SPECI FI CATI ON DI SPLAY DEVI CE AND ELECTRONI C DEVI CE USI NG THE SAVE

[ TECHNI CAL FI ELD] The present invention relates to di.splay devices and

el ectroni c devices nounting the display devices. In particular, the present
invention relates to a reflection- type liquid crystal display device and
an electronic device nounting the reflection-type liquid crystal display
devi ce. [ BACKCGRQURI2MST] A typical conventional |iquid cryst aF'CE'r'E*B{“S?E‘
devi ce using a pol ari zation-changi ng optical elenent, such as a tw sted
nematic (TN) liquid crystal or a super-twi sted nematic (STN) liquid
crystal, which rotates the pol arizati% R
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axis, has a configuration in which the pol arization-changing opti cal

el enrent is sandw ched between two polarizers. It therefore has a |low |light
efficiency and, in particular, a reflection-type display device has a dark
di splay. For the purpose of displaying in the dark, a transflector is '
provi ded below the liquid crystal display device and light s illumnated
fromits | ond¥YOS289S The use of the transflector causes a F&ASPYIMIB e
amount of shading of the incident light, 4esulting in a dark display. It is
therefore an object of the present invention to
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-2- provide a display device with a bright display, which uses a

pol ari zati on-changi ng optical elenment. [D SCLOSURE OF THE | NVENTI ON] First,
the principle of the present invention will be described with reference to
Figs. 1 to 12. Fig. 1 includes cross-sectional views for illustrating the
principle of the display device in accordance with the prese {.{93‘7%9'550”' :
Figs. 1A 1B, aMP%81285c cross-sectional views for illustrati n&k"tr e principle
of the display device in accordance with the present invention, whereas and
Fig. 1D is a cross-sectional view of the principle of a display device for
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views of the principle of the display device in accordance with the present
I nvention. The liquid crystal display device in these drawings is shown to
illustrate the principle of the present invention, hence the present
invention is, of course, not limted to the liquid crystal display device
shown in these drawi ngs. Referring nowto Fig. 1D, the liquid crystal

di spl ay devi CROP#I25¥onpari son uses a pol arizer 135 as a pol NATKRRIORS3ght
separator at the observing side of the |ifuid crystal display device
(herein after referred to as an upper polarized-1ight separator). The
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-3- the draw ng towards the observation side but absorbs plane- polarized
| i ght perpendicular to the drawing, hence the display froma |ight source
190 is dark . In contrast, in the display device in accordance with the
present invention, as shown in Fig. 1A a retardation film 141 is provide
on a glass substrate 142 for holding a STN liquid crystal 143 ct
col oring genervﬁ?gﬁnls’ﬁ the STN liquid crystal 143. Al so, an uﬁﬁ&ﬁp%isg

pol ari zed-1ight separator 130 is provided 9n the retardation film 141. The
upper polarized-light separator 130 includes a
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(1/4)[err] plate 132 and a cholesteric liquid crystal |ayer 134. The
cholesteric liquid crystal reflects circularly polarized Iight having the
sanme wavel ength as the pitch of the liquid crystal and the sanme rotation
direction as the liquid crystal, and transmts other light. For exanple,
using a levorotation cholesterlc liquid crystal with a pitch of 5, 000
angstrons forWosNAY| esteric liquid crystal layer 134, the

obtain, which the device reflects |eft-hafded circularly polarized Ilght
with a wavel ength of 5,000 angstronms and transmts |left-handed circularly
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entire wavel ength range of visible light in the cholesteric liquid crystal,
the el enent is obtain, which the device -4- reflects |eft-handed
circularly polarized light over the entire white |ight region rather than
monochrome light and transmits right-handed circularly polarized light. In
t he upper pol arized-1ight separator 130 conposed of a conblnatlon of such
cholesteric |i RWRMstal layer 134 and (1/4)[err] plate 132FCTARIIIISS

pl ane-pol arized |ight of a given first dirdction incident on the (1/4)[err]
plate 132 is converted to
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| eft-handed circularly polarized light by the (1/4)[err] plate 132,
reflected by the cholesteric liquid crystal |ayer 134, reconverted to the
pl ane-pol ari zed light of the given first direction by the (1/4)[err] plate
132, and emtted. Plane- polarized incident |light of the second direction
perpendicular to the first direction is converted to right- handed
circularly p»Oofsi1288 |ight by the (1/4)[err] plate 132, andPRHIPI2Hr ough
the cholesteric liquid crystal |ayer 1348 Light incident on the upper side
of the cholesteric liquid crystal layer 134 is emitted towards the | ower
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130 conposed of a conbi nation of the cholesteric liquid crystal |ayer 134
and the (1/4)[err] plate 132 functions as a pol arized-1light separating
means. The pol arized-1ight separating neans transmts the plane-polarized
light of the second direction anong the light incident on the (1/4)[err]

