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DISPLAY DEVICE AND ELECTRONIC APPARATUS USING THE SAME

{Industrial Field of the Invention]

The present ihvention_felates to a display device and,
more preferably; to a reflection-type liquid-crystal
display device.

[0002] |

[Description of the Related Art]

A conventional liduid—crystal display device using a
transmission polarized light axis changing means a
polarized light axis of a TN (Twisted Nematic) liquid
crystal, an STN (Super-Twisted Nematic) ligquid crystal, or
the like employs a structure in which the'transmiésion
polarized light axis changing means is sandwiched by two
polarizers. For this reason, good use efficiency of light
cannot be obtained, and, especially in the reflection“type,
a dark display is posed as a problem.

[(0003] |

[Pfobléﬁs té be Solved by tBeJInvention]

fhereforg;'it‘ié'an object of the present invention to

o 'provide a.aispiay.device, using a transmission polarized
_}igﬁp;axis chéﬁging element, which can obtain a briéht

h_ display. .
10004] .

[Means for Solving the' Problems]

P

The §?§n91P1%:0f“thé present invention will be

S




described below with reference to Figs. 1 and 2.

[0005]
Figs. 1 and 2 are views for explaining the principle of a
display device according to the present invention. Liguid-
crystal display devices shown in Figs. 1 and 2 are to
explain the principle of the present invention. The
pfesent invention is not limited to the liquid-crystal

display devices shown in Figs. 1 and 2 as a matter of

course.

[0006]

Reférring to Fig. 1, in this liquid-crystal display
device, a TN liquid crystal 140 is used as a transmission
polarized light axis changing element. A polarizer 130 is
arranged above the TN liquid crystal 140. The polarizer
130 transmits linearly polarized light-of a'predetermined.
first direction of incident light, and absorbs linearly
polarized light of a direction perpendicular to the
linearly polarized light of the fifs; direction. 2 ligﬂf—
scattering 1aYer 150, a polarized light separator 160, a
coloring layer 170, and a reflecting plate 180 are arranged
in fhis order under the TN licquid crystal 140. The
following description is performed on the assumption that
the left side of the liquid-crystal display device serves
as a ﬁOItage applied portion 110 and the right side serves

as a -voltage non—applied portion 120.



[0007]

The polarized light separator 160 comprises a (1/4) A
plate 162 and a cholesteric liquid-crystal layer 164. The
cholesteric ligquid crystal has the foliowing nature. That
is, thelcholesteric liquid crystal reflects a circularly
polarized light which has a wavelength equal to the pitch
of the liquid crystal and has the same rotating direction
as that of the liquid crystal, and transmits the other

light. Therefore, for example, when a left-rotational

cholesteric liquid crystal having a pitch of 5000A is used

as the cholesteric 1iquid—crystal layer 164, an elément
which reflects left-circularly polarized light having a
wavelength of 5,000A and transmits right-circularly
polarizea light or other left-circularly polarized light
can be obtained. In addition, when left-rotational
cholesteric liquid crystal is used, and its pitch is
changed within the cholesteric liquid crystal over the
whole wavélength range of viéibie light, an element which
reflects left—ciréularly'polarized light over not only a
single color but also whole white light and transmits
right-circularly polarized light can be obtained.

[0008)]

In the polarized light separator 160 obtained by
combining the cholesteric liquid-crystal layer 164 and the

(1/4) A plate 162 described above, when linearly polarized
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light of a predetermined third direction is incident from

the (1/4) A plate 162, the linearly polarized light is

changed by the (1/4) A plate 162 into left-circularly
polarized light, reflécted by the chpleéteric liquid-
crystal layer 164, and emitted again as linearly polarized
light of the predetermined third direction by the (1/4) A
plate 162. When linearly polarized light of a second
direction perpendicular to the'third direction is incident,
the linearly polarized light is changed by the (1/4) A
plate 162 into right—ci;cularly po}arized light and
transmitted through the cholesteric liquid-crystal layer
164. 1In response to light being incident from the lower
side of‘the cholesteric liquid-crystal layer 164, linearly
polarized light of the second direction is emitted above
the (1/4) A plate 162.

[0009]

In this manner, the polarized light separator 160
obtained by combining the cholesterié liquid—crystai layér_
164 and the (1/4) A pléte-162 is a polarized light
separation means ﬁhich transmits a linearly polarized light
component of the predetermined second direction of light
being incident from the (1/4) A plate 162, reflects a
linearly polarized light component of the third direction
perpendicular to the predetermined second direction, can

emit linearly polarized light of the second direction to
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the (1/4) A plate 162 in response to light being incident
from the cholesteric liquid-crystal layer 164. As a
polarized light separation means having this function, in
addition to the polarized light separator 160 obtained by
combining the cholesteric liquid-crystal layer 164‘and the
(1/4) A plate 162 described above, a means using a film
obtained by stackinQ a largée number of films (U.S.P. |
4,974,219), a means for separating reflection polarized
light from transmission polarized light by using an angle
of polarization (SID 92 DIGEST pp. 427 to 429), and a means
using'a hologram are known. |

[0010]

Referring to Fig. 1 again, in the voltage non-applied
portion 120 on the right, natural light 121 is changed by
the polarizer 130 into linearly polarized light of a
direction parallel to the drawing surface. Thereafter, the
light is twisted at 90° in polarization direction by the TN
liquid crystal 140 to be linearly polarized light of a
directioh perpendicular to the drawing surface, the
linearly polarized light is changed by the (1/4) A plate
162 into left-circularly polarized light, and the left-
circularly polarized light is reflected by the cholesterié
liquid-crystal layer 164 to be incident on the (1/4) A
platé 162 again. The left-circularly polarized light is

changed by the (1/4) A plate 162 into linearly polarized



light of a direction perpendiéulaf to the drawing .surface,
and the linearly éolarized light is twisted in polarization
direction by the TN liquid crystal 140 to be linearly
polarized light of a direction parailel to the drawing
surface. The linearly polarized light is emitted from the
polarizer 130 as linearly polarized light of a direction
parallel to the drawihg surface. In this manner, in a
voltage non-applied state, since incident light is not
absorbed by the polarized light separator 160 but reflected
by the polarized light separator 160, a bright display can
be obtained. Since the light-scattering layer 150 is
formed between the (1/4) A plate 162 and the TN liquid
crystal 140, the state of the reflected light from the
polarized light separator 160 is changed from a specular
state to a white state.

[0011]

In the voltage applied portion 110 on the left,
natural light 111 is changedlby the polarizer 156 ints
linearly polarized light of a direction parallel to the
drawing surface. Thereafter, the linéariy polarized light
is transmitted through the TN liquid crystal 140 without
changing the polarization direction aﬁd changed by the
(1/4) A plate 162 into right-circularly polarized light,
and ﬁhe right-circularly polarized light is transmitted

through the cholesteric liquid-crystal layer 164. The



right-circularly polarized light transmiﬁted through the
cholesterié 1iquid—crYsta1 layer 164 is partially reflected
by the coloring layer 170, incident on the (1/4) A plate
162 again, and changed by the (1/4) A élate 162 into
linearly pqlarized light of a_direction parallel to the
drawing surface. The linearly polarized light is
transmitted through the TN liquid crystal 140 without
changing the polarization direction and emitted from the
‘polarizer 130 as linearly polarized light of the direction
parallel to the drawing surface. The right-circularly
polarized light transmitted through the cholesteric liquid-
crystal layer 164 is partially transmitted through the
coloring layer 170 while being absorbed by the coloring
layer 170, and is reflected by the reflecting plate 180.
Thereafter, the reflected light is transmitted.through the
coloring layer 170 while being absorbed by the coloring
layer 170, is reflected by the cholesteric liguid-crystal
layer 164, and is transmitted through the coloring layer
170 while being absorbed by the coloring 1ayer 170. The
transmitted light is reflected by the reflecting plate 180
ggain, is transmitted through the coloring layer 170 while
being absorbed by the coloring laver 170, and is incident
on the (1/4) A plate 162 through the cholesteric liquid-
crystal layer 164. The incident light is changed by the

(1/4) A plate 162 into linearly polarized light of a
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direction parallel to the drawing surface. The linearly
polarized light is transmitted through the TN liquid

crystal 140 without changing the polarization direction and

'emitted from the polarizer 130 as linearly polarized light

of the direction parallel to the drawing surface.

