 134A and 134B, the
directors rotate within the plane, without a change of the
liquid crystal retardation value from 7, the result being that, in
accordance with the angle formed between the direction of
the electrical field vector of the linearly polarized light and the
phase-lag axis or phase-lead axis of the liquid-crystal layer,
there is a change from the linearly polarized light to some
arbitrary linearly polarized light condition, up to the condi-
tion of linearly polarized light perpendicular to the original
linearly polarized light.

Therefore, linearly polarized light exiting from the liquid-
crystal cell 132, depending upon the direction of this polar-
ization axis, is reflected at the linear polarization separation
layer 32, the remaining component being transmitted through
the linear polarization separation layer 32. Linearly polarized
light reflected from the linear polarization separation layer 14
is returned to the liquid-crystal cell 132 and exits from the
dichroic linear polarization layer 18 as display light.

The amount of light reflected from the linearly polarized
light linear polarization separation layer 32 and passing
through the liquid-crystal cell 132 can be adjusted by a volt-
age applied to the liquid-crystal layer 34. By doing this, it is
possible to obtain a gray-scale display.

Polarized light having passed through the linear polariza-
tion separation layer 32 is absorbed by the black light-absorb-
ing layer 36, thereby removing this light, so that there is
excellent contrast compared to the polarized light (display
light) reflected from the linear polarization separation layer 3
and passing through the liquid-crystal cell 132.

In the liquid-crystal display 140 as well, it is possible to
dispose the auxiliary dichroic linear polarization layer 15
between the linear polarization separation layer 32 and the
liquid-crystal cell 132.

In this case, part of the linearly polarized light exiting from
the liquid-crystal cell 132 is transmitted through the auxiliary
dichroic linear polarization layer 15, the remaining light
being absorbed by the auxiliary linear polarization layer 15.
Therefore, it is possible to achieve a condition with excellent
contrast.

The liquid-crystal display 10 shown in FIG. 1 is formed by
lamination of a circular polarization separation layer 14
formed by a planar oriented cholesteric liquid-crystal layer, a
liquid-crystal cell 16 having a retardation value so as to shift
the phase of light by substantially n/2, and a light-absorption
type dichroic linear polarization layer 18.

By applying an electrical field to the liquid-crystal cell 16
and changing the directors of the liquid-crystal layer 22 while
holding the retardation value of the liquid crystal constant, it
was possible to improve the efficiency of light utilization,
without a great reduction in contrast caused by external light.

The liquid-crystal display 30 shown in FIG. 8 was made by
lamination of a linear polarization separation layer 32 made
of an extended multilayer structure, a liquid-crystal cell hav-
ing a retardation value so as to shift the phase of light sub-
stantially by /2, and a dichroic circular polarization layer 34
made of a light-absorption type dichroic linear polarization
layer with a A/4 phase-shifting layer, this resulting in an
improvement in the efficiency of light utilization, without a
great reduction in contrast caused by external light.
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The reflective type liquid-crystal display 40 shown in FIG.
10 was formed by laminating a cholesteric liquid-crystal
layer as a circular polarization separation layer 14, a black
light-absorbing layer 36, a liquid-crystal cell having a retar-
dation value so as to shift the phase of light substantially by
7/2, and a light-absorption type dichroic linear polarization
layer 18. In this case as well, there was no great reduction in
contrast caused by external light. A polarized light compo-
nent transmitted through the liquid-crystal cell that is not
completed changed to circularly polarized light is absorbed
by the auxiliary dichroic linear polarization layer 13 and
black light-absorbing layer 36, thereby removing this light, so
that a display condition is achieved having excellent contrast.

In the reflective type liquid-crystal display 50 shown in
FIG. 12, the effect achieved is the same, and it was possible to
achieve a dark display condition with excellent contrast.

The liquid-crystal display 60 shown in FIG. 14 was fabri-
cated by laminating a cholesteric liquid-crystal layer as the
circular polarization separation layer 14, a liquid-crystal cell
62 having a retardation value varied by an applied voltage so
that the phase of light is substantially shifted by 0to &, and a
light-absorption type dichroic linear polarization layer with a
M4 phase-shifting layer as the dichroic circular polarization
layer 34.

With an electrical field applied to the liquid-crystal cell 62,
s0 as to vary the retardation value of the liquid crystal, it was
possible to improve the efficiency of light utilization, without
a great reduction in contrast caused by external light.

The liquid-crystal display 70 shown in FIG. 17 was fabri-
cated by lamination of an extended multilayer structure as the
linear polarization separation layer 32, aliquid-crystal cell 62
similar to that noted above, and a light-absorption type dich-
roic linear polarization layer 18, and, similar to the above-
noted case, it was possible to improve the efficiency of light
utilization, without a great reduction in contrast caused by
external light.