-5- plate 132 §@9 rg&%ects t he pl ane-polarized light of the first direction
per pendi cul ar PH&%econd direction. Further, for the IightPFﬁ@FH@ﬁFBon
the cholesteric liquid crystal layer 134, i9 emits plane-polarized |ight of
t he
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second direction to the side of the (1/4)[err] plate 132 Pol ari zed-Ii ght
separati ng neans having such a function, other than the pol arized-Iight
separator 130 which conprises a conbination of the cholesteric |iquid
crystal layer and (1/4)[err] plate 132, include that using a multil ayered
film(USP 4,974,219), that separating the incident light into reflected
pol ari zed |i giP%%¥ ransmitted pol arized |ight by means of BS§TARTRS3
angle (SID 92 DEGEST, pp. 427 to 429), ankd0t hat usi ng hol ograms. Agai n,
referring to Fig. 1A plane-polarized |light 191 parallel to the draw ng
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crystal |layer 134 towards the observation side. On the other hand,

pl ane-pol ari zed |ight 192 perpendicular to the drawing fromthe |ight
source 190 is converted to left- handed circularly polarized |light by the
(1/4)[err] plate 132, reflected by the cholesteric liquid crystal |ayer
134, incident on the (1/4)[err] plate 132 agai.n, converted to b@gﬁ-

pol ari zed |i gh® dicular to the dramﬁng and travels to Rss
interior of the I|qU|d crystal display devidée. -6- Since the interior of
the liquid crystal di spl ay device

ﬁﬁ%@ﬁﬁTNH&l40%ﬁtfﬁ%2xfkﬁﬁL
TNHRZ1402FBLAKACETZ2TEOERRBRLE ORI
(1/4) AW132IKE-oTHEHREDEERDY, TV RTF
Yy 7HBB13428BLT. BREALCLHPLP- THEOBHEX
112¢t%2%, 72, MERIGSZ2EBLAKECFER LA
BMOBRBLEOED — B, FEB 170Kk >THRMNERD
SHEBRB170%EBL. REK180tosTRHEH, £
DH, BUBBB1 T ORI TRNShooHEE1 70 %
EBL., T0o%k,. BUEBXEN165ICAHL., BXi#1 65 %
ERALEBRARFERASFHNOERBAOLITNHSE 1 4 0 %
BEFMEPERFICBAL, TNHLS 140+ EBARBLAKEER
PR A mMoERBEOEEI (1 /74) A1 3 2128 >TH
Aoy, aVAF) s 27858813 4 %:E8L T,
BENCmPoTHEOGHHFELI L 2 &4 3,

RIS, BA4HE2ERBLT, AERBRBERTEBICASLLE
EOEPFHORRIZOVWTHET 3,
EWOBEMAMBL 20 BT, AXDPEARKEL 2S5
PRHBETEBLCLAH TS L, TOEBRAX1 251, LRSS
BMEL3SORI-o-THERFER2Z2FRNOERBREOLEL 2D,
Z0H, TNHSH140IEoTHEEFAA?O 0" £6hTH
BREE2FMOERBEORE S, WEKI1 6 5 TRIS
nas, | ' |
EROBENMAB 1 10IEBVWTI, ARXOBEREL 15
BEXAEBCASTSL, TOHARKL 15, LREH B
BI30RL-THEBAEERL2IBOERRBLEORLEL Y, 2
D%, TNESB1402BEFMEELTEEAL., TNHS
1402 EBBLAKBEFFTL2TAOERBLEOBERAERL




I ncl udes various boundary faces having discrete refractive indices, the

pl ane-pol ari zed |ight perpendicular to the drawing is reflected at such
boundary faces having discrete refractive indices, for exanple, boundary
faces between air and the retardation film 141 and between the retardation
film 141 and the gl ass substrate 142, and enmitted towards the observer

t hrough the Op@o8I12MS| ari zed-1ight separator after repeated RETHB¥HBYY in
the liquid crystal display device. Thus ddrighter display is achieved for
the display using the light fromthe |ight source 190, conpared with the
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separator 130 is provided with a (1/4)[err] plate 132, a cholesteric liquid
crystal layer 134, and a (1/4)[err] plate 136. In the upper polarized-I|ight
separator 130 including the (1/4)[err] plates 132 and 136 with the

chol esteric liquid crystal |ayer 134 therebetween, plane-polarized |ight of

a given first direction incident on the (1/4)[err] plate 132 ted
to | eft-handedVQ?MSar|y polarized light by the (1/4)[err] p‘)*%‘t’g 1 %5

reflected by the cholesteric liquid crystél | ayer 134, reconverted to the
pl ane-pol arized light of the first direction by the (1/4)[err] plate 132,
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-7- second direction perpendicular to the first direction is converted to
ri ght-handed circularly polarized light by the (1/4)[err] plate 132, passes
t hrough the cholesteric liquid crystal |ayer 134, reconverted to the

pl ane-pol ari zed |light of the second direction by the (1/4)[err] plate 136,

and emtted. For light incident on the upper side of the (1/4 err’ g;ate
136, pl ane- poW@IBAWAS | i ght of the second direction is enmtt ¥3 t he

| ower side of the (1/4)[err] plate 132 Asldlescri bed above, the upper
pol ari zed-1i ght separator 130 including a conbination of the cholesteric
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pol ari zed-1ight separating neans which transmts the plane- polarized |ight
of the second direction anong light incident on the (1/4)[err] plate 132,

reflects the plane- polarized light of the first direction perpendicular to
the second direction, and emits the light incident on the (1/4)[err] plate

