DLSREAY DEVI CE AND ELECTRONI C APPARATUS USI NG THE SAME o ~[J ndustri al
F}}'e’#"-d of the Invention] The present invention rel atles{t édié@@
device and, nore preferably, to a reflection-type liquid-crystal di y
devi ce. [ 0002] [ Description of the Related Art] A

conventional |iquid-crystal display device using a transm ssion polarized

|l ight axis changing neans a polarized |ight axis of a TN (Tw sted Nenati c)

liquid crystal, _an SIN. {SUpet= Tw Neaes i bGsli Gs Tl STRE , SAME t he
| i ke enpl oys %?%?P%%t%$%£$? ?cﬁtﬁﬁgg?rans%$g%$%%@gpo1arized i ght axis

changi ng nmeans is sandw ched by two polarizers. For this reason, good use
efficiency of light cannot be obtained, and, especially in the reflection

type, a dark difﬁ%§¥s£§i fsffefé gfpﬁﬁglgggentio ][0003] [ Probl ens

to be Sol ved by nventTon re, 1t’is an object of the

Bglezfintz (L nventi ofnd Gor QLONE IEndeflt $8hA¥ ¥8¥EECLol'al BY sPIRLAMRIIRY GRa,
more preferably, to a reflection-type liguid-crystal '
display device.

[0002] |

[Description of the Related Art]

A conventional liéuid-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) liquid 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 problemn.

[0003] | _

[Pfobléﬁs to be Solved by the Invention]

Therefore,'it'is'an object of the present invention to
.pfovide a aispiay.device, using a transmission polarized
'}igﬁp;ax;é chaﬁging element, which can obtain a briéht
=- displéy. 'ﬁ.‘

100041,

[Means for Solving the Problems]

R s it

-t

‘The ﬁ%ingiplqjof thé present invention will be

D R



Ilghf axi s changi ng el enment, which can obtain a bright display.

[;M#ans for Solving the Problens] "The principle of the present
invention will be . 2 descri bed bel ow
with reference to Figs. 1 and 2. [0005] Figs. 1 and 2 are views for

explaining the principle of a display #evice according to the present

I nvention. Liquid- crystal display devices shown in Figs. 1 and 2 are to
explain the principle of the present invention. The present invention is
not limted to the liquid-crystal display devices shown in Figs. 1 and 2
as a matter_of course. 0006] Referring to Fig. 1, in this

[
i qui d- cr ysdescuiled Helaewtdh refirreneni BocFygfal 11a0di3-used as a
transm ssi on po{ggégfd | i ght axis changing elenent. A polarizer 130 is

Figs. 1 and 2 are views for explaining the principle of a
display device according to the present invention. Ligquid-
crystal display devices shown in Figs. 1 and 2 are to
explain the principle of the present invention. The
present invention is not limited to the ligquid-crystal

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

course.

[0006]

Referring 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 fifsp direction. A ligﬂh—

- scattering layer 150, a polarized light separator 160, a
. coloring layer 170, and a reflecting plate 180 are arranéed
in ﬁhis 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 a Vbltage applied portion 110 and the right side serves

as a -voltage non-applied portion 120.



arranﬁed above the TN liquid crystal 140. The polarizer 130 transmts

I tnéarly polarized |light of a predetermined first direction of incident

i ght, and absorbs linearly .polarized light of a direction perpendicul ar
tothe Ilinearly polarized I'ight of the first direction. A light-
scattering layer 150, a polarized |ight 3separator 160, a coloring |ayer
170, and a reflecting plate 180 are arranged in this order under the TN
liquid crystal-~140. The followi ng description is perforned on the
assunption that the left side.of the |iquid-crystal display device serves
as a voltage applied_portion 110 and the right side serves as a voltage
non- appl i ed portﬁBHoz 0. - 3

102 and a chol eotBR: BorpraraettsghE Yl I RERS At 4 i B 5 °

cryptal hasghlel Skhouas ehiacial it g el datrs

pitch of tRghLANed;6r ¥ThAk @RS i SaTR ARG IHAUION That

' is, the cholesteric 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; Thergfore, for example, when a left-rotational
cholesteric liquid crystal having a pitch of 5000A is used
as the cholesteric liquid-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 vigible liéht, an element which
reflects left—ciréularly'polarized light over noﬁ only a
single color but also whole white light and transmits
right-circularly polarized light can be obtained.
(00081}
In the polarized light separator 160 obtained by

combining the cholesteric liquid-crystal layer 164 and the

(1/74) A plate 162 described above, when linearly polarized



as tHat of the liquid crystal, and transnits the other |Ilight. Therefore,
for  exanple, when a left-rotational cholesteric liquid crystal having a
pitch of 5000A is used as the cholesteric liquid-crystal |ayer 164, an
el ement which reflects left-circularly polarized |light having a '
wavel ength of 5, 000A and transnmits righ#-circularly polarized Iight or
other left-circularly polarized |light can be obtained. In addition, when
| eft-rotational cholesteric liquid crystal is used, and its pitch is
changed within the cholesteric liquid crystal over the whole wavel ength
range of visible light, an element which reflects left-circularly

pol ari zed Ilkﬁmhbv@f mapred@Veamlsedgtbln@I@Lrgqtlan305mmobedwnttérbmght

and transmts fht C|rcularg¥ golar|zed | i ght can be obtained.
[ 0008] the n( ) peirtatedl 2 ghthe ebiiraasiy 1B0lasi apdedight igonbi ni ng

t he chol esteric |liguid-cr 164 and the 1/4) [err] plate 162
descri bed aUHW%?gﬂﬁéﬁyth aff§ bg¥3P1§%% £87 108 188%:k8 ularly

4 polarized light, reflected by the cholesteric liquid-
crystal layer 164, and emitted again as 1inearly 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. In response to light being incident from the lower
side of the cholesteric ligquid-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-lGZ is a polarized light
separatidn 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



light” of a predeternined third direction is incident from the.(1/4) [err]
ptate 162, the linearly polarized light is changed by the (1/4) [err]
plate 162 into left-circularly polarized Iight, reflected by the
cholesteric liquid- <crystal layer 164, and enmtted again as linearly

pol arized light of the predeternmined tthrd direction by the (1/4) [err]
plate 162. Wen linearly polarized |ight of a second direction
perpendicular to the third direction is incident, the linearly polarized
light is changed by the (1/4) [err] plate 162 into right-circularly
polarizedliégg and transmtted through the cholesteric |iquid-crystal

| ayer 164. rliddddnde platie dif2 el mesprnsR ko Yot Heeirgetncidert of the
chol esteric |liquid-crystal layer 164, linearly olarized light of the
second di r edto%9h the shaliest oG d iqHE(Wugtad prayer 1504- As a [ 0009]

In this manner, l.arized |ight, separato

the chol est mléﬁﬁhe -lalgF_st%ﬁPﬁ on W%é“%‘%gn? %%5% Fg‘g?ﬁl’)gb&gpgiggggl s
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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), 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
liguid cryséal 140 to bé“lihearly polarized light of a
direction 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
.plate 162 again. The left-circularly polarized light is

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



5 ¥ the (1/4) [err] plate 162 in response to light being incident from
tshe cholesteric liquid-crystal layer 164. As a polarized |ight separation
means having this function, in addition to the polarized |ight separator
160 obtained by conbining the cholesteric liquid-crystal |ayer 164 and the
(1/4) [err] plate 162 descri bed above, & neans using a film obtained by
stacking a | arge nunber of films (U S.P. 4,974,219), a neans for

separating reflection polarized Ilight fromtransm ssion polarized |ight by
using an angle of polarization (SID 92 DI GEST pp. 427 to 429), and a neans
usi ng a hol ogram are known. [0010] . . Referring to Fig. 1 again

in the vol t adehtorfappldiedction iparpe{fiicnilare td giie dwdwirad .dugtdcd 2l i s
changed by the polarizer 130 into linearly polarized light of a direction
paral | el toande tdrealiimpasiinf @od arflmsddiight ihewistghdl irs polatizhtaion
90[err] in polarization direction by the TN liquid crystal 140 to be
| i nearly polddmensgdadn divt tdfe N liguid 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 drawing 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
formedlbetween the (1/4) A plate 162 and the TN ligquid
crystal 140, the state of the reflected light from the
polarized light separator 160 is changéd 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 1§b int6
linearly polarized light of 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 aﬁd changed by the
(1/4) A plate 162 into right-circularly polarized light,

and the right-circularly polarized light is transmitted

through the cholesteric liquid-crystal layer 164. The



direc%ion perpendi cular to the drawing surface, the linearly polarized
l4ght -is changed by the (1/4) [err] plate 162 into left-circularly

pol ari zed |ight,

the chol esteric

pl ate 162 agai n.

and the left- circularly polarized light is reflected by
|l iquid-crystal layer 164 to be incident on the (1/4) [err]
The left-circularly pol7rized |ight is changed by the

(1/4) X plate 162 into linearly polarized

6 light of a direction perpendicular to the drawing surface, and 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 drawrnghtsoifrevéarTiyepoliegdrded gdlgt Asthrnsmjitted Biduad fhem t he
130 as linearly polarized |I%ht of a direction parallel to the

pol ari zer

drawi ng sur thedesterifi  imidecryistad

i nci dent
refl ected

Ilgy “

araddhds d-'mjiﬁl@llb{ aeflegtrd
s not absorbed by the polarlzed | i ght se ar tor 160 but

he poleringd leves lgélpar F80,°Th RAAt@N be

obtai ned. Since the light.- scatterln 150 |s forned betmeen the (1/4)
g ﬁg (

[err] pl at e 1P@2 28R4 ™ hEREN

1/4) A plate 162 into

linearly polarized llght 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 liquid-crystal

layer 164, and is trahsmitted through the coloring layer

170

while being absorbed by the coloring layer 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 layer 170, and is incident

on the (1/4) A plate 162 through the cholesteric ligquid-

crystal layer 164. The incident light is changed by the

(1/4) A plate 162 into linearly polarized light of a



Crysf%l 140, the state of the reflected Iight fromthe polarized |ight
separator 160 is changed froma specular state to a white state.
[ 0011] In the voltage applied portion 110 on the left, natural
l'ight 111 is changed by the polarizer 130 into linearly polarized |ight of
a direction parallel to the drawi ng surface. Thereafter, the linearly
polarized light is transmtted through the TN liquid crystal 140 w t hout
changi ng the pol arization direction and changed by the (1/4) X plate 162
into right-circularly polarized light, and the right-circularly polarized
light is transmtted through the cholesteric liquid-crystal |ayer 164. The
7 ri ght -direct toh yoam blek etb | tlyghtdraeingi seefacar ole thiseaxhlaf esteri c
liquid-crystal layer 164 is partially reflected by the colpring | ayer 170,
i nci dent on pdkaxizead J1ighf 3¢ stxansmiteedi vhrawghchhag®y bjavké (1/4)
[err] plate 162 into linearly polarized |ight of a direction parallel to
t he crystal 140 without changing theé 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 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_éoloring layer
170 becomes bright.
[0013]
Referring to Fig. 2, the polarized light separator 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



draw®ng surface. The linearly polarized light is transmtted through the
TN liquid crystal 140 w thout changing the polarization direction and
emitted fromthe polarizer 130 as linearly polarized |ight of the
direction parallel to the drawing surface. The right-circularly polarized
light transmitted through the cholesterPc liquid- crystal layer 164 is
partially transmtted 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 transmtted through the coloring |ayer
170 whil e bein P absorbed by the coloring layer 170; is reflected by the
chol esteric {3168} & Rates 165 and 13'6516 R ?Eri“ia%‘ﬁ‘%n‘PTtltEBt]PhFBﬁgﬁltiﬁE

P 8 P AL RO D R B R
e L1 o0 Abguabug gl t”%e%?ﬁ%ﬁ%%ﬁﬁ?é/ £ieBE ABAPRRERCTS"Y, 1o
e SIS A o 0BT FL AT 187, BRLCSTE ! okt
8 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 liquia—crystal layer
164 and changed by the (1/4) A plate 162 into linearly
polarized light of a predeﬁermined third direction, and the
linearly polarized light is emitted. When linearly
polarized light of a second direction 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 through the cholesteric ligquid-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. In response to light
béing incident from the lower side of the (1/4) A plate 166,
linearly polarized light of the second direction is emitted
Fbove 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



diredtion parallel to the drawing surface. The linearly polarized light is
transmtted through the TN liquid crystal 140 w thout .changing the

pol ari zation direction and emtted fromthe polarizer 130 as linearly

pol ari zed light of the direction parallel to the draw ng surface.