[0012]

As described above, in the voltage non—applied portion
120, light reflected by the polarized light separator 160
is scattered by the light-scattering iayer 150 to be white
emission light 122. In the voltage applied portion 110,
light transmitted through the polarized light separator 160
is colored by thé coloring layer 170 to be coior‘emission
light 112. Therefore, a color display can be obtained on a
white background. Since all the wavelengths of a visible
light area are absorbed by using black in the coloring
layer 170, a black display is obtained on a white
background. Since the reflecting plate.180 is arranged,
the color emission light 112 colored by the-éoloring 1a§er
170 becomes bright. - |

{0013]

Referring to Fig. 2, the polarized light sepérator 160
comprises the (1/4) A plate 162, the cholesteric liquid-
crystal layer 164, and a (1/4) A plate 166.

[0014]

- In the polarized light separator 160 in which the



(1/4) A plates 162 and 166 are arranged on both the sides
of the cholesteric liquid-crystal layer 164, when linearly
polarized light of a predetermined first direction is
incident.from the (1/4) A plate 162, the linearly polarized.
light is changed by the (1/4) A plate 162 into left- |
circularly polariéed light. The left-circularly polarized
light is reflected by the cholesteric 1iquid—crystal.layer
164 and changed by the (1/4) A plate 162 into linearly
polarized light of a predetermined third direction, and the
linearly polarized light is emitted. When linearly
polarized light of a second directien perpendicular to the
first direction is incident} the linearly polarized light

is changed by the (1/4) A plate 162 into right-circularly
| polarized light, the right-circularly polarized light is
transmitted ﬁhrough the cholesteric liquid-crystal layer
164 and changed by the (1/4) A plate 162 into the linearly
polarized light of the second direction again, and-the
linearly polarized'light is emitted. 1In response to light
being incident from the lower side of the (1/4) A plate 166,
linearly polarized light of the second direction is emitted
ebove the (1/4) A plate 162. | |

[0015]
As described above, the polarizea light separator 160

obtained by combining the cholesteric liquid-crystal layer

164 and the (1/4) A plates 162 and 166 is a polarized light
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.séparation means which transmits a linearly polarized light
component of the predetermined second direction of light
being incident from the (1/4) A plate 162 as linearly
polarized light of the second direction, refleéts a
linearly.polarized light component of a third direction
perpendicular to the predetermined second direction, and,
in response to light being incident from the (1/4) A plate
166, can emit the linearly polarized light of.the second
direction to the (1/4) A plate 162. As a polarized light
separation means having this function, in addition to the
polarized light separator 160 obtained by combining the
cholésteric liquid~crystal layer 164 and the (1/4) A plates
162 and 166 described above; a means using a f£ilm obtained
: by stacking a large number of films (U.S.P. 4,974,219), a
means for separating reflection polarized light from
transmission polarized light by using an angle of
polarization (SID 92 DIGEST pp. 427 to 429), a means using
a hologram, and a polérized light separaéor iﬂ which.layers
having different refr%ctive indexes in a specific direétion
(to be described later) are alternately stacked are known.

[0016]

Referring to Fig. 2 again, the operation of the
voltage ndn—applied portion 120 on the right is the same as
that of the voltage non-applied portion 120 on the light in

Fig. .1. More specifically, the natural light 121 is
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changed by the polarizer 130 into linearly polarized light

~of a direction parallel to the drawing surface. Thereafter,

the linearly polarized light is twisted in polarization
direction by the TN iiquid crystal 140 to be linearly
polarized light of a direction perpendicular to the'drawing
surface, and the linearly polarized light is changed by the
(1/4) A plate 162 into left-circularly polarized light.

The left-circularly polarized light is reflected by the
cholesteric liquid-crystal layer 164, incident on the (1/4)
A plate 162, and changed by the (1/4) A plate 162 into
iineariy polarized light of a direction perpendicular to
thé drawing surface. The linearly polarized light is
twisted in polarization direction by the TN liquid crystal

140 to be linearly polarized light of a direction parallel

. to the drawing surface, and the 1inear1y polarized light is

emitted from the polarizer 130 as linearly polarized light
of the direction parallel to the drawing surface. In this
manner, in a ﬁblfage non-applied state, since light is not
absorbed by the polarized light separator 160 but reflected
by the polarized light sepafétor.lGO,'a bright display can
be ;btained. Since the light-scattering layer 150 is
arranged between the (1/4) A plate 162 and the TN liquid
crystal 140, the state of the reflected light from the
polarized light separator 160 is changed from a specular

state to.a white state.
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[0017]

In the voltage applied portion 110 on the left,
natural light 111 is changed by the polarizer 130 into
linearly polarized light qf a direction parallel to the
drawing surface. .Thereafter, the linearly polarized light
is transmitted through the TN liquid crystal 140 without
changing the polarization direction'and changed by the
(1/4) A plate 162 into right-circularly polarized light,
and the right—circularly'polariéed light is transmitted.
through the cholesteiic liquid-crystal layer 164. fhe
right-circularly polarized light transmitted through the
cholesteric liquid-crystal layer 164 is changed by the
(1/4) A piate 166 into linearly polarized-lighﬁ of a
direction parallel to the drawing surface. The linearly
polarized light is pértially reflected by the ¢oloring
layer 170, transmitted through the (1/4) A plate 166, the
cholesteric liquid-crystal layer 164, and the (1/4) A plate
162 again, transmitted through the Tﬁ-liquid cryétal 140 as
linearly polarizea light of the direction parallelito the
drawing surface without changing the polarization direction,
_and emitted from the polarizer 130 as the linearly
polarized light of the direction parallel to the drawing
surface. The linearly polarized light emitted from the
(1/4{ A plate 166 is partially transmitted through the

coloring layer 170 while being absorbed by the coloring
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layer 170 and reflected by the reflecting plate 180.'
Thereafter, the reflected light is transmitted through the
coloring layer 170 while being absorbed by the coloring
layer 170, transmitted through the (1/4) A piate 166, the
cholesteric liquid-crystal layer 164, and the (1/4) A plate
162 again, transmitted through the TN liquid crystal 140 as
the linearly polarizedllight of the direction parallel to
the drawing surface without changing the polarization
direction, and emitted from the polarizer 130 as the
linearly polarized light of the direction parallel to the
drawing surface;

[0018]

As described above, in the voltage non-applied portion
120,_1ight reflected by the polarized light separator 160
is scattered by the light-scattering layer 150 to be white
emission light 122. In the voltage applied portion 110,
light transmitted through the polarized light separator 160
is colored-by the coloring layer 170 to be color emission
"light 112. Therefore, a color display can be obtained on a
white background. Sincg all the wavelengths of a wvisible
;ight area are absorbed by using black in the colo:iné
layer 170, a black display is obtained on a white
background. Since the reflecting plate 180 is arranged,

the color emission light 112 colored by the coloring layer

170 becomes bright.