136 towards the (1/4)[err] plate 132 as plane- polarized lig
second direct m&"z ol ari zed- | i ght separating neans having 2&5‘&1 !a}ngﬁs

function, other than the polarized-1ight ddparator 130 including a
conbi nati on of the cholesteric liquid crystal layer 134 and the (1/4)[err]
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nmeans of Brewster's angle (SID 92 DECGEST, pp. 427 to 429), -8- that
usi ng hol ograns, and those disclosed in | aid-open international patents
(WO5/ 17692 and W95/ 27919)as a reflective polarizer. Referring to Fig. 1B

again, the plane-polarized light 191 parallel to the drawing fromthe |ight
source 190 is converted to right-handed circularly polarized |ight by the
(1/4)[err] plwoos/es®s and passes through the chol esteric |i ®GTHPEHIIB,|
layer 134. The right-handed circularly pdlérized

CERALFHEOBEREBEEOKRIE (1 /4) AH132I2EoT
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| i ght passing through the cholesteric liquid crystal layer 134 is emtted
to the observation side after conversion to the plane-polarized |ight
parallel to the drawing by the (1/4)[err] plate 136. On the other hand, the
pl ane-pol ari zed |ight 192 perpendicular to the drawing fromthe |ight
source 190 is converted to |eft-handed circularly polarized |Light S%ﬂéhe
(1/4)[err] pl WN@IBUIBS The | eft-handed circularly polarized |?§ﬂ?ﬂﬂ

refl ected by the cholesteric liquid crystdl? |ayer 134, is incident on
(1/4)[err] plate 132 again, then reconverted to the plane-polarized |ight
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vari ous boundary faces having discrete refractive indices, the

pl ane-pol ari zed |ight perpendicular to the drawing is reflected at such
boundary faces having discrete refractive indices, for exanple, boundary
faces between air and the 9 Retardation film 141 and between the
retardation film 141 and the gl ass substrate 142, and final#éyﬁﬁﬁﬁgﬁgtted
t owar ds t he WHIEHE} t hrough the upper pol ari zed-Iight separator arter
repeated reflection in the liquid crystdl di spl ay device. Thus a brighter
di splay is achieved for the display using the light fromthe |ight source
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as the upper polarized-light separator. Referring nowto Fig. 1C, the upper
pol ari zed-1ight separator 300 has a conposite structure of two types of
alternately deposited |ayers 301 (layer A) and 302 (layer B) as shown in
Fig. 2. The refractive index ([err]) along the X axis and the refractive
index ([err) along the Y axis of the layer A 301 are different

n ch
ot her, mherea§”9ﬂg“¥%ﬁractive index ([err])_ along the X axis Eﬁ#ﬁéﬁ&ﬁg&

refractive index ([err]) along the Y axi s It the | ayer B 302 are the sane.
As a result, anong the light incident on the upper polorized-light
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pol ari zed-1i ght separator 300, plane-polarized |light along the X axis

havi ng wavel ength [err] is reflected by the upper polarized-|ight separator
300 wit hout 10 Modification of the polarization direction: TA ([err]) +
tferr] . [err] =TJerr]/2 (1) Wherein tAis the thickness along the Z
axis of the layer A 301 and t[err] is the thickness along the z axis of the
| ayer B 302. W@8H1ASP® t hi ckness tA along the z axis of the IREIEPIUIZ and
the thickness t[err] along the z axis of 2tthe | ayer B 302 are varied so that
the equation (1) holds over the entire visible Iight region, the upper
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| i ght separator 300 can reflect the plane-polarized Iight polarized in the
X direction and can transmt the plane-polarized |ight polarized in the Y
direction without nodification over the white light region rather than a
nonochr ome regi on. Such an upper polarized-1ight separator is disclosed as
a reflective polarizer in the |aid-open international patent 692) .
The upper pol A¥YPREINS ght separator 300 saomn in Fig. 2 ref|5§¥§§%¢§%%-