[ 0012] As described above, in thelQoltage non-applied portion 120,
light reflected by the polarized |ight separator 160 is scattered by the
light-scattering |layer 150 to be white emssion light 122. In the voltage
applied portion 110, light transmtted through the polarized |ight

separator 160 is colored b he .col oring. | ayer. 170 to be col or ] SSj on

T oht 112, FRRARIEN TEe M) AT B Dk TR brP L ES Light
background. Since all t wavel engt hs of visible..light are . bsor bed
by_us! g bi SaEkndR, Aot ST dnitiad EpR fairediioR! 6F BIaRER°0 0,

white backg%%l_%cli.zirg_jj]r&‘eqlg t%gngfé}g&t{fﬂplﬁt&a’l@g jl%a% afﬂ?&'a%lry?he col or

em ssion |i ol ored by the coloring lfayer econes ght .
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164, and a-(ﬂiﬁgaﬁfy’ﬂoﬂﬁﬁﬂébdfﬁﬁght 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 ligquid-crystal layer 164 and the (1/4) A plates
162 and 166 described above; a means using a film obtained

f 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 separaﬁbr in'which.layers
having different refréctive 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 non-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



[ 0014] In the polarized |ight separator 160 in which the

9. (1/4) [err] plates 162 and 166 are arranged on both the sides of the
~chol esteric liquid-crystal |ayer 164, when linearly polarized |light of a
predetermned first direction is incident fromthe (1/4) [err] plate 162,
the linearly polarized light is changetlby the (1/4) X plate 162 into left-
circularly polarized light. The left-circularly polarized light is
reflected by the cholesteric liquid-crystal |ayer 164 and changed by the
(1/4) [err] plate 162 into linearly polarized Iight of a predeternined

third direction, and the linearly polarized |light is emtted. Wen
linearly p@hangzédbylghp §p1§r36©§nd3@|m@ﬁﬂ(%1W@QQ&MMmQ%§¥ﬂZQQ)k#&htflrst
direction is incident, the linearly polarized light is changed by the

(1/4) [err]ofl atélIGEtFﬁPoPPiféﬂtleél coulthe ﬁraﬁﬁn&r isHafaGeyht Theggatter,
right-circul arl oIa | zed I| ransm tted t rou h the chol esteric
li qui d- crysFaf iég@?r ¥BE°& Qnéé@gﬁylﬁhé“fﬁﬁ IATERtIAn,  he
linearly pglacizedy H3ntnd Thh‘ifq%% N, 9deeqt 1 %%a' AL
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) L plate 162 into
iineariy polarized light of a direction perpendicular to
the 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 linearly polarized light is
enitted from the polarizer 130 as linearly polarized light
. of the direction parallel to the drawing surface. In this_
ménner, in a'Vbltage non-applied state, since light is not
absorbed by the polarized light separator 160 but reflected
by the polarized light sepafétor 160, a bright display can
be obtained. 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.



line&rly polarized light is enmitted. In response to |ight being incident

fromthe | ower side of the (1/4) [err] plate 166, Ilinearly polarized |ight
of the second direction is emtted above the (1/4) [err] plate 162.
[ 0015] As descri bed above, the polarized Iight separator 160

obt ai ned by conbining the cholesteric I1uid-crystal layer 164 and the
(1/4) [err] plates 162 and 166 is a polarized |ight
10 separation means which transmts a linearly polarized |ight
conmponent of the predeterm ned second direction of light being incident
fromthe (1/4) [err] plate 162 as linearly polarized |light of the second
direction, refleci{®®®?7}!|inearly polarized |light conponent of a third
direction perpendicular to the predeterm ned second direction, and, in
response to |ightIneting vottageatappbiedheortian LaPrpnpLtheelefss, can enit
the linearly polarized |ight of the second direction to the (1/4) [err]
plate 162. Matupalatigel 11yhis chpagadi bY HFeanpohkaviagrt A28 4BRetion, in
addition to the . . . .
linearly polarized light of 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 polarized light is transmitted
through the cholesteric liquid-crystal layer 164. The
right-circularly polarized light transmitted through the
cholesteric liquid-crystal layer 164 is changed by the
(1/4) A plate 166 into linearly polarized light of a
direction parallel to the drawing surface. The linearly
polarized light is partially reflected by the éoloring
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 TN_liquid crystal 140 as )
linearly polarized light 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. 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



pol ari zed |ight separator 160 obtained by conbining the cholesteric

i quid-crystal |ayer 164 and the (1/4) X plates 162 and 166 descri bed
above, a neans using a filmobtained by stacking a |arge nunber of filns
(U.S.P. 4,974,219), a neans for separating reflection polarized [ight from
transm ssion polarized |ight by using ab3angle of polarization (SID 92

DI GEST pp. 427 to 429), a neans using a hologram and a polarized |ight
separator in which layers having different refractive indexes in a
specific direction (to be described later) are alternately stacked are

o0 o non e 170, e i M & e FeOEAE R opghat 1 op of e
volage T ARBILA 0T 0 A28 0 AL 48054 Ner iy B oy che
oL oSt gt AP TE DAY e ed EpeLhEnBRbEL 10 (e
pol ari zati on gyl X 86fg O Al dnfle b | disbbie T ¥sE l1 A4P A PpPLedi 168! | ¥ne
cholesteric liquid-crystal layer 164, and the (1/4) A plate
162 again, transmitted through the TN ligquid crystal 140 as
the linearly polarized'light 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,_light 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 visible
_;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.



pol afi zed light of a direction perpendicular to the drawing surface, and
the linearly polarized Iight is changed by the (1/4) [err] plate 162 into
| eft-circularly polarized light. The left-circularly polarized light is
reflected by the cholesteric liquid-crystal |ayer 164, incident on the
(1/4) J[err] plate 162, and changed by ke (1/4) [err] plate 162 into
I'inearly polarized light of a direction perpendicular to the draw ng
surface. The linearly polarized light is twisted in polarization direction
by the TN liquid crystal 140 to be linearly polarized Iight of a direction
parallel to the drawing surface, and the linearly polarized light is
emtted fromthe[pO0&di zer 130 as linearly polarized |ight of the
direction parallel to the drawing surface. In this manner, in a voltage
non- appl i ed stat &n &hec@bovghidessrigtioghs dise Iyl il S trarstadd 314G Hs
separator 160 hut reflected_ by the polarized |ight _separator 160, a bright
di spl ay canusg€ 8§t atne¥xample-e HRWeVRyht ¥Rt ér Pndimdy&r crystad sichanged
bet ween theé%%/4) k@rrL l.afe 162 gnd the TN Ii%:id %%¥stal 140, the state
of the refl 8t 8% F&ht FYStR &5 A BGRyhHt iy dePnte ed

froma Specgli%refrs:‘.%%te%ctec; Efl.:l.vc\?l.tlltde c%:tyastt%ll 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;

100201 |

The principle of the_present invention when another
polaiized light separator will be described below with
refergnce 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 present invention. The
liquid-crystal display device shown in ?igs. 3 and 4 is to-

explain the principle of the present invention.- The
present invention is not limited to the liquid-crystal
gisplay device shown in Figs. 3 and 4 as matter of course.

[00227

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



12+ ~[0017] 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 draw ng surface. Thereafter, the
linearly polarized light is transmtted through the TN liquid crystal 140
wi t hout changing the polarization dird8ion and changed by the (1/4)

[err] plate 162 into right-circularly polarized light, and the
right-circularly polarized light is transmtted through the cholesteric

|l iquid-crystal layer 164. The right-circularly polarized light transmtted

t hrough t he hol esteric |iguid- |1 64 i

EﬁrrL pIatealgﬁ§ggaog£;§§?LﬂglBﬂfiga;gg F?é%%aéfiébsd??gggigﬂggéﬁgfleflig)
e drawing surface. T ' I : Is I i i

by the ol 8spﬁgter§9gr S%e%r“i?énim BRLA= AL e SRR AP Bt o 166,
e cholesteric.liquid-cr [ _| , '

again, trangﬂﬁf)f"éﬂgt P’linﬁﬁhXt%hz "T‘Rﬁy?{qﬁi Sigrc}g'?l | E’?‘z?g:gag)sol[ ?a:]r{ae]ara?l)}%po eéirliesged

ot DTSR pEBRTiAEE 8 e 1 pmestanaod bngl Chano no
linearly pelanigatly beBErebeibe dis’ @l rtna ¥ thd Gddienstidn that
the left side of the liquid-crystal display device serxrves
as the voltage applied portion 110 and the right side
serves as the voltage non-applied portion 120.

[0023]

The polarized light sepafatorﬂlQO has a structure in
which two different layers 191 (A layer) and 192 (B layer)
are alternately stacked as shown in Fig. 3. In the A-layer
191, a_refractiﬁe 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 indeﬁ
(npx) of the X-axis direction) is equal to a refractive
index (ngy) of the Y-axis direction. The refractive index
(nay) ofthe Y-axis direction in the A layer 191 is.equal
.to the refractive index (npy) of the Y-axis direction in
the B layer 192.

[0024]

Therefore, linearly polarized light of the Y-axis
direction of 1ight.being incident on the polarized light.
separator 190 is transmitted through the polarized light

‘separator to be emitted as linearly pdlarized light of the



surfdce. The linearly polarized light emitted fromthe (1/4) [err] plate
166 is partially transmtted through the <coloring layer 170 while being
absorbed by the coloring 13 | ayer
170 and reflected by the reflecting plate 180. Thereafter, the reflected
light is transmtted through the coloritkg |ayer 170 whil e bei ng absorbed
by the coloring layer 170, transmtted through the (1/4) [err] plate 166,
the cholesteric liquid-crystal layer 164, and the (1/4) [err] plate 162
again, transmtted through the TN liquid crystal 140 as the linearly

pol ari zed light of the direction parallel to the drawi ng surface w thout
changi ng t h¥ -exlis iddateicdriondi rection, and enitted fromthe polarizer 130 as

the linearly polarized light of the direction parallel to the draw ng
surf ace. [ dOP5] As described above, in the voltage non-applied
portion 120,- |ight reflected by th olarlzed ght s arator 160 is
scattered by theYn jhe qthe umes Z7l‘)tb"én kness of the a

layer 191 in a Z-axis direction is represented by ta, that
the thickness of a B layer 52 is represented by ts, and
that the wavelength of incident light is represented by A,
[0026]

[Equation 1]

CCacnax + ts*nex = A/2 (L)
is established. In this state, of light which has the .
wavelength A end is incident on the polarized light
separator 190,.1ineerly polarized light of the anXis
direetion is reflected by the polarized light. separator 190
as the linearly polarized light of the X—exis direction.