The reflective type liquid-crystal display 80 shown in FIG.
19 was fabricated by lamination of a cholesteric liquid-crystal
layer as the circular polarization separation layer 14, a black
light-absorbing layer 36, a liquid-crystal cell 62 the same as
noted above, and a light-absorption type dichroic circular
polarization layer 34. In this case, there was no great reduc-
tion in contrast caused by external light. Additionally, the
linearly polarized light component transmitted through the
liquid-crystal cell was absorbed the black light-absorbing
layer 36, and thereby removed, so that a display condition
with excellent contrast was achieved.

In the reflective type liquid-crystal display 90 shown in
FIG. 20, the effect achieved is the same, and it was possible to
achieve a display condition with excellent contrast.

The liquid-crystal display 100 shown in FIG. 100 was
fabricated by lamination of a cholesteric liquid-crystal layer
as the circular polarization separation layer 14, a liquid-crys-
tal cell 102 having a retardation value varied by an applied
voltage so that the phase of light is substantially shifted by
-1/2 to /2, and a dichroic linear polarization layer 18.

With an electrical field applied to the liquid-crystal cell
102, so as to vary the retardation value of the liquid crystal, it
was possible to improve the efficiency of light utilization,
without a great reduction in contrast caused by external light.
In the reflective type liquid-crystal display 120 shown in FIG.
26, the effect achieved is the same to the above-described.

The liquid-crystal display 110 shown in FIG. 24 was fab-
ricated by lamination of an extended multilayer structure as
the linear polarization separation layer 32, a liquid-crystal
cell 102 similar to that noted above, and a light-absorption
type dichroic linear polarization layer 34, and, similar to the
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above-noted case, it was possible to improve the efficiency of
light utilization, without a great reduction in contrast caused
by external light.

The liquid-crystal display 130 shown in FIG. 27 was fab-
ricated by lamination of an extended multilayer structure as
the linear polarization separation layer 32, a liquid-crystal
cell 132 having a retardation value varied by an applied volt-
age so that the director of the liquid crystal is varied, thereby
changing the direction of the electrical field oscillation vector
of incident linearly polarized light, and a dichroic linear
polarization layer 18.

With an electrical field applied to the liquid-crystal cell
132, so that the directors of the liquid crystal change, it was
possible to improve the efficiency of light utilization, without
a great reduction in contrast because of external light.

The reflective type liquid-crystal display 140 shown in
FIG. 30 was fabricated by lamination of an extended multi-
layer structure as the linear polarization separation layer 32, a
black light-absorbing layer 36, a liquid-crystal cell 132 simi-
lar to that noted above, an auxiliary dichroic linear polariza-
tion layer 15, and a light-absorption type dichroic linear
polarization layer 18.

In this case as well, there was no great reduction in the
contrast because of external light. Additionally, a polarized
light component passing through the liquid crystal is
absorbed by the black light-absorbing layer 36, being thereby
removed, so that a display condition with excellent contrast is
achieved.

INDUSTRIAL APPLICABILITY

A liquid-crystal display according to the present invention
achieves a great improvement in the efficiency of light utili-
zation, and, by making use of the birefringence of a liquid-
crystal layer, enables the achievement of a display condition
with excellent contrast, without a great reduction in contrast
caused by external light.

What is claimed is:

1. A liquid-crystal display comprising:

a dichroic polarizing layer having one of a function
whereby of the incident light, a light component having
circular polarization of one direction, either right or left,
is transmitted, and a component of another circular
polarization direction is absorbed, and a function
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whereby one linearly polarized light component is trans-
mitted and a linearly polarized light component perpen-
dicular thereto is absorbed;

a liquid-crystal cell including a liquid crystal layer that
shifts the phase of light passing therethrough and elec-
trodes for applying an electrical field to said liquid-
crystal layer, whereby one of circularly polarized light
and linearly polarized light incident after being trans-
mitted through said dichroic polarizing layer is con-
verted to the other before it exits the other side or is not
converted but the liquid-crystal cell also has one func-
tion of a function that changes the ellipticity of the light
if exiting as circularly polarized light or changes the
direction of polarization of the light if it is exiting as
linearly polarized light;

and a polarization separation layer having one of a function
of transmitting a light component having circular polar-
ization of one direction, either right orleft, and reflecting
a component of the other circular polarization direction,
and a function of transmitting one linearly polarized
light component and reflecting another component hav-
ing a polarization direction perpendicular thereto, these
being disposed in this sequence as seen from the obser-
vation side, wherein light is caused to be incident from
either said dichroic polarizing layer or said polarization
separation layer side;

wherein said dichroic polarizing layer is a dichroic linear
polarizing layer which, of incident light transmits one
linearly polarized light component and absorbs a lin-
early polarized light component perpendicular thereto,
said liquid-crystal layer having a retardation value that
causes a phase shift of the incident linearly polarized
light, and

wherein said liquid-crystal cell is such that, with said elec-
trical field applied to said liquid crystal layer from said
electrodes, the retardation value of said liquid crystal is
changed so as to shift the phase of the incident linearly
polarized light substantially from O to T, and said polar-
ization separation layer being a linear polarization sepa-
ration layer that, of the incident light thereto, transmits a
light component of one linear polarization and reflects
another linearly polarized light component having
polarization perpendicular thereto.
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