pol ari zed light of the given first direct ®dn fromthe | i ght source 190 back
towards the |light source 190 without nodification of the polarization,
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as the plane-polarized |ight of the second direction. As described above,
t he upper polarized-light separator 300 transmts plane-polarized |ight of
the given second direction fromthe |Iight source 190 wi thout nodification
of the polarization direction, reflects plane-polarized |ight of the first
direction perpendicular to the second direction fromthe |ight source 190,
and enits | iﬁﬁ’sﬂ?@ﬁ]the upper face towards the |ight sourcgq’W%”:’

pl ane-pol ari zed |ight of the second direétd on. Pol arized-1ight separating
means havi ng such a function, other than the upper polarized-Iight
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separator 300 having a conbination of the cholesteric liquid crystal |ayer
134 and (1/4)[err] plate 132,136, include that using a nultilayered film
(USP 4,974,219), that separating the incident light into reflected

pol arized light and transmtted polarized |ight by neans of Brewster's

angle (SID 92 DEGEST, pp. 427 to 429), and that using hologgéqﬁryﬁﬁ%ﬁrring
to Fig. 1C aga‘{‘h?’mﬁ?d&ne- polarized light 1 parallel to the drawng from
the light source 190 passes through the u% er pol arized-1ight separator 300
and is emtted towards the observation side w thout nodification of the
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separator 300 and goes towards the interior of the liquid crystal display
device without nodification of the - 12 - polarization direction. Since
the interior of the liquid crystal display device includes various boundary
faces having discrete refractive indices, the plane-polarized |ight
perpendicular to the drawing is reflected at such boundary faces having
di screte ref WMBIFES| ndi ces, for exanple, boundary faces beFPREERIM323 5nd
the retardation film 141 and between theZ2rfetardation film 141 and the gl ass
KEBL, TNHALI4O0ZEBLAKHTAILEELZFROER
BEOKIZ (1 /4) AW1I32EI->TENREREELY, =
LAFY) v 7B BR1I34ARXRETRFINRTHT (1./4)
AMLI32IAHL, (1/74) AR1IB2EI->THEIKE
BEX2FRMOBEREEOXL L), BRERFEBABCA» > T
ORI X113E%5B, _
(1/74) AzR162%2FMLAEHEERTD LI, oL
A7y 7 HRBE16 4ZEBT S, AVRATY Y IIHMARI
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Rash, 2oBavAF)y 7HGRE164TREEEN, Z
DHEEBEB1I1TOIORI-THURFSEE LA, aLXAFY Y
ZHERE1 6 4%FEBRBLT (1./74) AK162ICAHL.
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substrate 142, and is emtted towards the observer through the upper

pol ari zed-1ight separator 300 after repeated reflection in the liquid
crystal display device. Thus a brighter display is achieved for the display
using the light fromthe |light source 190 conpared with the case using a

pol ari zer as the upper pol arized-Iight separator. Next, refer

3 and 4, in th¥ ?‘?fgﬁa crystal device, a TN liquid crystal Bbp'gmt@%ié&as a
pol ari zati on- changi ng optical el enent. Thgfhpper pol ari zed- Ilght separ at or
130 including the (1/4)[err] plate 132 and the chol esteric quuid crystal

130 and a pold 7or0 RaE Lol N B 478 2 B EE S S H A
L. TNHRSB1402EBLAEKEBCFETL2IAOEARELD
¥id (1./4) a1 32ICk-oTHEAREDOREELRD, aL
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provi ded on the |ower side of the TN Iliquid crystal 140 in this order. The
|l eft side of the liquid crystal device is referred to as an applied-voltage
section 110, whereas the right side as a no applied-voltage section 120.
Display by the light fromthe |light source 190 will now - 13 - be
described with reference to Fig. 3. Unpolarized |light incident on the upper
pol ari zed-| i JXOIWES® ator 130 fromthe |ight source 190 has BSEERIUBIBVr i bed
with reference to Fig. 1A, and a brighter Z26splay than that
4) 21621t ThHAREDORLED, (1./4) 2#
16 2zHMLAEAREDER. 2 VAFY vy 2B 6
42 BEBYT B, 2VAFY Yy 7HBERB 164 %BBLLEDIR
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using a polarizer as the upper polarized-1ight separator al so has been
described with reference to Fig. 1A Next, a display caused by transm ssion
of unpolarized light fromthe |light source 190 through the TN liquid
crystal 140 etc. will be described. In the no applied-voltage section on
the right side, the unpolarized Iight 121 fromthe |ight sour Sses
through the T Pﬂm crystal 140, and is égnverted to pl ane-{)‘%(%rg?ozsg