[0027]

The thickness tp of the A layer 191 in the Z-axis
direction and the thickness tz of the B layer 192 in the z-
axis direction are variously cﬁanged to esfablish the T
equation (1; described above over the whole §i$ib1e
wavelength range. In this'manner, a polarized light
separator which refleets 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



eni ssion light 122. In the voltage applied portion 110, light transnitted
through the polarized light separator 160 is colored-by the coloring |ayer
170 to be color emission light 112. Therefore, a col or display can be
obtained on a white background. Since all the wavelengths of a visible
light area are absorbed by using bl ackl?n the coloring layer 170, a bl ack
display is obtained on a white background. Since the reflecting plate 180
is arranged, the color emssion |ight 112 colored by the coloring |ayer

170 becones bright. [0019]
In the above description, the TN l'i quid crystal 14 sed an anpl e.
However, evéhght afltbalﬁ éK}§t§Pr§G@H°na§SaA1§?Rr NqQQ&qﬁPf§%§ﬂjé$SEnnECB
(Electricall Controlled _Birefringence) liquid cr stal in which other
transmi ssi ot pBea¥ra¥ds| f4RecHion €aR e 8% y a voltage or the |ike

is used in place ﬁf the TN liquid crystal -140, the sanme basic operation
principle can be [ 0020]

The polarized light separator as described above is
disclosed in International Unexamined Publication
(W095/17692) .

 [0029]

" As described above, in the'polarizea iight separator
190 in which layers having different refractive indexes in
the predetermined third direction (X-axis direction) are

.alternatelj stacked, when linearly polarized 1igh£ of the
predetermined third direction is incident from the TN
- liquid crystal 140, ehe light is reflected by the polariied
light separator 190 and directly emitted'as the linearly
poiarized 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 pelarized light
separator 190 and directly emitted as second linearly
polarized light. 1In response to light being incident from
Fhe reflecting plate 180, lineafly polafized light of the
seeond 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



The principle of the present invention when another polarized:light
separator will be described belowwth reference to Figs. 3 and 4.

[ 0021] Fig. 3 is an enlarged perspective view showing a polarized

| i ght separator used in the present invention, and Fig. 4 is a view for
explaining the principle of a display Hevice according to the present

i nvention. The liquid-crystal display device shown in Figs. 3 and 4 is to
expl-ain the principle of the present invention. The present invention is

not limted to the liquid-crystal display device shown in Figs. 3 and 4 as
matter of c his

Iiquid;cry§¥§%g§Féﬁ?a9ar%%€$§§%opﬁ%eTﬂFE%%u§5%§g§é?§Fl%E%é?géggéﬁ’aghs

LTS 55 ol ge 04 ERTLLAT 900 SOl Eh TR 0 fplan 0 pld s

layer 150, ;@QiarL#gdehi 9hoSER3b8! 24nd8R1y2polarized 1ight 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 ﬁarallel to the drawing
surface. In this manner, in a ﬁoltage non-applied state,
since incident light is not absorbed by the polarized light
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,-£he'
state of the reflected light from the poiarized light
separator 190 is changed from a specular state to a white
state.
[0031]
In ;he 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



coloring layer 170, and a reflecting plate 180 are arranged in this order.
under the TN liquid crystal 140. The follow ng description is perforned on
the assunption that the left side of the liquid-crystal display device
serves as the voltage applied portion 110 and the right side serves as
the vol tage non-applied portion 120. 19 [0023] The pol arized |ight
separator 190 has a structure in which two different |ayers 191 (A |ayer)
and 192 (B layer) are alternately stacked as shown in Fig. 3. In the A
gayer 19? a ae;;actlve index (n[err]) of an X-axis direction (first
irection) is different froma refractive ex err of,a .Y:a

gl recti on) drewing Buriage 19Thereadtert |t<)"ée djrﬂ'é?a %%[é%*?’ilﬁ?dt%%é@axi s
irection) is equal to a_refractj t

?irection. It FRRSBEE L FiaRkd (H?Er?ﬁ fa%uﬁﬁ %§§§ &5 gﬁpegplon °n the A
ayer 191 t.he refrac Lve e re axi s

direction PPfgﬁ%Z%?|g§% t1§§para or 1?@ 52f£gh@ Ch£?§ éhgré linearly

pol ari zed 1t _of the Y re t Ci the

pol ari zed I?%ﬂ??lzgép%?agfééésbg#s ??%%2%?%?%dg? ?gg%ﬁg%ﬁg %ggg?lggd l'i ght

separat or t8a99i5f1§tfgfféckgaeﬁ&l¥h@OE61b%§ﬂg|1&9@r0ﬁ7hhetransmltted :
through the polarized iight separator 190 again, |
transmitted through the TN liquid crystal 140 as the
linearly polarized light of the direétion pérallellto'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‘170 again,
transmitted through the polarized light separator 190 again,
transmitted through the TN liquid 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]



16 * Y-axis direction. [ 0025] On the other hand,- assune that
the thickness of the A layer. 191 in a Z-axis direction is represented by
tA that the thickness of a B layer 52 is represented by-t[err] and that

t he wavel ength of incident light is represented by [err], [ 0026]

[ Equation 1] tlerr]nferr] + t[er@P nlerr] = [err]/2 (1) is
established. In this state, of light which has the wavelength X and is

i ncident on the polarized Iight separator 190, linearly polarized |ight of
the X-axis direction is reflected by the polarized |ight separator 190 as
the linearly polarized Iight of the X-axis direction. [ 0027]

The thickness t Aasf delserAbedyeboi@l iim tthe Xodtage diareEpmii eth Peffel on
thickness t[err] of the B layer 192 in the Z- axis direction are variously
changed to 4gOablightt reflegted &y (the Relanirad dHTht RRRAEHL TN &

visible wavelength range. 1n this manner, a polarized |ight
is sé%ttereégby the 1ight—scatterf£g layer 1§§ to be white

emission light 122.-lIn the voltage applied portion 110,
light transmitted through the polarized light separator 190
is colored by the coloring'layer_l70 to be color emission
light 112. Therefore, a color display can be obtained on a
white background. Since all the wavelengths of a visible
1light area are absorbed by using black in the coloring
layer 170, a black displai.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 crystai 140 is
used as an example. However, éeven if a liquid crystal such
as an STN liquid crystal or an ECB (Electrically Controlied
Birefringence) liquid diystai in wﬁich other tféhsmission
polérized 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 invenfion is based on the above principie,
and, aécording to the present invention, there is provided

a display device comprising:



separator which reflects the linearly polarized |light of the-linearly

pol arized light of the X-axis direction as the Ilinearly polarized |ight of
the X-axis direction over not only a single color but also whole white
light and transmts right-circularly polarized Iight and transmts

17 light of the Y-axis direction as2linearly polarized |light of. the
Y-axis direction can be obtai ned. [ 0028] The pol arized |ight
separator as described above is disclosed in International Unexam ned

Publication (WD05/17692). [ 0029] As descri bed above, in the

pol ari zed |ight separator , 190 iin which _|ayers having different refractive
i ndexes in the preasrdssieddpodiprd zec ddigin PR BGRARG NG (MANS gykich

alternately. stacked, when linearly polarized |jght .of the predeterm ned
third direcFPBnCPéHSﬁc?thanﬁm%?@-mlqrﬂcﬁﬁ%g’&%}?‘t A*4HH0, the light is

reflected by the polariged LIl sspanatal Aol directly Smidged as the

arranged on both the sides of the transmission poiarized
light changing means to interpose the transmission
polarized 1ight 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
polariied 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 response to 1ight 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
@irection from the first side in response 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



pol ari zed of the predeternmined third direction. Wen linearly polarized
l,ight of the second direction (Y-axis direction) perpendicular to the
third direction is incident, the light is transmtted through the

pol ari zed |light separator 190 and directly emtted as second linearly
polarized light. In response to |ight b2%ng incident from the reflecting

plate 180, linearly polarized light of the second directionis emtted to
the TN Iiquid crystal 140. [ 0030] Referring to Fig. 4,

natural light 121 is changed by t he polarizer 130 into linearly polarized
i ght of a direction parallel to

the draw ng &ireefcion Tferkighterbeing ineifent sf’EW‘sF]éﬂ b¥apgmigsion

polarization direction by the TN Jliqujd crystal 140 to be.li
pol ari zed | iRfka¥zed ]d’rgl'é"cta}’&hs p%h%%%ﬂ‘?%ﬂé?n?ot? hEbar %‘Fﬁﬁa uf"iﬁ%@ntand

gggargégsaQ£%fi%é£%ﬁ§ é%f&ﬁ- flf%%gﬂ}P%Pétﬂg Bégéé PEna pggbﬁﬂdlcular
to the drewmﬂ§£é%£éf§ﬁne§ é& éigh perpendicular to the second

predetermined direction to the transmission polarized 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 pola:ized light
axis of the transmission polarized light axis changing
means, two display states, i.e., a first display state
obtained by light reflected by the second polérized light
separation means and a second display state obtained by
light which is emitted from the optical element, is in a
predetermined wavelength area, énd is transﬁittéd through
éhe second polarized light separaﬁion means, can be
obtaineq. Since the first display state is a display state
obtained by light reflected bj the second polarized light
separation means, a bright display can be obtained.

[0036]

'Preferably, the second polarized lighﬁ separation

means is polarized light separation means which transmits,



twisted at 90 in polarization direction by the TN Iliquid crystal 140 to be
linearly polarized light of the direction parallel to the drawing surface,
and the linearly polarized light is enmtted fromthe polarizer 130 as the
linearly polarized light of the direction parallel to the draw ng
surface. In this manner, in a voltage @@n-applied state, since incident
light is not absorbed by the polarized |ight separator 190 but reflected
by the polarized Iight separator 190, a bright display can be obtained.
Since the Ilight-scattering |layer 150 is formed between the polarized
| i ght separator 190 and the, TN i quid crystal %g&, the _state of the
refl ected | FBh¥eFPORFENEOPLEGPEZ 48 RRgRLMOSEDY, Srw?§€1F§95ﬁhﬁ§@§efF5h1a
specul ar state,to wﬁLt state. . 0 31% . I .t% vol t age
appl i ed porFiXﬁsl?geo . ﬁE pERR thﬁaﬁ&?&%rﬁVg plarized @Hg §Ed by the
Poe"! 76" 130mpBhane bERRE' beBBHR bieApHhlingly BiPRIOBPUM | o 1O
the ||nearlxi83ka5b§ﬁg khgghent 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 whole 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 second polarized light separation

means is polarized light separation means which transmits



is transnmitted through the TN liquid crystal 140 and the polarized |ight
separator 190 without changing the polarization direction. The linearly
polarized light is partially reflected by the coloring |ayer 170,
transmtted through the polarized |light separator 190 again, transmtted
through the TN liquid crystal 140 as tH# linearly polarized |ight of the
direction parallel to the draw ng surface w thout changing the

pol ari zation direction, and emtted fromthe polarizer 130 as linearly
pol arized |light of a direction parallel to the drawi ng surface. The

linearly polarized light emitted fromthe polarized_|light arator 190 is
partially tF%ﬁs%%??%Hg¥hPBE©ﬁl?ﬁ@ EBQBFlﬁagpPﬁﬁﬁF ?iot%ﬁ F@cﬂgﬁng absor bed

Thor caf or, b e Frfieeratrabin oF HfofinttobStorbrrig el i 123. o
' b 1
pol ari zed | e CanaiiPE) 8hoB9LaRYREa” [oRE b1 2 EHARSTRY FRabd M0 SRR

crystal 140ogesthe chLREAE! sPOLAELzeq bbolksoba! heohis 86! ol RABLE! to

the drawin ace wt out c angi ng-the po arlzatlon rection,

em tted frqﬁkéagtg9h§ﬁéaealgagt@gnthe linearly polarized |ight of the
direction parallel to the drawing surface. [ 0032]

Preferably, the second polarized light separation
means is a multilayered structure obtained by stacking a
plurality'of 1aye£s, and the multilayered strﬁcture 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.