14

(0019}

In the above description, the TN liquid crystal 140 is
used as an example. However, even if a liquid crystal such
as an STN ligquid crystél or an ECB (Electrically Controlled
Birefringence) liguid crystal in which other transmission
polarized light axes can be changed by a voltage or the
~like is used in place of the TN liquid crystal 140, the
same basic operation principle can be used.

[0020]

The principle of the_present invention when another
polarized light separator will be described below with
refe;ence to Figs. 3 and 4.

[0021]

Fig. 3 is an enlarged perspective view showing a
polarized light:separator used in the present invention,
and Fig. 4 is a view for explaining the principle of a
display device according to the presént invention. The
ligquid-crystal display device shown in-?igs. 3 and 4 is tom
explain the principle of the present invention.. The
present invention is not limited to the liquid-crystal
display device shown in Figs. 3 and 4 as matter of course.

[(oo2271

Referring to Fig. 4, in this liquid-crystal display
device, the TN liquid crystal 140 is used as a transmission

polarized light axis changing element. A polarizer 130 is
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arranged above the TN liquid crystal 140. The light-
scattering layer 150, a polarized light separator 190, a
coloring layer 170, and a refleéting plate 180 are arranged
in this order under the TN liquid crystal 140. The |
following description is performed on the assumption that
the left side of the liquid-crystal display device serves
as the voltage applied portion 110 and the right side
serves as the voltage non-applied portion 120.

{0023]

The polarized light sepaiator[lso has a structure in
which two different layers 191 (A layer) and 192 (B layer)
are alternately stacked as shown in Fig. 3. 1In the A layer
191, a refractive index (nax) of an X;axis direction (first
direction) is different from a refractive index (n,y) of a
Y-axis direction. In the B layer 192, a refractive index
(ngx) of the X-axis direction) is equal to a refractive

index (ngy) of the Y-axis direction. The refractive index

_(nﬁn of-the Y-axis direction in the A layer 191 is.equal

. to the refractive index (ngy) of the Y-axis direction in

the'B-layer 192.

[0024]

Therefore, linearly polarizéd light of the Y-axis
directiqn of light'being incident on the polarized light.
separator 190 is transmitted through the polarized light

‘separator to be emitted as linearly pdlarized light of the



LX)

16

Y-axis direction.

[0025]

On the othéf hand, assume that the tﬁickness of the A
layer 191 in a Z-axis direction is represented by tp, that
the thickness of a B layer 52 is represented by tg, and
that the wavelength of incident light is represented by A,

[0026] |
[Equation 1]

_tA.nAX+ tB'an =R-/2 (1)

_is established. In this state, of light which has the-

wavelength A and is incident on the polarized light
separator 190, linearly polarized light of the X;aXis
direétion is reflected by the pblarized light separator 190
as the linearly polarized light of the X-axis direction.

[0027]

The thickness tp of the A layer 191 in the Z-axis
direction and the thickness ty of the B layer 192 in the Z-
axis direction are variously cﬁanged to esfablish the T
equation (1; described above over the whole §isible
wavelength range. In this'manner, a polarized . light
separator which refleéts the linearly polarized light of
the linearly polarized light of the X-axis direction as the
linearly polarized light of the X-axis direction over not

only a single color but also whole white light and

transmits right-circularly polarized light and transmits
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light of the Y-axis direction as linearly polarized light
of the Y-axis direction can be obtained.

[0028]

The polarized light separator as described above is
disclosed in International Unexamined Publication
(WOS5/17692) .

[0029]

" As described above, in the'polarized iight separator
190 in which layers having different refractive indexes in
the predetermined third direction (X-axis direction) are
.alternately stacked, when linearly polarized light of the
predetermined third direction is incident from the TN
liquid crystal 140, ﬁhe light is reflected by the polariied
light separator 190 and directly emitted as the linearly
polarized of the predetermined third direction. When
linearly polarized light of the secona direction (Y-axis
direction) perpendicular to the third direction is incident,
the 1ight is transmitted through the pblarized light
separator 190 and directly emitted as second linearly
polarized light. In response to light being incident from
_the reflecting plate 180, lineafly polafized light of the
second direction is emitted to the TN liquid crystal 140.

[0030]

Referring to Fig. 4, natural light 121 is changed by

the polarizer 130 into linearly polarized light of a
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direction parallel to the drawing surface. Thereafter, the
light is twisted at 90° in polarization direction by the TN
liquid crystal 140 to be linearly polarized light of a
direction perpendicular to the drawing surface, and the’
linearly polarized light is reflected by the polarized
light separator 190. The linearly polarized light of the
direction perpendicular to the drawing surface is directly
twisted at 90° in polarization direction by the TN liquid
crystal 140 to be linearly polarized light of the direction
parallel to the drawing surface, and the linearly polarized
light is emitted from the polarizer 130 as the linearly
polarized light of the direction éarallel to the drawing
surface. 1In this manner, in a voltage non-applied state,
since incident light is not absorbed by the polarized'iight
separator 190 but reflected by the polarized light
separator 190, a bright display can be obtained. Since the
- light-scattering layer 150 is formed between the polarized
light .separator 190 and the TN liquid érystal 140,.Ehe-
state of the reflected light from the poiarized light
separator 190 is changed from a specular state to a white
§tate.

[0031]

In the voltage applied portion 110 on the left,
natural light 111 is changed by the polarizer 130 into

linearly polarized light of a direction parallel to the
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drawing surface. Thereafter,.the linearly polarized light
is transmitted through the TN liquid crystal 140 and the
polarized light separator 190 without changing the
polarization direction. The linearly polarized light is
partially reflected by the coloring layer 170, transmitted -
through the polarized iight éeparator 190 again, |
transmitted through the TN liquid crystal 140 as the
linearly polarized light of the direétion pérallel.to'the
drawing surface without changing the polarization direction,
and emitted from the polarizer 130 as linearly polarized
light of a direction parallel to the drawing surface. The
linearly polarized light emitted from the polarized light
separator 190 is partially transmitted through the coloring
layer 170 while being absorbed by the coloring layer 170,
and is reflected by the reflecting plate 180. Thereafter,
the light is transmitted through the coloring layer 170
while being absorbed by the coloring 1ayer'l70 again,
transmitted through the polarized light separator 190 again,
transmitted through the TN ligquid crystal 140 as the
linearly polarized light of the direction parallel to the
@rawing surface without changing the polarization direction,
and emitted from the polarizer 130 as the linearly
polarized light of the direction parallel to the drawing
surface. | .

-[0032]
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As described above,.in the voltage non-applied portion
120, light reflected by the polarized light separator 190
is scattered by'the light-scattering layer 156 to be white
emission light 122. . In the voltage applied portion 110,
iight transmitted through the polarized lightlseparator 190
is colored by the coloring'layer.170 to be color emission
light 112. Therefore, a color display can be obtained on a

white background. Since all the wavelengths of a visible

light area are absorbed by using black in the coloring

layer 170, a black display is obtained on a white
background. Since the reflecting plate 180 is arranged,

the color emission light 112 colored by the coloring layer

170 becomes bright.
[0033]
. In the above description, the TN liquid crystéi 140 is
used as an example. However, éven if a liquid crystal such
as an STN liquid crystal or an ECB (Electrically Controlied

Birefringence) liquid ékystai in which other transmission

polarized light axes can be changed by a voltage or the

like is used in place of the TN liquid crystal 140, the

same basic operation principle can be used.