light parallel to the drawing by the polarfZer 165. Part of the

pl ane-pol arized light parallel to the drawing is reflected by the coloring

Uit paseing R IR ST RORLIORE LU T BB AR ) Bo o hemet st e
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pl ane-pol ari zed |ight perpendicular to the drawing by rotating the
pol ari zati on angle by 90 degrees and then converted to | eft-handed
circularly polarized light by the (1/4)[err] plate 132. The |eft-handed
circularly polarized light is reflected by the cholesteric liquid crystal
| ayer 134, is incident on the (1/4)[err] plate 132 again, is converted to
pl ane- pol ari MWQ9¥1288% per pendi cul ar to the drawi ng by the (FCIIPEHNIB))| ate
132, and goes towards the - 14 - interi2& of the liquid crystal device
as reflected |ight 123.
HFEEER D> 5 B BRI T Do |
T, LRDESC, BEEANNMLI 208, TH
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On the other hand, the other part of the plane-polarized light parallel to
the draw ng passing through the polarizer 165 passes through the col oring

| ayer 170 while being absorbed in this layer, is reflected by the reflector
180, passes through the coloring |ayer 170 while being absorbed in this

| ayer again, and is incident on the polarizer 165 again. Ther, TPOTI32S3

pl ane- pol ari zeNOPBAM®S paral l el to the drawi ng passing through qrﬁe poFsari zer
165 is converted to plane- polarized |ight Bgrpendicular to the drawi ng by
rotating the polarization angle by 90 degrees in the TN liquid crystal 140
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after reflection by the cholesteric liquid crystal 134, is converted to

pl ane-pol ari zed |ight perpendicular to the drawing by the (1/4)[err] plate
132, and then goes towards the interior of the liquid crystal display
device as the reflected light 123. In the applied-voltage section 110 on
the left side, the unpolarized light 111 fromthe |ight source 190 passes

t hrough the WO¥@Sd crystal 140, and is converted to pl anECHEPHOPEHR(
light parallel to the drawing by the pol &@zer 165. Part of the

pl ane-pol arized light parallel to the drawi ng passing through the pol arizer
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- 15 - reflected by the coloring layer 170, is incident on the polarizer
165 again, passes through the TN liquid crystal 140 w thout nodification of
the polarization direction, and is converted to right-handed circularly
pol arized light by the (1/4)[err] plate 132. The right-handed circularly

pol ari zed |ight passes through the cholesteric liquid crystal,J. 4 and
goes towards Wﬂ%gwﬁ§§rvation side as the enjtting |ight 112.'"ﬁ1g5@? er

part of the plane-polarized |ight parallm3lC)the drawi ng passi ng through
t he pol arizer 165 passes through the coloring |ayer 170 whil e being

absorbed in tiﬁilf. S#Zaﬁe;&’ﬁ' iy o5 S Y8 B @ Lefd Bl o5 1@ Pagsesic x o
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t hrough the coloring |layer 170 again while being absorbed in this |ayer,
and is incident on the polarizer 165 again. The pl ane-polarized |ight
parallel to the draw ng passing through the polarizer 165 passes through
the TN Iiquid crystal 140 without nodification of the polarization
direction, and is converted to right-handed circularly polarized |ight by
the (1/ 4)[er|W°¥ﬂ"&§5!§ 132. The right-handed circul arly pol ar PEEHIPIT0325
passes through the cholesteric liquid cry8€al |ayer 134 and goes towards
t he observation side as the emtting Ilght 112. A reflection-type display
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In the no applied-voltage section 120 on the right side, - 16 - the

ext er nal

natural light 125 incident on the liquid crystal device is

converted to plane-polarized Iight parallel to the drawi ng by the upper
pol ari zed-1i ght separator 130 and then converted to pl ane-pol ari zed |ight

per pendi cul ar
degrees in the
perpendicular to the drawing is absorbed

{ ? ﬁ F%agraw, ng by rotating the polarization angh?rl%lgig.ﬁ

id crystal 140. The I%I:{ane- polarized lig
he pol ari zer 165.
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In the applied-voltage section 110 on the left side, the external natural
light 115 incident on the liquid crystal display device is converted to

pl ane-pol arized light parallel to the drawing in the upper polarized-I|ight
separator 130. The pl ane-polarized light parallel to the draw ng passes
through the TN liquid crystal w thout nodification of the polarization
direction, arf¥OPB{LE¥S through the polarizer 165. Part of th&CT/JP97/03253

pl ane-pol ari zed |ight parallel to the drad#ng passing through the polarizer
165 is incident on the polarizer 165 again after reflection by the coloring
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nodi fication of the polarization direction, and is converted to

ri ght-handed circularly polarized light by the (1/4)[err] plate 132. The
right-handed circularly polarized |light passes trough the cholesteric
liquid crystal |layer 134, and - 17 - goes towards the observation side

as the emtting light 116. The other part of the plane polari. L0l
paral l el to t WO RMNg passi ng through the pol arizer 165 pagéggm%trou h

the coloring layer 170 whil e being absorbed® n this | ayer, and is reflected
by the reflector 180. The pol arized
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| i ght passes through the coloring layer 170 again while being absorbed in
this layer, then is incident on the polarizer 165 again, and passes through
the TN liquid crystal 140 wi thout nodification of the polarization
direction. The plane-polarized light parallel to the draw ng passing