As the fransmission polarized light axis changing
means, a liquid-crystal element is preferably used, ahd a
TN -ligquid-crystal element, an STN ligquid-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-correction optical
anisotropic.material. |

[0039]

. Preferably, the first polariied light separation means -
is a pblarizer.

[0040]

Preferably, the optical element is an optical element

which absorbs light in a wavelength area other than the



20 ~ As descri bed above, in the voltage non-applied portion 120,
l'ight reflected by the polarized |ight separator 190 is scattered by the
light-scattering |layer 150 to be white emssion light 122. 1In the voltage
applied portion 110, light transmtted through the polarized |ight
separator 190 1is colored by the col ori4®y | ayer 170 to be col or em ssion
light 112. Therefore, a color display can be obtained on a white
background. Since all the wavelengths of a visible 1light 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
eni ssi on | i gredeteradinecdeywayeliangtdvlasiasn Pl fha liphy Hahedhdrsgfend

[ 0033] ILn t,he above description, the TN liquid crystal 140 is , used
as an exanpPelandzesedighfe $erara o ineansyscan sﬁﬁ:ﬁ?‘e%"s %F‘F’ éﬁ@?‘? qti d

1 b ch ot T EEAREHLARY WAVRISRAFY (RS SOEIAHS SR by &
vol tage or %@iarized 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 polarized 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 1igh;
from the second polarized light separation means can also
be used.

(0043]

Preferably, reflecting means arranged on a side

- opposing the second polarized light separatiop means with
respect to the optical element is further arranged, and, as
the reflection means, the reflection means which can
;eflect at least the light in the predetermined wavelength
area toward the opticalleiement is used. In this manner,
‘the second display state by light from the optical means

can be made bright.

-[0044]



like'is used in place of the TN liquid ¢rystal 140, the same basic
Qperation principle can be used. [ 0034] The present invention
i's based on the above principle, and, according to the present i nventi on,
there is provided a display device conprising:

21 transm ssion polarized |igh6axis changi ng nmeans which can
change ‘a transm ssion polarized |ight axis; first and second

pol ari zed |ight separation neans arranged on both the sides of the

transm ssion polarized 1ight changing nmeans to interpose the transm ssion
pol ari zed Iight changi ng neans; and an optical elenent arranged on a

si de opposi ng t hBrefeEA ﬁYssPoﬁeEBP§rPE§&cPﬁg %$ﬁ9§(ﬂﬁﬁiﬁ9ﬁ?-ﬁghﬁ§ With
respect to th second d Iight separation t he .optical
el ement bei §§9€ aBBBPElg gﬁFtEFR&S FFITEO5F PR aﬁ?@%%fgﬁﬁ elength area

}?gﬁ{?h;hgegﬁﬁgggn %ggnseglthl%@%p%%ﬁ@rat%%% JLEC, %%d'%&ﬁai&%%%?llghéght

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.

[00451

In this case, preferably, the second opticel 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 sécond predetermined
wavelength area toward the second polarized light

separation means, and can transmit the light in the second



pol &ri zed |ight separation neans, characterized in that the first
polarized light separation neans is polarized Iight separation neans which
can emt linearly polarized light of a first predetermned direction, in
response to light being incident froma first side of the first polarized
| i ght separation neans, froma second &1 de opposing the first side and can

emt the linearly polarized light of the first predetermned direction
fromthe first side in response to light being incident fromthe second
si de, and the second polarized light separation neans is.polarized

| i ght separation nmeans mhlch transmts a Ilnearly pol ari zed |i ght
conponent oPLEAKIRIGRLIARIS I?’%'irfn‘ 22

di rection of Iighﬁgﬁﬁgpg incident fromthe transm ssion polarized |ight
axi s changi ng nea the optical elenent, reflects a linearly polarized

L0 OTPer ofs S0 e RS SHELPL L s Laoper aksdhgupats o L1

Changi Ng Megnss; i Neh s 8 £ {1 dh0e8s | ¥n@0Lk8tbR8dptb8bBtermined wavelength
area in response to the light from the second polarized
light separaﬁion 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 ffom 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 com@rised,
and, as the second 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 this.manner, the secoﬁd'aisplay 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



of t'he second predetermned direction to the transm ssion polarized |ight
axis changing nmeans in response to light being incident fromthe optical

el enent . [ 0035] In the display device of the present invention,
depending on the state of the transm ssion polarized Iight axis of the
transm ssion polarized light axis chan@thg neans, two display states,
l.e., afirst display state obtained by light reflected by the second

pol arized light separation neans and a second display state obtained by
light which is emtted fromthe optical elenment, is in a predeterm ned
wavel ength area, and is transmitted through the second polarized |ight
separation m@&n@plcgﬂem@ntomﬁaiﬁ@dﬁ-ﬂhﬂﬁSAQﬁ?first display state is a

display state obtained by light reflected by the second pol arized Iight
separ ati on means,[0834i ght di spl ay can be obt ai ned. [ 0036]

Y e Sty o i o R U flend ANl Ged U4 280154 O
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 optical element,
a black display by the third optical element can be

obtained.

[0052]

Preferably, first and gecond 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 opposing the transmission polérized light axis
changing means wifh resbect to the first transparent
substrate, and the second polarized light separation means
}s 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



in response to light in an al nost whol e wavel ength range of a visible
light area, the linearly polarized Iight conponent of the second
predeterm ned direction of the 1light being incident fromthe transm ssion
pol ari zed light axis changing neans to the optical elenent, reflects the
linearly polarized |ight conponent of #% third predeternined direction
perpendi cul ar to the second predeterm ned direction, and can emt the
linearly polarized |ight of the second predeternm ned direction to the
transm ssion pol arized |ight axis changing neans in response to |ight
which is in the al nost whol e wavel ength range of the visible light area
and i s i ncittamsparent rubsiprates, cybagntsubstratepoaye used. \Wth the
above arrangenent, the first and second display states can be obtained in
response to the [¢Qf##) of the whol e wavel ength range of the visible |ight

area, and transparent. ref]Jection or white reflection can_be_qgbtained in
the first displd@h%?aEQQ J1PEHes %BHﬂtﬁiéﬁlﬁﬁeét%§eghﬁ SaFngay of an

or b1 120y, oL hecanebe SibALRES. 2 iggahokea uetehend' Do eaatll (e
PrEferably’pépglfggoggrgglfﬁt%ﬁgcﬂigh&oﬁﬁﬂéraggﬁﬂay is caused by the
"thickness of the glass substrate easily occurs. In 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 according 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



meansS is polarized |light separation neans which transnits _

24 the linearly polarized |ight conmponent of the second predeterm ned

direction of the light being incident from the transm ssion polarized

i ght axis changing neans to the optical element as linearly polarized

light of the second predeternined dired®ion. Preferably, the second

pol arized |ight separation neans is a nmultilayered structure obtained by

stacking a plurality of |layers, and the nmultilayered structure has the

plurality of layers in which adjacent |ayers have refractive indexes which

are equal to each other in the second predeterm ned direction and are

di fferent fdewiessh. other in the third direction. As the

transm ssion polarized |ight axis changing nmeans, a liquid-crystal elenent

is preferably usd®05%%Id a TN liquid-crystal element, an STN |iqui d-crystal

element, or an ECB liquid-crystal elenent, is esgecially preferably used.
TN

The STN |i qui d- crhRasgriftEipmioh) e  Frpesfaeents

Embodiments of the present invention will be described
below with reference to the accompanying 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. S5B. Figs.
6 to 8 are partially enlarged plan views for explaining the
liquid-crystal display.device according to the first
embodiment of the present invention.

[0061] |

In a ligquid-crystal display device 10 according to
this embodiment, an STN cell 20 ié-used-as a transmission
polarized light axié 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,land 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 prihting. In the STN cell 20, an



liquid-crystal element using a color-correction optical anisotropic

materi al . [ 0039] Preferably, the first polarized Iight
separation nmeans is a polarizer.’ [ 0040] - Preferably, the
optical elenment is an optical elenent which absorbs [ight in a wavel ength
area other than the 31 25 pr edet er m ned

wavel ength area of the light fromthe second polarized Iight separation
means, can reflect the light in the predeterm ned wavel ength area toward
the second polarized |ight separation neans, and can transmt the |ight
in the predeternined_maveleqa%h ar ea. pti cal

0041 As. th
el ement, anﬁﬁﬁl¥%ﬂu%ﬁfﬁﬁ¥ﬁt i<h b%n?e%%?@ i?gﬂtl?%ltﬁ%nﬁFéﬁﬁgﬁgdpﬁeq
2’2\63 SP?gﬂ a{yg%éf?égs \gé‘%&%éé)stﬁ‘f é}[xggé%{éﬁg‘ he secpid PoLanizeds! i oht

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. £film 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
sukstrate 52, the deposition f£ilm 54 consisting-of aluminum
or silver may be formed on the PEf substrate after the
surface of the PET substrate is coarsened.

[0063]

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

[0064]



As t'he optical element, a hologram which can color the light in the
predeterm ned wavel ength area by the light fromthe second pol arized |ight
separation nmeans can also be used. [ 0043] Pref erably,
reflecting means arranged on a side opposing the second polarized |ight
separation neans with respect to the @@ical elenent is further arranged,
and, as the reflection neans, the reflection neans which can reflect at

| east the light in the predeterm ned wavel ength area toward the opti cal

el ement is used. In this nanner, the second display'étate by light from
the optical neans can. be nade b

26 Pr ef Pk 4ot PEER i %‘a‘F‘Pﬁ’r%ﬁ% n‘?o'ér 1’%‘?’1 g%ass%aﬁ pgﬂiéons

opposing the transm ssion polarized |ight axis _.chanqi es t
to the secodrl p@?%r?%%ocq’ri‘%tf'&tug’e‘b%r"é‘f’goﬁmﬁ‘ﬁansnf sc‘?%ref i eonrrcf)‘?l‘é{elt tﬁgc

second Optlcal ~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.on each of

- the dot display portions 22i to 224 and the dot display
portions 231 to 234. '

{0065]

The icon portion 240, as shown in Fig. 6, comprises
three icons 241 to 243. In 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

~emBodimeht, e bolarized liéﬁt-eeparator described by using
Figs. 2 and 4, ji.e., a polarized light separator which
transmits a linearly polarized light component of a
predetermined second direction of light being incident froﬁ
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



el efrent can emt light in a second predeterm ned wavel ength area different
fromthe first predeterm ned wavel ength area toward the second polarized
light separation nmeans in response to |ight fromthe second pol arized

| i ght separation neans and is arranged at a position different fromthat
of the optical elenent, and a display B8 at least light in the first
predeterm ned wavel ength area and light in the second predeterm ned

wavel ength area on the same screen is nade possible. In this manner, in
addition to a display of a first color by light fromthe optical elenent,

a display of a second color different fromthe first color can.b
obt ai ned. AsegondsdiirecgignspPafhef SIN ceddt 2030 E&Ws&ﬁ%g]&gﬁ%i ned

[ 0045] In this case, preferably, the second optical elenment is an
optical el ebeinonwAncAdgpsofsem itha rafleckdvd é’ﬁ'@ﬁ‘?p B & HRSF than the

second predeterm ned _wavel ength area of the light fromthe second
pol ari zed | i ght égﬁépétion nmeans, can reflect the light in the second

predeterm ned vaNeenyN. Ao L Js SRR e LAl
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 poiarized
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 disclosed in
International Unexamined Publication (WO95/17692) are known.
In this embodiment, the polarized light separator 130
described by using Fig. 3, i.e., the polarized light
separator disclosed in International Unexamined Publication
(W095/17692), 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, reflects a linearly polarized light component of a

third direction perpendicular to the predetermined second



27 ° predeterm ned wavel ength area. [ 0046] As the second
optical elenent, an optical elenment which can emt light in the second
predet erm ned wavel ength area in response to the light fromthe second

pol arized " |ight separation nmeans may be used. [ 0047] As the
second optical element, a hol ogram whic¥tcan <color the light in the second
predeterm ned wavel ength area by the light fromthe second polarized |ight
separation neans is preferably used. [ 0048] - Preferably, second
reflecting means arranged on a side opposing the second polarized |ight

' ith _ h d i cal__el . 1§ fur
conpr 1 sed. SEACtAEny 8RB EARI P SF ALY, HPARaAT o S l@%“%ﬁ
flect : AN Lot d | t
Covar d tho SEESRA b Febiony b b STEERIVAY BRFAHARE (RN ] oo

di spl ay st ab%igye%th@i e%/x'i‘.ogf[riopn:th%e%@qe%'ir@alpl%‘%(f:%rpeal%g)é’ri ght.