[0034] |

The present invenéion is based on the above principle,
and, according to the present invention, there is provided

a display device comprising:
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transmission polarized light axis changing means which
can change a transmission polarized light axis;

first and second polarized light separation means
arranged on both the sides of the transmission poiarized
light changing means to interpose the transmission
polarized light changing means; and |

an optical element arranged on a side opposing the
transmission polarized light axis changing means with
respect to the second polarized light separation means, the
optical element being capable of emitting light of a
predetermined waveléngth area toward the second polarized.
light separation means in response to light from the Second
polarized light separation means,

characterized in that the first polarized light
separation means is polarized light separation means which
can eﬁit linearly polarized light of a first predetermined
direction, in respoﬁse'to light being incident from a first
‘side of ﬁhe first polarized light separation means; from a
second side opposing thé first side and can emit the
linearly polarized light of the first predetermined
girection from the first side in responée to light being
“incident from the second side, and

the second polarized light separation means is
polarized light separation means which transmits a linearly

polarized light component of a second predetermined
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direction of light being incident from the transmission
polariied light axis changing means to the optical element,
reflects a linearly polarized light componeht of a third
predetermined direction perpendicular to the second
predetermined direction to the transmission polarizea light
axis changing means, and can emit linearly polarized light
of the second predetermined direction to the transmission
polarized light axis changing means in response to light
being incident from the optical element.

[0035] |

In the dispiay device of the present invention,
depending on the state of the transmission polarized light
éxis of the transmission polarized light axis changing
means, two display states, i.e., a first display state
obtained by light reflected by the second polarized light
separation means and a second display state obtained by
light which is emitted from the optical element, is in a
predetermined wavelerngth area, end is transﬁitted through
éhe second polarized light separafion means, can be
obtaineq. Since the first display state is a display state
obtained by light reflected by the second polarized light.
separation means, a bright display can be obtained.

[0036]

'Preferably, the second polarized light separation

-means is polarized light separation means which transmits,
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in response to light in an almost_whole wavelength range of
a visible light area, the linearly polarized light
component of the second predetermined direction of the
light being incident from the transmission polarized light
axis changing means to the optical element, reflects the
linearly polarized light component of the third
predetermined direction perpendicular to the second
predetermined direction, and can emit the linearly
polarized light of the second predetermined direction to
the transmission polarized light axis changing means in
response to light which is in the almost whéle wavelength.

range of the visible light area and is incident from the

optical element.

[0037]

With the above arrangement, the first and second
display states can be obtained in response to the light of
the whole wavelength range of the visible light area, and
transparent reflection or white reflection can be_obtained
in the first display state. In the second display state, a
display of an arbitrary color can be obtained in the whole

wavelength range of the visible light area depending on the

optical element.
[(0038]
Preferably, the sécond polarized light separation

means is polarized light separation means which transmits
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the linearly polarized light component of the second
predetermined direction of the light being incident from
the transmission polarized light axis chanéing means to the
optical element as linearly polarized light of the second
predetermined direction.

Preferably, the second polarized light seﬁaration
means is a multilayered structure obtained by stacking a
plurality of layefs, and the multilayered structure has the
prlurality of layers in which adjacent layers have
refractive indexes which are equal to each other in the
second predetermined dirgction and are different from each
other in the third direction.

As the fransmission polarized light axis changing
means; a liguid-crystal element is preferably used, and a
TN-liquid-crystal element, an STN liquid-crystal element,
or an ECB liquid-crystal element is especially preferably
used. The STN liquid-crystal element also includes an STN
liquid-crystal element using a color—corré&tion optical
anisotropic.material. |

[(0039]

Preferably, the first polariied light separation means -

is a polarizer.
[0040]

Preferably, the optical element is an optical element

which absorbs light in a wavelength area other than the
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predetermined waﬁelength area of the light from the second
polarized light separation means, can reflect the light in
the predetermined wavelength area toward the second
polarized light separation means, and can transmit the
light in the predetermined wavelength area.

[0041]

As the optical element,_an optical element which can
emit light in the predetermined wavelength area in response

to the light from the second polérized light separation

means may be used.

[0042]

As the optical element, a hologram which can color the
light in the predetermined wavelength area by the light

from the second polarized light separation means can also

be used.

[0043]

Preférably, reflecting means arranged on a side
opposing the second polarized light separation means with
respect to the optical element is further arranged, and, as
the reflection means, the reflection means which can
Feflect at least the light in the predetermined wavelength
area toward the optical'eiement is used. In this manner,
‘the second display state by light from the optical means
can be made bright.

-[0044]
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Preferably;_a second optical element arranged on a
side opposing the transmission polarized light axis
changing'means with respect to the second polarized light
separation means.is further comprised, the second optical
element can emit light in a second predetermined wavelength
area different from the first predetermined wavelength area
toward the second polarized light separation means in
response to light from the second polarized light
separation means and is arranged at a position different
from that of the optical element, and a display by at least
light in the first predetermined wavelength area and light
in the second predetermined wavelength area on the same
screen is made possible. In this manner, in addition to a
display of a first color by light from the optical element,
a display of a‘second color different from the first color
- can be obtained. 'As a result, a display of at least two
colors can be obtained.

[0045] ~ o

In this case, preferaBly, the second optical element
is an optical element which absorbs light in a wavelength
area other than the second predetermined wavelength area of
the light from the second polarized light separation means,
can reflect the light in the seécond predetermined
wavelength area toward the second polarized light

separation means, and can transmit the light in the second
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predetermined wavelength area..

[0046] |

As the second optical element, an optical element
which can emit light in the second predetermined wavelength
area in response to the light from the second polarized
light separation means may be used.

{0047}

As the second optical elementi'a.hologram which can
cqlor the light in the second predetermined wavelength area
by the light from the second polarized light separation
means is preferably used.

[0048]

.Preferably, second reflecting means arranged on a side
opposing the second polarized light separation means with
respect to the second optical element is further combrised,
and, as the secoﬁd reflection means, reflection means which
can reflect at least the light in the second predetermined
wavelength area toward the second optical_element is used.
In thislmanner, the second display state by light from the
second optical means can be made bright.

[0049]

‘Preferably, at least one of the optical element and

the second optical element is a color filter.

[0050]

.At least one of the optical element and the second
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optical element may be a phosphor.

[0051]

Preferably, a third optical element arranged on a side
opposing the transmissién polarized light axis changing
means with respect to the second polarized light separation
means is further comprised, the third optical element
absorbs light in an almost whole wavelength range of a
visible light area. In this manner, in addition to a
display of a first color by light from the optiqal element,

a black display by the third optical element can be

obtained.

[0052]

Preferably, first and éecond transparent substrates
arranged both the sides of the transmission polarized light
axis changing means to sandwich the transmission polarized
light axis changing means are further comprised,
the first polarized light separation means is arranged on a
side opposSing the transmission polérized light axis
changing means wiﬁh respect to the first transparent
substrate, and the second polarized light separation means
is arranged on a side opposing the transmission polarized
light axis changing means with respect to the second
transparent substrate.

[0053]

-In this case, preferably, as the first and second
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transpérent substrates, glass substratés are used.

[0054]

When the glass substrate is used as the second
transparent sﬁbstrate as described above, a so-called
parallax error in which a double display is caused by the
thickness of the glass substrate easily occurs. 1In this
case, when a polychroﬁatic display is performed in units of
rows or characters in an icon portion or dots, a display in
which a parallax error is negligible can be obtained.