t hrough the polarizer 165 is converted to right-handed circularly polarized
i ght by theWQaysesssrr] plate 132, passes through the chol e¥CEIPEPIFui d
crystal layer 134, and goes towards the oBdervation side as the emtting
light 116. As described above, in the no applied-voltage section 120 on the
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liquid crystal display device by the upper polarized-light separator 130,
whereas the external natural light 125 is absorbed in the pol arization
plate 135. As a result, in both case, no light is emtted fromthe liquid
crystal display device towards the observer. In the applied-voltage section
110 on the left side, the unpolarized light 111 fromthe |ight 190
is emtted frd¥OWISHSpper pol ari zed- - 18 - light separatSFmé%%%ggathe
emtting light 112, whereas the external nad ar al light 115 is emtted from
t he upper
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pol ari zed-1ight separator 130 as the emtting light 116. As a result, in
both case, light is emtted fromthe liquid crystal device towards the
observer hence the sane display state based on the on-off state of the TN
liquid crystal 140 is achieved by both the external |ight and the |ight
fromthe |light source 190. Accordingly, no so-called negative- positive
reversi on wi MOBUEHS bet ween the display with the external PCHIRITARS t he
display with the light fromthe |ight souBde 190. Next, referring to Figs.
5 and 6, a TN Iliquid crystal 140 is used as a pol ari zati on-changi ng opti cal

el ement in tg)i %I i‘%iﬁ crystal display device. An upper polarized- |ight
separator 130 1| ?I g the (1/4)[err] plates 132 and 136
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and the cholesteric liquid crystal layer 134 is provided on the TN |iquid
crystal 140. A polarizer 165, a coloring layer 170, and a reflector 180 are
provi ded under the TN liquid crystal 140 in this order. The |left side of
the liquid crystal display device is referred to as an applied- voltage
section 110 whereas the right side as a no applied- voltage aﬁﬁ& for
t he descriptioW?’BF?ﬁay with light fromthe, Iight source 190 W now be
described with reference to Fig. 5. Unpol ar Yed i ght incident on the upper
pol ari zed-1i ght
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- 19 - separator 130 fromthe light source 190 has been described with
reference to Fig. 1B, and a brighter display state than that using a

pol ari zer as an upper pol arized-1light separator al so has been descri bed
with reference to Fig. 1B. Next, a display state caused by transm ssion of
unpol ari zed light fromthe |light source 190 through the TN |iguid é#gstal
140 etc. wil WQes/28%cri bed. In the no apgl i ed-vol tage secti ABHM3E53 1 he
right side, the unpolarized light 121 frdfhthe |ight source 190 passes
through the TN liquid crystal 140, and is converted to pl ane-pol arized
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drawing is colored in the coloring layer 170, is reflected towards the

upper direction, passes through the polarizer 165 and TN liquid crystal

140, is reflected by the upper polarized-light separator 130 as
pl ane-pol ari zed |ight perpendicular to the drawi ng, and goes towards the
interior of the liquid crystal display device as reflected lggﬂh*#ﬁ

t he detail

i SWMOS12¥fe as the no applied- voltage section 12

side of the liquid crystal display devi céd i ch has been described wit
reference to Fig. 3, the repeated description will be omtted. In the

appl i ed-vol t

fromthe |i
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- 20 - plane-polarized Iight parallel to the drawing by the polarizer 165.

Part of the plane-polarized light parallel to the draw ng passing through

the polarizer 165 is reflected by the coloring layer 170, is incident on

the pol arizer 165 again, and passes though the TN liquid crystal 140

wi t hout nodification of the polarization direction. The plane-pol arized

| i ght paral | 3¥WOP#128%e drawing is converted to right-handed &GFE

pol arized light by the (1/4)[err] plate 422 The right-handed circularly
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pol ari zed |ight passes through the cholesteric liquid crystal |ayer 134, is
converted to plane-polarized light parallel to the drawi ng by the
(1/4)[err] plate 136, and goes towards the observation side as the emtting
light 112. The other part of the plane-polarized |ight parallel to the
drawi ng passing through the polarizer 165 passes through the coloring.layer
170 whil e bei ngv‘a&’éﬁ%ed inthis layer, and is reflected by tH’E’PB?’(‘g or
180. The reflected |ight passes.through tHe3coloring | ayer 170 again while
bei ng absorbed in this layer, is incident on the polarizer 165 again, and
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TN liquid crystal 140 is converted right-handed circularly polarized Iight
by the (1/4)[err] plate 132, passes though the cholesteric liquid crystal

| ayer 134, is converted to pl ane- - 21 - polarized light parallel to the
drawing by the (1/4)[err] plate 136, and goes towards the observation
side as the emtting light 112. A reflection-type display state when
external |igNO9425%ci dent on the liquid crystal display de¥CEEPOPIS3now be
described with reference to Fig. 6. 44
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In the no applied-voltage section 120 on the right side, the external
natural |ight 125 incident on the liquid crystal device is converted to