[ 0049] erab ast one of the oOptical elenent

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 thg polarizer 12 int6 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.iz as linearly polarized light.
In this manner, in a voltage non-applied state, since
incident light is not absorbed by the polarized light
- separator 40 but reflected by the polarized light separator
40, a bright display can be obtained. Since the diffusion
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 separator 40 is changed from



the Second optical element is a color filter. [ 0050] . At | east
one of the optical elenent and the second :

28 optical elenment nmay be a phosphor. [ 0051] Preferably, a
third optical elenent arranged on a side opposing the transm ssion

pol ari zed |ight axis changing neans w 86 respect to the second pol arized

| i ght separation neans is further conprised, the third optical elenent
absorbs light in an al nost whol e wavel ength range of a visible light area.
-In this manner, in addition to a display of a first color by light from
the optical elenment, a black display by the third optical elenment can be
obtained. 2 Spqanﬁﬂ state tm & eovlibts s¥aket and second transparent
substrat es arraqﬁgg both the sides of the transnission polarized |ight
axi s changi ng nea sandmnch the transm ssion polarized light axis

hangi n ns are fyrther ris
changing nea lﬁe voltag appfaed area, natural light is changed

by the polarizer 12 into linearly polarlzed light of a
predetermined direction. Thereafter, the linearly
polarized light is transmitted through the STN céll 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 light separator 40 is transmitted
through the color filter 60 as linearly polarized light
while being absorbed by the color filter 60, and is
reflected by the reflecting plate 50. ThéreafEer, the
reflected light is transmiéted through the color filter 60
again while being absorbed 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.

- [0072]

- As described above, in the voltage non-applied area,



the*first polarized Iight separation means is arranged on a side opposing
the transm ssion polarized |ight axis changing means with respect to the
first transparent substrate, and the second pol arized |ight separation

nmeans is arranged on a side opposing the transm ssion polarized [ight
axi s changing nmeans with respect to the3gecond transparent substrate.
[ 0053] In this case, preferably, as the first and second

29 transparent substrates, glass substrates are used. [ 0054]

When the gl ass substrate is used as the second transparent substrate as
descri bed above, a so-called parallax error in which a double display is
caused by t hdghthirdffiestedt Myhechp guslanized atiohtasieganater s40| dsthi s
case, when a polychromatic display is perforned in units of _rows or
characters iscantemssh jytheodidifumien rlateptdyte e wmERtadpafal | ax error

I's negligible can be obtai ned.
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 éolor filter, a black display is partially
obtained. Since the reflecting plate 50 is arranged, a
color display by the color filter 60 becomes bright.

[0073]

In the liquid—crystal 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.sblcélléd 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
have a size slightly larger than the display pattern.

[0074]

. Although a polychromatic display of a plurality of



[ 0055] As the second transparent substrate, a plastic film substrate
can al so be used. [ 0056] Preferably, light-scattering neans is
further conprised. In this manner, the first display state by 1light
reflected by the second pol arized |light separation neans is nmade white.

[ 0057] In the display device of ¥he present invention, an active

el ement such as a TFT or an M M may be arranged. [ 0058]

Furthernore, an electronic apparatus according to the present invention
conprises a display déevice according to claiml. Dependi ng on the
application, the electronic apparatus nmay conprise any one of the above

display  colors is obtained on a screen, Zoe samegewd is alway®s59]
[ Description of the Enbodi nent s] '
displayed on the same display pattern.

[0075]

This phenomenon will be further described-below with

.reference.to Figs. 6 to 8.

[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 parallax 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; fhe dot portion 210 comprises tﬁe
dot row display portions 220 and 230 comstituting 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



Enbodi ments of the present invention will be described belowwth
reference to the acconpanyi ng draw ngs. [ 0060] (First

Enbodi ment) . Fig. 5is a view for explaining a liquid-crystal display
device according to the first enbodinent of the present invention, in
which Fig. 5Ais a plan view, Fig. 5B 3& an expl oded sectional view, and
Fig. 5Cis a partially enlarged sectional view of an A portion in Fig. 5B.
Figs. 6 to 8 are partially enlarged plan views for explaining the
l'iquid-crystal display device according to the first enbodi nent of the

present inventio t%ﬁ%%ﬂ?ﬁ% ?%;e s Valégggkdtﬁg stk gbgphggPQlece 10

accor di ng tb° Pffs IS use as a transni ssion

pol ari zed '4;9@&1@&82943&9&'@94oea%geatekggsnzhe/%aeha%w adsphagence fi1m 14

and a pol artzer are arranged above e STN cell 20 in this order. A
di ffusion %é&@ af: 2 Fxﬂﬁ”lﬂ%gkééﬂhisSfﬁﬁﬁéaoﬁeﬂﬂeeﬁ €REOfolbkter 60, and

a reflecti ate are arranged under the STN cell 20 in this order.
The col or ffkiéérGQZDSaﬁaréﬂged o0 thes mehhee] i Agsplaye BA tyipsi ofing. In

t he STN ceII 20, an
dot row display pertion 220 and 230, and the dot row
display portions 220 and 230 always display the same
displays the éame colors, respectively. Even if a small
parallax error occurs, the parallax error is negligible as
far as the displays of the dot row display_pdrtions 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 oetain 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



31 ° STINIliquid crystal 26 is sealed in a cell constituted by two glass
substrates 21 and 22 and the sealing nmenber 23. A transparent el ectrode 24
is arranged on the | ower surface of the glass substrate 21, and a
transparent electrode 25 is arranged on the upper surface of the gl ass
substrate 22. As the material of the t3%nsparent el ectrodes 24 and 25,

I TO (Indium Tin Oxide), tin oxide or the |ike can be used. The
phase-difference film1l4 is used as a color-correction. optical anisotropic
material to correct a color generated by the STN cell 20. . [ 0062]

As shown in Fig. 5C, the reflecting _plate %(3 I's, manuf act.ured by formng a
deposi ti on PPFELSBSc8R3i §0i Rg4oPnaldt FPm234irl def: 1o A8 gh uptt
substrate 52.. As the substrate 52, a gl ass.substrate,, a_PET . (pol yethyl ene
t er epht hal aP&) °B§pShREPETSY BE CRS fé’gg’r‘? at® °Z’L‘fl?§ﬂe£’e,an%oré}{)%é}ﬁ]i eis
used. When the PET substrate is used t-h tds sition
film54 con8tsPPfgCHATALHT nIHh O5F 534%@)&1 %&'f%%’%&%n tﬁﬁ% %

fggg%iate ALt St Mo SPRE 8CEeQEohNCFER $EPE! kAT 1! Bat8h 8GN ror

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 foi explaining a liquid-crystal
display device according to the second embodiment of the
present invention, in which Fig. 924 is a plan view, and Fig.
9B is an exploded sectional view.

[0082]

In the first embodiment, aluminum, silver, or the like
is deposited onlthe 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 second
embodiment is the same as the firs£ embodiment exeeﬁt that
a eolor_filter 60.is-printed on the upper surface of e
substrate 56 constituted by a glass substrate or a PET
- substrate, and aluminum or the like is deposited on the
lower surface of the substrate 56 to form a reflecting
layer.

[0083]

. (Third Embodiment)



As shown in Fig. 5A the liquid-crystal display device 10 according to
this enbodi nent conprises two display areas, i.e., a dot portion 210 and
an icon portion 240. [ 0064] 32

The dot portion 210 conprises dot row display portions 220 and 230
constituting two rows. In correspondenc®®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 portion 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 oneFignbdP fis di yvpewyserosxpdefAndng ehdigwddticdpisdplporti ons
221 to 224 and the dot display portions 231 to 234, . [ 0065 The
i con porti ofispdayadevhsanarforfdngs toc Sher ithdsd embodimests ofathey 243: In
correspondence with the icons ,241_to_.243, cqlor filters 641 to 643 are
arranggd onPrgeent inventgon, in which F%g. %OA is a plan G%ew, and

Fig. 10B is an exploded'sectional view.

[0084]

In the first embodiment, a color filter 60 is printed
‘on 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.

[oogs] -

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 fluorescent coating 62 is properly selected to

perform a color display of a plurality of colors, the same



refl’ecting plate 50. [ 0066] As the.polarized |ight separator 40
according to this enbodinment, a polarized |ight separator .described by
using Figs..2 and 4, i.e., a polarized |ight separator which transmts a
| inearly polarized |ight conmponent of a predeterm ned second direction of
| i ght .being incident from the STN cell420 as linearly polarized |ight of
the second direction, reflects a linearly polarized |ight conponent of a
third direction perpendlcular to the predeterm ned second direction, and
can emt the linearly polarized |ight. of the

33 second direction to the STN cell 20 in response to light being

i nci dent fromlde iefdbeayng@idplayed o8 tbedsame dispbh@B7pattern.As a

pol ari zed |ight separator having the above function, a polarized |ight
separ at or obt ai netO®861 i nt erposing a chol esteric liquid-crystal |ayer
between two (1/4) [err] plates, a polarized |light separator using a film
obt ai ned by stack(?@ﬁ%hpﬁ%#%@%@?nﬁf | ayers, a pol arized

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 sé;tional view. |

[0087]

In the first embodiment, aluminum or silver is
deposited on the substrate 52 to form the reflecting piate”
50; and the color filter 60 is printed on the reflecting
plate 50. In contrast to this, the fifth embodiment ié the
same as the first embodiment except that a £ilm 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 laver. i .

[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



| i ght separator which uses an angle of polarization to separate reflected
polarized light fromtransm-ssion polarized [ight, a polarized |ight
separator using a hologram and a polarized |ight separator disclosed in
I nt er nat.i onal Unexam ned Publication (W05/17692) are known. In this
enbodi nent, the polarized |light separatg2 190 described by using Fig. 3,
I.e., the polarized light separator disclosed in International Unexam ned

Publication (W95/17692), is used. [ 0068] As the polarized
l'ight separator 40 according to this enbodinent, a polarized |ight
separator described by using Fig. 1, i.e., a polarlzed I'i ght separat or

whi ch transmiésice al¢dfm6dirygptod>atheesllktghembodpmmm of a predeterm ned
second direction of light being incident fromthe STN cell 20, reflects a
i nearly pol ari zef008%ht conponent of a third direction perpendicular to
t he predeterm ned second 34

direction, and cafnevhe fhestiembedimpptar pFUBinpyheropidyer 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 sixth embodimént 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)



secdnd direction to the STN cell 20 in response to light being incident

fromthe reflecting plate 50 can al so be used. [ 0069] An
operation of the liquid-crystal display device 10 of this enbodinment wll
be descri bed bel ow. [ 0070] In a voltage non-applied area,

natural light is changed by the polarig®r 12 into linearly polarized |ight
of a predeterm ned direction. Thereafter, the light is twisted at a
predeterm ned angle in polarization direction by the STN cell 20 to be
linearly polarized light, the linearly polarized Iight is not absorbed by
the polarized |ight separator 40 but ref|ected by the palarized_|ight
separator 40 anszgnsl@dlélaaVbﬁﬁdéPérﬁ¥ﬁé§1§h§9ealﬁlqﬁéﬁaFFiéFP&n
direction by the STN cell 20, and the I| [ n%ﬁ% g fron1t

pol ari zer. 1! 1%31?Yn@%Y+?ep%F%?F§éﬂglF@hF e ?ﬁV?HFg R Fmepﬁ 8 5PFage
non-appl i ed state, since ,incident ﬁ é Egé absorbﬁd .the Eplarlzed
|i ght sepaPEf%?nEOlBE?nFé??ec%Bde§c hefol aPfzéd i § Fn 5§Wat 579-40, a

DTG Ol 2Pl g $8TR RS hUAYseBLUER"G, l | pkORsopl 36p 8 b8 fored
t he ref|ECtSQrtk£QT§ Lﬁ?§}§28 ngﬁrbﬁgqollght separator 40 is changed from

[6092]

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 contfast to this, the seventh
embodiment is the same as the first embodiment 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 paralléi'
error caused fy the thickness of the glass suBstrate occurs.
However, as in the seventh embodiment, when. the plastic
gilm 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
parallax error rarely occurs. As a result, as shown in Fig.