-[0055]

As the second transparent substrate, a plastic film
substrate can also be used.

[0056]

Preferably, light-scattering means is further
comprised. In this manner, the first display state by
light reflected by the second polarized light separation
means is made white.

[{0057]

In the display device of the present invention, an
active element such as a TFT or an MIM may be arranged.

[0058]

Furthermore, an electronic apparatus acéording to the
present invention comprises a display device according to
claim 1. Depending on the application, the electronic

apparatus may comprise any one of the above display
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devices .

[0059]

[Description of the Embodiments]

Embodiments of the present invention will be described
below with reference to the accoﬁpanying drawings.

[0060]) |

(First'Embodiment)

Fig. 5 is a view for explaining a liquid-crystal
display device according to the first embodiment of the
present invention, in which Fig. 5A is a plén view, Fig. 5B
is an exploded sectional view, and Fig. 5C is.a bartially
enlarged sectional view of an A portion in Fig. 5B. Figs.
6 to 8 are partially enlarged plan views for explaining the
liquid-crystal display.device according to the first
embodiment of the present inventiqn.

[0061] |

In a liquid-crystal display device 10 according to
this embodiment, an STN cell 20 i$~used-as a transmission
polarized 1ight axis changing optical element. A phase-
difference film 14 and a polarizer 12 are arranged above
the STN cell 20 in this order. A diffusion plate 30, a
polarized light separator 40, a color filter 60,.and a
reflecting blate 50 are arranged under the STN cell 20 in
this order. The color filter 60 is arranged on the

reflecting plate 50 by printing. In the STN cell 20, an
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STN liquid crysﬁél 26 is sealed in a cell constituted by
two glass substrates 21 and 22 and the sealing member 23.

A transparent electrode 24 is arranged on the lower surface
of the glass substrate 21,-and a transparent electrode 25
is arranged on the upper surface of the glass substrate 22.
As the material of the transparent electrodes 24 and 25,
ITO (Indium Tin Oxide), tin oxide or the like can be used.
The phase-difference film 14 is used as a color-correction

optical anisdtropié material to correct a color generated

by the STN cell 20.

[0062]

As shown in Fig. 5C, the reflecting plate 50 is
manufactured by forming a deposition. £ilm 54 consisting of
aluminum, silver, or the like on a substrate 52. As the
substrate 52, a glaés substrate, a PET (polyethylene
‘terephthalate) substrate, a PC (polycarbonate) substrate,
or the like is used. When the PET substrate is used as the
substrate 52, the deposition f£ilm 54 consisting-of aluminum
or silver may be forméd on the PE& substrate after the
surface of the PET substrate is coarsened.

[0063]

As shown in Fig. 5A, the.liquid—crystalldisplay device
16 according to this embodiment comprises two display areas,
i.e;, a dot portion 210 and an icon poftion 240.

(00641
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The dot portion 216 comprises dot row display portions
220 and 230 constituting two rows. In correspondence with
the dot row display portions 220 and 230, color filters 620
and 630 are arranged on the reflecting plate 50. As shown
in Fig. 7, the dot row display poftion 220 is constituted
by dot display portions 221 to 224, and the dot row display
portion 230 is constituted by dot display portions 231 to
234. One character or one symbol is displayed bn each of
" the dot display portions 221 to 224 and the dot display
portions 231 to 234. |

[0065]

The icon portiqn 240, as shown in Fig. 6, comprises
three icons 241 to 243. 1In correspondence with the icons

241 to 243, color filters 641 to 643 are arranged on the

reflecting plate 50.

[0066]

As the polarized light separator 40 according to this
~em50dimeht, é bolarized ligﬁt-éeparator described by using
Figs. 2 and 4, i;e., a polarized light separator which
transmits a linearly polarized light component of a
predetermined second direction of light being incident from
the STN cell 20 as linearly polarized light of the second
direction} reflects a linearly polarized light component of
a third direction perpendicular to the.predétermined second

direction, and can emit the linearly polarized light of the
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second direction to the STN cell 20 in response to light
being incident from the reflecting plate 50 is used.

[0067] |

As a polarized light separator ha#ing.the above
function; a polarized light separator obtained by
interposing a cholesteric liquid-crystal layer between two
(1/4) A plates, a polarized light separator using a film
obtained by stacking a plurality of layers, a polarized
light separator which uses an angle of polarization to
separate reflected polarized light from transmission
polarized light, a polarized light separator using a
hologram, and a polarized light.separator disciosed in
International Unexamined Publication (W095/17692) are known.
In this embodiment, the polarized light separator 190
described by using Fig. 3, i.e., the polarized light

separator disclosed in International Unexamined Publication

(WO95/17692), is used.

[0068]

As the polarized light separator 40 according to this
embodiment, a polarized light separafbr described by using
“Fig; 1, i.e., a polarized light separator which transmits a
linearly poiarized light component of a predetermined
second direction of light being incident from the STN cell
20, feflects a linearly polarized light component of a

third direction perpendicular to the predetermined second



34

direction, and can emit the linearly polarized light of the
second direction to the STN cell 20 in response to light
being incident from the reflecting plate 50 can also be
used.

[6069] . |

An operation of the ligquid-crystal dispiay device 10
of this embodiment will be described below.

[0070] |

In a voltage non-applied area, natural light is
changed by the polarizer 12 int§ linearly polarized light
of a predetermined direction. Thereafter, the light is
twisted at a predetermined angle in polarization direction
by the STN cell 20 to be linearly polarized light, the
linearly polarized light is.not absorbed by the polarized
light separator 40 but reflected by the polarized light
separator 40 and twisted at a predetermined angle in
polarization direction by the STN cell 20, and the light is
-emitted from the polarizér. 12 as linearly poiariZed light.
In this manner, in a voltage non-applied state, since
incident light is not absorbed by the polarized light
.§eparator 40 but reflecﬁed by the polarized light separator
40, a bright display can be obtained. Since the-diffusibn-
plate 30 is formed between the STN cell 20 and the
polarized light separator 40, the state of the reflected

light from the polarized light separaﬁor 40 is changed from
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a specular state to a white state.

[0071] _

In the voltage applied area, natural light is changed
by the polarizer 12 into linearly polafized light of a
predetermined direction. Thereafter, the linearly
polarized light is transmitted thfough the STN cell 20 and
the diffusion plate 30 as linearly polarized light and also
transmitted through the polarized light separator 40 as
linearly polarized light. The transmitted linearly
pélarized light is partially colored and reflected by the
color filter 60, transmitted through the polarized light
separator 40, the diffusion plate 30, the STN cell 20, and
the polarizer 12, and emitted as linearly polarized light.
The other part of the linearly polarized light transmitted
through the polarized iight separator 40 is transmitted
through the color filter 60 as linearly polarized light
whilé being absorbed by the color filter 60, and is
reflected by the reflecting plate SO. ThéreafEer, the
reflected light is transmiéted through the color filter 60
again while being absorbed by the color filter 60,
_;ransmitted through the polarized 1light separator 40, the
diffusion plate 30, the STN cell 20, and the polarizer 12,
and emitted as linearly polarized light.

100721

. As described above, in the voltage non-applied area,
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light reflected by the polarized light separator 40 is
scattered by the diffusion plate 30 to be emitted as
linearly polarized light. In the voltage applied area,
light transmitted through the polarized light separator 40
is colored by the. color filter 60 to be color linearly
polarized light. Therefore, a color display can be
obtained on a white background. Since all the wavelengths
of a visible light area are absorbed by using black in a
part of the color filter, a black display is partially
obtained. Since the.reflécting plate 50 is arranged, a
color display by the color filter 60 becomes bright.