pl ane-pol ari zed |ight -parallel to the drawing by the upper polarized-I|ight
separator 130 and then converted to plane-pol arized |ight perpendicular to

the draw ng by rotating the polarization angle by 90 degrees
l'i qui d crysta%“iﬂﬁuﬂ*he pl ane- pol ari zed I%ght per pendi cul ar E%H¥ke 3?§m ng

i s absorbed in the polarizer 165. In the pli ed-voltage section 110 on the
| eft side, the external natural light 115 incident on the liquid crystal
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separator 130. The pl ane-polarized light parallel to the draw ng passes
through the TN liquid crystal 140 w thout nodification of the polarization
direction and passes through the polarizer 165. Part of the plane-polarized
light parallel to the drawi ng passing through the polarizer 165 is incident
on the polarizer 165 again after reflection - 22 - by the coloring | ayer
170. The pl ameO 12885 zed | i ght parallel to the draw ng fromPCHIPHIRES zer
165 passes through the TN liquid crystal 4540 wit hout nodification of
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the polarization direction, and is converted to right-handed circularly
polarized light by the (1/4)[err] plate 132. The right-handed circularly

pol ari zed |ight passes trough the cholesteric liquid crystal

is converted to plane-polarized |light parallel to the drawi ng by the

(1/4)[err] pl
t oward

goes

The pl ane-pol arized light parallel to g
3&$ﬁél servation side as th mtting |light 112&ﬁn€%@%%§her

e
part of the plane polarized |ight paralléf7to t he draw ng passing through
t he pol arizer 165 passes through the coloring |ayer 170 whil e being

absorbed in 4hjssz gyﬁ 31]&51%% 5k gcze% Byt ke e ef | £chHoe BBB%?u\-r%;T: r

refl ected polari ze
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pol ari zed light incident on the polarizer 165 again passes through the
pol arizer 165, and the TN liquid crystal 140 w thout nodification of the
pol ari zation direction. The plane-polarized |ight parallel to the draw ng
passing through the TN liquid crystal 140 is converted to right- handed

circularly polarized light by the (1/4)[err] plate 132. The right-handed
circularly povep#125% | i ght passes through the chol esteric | irﬂ%a"’g% al

| ayer 134, and is converted to plane-pol 4@ zed |ight parallel to the
drawi ng by the - 23 -
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(1/4)[err] plate 136. The pl ane-polarized light parallel to the draw ng
goes towards the observation side as the emtting light 116. Also, in
this case, in the no applied-voltage section 120 on the right side, the
unpol ari zed light 121 fromthe light source 190 is reflected tomerds t he

I nterior of the liguid crystal display device by the upper p |ght
separ at or 130% s the external naturg light 125 is absor ed I'n the

pol ari zati on plate 165. As a result, inb ¢h case, no light is emtted from
the liquid crystal di spl ay device towards the observer. In the

?Iroglml '?ﬂ-evf): E} sour Cgﬁ%%&ﬂ@e gﬁ’:?ﬁ% %E%e‘%n@)o al’l ze la g:ht& 1&1
TEBLSIIh B,

FLTC, ToHEHIC, T LWL, HEE2O0RETHFB
P, NESARAEHMTLEFEMP»PSAHLLED I LW RS 3
DHEEDPHFNMNOBERBERSTOLEETWERAFZTFHICHLE 3
PHEOFNOBERBREOKE LTEBSCIBRIRTR T
»H b,

T, FFLCE,

MRRXZFEY, WEEZARAUTEFEA CREBEEINAE
2bﬁ%ﬁﬁ¥&t‘W%%zoﬁ%ﬁﬁ$&uﬁtr%ﬁﬁ
BREEBTEFELRWNBICEB IR - XEEFLLH X,

WEXLEY, WEEI1O0BATHRFERLE2OREIRFE
oMK EANTRELETS Y,

HEPT20RET7TEFEDY. WK EAFEXHITEFEAM» S
AHLEED) bHREIONEPTFHNOEBRBEBARTOL %
MEXFXZTFHILEBSIYE, WEEIOREDHTFMEEXT S
WEBADOHEDHMOERBERTOXER TR L, WREF
ETFHUHIPLARLEAXCH LCHEZARLEBTEERMICH
RBEIOENDFROERRBRED Xz HFTRLREX D MFR
TdHh,