16C, color filters (710, 720, 730, and 740) having



35 ° a specular state to a white state. [ 0071] In the vol tage
applied area, natural light is changed by the polarizer 12 into linearly
pol arized light of a predeterm ned direction. Thereafter, the linearly

pol arized light is transmtted through the STN cell 20 and the diffusion
plate 30 as linearly polarized |ight add also transmtted through the

pol ari zed |light separator 40 as |linearly polarized light. The transmtted
linearly polarized light is partially colored and reflected by the color
filter 60, transmtted through the polarized |ight separator 40, the _
di ffusion plate 30, the STN cell 20, and the polarizer 12, and emtted as
| i nearly pol&ifZedent givlorsShin ouhkts paf tpbkelfechnnear ayraaged; zed | i ght
transmtted through the polarized |ight separator 40 is transmtted
through the col or[#9%4kr 60 as linearly polarized |light while being
absorbed by the color filter 60, and is reflected by the reflecting plate
50. Thereafter, theloheh Epbedine’®m}l is transnitted through the col or

filter 60 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.

fo096] .

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 ﬁersonal
computer, 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



agai'n whil e bei ng absorbed by the-color filter 60, transmtted through the
pol arized light separator 40, the diffusion plate 30, the STN cell 20, and

the polarizer 12, and emtted as linearly polarized |light. [ 0072]
As descri bed above, in the voltage non-applied area,

36 light reflected by the polarizedd$ight separator 40 is scattered by
the diffusion plate 30 to be emtted as |inearly polarized light. In the
voltage applied area, light transmtted through the polarized |ight

separator 40 is colored by the color filter 60 to be color linearly

pol arized light. Therefore, a color display can be obtained on a white
background. @perdihg Qmethﬁv%t@hgthﬁ aotrangmispien| pgharaeed aieghibsorbed
by using black in a part of the color filter, a black display is partially
obt ai ned. Siamks tok aew@%wh@sb%tﬁot.erweériaa’alédaxas ebﬁaglassﬁlleéy%y

t he col or fllter 60 becones g L L g ﬁ

| i qui d- cr yst3PA dFRY)| S§CoRY ¢ ESE a¥cEbrlpngoEained by light which is

emitted from an optical element, is in a predetermined
wavelength area, and is transmittéd through the second
polarized 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 1ight 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, reflects the
linearly polarized light coﬁbonent of a.third predeﬁéimined
directioﬂ perpendicular to the second preéetermined
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 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



this enbodi nent, the polarized |light separator 40 is arranged outside the
gl ass substrate 22 constituting the STN cell 20, and the color filter 60
and the reflecting plate 50 are arranged outside the polarized |ight
separator 40. Therefore, a so-called parallax error in which a double
~display is caused by the thickness of ulge glass substrate 22 easily
occurs. For this reason, ln this enbodinent, the color filter 60 is caused
to correspond to a display pattern, and the color filter 60 is forned to
have a size slightly larger than the display pattern. [ 0074]
Al though a polychronatic display of a plyrality of
37 col atamn ilse aitbted hreeld oin arespemse tbelighe Lol theiwhaleays displ ayed
on the same display pattern. [9075{ Thi s phenonenon wi Il be
further deseavébendich ovange hof rehervhaible Fight 8rea. gtransparppyye)
reflection or white reflection can be cobtained 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 explaining the principle of a
" display device according to the.present invention.
[Fig. 31
Fig. 3 is an enlarged perspective view showing a
polarized light separator used in the display device
according to the present invention.
[Fig. 4]
Fig. 4 is a view for explaining the principle of a
display 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



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 |arger
than those of the icons 241 to 243, respectively. Intervals are formed
between the color filters 641 to 643. Bd this nmanner, color displays in
units of icons 241 to 243 can be obtained, and the icons 241 to 243 al ways
di spl ays the same colors, respectively. Even if a small parallax error
occurs, the parallax error is negligible as far as the displays of the
icons 241 to 243 are seen. ] %ﬁiOOYY] . As §€own in Fig. Zl t he dot
portion 210 Abresekoded SeRRLe d‘f’s%"f’ayalb‘arﬂ%ns 265 af P23+ Y
constituting two r wever, the_col o flléers 620 d §§0 are arranged

for the tvﬁlmg?‘gv?%?‘éb‘?%lp‘é’r?"l’oﬂg aﬁ L ae pl i v ?’%sp tivery, the color

~filter 620 is fo;ge % have a size slightly larger than the dot display
portions 221 to 22% %tituting the dot row display portion 220, and the

color filter 630F£§. 6 is a partially enlarged plan viewSfor
explaining the liquid-crystal-display device according 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 eniarged plan view for
expiaining the liquid-crystal display device according to
the first embodiment of the present invention.

[Fig. 91

Fig. 9 is a view for explaining a liquid-crystal
" display device according to the second embodiment of the
present invention, in which Fig.'9A is a plan viéﬁj énd Fig.
9B is-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.'lOB is an exploded sectional view.

- {Fig. 11]



forred to have a size slightly larger than the dot display portions 231 to
234 constituting the dot row display portion 230. An interval is forned
between the color filter 620 and 630. In this nmanner, displays in units of
dot row display portion 220 and 230, and the dot row display portions 220
and 230 al ways display the same displ 4Ps 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 unit
of rows are seen. [ 0078] As descri bed above, in this :

enbodi ment, color, filters are arranged in unjts of_ rows. However, col or
filters may beF@-addeds @ 0fiav AT SRAMDIR BRI IITSFYSHFRbl ays in

it f . : . 0079].. ' in Fig,.8, | filt
021 To 624 SAPIEY: AN AP WA R T EOHT A FRRAERF (9L FRedor
di spl t 221 tq .224 d 231 234, d. th | filt 621 t
624 and 65 PR s T b T e G 1S ST Gt natithose of

e ot L B YT R e ol LR O v et

[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. explaining the ligquid-
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



In this manner, displays in units of the dot di spl ay

39 portions 221 to 224 and 231 to 234, i.e., a display in un|t of one
character or one synbol, is obtained, and the unit of one character or one
synbol al ways di spl ays the same color. For this reason, even if a snal
parall ax error occurs, the parall ax er*%w IS negllglble as far as a
display in unit of one character or one synbol is seen. [ 0081]
(Second Enbodi nent) Fig. 9is a view for explaining a liquid-crysta
di spl ay device according to the second enbodi nent of the present

invention, in which Fig. 9Ais . a plan view, and Fig aB i s .an expl oded

sectional vPERSent inveppgop., in whight Fdofi L&A éﬁb&d VigWiniErgm
silver, or e like 1is ited on the substrate 52 t rn1the

refl ecting Bpa?ﬁ 39, %R °gﬁé E6FE-OPAt ¥r<80 ngpFFﬁtegQ§) reflecting
plate 50. In cg é;st t LS &he second enbodinent is the sane as the
first enbodpﬁﬁ Xeﬁ? ﬁgF plan view.

[Reference Numerals]
10...Liquid-erystal display device
12, 130...Polarizer
14...Phase-difference film
20...STN cell
21, 22;..G1ass substrate
26...8TN liquid crystal
30...Diffusion plate
40, 190...Polarized light separator
50, 180...Reflecting plate
52, 56...Substrate
54, 58, 74...Deposition f£ilm
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



a cllor filter 60 is printed on the upper surface of a substrate 56
constituted by a glass substrate or a PET substrate, and alum numor the
like is deposited on the |ower surface of the substrate 56 to forma
“reflecting |ayer. [ 0083]. (Third Enbodi ment)

40 Fig. 10 is a view for expl &hing a |iquid-crystal display

devi ce according to the third enbodi nent of the present invention, in
which Fig. 10Ais a plan view, and Fig. 10B is an expl oded sectional view.
[ 0084] In the first enbodinent, a color filter 60 is printed on a
reflecting plate 50. In contrast to this, the third enbodinment is the sane
as the first enb2ldnmenbDoexpeptiohat a color filter 60 is printed on the

| ower surface of a polarized |ight separatar, girvin as a polarized |light
separator 40 and2@iscl 838d 23ll nt éPhat - BREl SLFRREN; RRgLion

240...Icon portion

241 - 243...Icon



Publ'i cati on W95/ 17692. (Fourth Enbodi nent) Fig. 11 is a view for
.explaining a liquid-crystal display device according to the fourth

enbodi ment of the present invention, in which Fig. 11Ais a plan view, and
Fig. IBis an expl oded sectional view. [ 0085] In the first
enbodi nent, the color filter 60 is priddted on the reflecting plate 50. In
contrast to this, the second enbodinent is the sane as the first

enbodi ment except that a fluorescent .coating 62 is fornmed on the
reflecting plate 50 in place of the color filter 60. Al though the
fluorescent coating 62 is properly selected to performa color display of

a plurality of colors, the sane 41
color is always displayed on the same display pattern. [ 0086]
(Fifth Enbodi ment) Fig. 12 is a view for explaining a |iquid-crysta

di spl ay device according to the fifth enbodi nent of the

Claims
[Claim 1] A.display device comprising:
trgnsmission polarized light axis changing means which
_can change a transmission polarized light axis;
first and 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 arranged 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 Separafion 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

| O O A



present invention, in which Fig. 12Ais a plan view, and Fig. 12B is an
expl oded sectional view. - [0087] In the first enbodi nent,

alum numor silver is deposited on the substrate 52 to formthe reflecting
plate 50, and the color filter 60 is printed on the reflecting plate 50.
1n contrast to this, the fifth enbodinef2 is the same as the first

enbodi nent except that a film70 consisting of PET or the like is
selectively colored in a plurality of colors to forma color filter 76,
and a deposition film74 consisting of alumnumor the like is fornmed on

the |ower ganemg%ntﬂ%o@ b 701 £0c 01 ARA1 nT £ELEGLERILbAY Shnt beingl 0088

(Si xth Enbo IS a Vi eM/ or explalning a |qU| rystal

di spl ay deV|f@cgggﬂfdffgmtehghgeébﬁahsgagodbﬁgnt of the present invention,
in which Fig. 13A1s a plan view, and Fig. 13B is an expl oded secti onal

\é: §W| aFI gs. 14 andai@ sé&8ndl po1yteveqf Qigﬁﬁgbéparaﬁlbﬂembbﬁﬁl dscrystal
i polarized light separation means which transmits a linearly
polarized light component of.a second predetermined

direction of light being incident from said transmission
polarized light axis changing means to said optical.element,
reflects a linearly polarized light component of a third
predetermined 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
transmission polarized light axis changing means in
response 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

S
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devi'ce according to the sixth enbodi nent. [ 0089] In the first
enbodi nent, aluminumor 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 sixth enbodinent is the

same as the first enbodi ment except tha&3 a hologram 80 in which a col or
generation area 82 for generating different colors is selectively arranged
is arranged between a polarized |ight separator 40 and a reflecting plate
50. [ 0090] In this enbodi ment, although col or generation of the

of o phural o0y Spfkofaf el inRE B ROLaPELEH FighE, D HRETRBCCH T [

of a plural 0 S wayS di'splayed on the sane

di spl ay pat%gégetefﬂing&aa?fgctiaﬁ ﬁaoﬁgigntEEQSFiésigﬂl%oﬁ%ﬁ@%ed

correspondi 0 I cons may e constituted by color generation areas 802,

804, and 80%;4kpi SﬁiQ%ﬁaﬁ?iﬁésmgaﬁfseE.ﬁ”ﬁ:e%b@ﬁ‘séa‘% 9Lt whi¢H & in
remai ni ng area nay be consfituted by a color generation area 84 having the

sane col or. the shavsti Whb168. wibelefbeh rgager afi heaka@aibil? 1idtt 8Le

822, 824, 826, and the like in which different colors are vertically

arranged i nandi 8 intideht fMmpmbeaddr apgddal 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 transﬁission 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.