[0073]

In the liquid—c:ystal diéplay device 10 accprding to
this embodiment, the polarized light separator 40 is
arranged outside the glass substrate 22 constituting the
STN cell 20, and the color filter 60 and the reflecting
plate 50 are arranged outside the polarized light separator
40; Therefore, a‘sbtcélled parallax error in which a
double display is caused by the thickness.of the glass
substrate 22 easily occurs. For this reason, in this
_embodiment, the color filter 60 is caused to correspond to
a display pattern, and the color filter 60 is formed to
ﬁave a size slightly larger than the display pattern.

[0074]

- Although a polychromatic display of a plurality of
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colors is obtained on a screen, the same color is always
displayed on the same display pattern.

[0075]

This phenoménon will be further described below with
. reference to Figs., 6 to 85.

[0076]

As shown in Fig. 6, in the icon portion 240, the color
filters 641 to 643 are arranged in correspondence with the
three icons 241 to 243. However, the sizes of the color
filters 641 to 643 are set to be slightly larger than those
of the icons 241 to 243, respectively. Intervals are
formed between the color filtefs 641 to 643. In this
manner, color displays in units of icons 241 to 243 can be
obtained, and the icons 241 to 243 always displays the same
colors, respectively. Even if a small paraliax error
occurs, the parallax error is negligible as far as the

displays of the icons 241 to 243 are seen.

[0077]

As shown in Fig. 7; ﬁhe dot bortion 210 comprises tﬁe
dot row display portions 220 and 230 constituting two rows.
However, the color filters 620 and 630 are arranged for the
two dot row display portions 220 and 230, respectively, the
color filter 620 is formed to have a size slightly larger
than the dot display portions 221 to 224 constituting the

dot row display portion 220,'and the color filter 630 is
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formed to have a size slightly larger than the dot diéplay
portions 231 to 234 éonstituting the dot row disﬁlay
portion 230. An interval is formed between the color
filter 620 and 630. In this manner, displays in units of
dot row display portion 220 and 230, and the dot row
display portions 220 and 230 always display the same
displays the same colors, respectively. Even if a small
parallax error occurs, the parallax error is negligible as
far as the displays of the dot row display portions 220 and |
230 in units of rows are seen.

[0078]

As described’above, in this embodiment, color filters
are arranged.in units of rows. However, color filters may

be arranged in units of columns to obtain color displays in

units of columns.

[0079]

‘As shown in Fig. 8, color filters 621 to 624 and 631
to 634 are arranged'in correspondence with the dot display
portions 221 to 224 and 231 to 234, and the color filters
621 to 624 and 631 to 634 are formed to have sizes slightly
}arger than those of the dot display portions 221 to 224
and 231 to 234, and intervals can be formed between the
color filters 621 to 624 and 631 to 634.

{0080])

-In this manner, displays in units of the dot display
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portions 221 to 224 and 231 to 234, i.e., a display in unit
of one character or one symbol, is obtained, and the unit
of one character or one symbol always displays the same
color. For this reason, even if a small parallax error
occurs, the parallax error is negligible as far as a
display in unit of one character or one symbol is seen.

[0081] |

(Second Embodiment)

Fig. 9 is a view for explaining a liquid-crystal
display device according to the second embodiment of the
present invéntion, in which Fig. 9A is a plan view, and Fig.
9B is an exploded sectional view.

[0082]

In the first embodiment, aluminum, silver, or the like
is deposited on.the substrate 52 to form the refiecting
plate 50, and the color filter 60 is printed on the
reflecting plate 50. In contrast to this, the second
embodiment is the same as the firsf embodiment exgeét that
a color_filter 60lis-printed on the upper surface of é
substrate 56 constituted by a glass substrate or a PET
§ubstrate, and aluminum or the like is deposited on the
lower surface of the substrate 56 to form a reflecting
layer.

[0083)

. (Third Embodiment)
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Fig. 10 is a view for explaining a liquid-crystal
display device according to the third embodiment of the
present invention, in which Fig. 10A is a plan view, and
Fig. 10B is an exploded'sectional view.

[0084) .

In the first embodiment, a color filter 66 is printed
én a reflecting plate 50. In contrast to this, the third
embodiment is the same as the first embodiment except that
a color filter 60 is printed on the lower surface of a |
. polarized light separator serving as a polarized light
separator 40 and disclosed in International Unexamined
Publication W095/17692.

(Fourth Embodiment)

"Fig. 11 is a view for explaining a liquid-crystal -
display device according to the fourth embodiment of the
present invention, in which Fig. 11A is a plan view, and
Fig. 11B is an exploded sectional view.

[0085] ~

In the first embodiment, the color filter 60 is
printed on the reflecting plate 50. In contrast to this,
the second embodiment is the same as the first embodiment
except that a fluorescent coating 62 is formed on the
reflecting plate 50 in place of the color'filter 60.
Although the flﬁoreScent coating 62 is properly selected to

perform a color display of a plurality of colors, the same
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color is always displayed on the same dispiay pattefn.

[0086] |

(Fifth Eﬁbodimentf

Fig. 12 ié a view for explaining a liquid-crystal
display device according to the fifth embodiment of the
present invention, in which Fig. 12A is a plan view, and
Fig. 12B is an exploded sé;tional.view.

[0087]

In the first embodiment, aluminum or silver is
deposited on the substrate 52 to form the reflecting plate
50) and the color filter 60 is printed on the reflecting
plate 50. In contrast to_this, the - £ifth embodiment ié the
same as the first embodiment except that a film 70
consisting of PET or the like is selectively colored in a
plurality of colors to form a color filter 76, and a
deposition film 74 consisting of aluminum or the like is

formed on the lower surface of the film 70 to form a

reflecting layer.
[0088] -
(Sixth Embodiment)
Fig. 13 is a view for explaining a liquid-crystal
display device according to the sixth embodiment of the
present invention, in.which Fig. 13A is a plan view, and
Fig. 13B is an exploded sectional view. Figs. 14 and 15

are plan views for explaining the liquid-crystal display
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device according to the sixth embodiment.

[0089]

In the first embodiment, aluminum or silver is
deposited on the substrate 52 to form the reflecting plate
50, and the color filter 60 is ﬁrinted on the reflecting
plate 50. 1In contrast to this, the sixth embodiment is the
same as the first embodiment except that a hologram 80 in
which a color generation area 82 for generating different
colors is selectively arranged is arranged between a
polarized light separator 40 and a reflecting plate 50.

[0090]

In this embodiment, although color generation of the
color generation area 82 is properly selected to perform a
color display of a plurality of coldrs, the same color is
always displayed on the same display pattern. For example,
as shown in Fig. 14, only areas corresponding to icons may
be constituted by color generation areas 802, 804, and 806
which have colors different from each other, and the
remaining area may be constituted by a color generation
area 84 having the same color. As shown in Fig. 15, color
_generation areas 812, 814, 816, 822, 824, 826, and the like
in which different colors are vertically arranged in units
of dots may be arranged.

(0091]

- (Seventh Embodiment)
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Fig. 16 is a view for explaining a liquid-crystal
display device according to the seventh embodiment of the
present invention, in which Fig. 16A is a plan view, Fig.
16B is an exploded sectional view, and Fig. 16C is a
partially enlarged plan view.

[0092]

In the first embodiment, the glass substrate 22 is
used as a substrate under the STN cell 20, aluminum, silver,
or the like is deposited on the substrate 52 to form the
reflecting plate 50, and the color filter 60 is printed on
the reflecting plate 50. In contrast to this, the seventh
embodiment is the same as the first embodiﬁent except that
a_plastic film 28 is used as the substrate under a STN cell
20, and a color filter 70 is formed on the lower surface of
the polarized light separator 40;'

| [0093]

In the first embodiment, since the glass substrate 22
is used as the substrate under the STN cell éo, a parallé%'
error caused By the thickness of the glass suBstrate occurs.
However, as in the seventh embodiment, when. the plastic
film 28 is used as the substrate under the STN cell 20, the
thickness of the plastic film 28 can be decreased. For
~this reason, parallax can be almost canceled, and a
paralldx error rarely occurs. As a result, as shown in Fig.

16C, .color filters (710, 720, 730, and 740) having
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differenf colors in units of pixels can be arranged.

{0094}

(Eighth Embodiment)

Fig. 17 shows an example of a portable telephone set
in which a display device according to the present
invention is arranged. In this portable telephone set 900,
a display device according to the first embodiment is used
as a display portion 901.

[0095]

In the eighth embodiment, although the display device
of the first embodiment is used, depending on the
application, any one of the display devices described in
_the first to seventh embodiments can be used.

[00%96] .

Although this embodiment describes a portable
telephone set as an exaﬁple, the display device can also be
used in various electronic apparatuses such as a bersonal_
cqmputert a car navigation system, or ah electronic
organizer.

[0097]

[Advantages]

In the diéplay device according to the present
invention, the following two display states can be obtained.
That is, the first display state obtained by light

reflected from a second polarized light separation means
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depending on the state of a transmission polarized light
axis of a transmission polarized light axis changing means,
and the second display state obtained by light which is
emitted from an optical element, is in a predetermined
wavelength area, and is transmitted through the second
pélarized light separation means. Since the first display
state is obtained by light reflected by the second
polarized light separation means, a display device which
achieves a bright display can be obtained.

[0098]

As the second polarized light separation means, a
polarized_light separation means which transmits, in
response to light in an almost whole wavelength range of a
visible light area, a linearly polarized light component of
a second predetermined direction of the light being
incident from the transmission polarized light axis
changing means to the optical element, reflec;s the
linearly polarized light component oﬁ a-third predetéimined
directioﬁ perpendicular to the second preaetermined
direction, and can emit the linearly polarized light of the
fecond predetermined direction to the transmission
polarized light axis changing means in response to light
which is light in the almost whole wavelength range of the
visible light érea and is incident from ﬁhe optical element

is used. Therefore, the first and second display states
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can be obtained in response to‘light in the whole

wavelength range of the visible light area, transparent

reflection or White reflection can be obtained in the first

display state, and, in the second display state, a display

of an arbitrary celor can be obtained in the whole

wavelength range.of the visible light area depending on the

optical element.
[Brief Description of the Drawings]

[Fig. 1] |

Fig. 1 is a view for explaining the principle of a
display device according to the present invention.

(Fig. 2]

Fig; 2 is a view for explainihg the principle of a
display deviqe according to the.present invention.

[Fig. 3]

Fig. 3 is anlenlarged perspective view showing a
polarized light-éeparator used in the display device
according to the present invention.

[Fig. 4]

Fig. 4 is a view for explaining the principle of a
Qisplay device according to the present invention.

[Fig. 5]

Fig. 5 is a view for explaining a liquid-crystal

display device according to the first embodiment of the

present invention, in which Fig. 5A is a plan view, Fig.

5B
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is an exploded sectional view, and Fig. 5C is a partially
enlarged sectional view of an A portion in Fig. 5B.

[Fig. 6]

Fig. 6 is a partially enlarged plan view for
explaining ;he liquid—crystalldisplay device acéording to
the first embodiment of the present invention.

[Fig. 7]

Fig. 7 is a partially enlarged plan view for
explaining the 1iquid;crystal display device according to
the first embodiment of the present invention.

[Fig. 8]

Fig. 8 is a partially enlarged plan view for
explaining the liquid—c:ystal display device according to
the first embodiment of the present invention.

[Fig. 9]

Fig. 9 is a view for explaining a iiquid—crystal
"display device according to the second embodiment of the
present invention, in which Fig. 9A is a plan viéﬁ;-énd Fig.
9Blis-an exploded sectional view.

[Fig. 10]

) Fig. 10 is a view for explaining a liquid-crystal
display device according to the third embodiment of the
present invention, in which Fig. 10A is a plan view, and
Fig. 10B is an exploded sectional view.

- {Fig. 11}
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Fig. 11 is a view for explaining a liquid-crystal
display device according to the fourth embodiment of the
present invention, in which Fig. 11A is a plan view, and
Fig. 11B is an exploded sectional view.

[Fig. 12] .

Fig. 12 is a view for explaining a liquid-crystal
display device according to the fifth embodiment of the
present invention, in which Fig. 12A is a plan view, and
Fig. 12B is an exploded sectional view.

[Fig. 13}

Fig. 13 is a view for explaining a 1iquid—crystél
display device according to the sixth embodiment of the
present  invention, in which Fig. 13A is a plan view, and
Fig. 13B is an exploded sectional view.

. (Fig. 14]

Fig. 14 is a plan view for explaining a liquid-crystal -

display device according to the sixth embodiment of the
-present invention.

[Fig. 15]

.Fig. 15 is a plan view for.expiaihing the liquid-
q;ystal display device according to the sixth embodiment of
‘the present invention.

[Fig. 16]

Fig. 16 is a view for explaining a liquid-crystal

display device according to the seventh embodiment of the
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present invention, in which Fig. 16A is a plan view, Fig.
16B is an exploded sectional view, and Fig. 16C is a
partially enlarged plan view.
[Reference Numerals]
10...Liquid-erystal display device
12, 130...Polarizer
14.. .Phase-difference film
20...8TN cell
21, 22...Glass substrate
26...STN liguid crystal
30...Diffusion plate
40, 190...Polarized light separator
50, 180...Reflecting plate
52, 56...Substrate
54, 58, 74...Deposition film
60, 620 -~ 624, 636 - 634, 641 - 643...Color filter
110...Voltage applied portion
120...Voltage ndﬁ-appiied poftion
111, 121...Natural light |
112, 122...emissiqn light
140...TN liquid crystal
150...Light-scattering layer -
162, 166...(1/4) A plate
164...Cholesteric liquid-crystal layer

-170...Coloring layer
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210...Dot portion
221 - 224, 231 - 234...Dot display portion
240...Icon portion

241 - 243...Icon
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Claims

[Claim 1] A.display device comprising:

trq@smission polarized light axis changing means which
.can change a transmission polarized light axis;

first ahd second polarized light separatién means
arranged on both the sides of said transmission polarized
light changing means to interpose said transmission
polarized light changing means; and

an optical element arrénged on a side opposing said
transmission polarized light axis changing means with
respect to said seéond polarized light separation means,
said optical element being capable of emitting light in a
predetermined wavelength area toward said second polarized
light separation means in response to light froﬁ said
second polarized light éeparaéion means,

characterized in that said first polarized light
separation means is polarized light separation means which
' can emit linearly polarized light of a first predetermined
direction, in response to light being incident from a first
side of said first polarized light separation means, from a
second side opposing the first side and can emit the

linearly polarized light of the first predetermined

* (A L M S *
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direction from the first side in response to light being
. incident from the second side, and

said second polarized light separation means is
polarized light separation means which transmits a linearly
polarized light épmponent of.a second predetermined
direction of light being incident from said transmission
polarized light axis changing means to said optical.element,l
reflects a linearly polarized light component of a third
prédetermined direction perpendicular to the second
predetermined direction to said transmission polarized
light axis changing means, and can emit linearly polarized
light of the second predetermined direction to .said
transmissiqn polarized light axis changing means in
resﬁonse to light being incident from said optical element.