A



[ 0091] (Sevent h Enbodi nent) 43
Fig. 16 is a view for explaining a |iquid-crystal display deV|ce accordi ng
to the seventh enbodi nent of the present invention, in which Fig. 16Ais a
plan view, Fig. 16B is an expl oded sectional view, and Fig. 16Cis a
partially enlarged plan view [0@@2] In the first enbodi nent,
the glass substrate 22 is used as a substrate under the STN cell 20,

alum num silver, or. the like is deposited on the substrate 52 to formthe
reflecting plate 50, and the color filter 60 is printed on the reflecting
plate 50. In contrast, to this sevent.h enbodi_ent |s he sane as the

first enmbodi ment G&d@dm &haf désﬁﬁﬁé’t VeSS r L1000 bstrate
o O e B SO i Tl AL L B, 1
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 display device according to any one of
claims 1 to 7, characterized in that said optical element
is an-optical element which absorbs light in a wavelength
area other than the predetermined wavelength area of the
light from said second 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 anm optical element which can emit light
in the predetermined wavelength area in response to the
light from said second'pélarized light separatioﬁ 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.

-

A



In the first enbodi nent, since the glass substrate 22 is used as the
Substrate under the STN cell 20, a parallax error caused by the thickness
of the glass substrate occurs. However, as in the seventh enbodi ment, when
the plastic film28 is used as the substrate under the STN cell 20, the

t hi ckness of the plastic film 28 can beYecreased. For this reason,
paral | ax can be al nost canceled, and a parallax error rarely occurs. As a
result, as shown in Fig.- 16C, color filters (710, 720, 730, and 740)

havi ng 44 different colors in units

of pi xel b | : 4] . ' ' )
gig:lis :hgag_aﬁ[giéﬁ§?§9$f é{?kﬁ%g%geé?%}%%h%ég%gg%ﬂgFﬁgaﬁbgﬁegédnglay
evi ce acco ag t e.Rre ' ' N j bl
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e oo, SeFIRREASEL o538 cprgespgl 48 second s i
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 display 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 means 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 separaﬁioh means and being arranged
at a position differenf from that of seid optical element,
characterized in that 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 said second optical element is an

optical element which absorbs light in a wavelength area

[

T



of the first enbodinent is used, depending on the application, any one of
the di splay devices described in the first to seventh enbodi nents can be
used. [ 0096] Al t hough this enbodi ment describes a portable

t el ephone set as an exanple, the displag device can also be wused in
various el ectroni c apparatuses such as &bpersonal conputer, a car

navi gation system or an electronic organizer. [ 0097]

[ Advant ages] In the display device according to the present

i nvention, the following two display states can be obtained. That is, the

first displ aRhateobtaidiebddnd ighlaet Bl ARE ddorBa &9 Rk ROk Atz ed

light separation means . . . ~dependi ng
on the statq iQfhed il HEi¥P I UbIHA YPd 78 2d PN i 1| SePirat {6 NAERSS] ON

pol ari zed |ight axis changing neans, and the second display state obtained
by light whicgh ir¥eflect 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 waveleﬁgth area.

tClaim 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 15] A display device accordinj 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, furﬁher comprising second reflecting means
arranged on a side opposing said secon& pdlarized 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

I O



emtted froman optical elenment, is in a predeterm ned wavel ength area,

and is transmtted through the second polarized |ight separation neans.
Since the first display state is obtained by light reflected by the second
pol ari zed |ight separation neans, a diaglay devi ce which achieves a bright-
di spl ay can be obtai ned. [ 0098] 7 As the second pol arized |ight
separation neans, a polarized |ight separation neans which transmts, in
response to light in an al nost whol e wavel ength range of a visible Iight
area, a linearly polarized |ight conponent of a second predeterm ned

direct!on oh3iNenniBtebelbag shnehdRnh 1R Yio B YpeRUAT | 200

i ght axis ~changing means to the opti cal enent, reflectsthe Il nearly

pol arized | LgBhen@MRARCELiAM sRcbRly piiedal /Emet id LUJIUr RarR&d cul ar
to the second predetermned direction, and can emt the linearly polarized

light of the segendipredgt eaAnhegl8yr gevies hecbhaihgansnicsiang pel ari zed
| i ght axis changing neans in response to light whichis light in the

al nost whol e4vavhbeagtieriaede igf thae ad diddst lorghtofarsa drsbtixcdnci dent
fromthe optical elenent is used. Therefore, the first and second displ ay
st at es element and 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
opticél element arranged on a side opposing said
transmission polarized light axis changing means with
respect to said second polarized light separation means,
saild third optical element absorbing light in an almost
whole waveleﬁgth range of a visible light area.

[Claim 201 A display device according to any one of
claims 1 to 19, further comprising first and second
transparent substrates arranged both the sides of said
transmission polarized light axis changing means to
sandwich said transmission polarized light axis changing
'meéns,' B

characterized in that said first polarized light
separation means is arranged.on a side oppoéing said
_pransmission polarized light axis changing means with
respect to said first transparent substrate,_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

* 4 L M S *



46 ° can be obtained in response to light in the whole wavel ength range
Oof 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 color can be obtained in the whole wavelength

range of the visible |ight area dependi®y on the optical elenment. [Brief

Description of the Draw ngs] [Fig. 1] Fig. 1 is a viewfor
expl aining the principle of a display device according to the present
I nventi on. [Fig. 2] Fig. 2 is a view for explaining the

principle of a_  display ' ccording to the present invention.
[Fig. 3] LranEPa?ggéigggﬁkgﬁFgfged perspective view showng a polarized

|1 ght separator Téﬁgﬂnﬂz&?}e i gPLBYagedbbcea56068a Mgt ot BeaBhe Nt

I nventi on. 1g. 4 FIg. 4 1s a view for explaining the

principle obnaradkeRlizrdden e8alCEaid T rist b Rerond tratifdrnt
substrates are glass substrates.

[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.‘

[Claim 24} A disﬁlay 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, cqﬁprising:

transmission polarized 1ight axis changing means which
can change a transmission polarized light axis;

firét and second polarizéqylight separation means

arranged on both the sides of said-transmission polarized
light changing means to interpose said transmission
poiarized 1igﬁt changiﬁg 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

I
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[Fig. 5], ~ Fig. 5is aviewfor explaining a liquid-crystal display
.device according to the first enbodi nent of the present invention, in

which Fig. 5Ais a plan view, Fig. 5B 47
is an expl oded sectional view, and Fig, 5Cis a partially enlarged
sectional view of an A portion in Fig.5gB. [Fig. 6] Fig. 6 is a

partially enlarged plan view for explaining the Iiquid-crystal display
device according to the first enbodi nent of the present invention.

[Fig. 7] Fig. 7 is a partially enlarged plan view for explaining the

| i qui d-crystal.displa ' i t : .
e | e Y e Ul ol et Sttt

view for Xl idighidieidi dhe ¥t fbsgonbbayodeybRe BeoRrdand o the
I'ment of the present 1nvention. [Frg. 9]

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 separation 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 frem.said_transmission
polarized light axis changing means to said optical element,
reflects a linearly polarizéd_iight componeht of a third
predetermiﬁed direction perpendicular to the second
predetermined direction to said transmission polarized
}ight axis changiﬁg means, and can emit linearly polarized
light of the second predetermiﬁed direction to said
t:ansmission polarized light axis changing means in
response to light being incident from said optical element.

[Detailed Description of the Inventioh]

* [ L M §  *



Fi g. "9 is aviewfor explaining a liquid-crystal display device according
to the second enbodi ment of the present invention, in which Fig. 9Ais a
plan view, and Fig. 9B is an expl oded secti onalff ]

Fig. 10 is a view for explaining a liquid-cryst THHﬁ% %%Hﬂ%ﬁkﬁﬂgkccordlng
to the third enbodi ment of the present®®nventi FRGERi 9. 1DA is a
plan view, and Fig. 0B is an expl oded sectlonal VIeM/ — [Fg. 11]

48 Fig. 11 is.a view for exsberraog a |iquid-crystal display

devi ce according to the fourth enbodi rent of the present invention, in _
which Fig. 11Ais a plan view, and Fig. 11B is an expl oded sectional view
[Fig. 12] DISPLAY DRVIGE cAND cBLECTRONPC aAPPABATUS | YSINGCTHEt SAMEdi spl ay
device according to the fifth enbodi nent of the present invention, in
.which Fig. 12A is a plan view, and

A display device capable of obtaining a
bright display is provided.
[Solving means] A polarizer 130 is arranged above an
TN liquid crystal 140, and a light-scattering layer 150, a
polarized light separator 160, a coloring. layer 170, and a
reflecting plate 180 are arranged under the TN liquid
crystal 140. The polarized light separator i60 transmits a
linearly polarized light component of a second direction of
light being incident from the upper side, reflects a
linearly polarized light component of a third direction
pérpendicular to the second direction, and can upwardly
emit linearly polafized light of the second direction in
response to light being incident from the lower side. In a
‘voltage non-applied portion 120, light reflected by the
polarized light separator 160 becomes white emission light
122. In a voltage applied portion 110, light transmitted
through the polarized light séﬁarator 160 is colored_by the
coloring layer 170 to be color emission light 112. .

Fig. 4
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«Fig. 12B is an expl oded sectional view [Fig. 13] - Fig. 13'is
a view for explaining a liquid-crystal display device according to.the
si xt h enbodi nent of the present invention, in which Fig. 13Ais a plan

view, and Fig. 13B is an expl oded sectional view [Fig. 14]

Fig. 14 is a plan view for explaimifit a |iquid-crystal display device
according to the sixth enbodi nent of the -present invention. [ Fig.
15] Fig. 15 is a plan view for explaining the |iquid- crystal

di spl ay devi.ce according to the sixth enbodi nent of t he present

i nvention. [Fig. 16] : Fig. 16 is a view for explaining a

| i qui d-crystal di spl ay device according to the seventh enbodi nent of the
49 present invention, in which Fig. 16Ais a plan view, Fig. 16B is an

expl oded Blct ilonal view, and Fig. 16Cis a
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-partially enlarged plan view. [Reference Nuneral s] '10. .