[Claim 2] A display device according to claim 1,
characterized in_that said second pdlarized light
separation means is polarized light separation means which
transmits, in.response to iight in an almost whole
wavelength range of a visible light area, the-linearly
polarized light component of the second predétermined
direction of the light being incident from said |
transmission polarized light_axis changing means to said
optical element, reflects the linearly polarized light
component of the third predetermined direction

perpendicular to the second predetermined direction, and

[ ———

A
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can emit the linearly polarized light of the second
predetermined direction to said transmission polarized
light axis changing means in response to light which is in
the almost whole wavelength range of .the visible light area
and is incident from said optical element.

[Claim 3] A display device according to claim 1 or 2,
characterized in that said second polarized light
separation means is polarized light separation means which
transmits the linearly polarized light component of the
second predetermined direction of the light being incident
from said transmission polarized.light axis changing means
to said optical element as linearly polarized light of the
- second predetermined direction.

[Claim 4] A display device'according to any one of
claims 1 to 3, wherein said second polarized light
separation means is a multilayered structure obtained by
stacking a plurality of layers, and said multilayered
structure has the plurality of layers in Which-adjacent
layers have refractive indexes which are equal to each
other in the second predetermined direction and are
different from each other in the third direction.

[Claim 5] A display device according to any one of
claims 1 to 4, characterized in that said transmission
polarized light axis changing means is a liquid-crystal

element.

p
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[Claim 6] A display device according to claimlS,
characterized in that said transmission polarized light
axis changing means is a TN liquid—crystal element, an STN
liquid-crystal element, or an ECB liquid-crystal element.

[claim 7] A.display device according to any one of
claims 1 to-6, characterized in that said firsf polarized
light separation means is a polarizer.

[Claim 8] A displéy device according to any one of
claims 1 to 7, characterized in that said optical element
is ap-optical element which absorbs light in a wavelength
area other than the predetermined wavelength area of the
light from saidisecoﬁd polarized light separation means,
can reflect the light in the predetermined wavelength area
toward said second polarized light separation means, and
can transmit the light in the predetermined wavelength area.

[Claim 9] A display device according to according to
any one of claims 1 to 7, characterized in that said
optical element is an optical element which can emit light
in the predetermined wavelength area in response to the
light from said second'pélarized light separation means.

. [claim 10] A display device according to any one of
claims 1 to 7, characterized in that said optical element
.is a hologram which can color the light in the
predetermined wavelength area by the light from said second

polarized light separation means.
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[Claim 11] A display device according to any one of
claims 8 to 10, further comprising reflecting means
arranged'on a side opposing said second polarized light
separation means with respect to said optical element,

characterized in that said reflection means can
reflect at least the light in the predetermined wavelength
area toward said optical element.

[Claim 12] A dieplay device according to any one of
claims 1 to 11, further comprising a second optical element
arranged on a side opposing said transmission polarized
light axis changing meéns-with respect to said second
polarized light separation means, said second optical
element being capable of emitting light in a second
predetermined wavelength area different from the first
predetermined wavelength area toward said second polarized.
light separation means in response to light from said
second polarized light separaﬁioﬁ means and being arranged
at a position differenf from that of said optical element,
characterized in tﬁat a display by at least light in the
first predetermined wavelength area and 1igh; in the second
predetermined wavelength area on the same screen is made
possible.

[claim 13] A display device according to claim 12,
characterized in that saild second optical element is an

optical element which absorbs light in a wavelength area
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other than the second predetermined wavelength area of the
light from said second polarized light separation means,
can reflect the light in the second predetermined
wa#elength area towafd said second polarized light
separation means, .and can transmit the light in the second
predetermined wavelength area.

[Claim 14] A display device according to claim 12,
characterized in that said second optical element is an
optical element which can emit light in the second
predetermined wavelength area in response to thé light from
said second polarized light separation means.

[Claim 151 A display device accordin§ to claim 12,

_ characterized.in that said second optical element is a
hologram which can color the light in the second
predetermined wavelength area by the light from said second
polarized light separation means.

[claim 16] A display device according to any one of
claims 13 to 15, further comprising second reflecting means
arranged on a side opposing said secon& pélarized liéht
separation means with respect to said  second optical
element,

- characterized in that said second reflection means can
reflect at least the light in the second predetermined
wavelength area toward said second optical element.

. [Claim 17]) A display device according to claim 8 or
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13, characterized in that at least one of said optical
element and said second optical element is a color filter.

[Claim 18] A display device according to claim 9 or
14, characterized in that at least one of said optical
element aﬁd said second optical element is a phosphor.

[claim 19] A display device according to any one of.
claims 1 to 18, characterized by further comprising a third
optical element arranged on a side opposing said
transmission polarized light axis changing means with
respect to said second polarized-light separation means,
said third optical element absorbing light in an almost
whole waveleﬁgth range of a visible light area.

[Claim 20j A display device according to any one of
claims 1 to 19, furfher comprising. £irst and second
transparent substrates arranged both the sides of said
transmission polarized light axis changing means to
sandwich said transmission polarized light axis changing
‘means, - ' o T .

characterized in that said first polarized light
separation means is arranged on a side oppoéing said
_pransmissién polarized light axis changing means with
respect to said first transparent substraté,_and

said second polarized light separation means is
arranged on a side opposing said transmission polarized

light axis changing means with respect to said second
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transparent substrate.

[Claim 21] A dispiay device according to claim 20,
characterized in .that said first and second transparent
substrates are glass substrateé.

[claim 22] A display device according to claim 21,
characterized in that a polychromatic display is performed
in units of rows or characters in an icon portion or dots.

[Claim 23] A display devicg according to claim 20,
characterized in that said second transparent substrate is
a plastic-film substrate.l

[Claim 24] A dispiay device according to any one of
claims 1 to 23, characterized by further comprising light-
scattering means.

{claim 25] An electronic apparatus having a display
device mounted'thereon, cqmprising:

transmission polarized light axis changing means which
can change a transmission polarized light axis;

firét and second polarizéqglight separation means
arranged on both the sides of_said-transmission polarized
light changing means to interpose said transmission
poiarized ligﬁt changing means; and

an optical.element érranged on a side opposing said
transmission polarized light axis changing means with
respect to said second polarized light separation means,

said.optical element being capable of emitting light in a
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predetermined wavelength area toward said second polarized
light separation means in response to light from eaid
second polarized light separation means, characterized
in that said first polarized light separation means is
polarized light separation means which can emit linearly
polarized light of a first predetermined direction, in
response to light being incident from a first side of said
first polarized light seperation means, from a second side
opposing the first side and can emit the linearly polarized
light of the first predetermined direction from the first
side in response to light being incident from the second
side, and
said second polariZed light separation means is

polarized light separation means which transmits a linearly
polarized light component of a second predetermined
direction of light being incident froﬁ.said_transmission
polarized light axis changing means to said optical element,
reflects a linearly polarizéd_iight component of a third
predetermihed direction perpendicular to the second
predetermined direction to said transmission polarized
}ight axis changing means, and can emit linearly polarized
light of the second predetermiﬁed direction to said
fransmission polarized light axis changing means in
response to light being incident from said optical element.

[Detailed Description of the Invention]
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