.Liquid-crystal display device 12, 130.. .Polarizer 14. .
. Phase-difference film 20.. .STN cel | 21, 22...d ass substrate
26.. .STN liquid crystal 30.. .Diffusion plate 40, 190..
.Pol arized |ight separator ¢14180 .Refl ecting plate 52, 56.
. Substrate 54, 58, 74 ... Dep05|t|on filn1 60, 620 - 624, 630 -
634, 641 - 643.. .Color filter 110.. .Voltage applied portion
120.. . Vol tage non-applied portion 111, 121.. .Natural [|ight
112, 122 n?ssion | i ght 140.. . TN liquid crystal 150.
nght sggpte I ng | ayer ' 162, 166... (1/4) [err] plate 164. .
. Chol esteric liquid-crystal |ayer '170.. .Coloring |ayer
/110 /120
| -1 } 2
— 199 <
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50 210.. .Dot portion 221 - 224, 231 - 234...Dot display portion

240... lcon portion 241 - 243.. .lcon | 51
Cl ai s [Claim11 A display device conprising: transm ssi on
pol ari zed |ight axis changi ng neans which can change a transm ssion
pol ari zed |ight axis; first aid%econd pol ari zed |ight separation
means arranged on both the sides of said transm ssion polarized |ight
changi ng nmeans to interpose said transni ssion ‘
FIG. 3
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.pol ari zed |ight changi ng neans; and an optical elenent arranged on a
si de opposing said transm ssion polarized |ight axis changing neans with
respect to said second polarized |ight separation nmeans, said optical

el ement being capable of emtting light in a predeterni ned wavel ength area
toward said second polarized |ight/ %paration means in response to |ight
fromsaid second polarized Iight separation neans, characterized in
that said first polarized light separation neans is polarized |ight
separation nmeans which can emt linearly polarized light of a first
predetermned direction, in response to |light being.incident froma first
si de of gqigd Pirst pol ari zed |ight separation means, froma second side

opposing the first side and can emit the linearly polarized |ight of the
first predeterm ned 110 120 52 di rection

fromthe first side in resp nse 49 light beipg in épent fromthe second
si de, and sai d second polari%ed | i ght jkeparafjon neans is .
A
: 112 122 .
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.polarized light separation neans which transmts a linearly polarized
| i ght conmponent of a second predetermned direction of |ight. being
incident fromsaid transm ssion polarized |ight axis changing neans to
said optical element, reflects a I| early polarized |ight conponent of a
third predeterm ned direction pe ditdi cui ar to the second pr edet er m ned
direction to said transm ssion polarized 1|ight axis changi ng neans, and
can emt linearly polarized I|ight of the second predeterm ned direction to
said transm ssion polarized |ight axis changing neans in response to
| i ght bei incident fromsaid optical elenent. [Ctaim 2] A display:
devi ce aﬁbgr ding to claim1, characterized in that said second pol ari zed
light separation neans is polarized |ight separation nmeans which
transmts, in response to light in an al nost mholﬁ wavel ength range of a
visible light area, the linearly polarized |igh _Ebnponent of the second
predeternlned direction of tﬂ : t 3 ent fromsaid

R4 x| ;

transm ssi on pol ari ze@lﬂ Q toszeg d optical elenent,
reflects the |inear Syme

pr edet er m ned
direction perpendi £d; 'v'{zﬁfi and
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53 can emt the linearly polarized |ight of the second. predeterm ned

direction to said transm ssion polarized 1light axis changi ng neans in
response to light which is in the al nbst whol e wavel ength range of the
visible light area and is incident fromsaid optical elenent. [Caim

3] A display device according to chélfh 1 or 2, characterized in that said
second polarized |ight separation neans is polarized |light separation
means which transmts the linearly polarized |ight conmponent of the
second predeterm ned direction of the Iight being incident fromsaid
transm ssi BP larized |ight axis changing nmeans to said optical elenent
as linearly polarized Iight of the second predeterm ned direction.
[Claim4] A display device according to any one of clains 1 to 3, wherein
" said second polarized |iGhl s2defation Bhs i 642 multil@ygregsg ructure
obtained by stacking a Bluralitffy of layeré, and{said nultglayerad

structure has the plurajity of efs in haj—?cent[ | ayer aye
refractive indexes V\//rhyc ar [ O el'ac ot hler ifn tlte 0
predet erm ned direcgt onl a re differgent {f ea%h offH Mn fhesthird
direction. %40 ' | {? ‘
— L L ] [
FIG. 7 _
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[Claim5] A display device according to any one of clains 1 to 4,
characterized in that said transm ssion polarized |light axis changi ng
neans is a liquid-crystal elenent. _ 54
[Claim6] A display device according to claim5, characterized in that
said transm ssion pol arized |ight 414 changing neans is a TN

| iquid-crystal elenent, an STN. |liquid-crystal elenent, or an ECB
liquid-crystal elenent. [claim7) A display device according to any one of
claims 1 to-6, characterized in that said first polarized 1ight separation

means is ‘prgogarizer. [Caim8] A display device according to any one of
clains 1 to 7, characterized in that said optical elenent 1is an optical
el enent- whi ch absorbs light in a mavel h? area her than the

pr edet er m ned wavel engt h éxa g 391’ d second pol ari zed

| i ght separation neans, ? 6213 pr edet er m ned

ban tranem o the Tf’;’ﬁid H%m, ¥ OgL T W@Mﬁﬂ” Teans, and
. { l
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,[Caim9] A display device according to according to
characterized in that said

to 7,

which can emt

t he

i ght

I n that said optical

t he

opti cal

el ement

any one of clains 1
I's an opti cal

el ement

in the predeterm ned wavel ength area in response to

el ement

| i ght separation neans.

[Claim11
further c

el enent ,

| east the |ight

el ement .

A di spl ay device according to any one of
EpriHl ng reflecting neans
second pol arized |ight

i ght fromsaid second pol ari ze
10] A display device according t 08

one of

clains 1

| i ght separation-neans.

to 7,
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n means can
epgBh f area toward said optica
ding to any one of
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I s a hol ogram which can col or the |ight
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.clainms 1 to 11, further conprising a second optical elenent arranged on a
si de opposing said transm ssion polarized |I|ight axis changing neans with
respect to said second polarized |light separation neans, said second
optical elenment being capable of emgtting light in a second predeterm ned
wavel ength area .different fromttu?éiﬂst predet erm ned wavel ength area
toward said second polarized |ight separation neans in response to |ight
fromsaid second polarized |ight separation neans and being arranged at a
position different fromthat of said optical elenent, characterized in
that a display by at least light in the first predeterm ned wavel ength

ar ea andFﬂﬁghrlin the second predeterm ned wavel ength area on the sane .

screen i s nade possible. [claim13] A display device according to
claim12, characterized in that said secon tigcal elenment is an
optical element which abs '5@2%%4;39 h area

56 ot her than the se 1 hed | enfgth area of the |I|ight

fromsaid second
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can reflect the light in the second predeterm ned wavel ength area toward
sai d second polarized |light separation neans,.and can transnit the |ight
in the second predeterm ned wavel ength area. [Claim14] A display
devi ce according to claim 12, chaéﬁﬁ;erized in that said second optica
element is an optical elenment whi emt light in the second
predeterm ned wavel ength area in response to the light from said second
pol ari zed |ight separation neans. [Claim15] A display device
according to claim 12, characterized in that said second optical element
is a holfggrapgwhi ch can color the light in the second predetern ned

wavel ength area by ‘the light fromsaid second polarized |ight separation
nmeans. [claim16] A display device according to any one of clains
13 to 15, further conprising second reflecting neans arranged on a side’
opposi ng said second polarized |ight separation nea l0mnth respect to said
second optical elenent, characterized®48 t hat \sai d second reflection
nmeans ‘can reflect at ISJBI 14 1Ii§|4t i sekdd predet er ni ned

wavel ength area towa I nﬁrm I ___éﬂ)ai m17] A
di spl ay device accorfding t{ ; . ==
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57 13, characterized in that at |east one of said optical elenent and
said second optical elenent is a color filter. [Caim 18] A display
device according to claim9 or 14, characterized in that at |east one of-
said optical elenent and said secong optical elenment is a phosphor.
[claim 19] A display device accordi %o any one of clainms 1 to 18,
characterized by further conprising a third optical elenent arranged on a
si de opposing said transni ssion polarized |ight axis changing neans with
respect to said second polarized |ight separation nmeans, said third
optical el em&*nil absorbing light in an al nost -whol e wavel ength range of a
visible | | fea [ aim20] A display device according to any one
of clains 1 to 19 further conprising first and secoq&] t ranspar ent
substrates arranged both the sides of sg42 tragg pol ari zed Iight
axi s changi ng neans.to s@uddwi @4 Fai242r nsml }4 arized light axis
changi ng neans, chakact ef i zed{in thatl sai 3 st polarized |ight

separation nmeans is prranggf-on. e—;lqush-ng-ﬁal d A—240
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transni ssi on pol ari zed |ight axis changing neans with reéspect to said

first transparent substrate, and sai d second pol ari zed |ight
separation neans is arranged on a side opposing said transn ssion
pol ari zed |ight axis changi ng Means with respect to said second

. 58 transparent substrate. 12/ TCI aim 21] A display device according
to claim20, characterized in that said first .and second transparent
substrates are gl ass substrates. [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.
[Claim23f1@ didspl ay device according to claim20, characterized in that
sai d second transparent substrate is a plastic filmsubstrate.

[Claim?24] A display device according to any one of <clains 1 to 23,

characterized by further c risi ng )ﬂght- cattering neans. [claim
25] An el ectroni c appar at y avi ng ispl%@é
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.dévi ce mounted t hereon, conpri si ng: ~transm ssion pol arized |light axis
changi ng nmeans which can change a transm ssion polarized |ight axis;
~first and second polarized |ight separation neans arranged on both the
sides of said transm ssion polariz 14 ght changing nmeans to interpose
-said transm ssion polarized |ight ‘cfangi ng neans; and an optical

el enment arranged on a side opposing said transm ssion polarized light axis
changi ng means with respect to said second polarized |light separation
means, said optical elenent being capable of emtting light in a

59 pr eBE§ erlfi ned wavel ength area toward sai.d second. pol ari zed |ight
separation neans in response to. light fromsaid second polarized Iight
separati on neans, characterized,. in €42 said first polarized |ight
separation nmeans is po ze r‘ﬁﬂgh [ Bhich can emt

linearly polarized light Qf
to light being incident frFHn ;

{
L

i .~ 1N response
L9%0 P

l_; ﬁ§{§§j Z:GZO

A SEIKO EPSONM-20

_______ i, 1—210
Module 230

o
~3
)
Qo

O

:UJ'JIJ“S’
.3,




v .
_frrst polarized |light separation neans, froma second side opposing the

_fi¥fst side and can enit the linearly polarized |ight of the first
predeterm ned direction fromthe first side in response to |ight being
i ncident fromthe second side, and sai d second pol ari zed |ight

separation nmeans is polarized |ight separation neans which transmts a

“linearly polarized |ight conponent of a second predeterm ned direction of
| i ght being incident fromsaid transm ssion polarized |ight axis changi ng
means to spig qptical elenent, reflects a linearly polarized.light
conponent of a third predeterm ned direction perpendicular to the second
predeterm ned direction to said transm ssion polarized 1|ight axis changing.
means, and can emt linearly polarized |ight of the second predeterm ned
direction to sai g transm ssion polarized |light axis changing neans in
-r-esponse to |ight\be~Npg incident fromsaid optical elenment. [Detailed
Description of the Sl '
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TEXT OF THE ABSTRACT

bISPLAY DEVICE AND ELECTRONIC APPARATUS USING THE SAME

A display device capable of obtaining a bright display is provided. A polarizer (130} is arranged
above an TN liquid crystal (140), and a light-scattering layer (150), a polarized light separator
(160), a coloring layer (170), and a reflecting plate (180) are arranged under the TN liquid
crystal (140). The polarized light separator (160) transmits a linearly polarized light component
of a second direction of light being incident from the upper side, reflects a linearly polarized
light component of a third direction perpendicular to the second direction, and can upwardly
emit linearly polarized light of the second direction in response to light being incident from the
lower side. In a voltage non-applied portion (120), light reflected by the polarized light
separator (160) becomes white emission light (122). In a 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).

- Figure 4.
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