HWREFRFY. WRKF20RETHEHFEUD» LD % IR
B2ORETEEFEMCRFTTIRLIAERTFTH 5,

SOOI LBBELINE, ZEERBAEMITEFTROEAREH
DRBERBLT, WHEE20RETEFELZ2EBLIREXEE
FRIOTRFENLAXLLIZBORRKBL, WRE20
BETHFERECI-TRPLBRINZLILIZE60RFR
BEBOLNE, LT, TOHEI, FELRX WEE2D



| i ght separator 130 as the emtting |ight 112, whereas the external natural
light 115 is emtted fromthe upper polarized-light separator 130 as the
emtting light 116. As a result, in both case, light is emtted fromthe
liquid crystal device towards the observer hence the same display state
based on the on-off state of the TN liquid crystal 140 is achi eved by both
t he external wogsn2sed the |ight fromthe |ight source 190. BAGEBPHIRP v, no
so-cal | ed negative-positive reversion w B0 occur between the display with
the external light and the display wwth the Ilight fromthe |ight source

190. Referri%%%v&t¥§ig§ﬁ;ﬁ%qﬁ% goTNquuid crystal 140
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- 24 - is used as the polarization-changing optical elenment in the liquid
crystal display deviee. The upper polarized-light separator 300 shown in
Fig. 2 is provided on the TN liquid crystal 140. A polarizer 165, a
coloring layer 170 and a reflector 180 are provided under the TN |iquid
crystal 140 in this order. The left side of the liquid crystal g%ﬁ§k$¥
device is ref eMEWIEYSas an applied-voltaqg section 110 wher eBEY ﬁht
side as a no applied-voltage section 120 fd} the description. Display with
the light fromthe |light source 190 w || -
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be described with reference to Fig. 7. Unpolarized |ight reaching the upper
pol ari zed-1ight separator 300 fromthe |Iight source 190 has been descri bed
with reference to Fig. 1C, and a brighter display state than that using a
pol ari zer al so has been described with reference to Fig. 1C. Next, a

di splay state caused by transm ssion of unpolarized light fromthe |ight
source 190 t WOAHRShe TN liquid crystal 140 etc. will be dSM3IPBUW2S3| n t he
no applied-voltage section 120 on the ri§i@& side, the unpolarized |light 121
fromthe |ight source 190 passes through the TN liquid crystal 140, and is
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pol ari zer 165. Part of the plane-polarized |light parallel to the draw ng
passi ng through the pol arizer 165 i.s - 25 - reflected by the coloring

| ayer 170, and is incident on the polarizer 165 again. The plane-pol arized
light parallel to the drawi ng passing through the polarizer 165 is
converted to plane-pol arized |ight perpendicular to the draw ating
t he pol ari zat gﬂ?l”ﬂ? 9%8ction by 90 degrees in TN liquid cryst%%ﬁmﬁjﬁse

pl ane- pol ari zed |ight perpendicular to t he drawing is reflected by the

upper pol arized-1ight
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separator 300 without nodification of the polarization direction and goes
towards the interior of the liquid crystal display device as reflected

| ight 123. The other part of the plane polarized |light parallel to the
drawi ng passi ng through the polarizer 165 passes through the coloring |ayer

170 whil e being absorbed in this layer, and is refl ected by ctor
180. The refP@gWQGﬂﬁolarized li ght passeg through the colorrégiia§%%§170
again while being absorbed in this Iayer.4The pol ari zed light is incident
on the polarizer 165 again, and is converted to plane-pol arized |ight
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to the drawing is reflected by the upper polarized-light separator 300

w t hout nodification of the polarization direction and goes towards the
interior of the liquid crystal display device as reflected Iight 123. In

t he applied-voltage section 110 on the |eft side, - 26 - the unpolarized

light 111 fromthe |light source 190 passes through the TN |i qui I
140, and is coﬂ@%%ﬂ@ﬂgto pl ane- pol ari zed Iught-parallel to tﬂ§b§P§%ﬁﬁ§?by
the pol arizer 165. Part of the plane-polaﬁi ed |ight parallel
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to the drawi ng passing through the polarizer 165 is reflected by the
coloring layer 170, is incident on the polarizer 165 again, passes though
the polarizer 165, the TN liquid crystal 140, and the upper polarized-Iight
separator 300 without nodification of the polarization direction, and goes
towards the observation side as the emtting light 112. The other part of
t he pl ane- powe98428s| i ght parall el to the drawi ng passi ng tRFYH

pol ari zer 165 passes through the coloring6l ayer 170 whil e being absorbed in
this layer, and is reflected by the reflector 180. The reflected Iight

Payer: i hORENG dnit e 1obariHel Tl mk 1 b Mo IRIB B | qu o
PEHRBLEIHHETRELBERESTESEERT 5,

COWMETHR SR T HE
WL LT, 28O (1/4) ABOBMIEILRAFY v 2 B
BRERAZLVD, SRBRBELTMBLL7A4NVLAZHATE LD,
TYVa—Ry—-DHEZABLTIRABEEEARBE L CTB
TA5Hb0, FurZsSuaEzHBATILNRX, BEARA I NIHF
hE (BEABOBE :W095./17692RUW095/
27919) ) icreflective polarizer Lt LTHAREhEX
PUBEHEMTELIN, AEBOBETE, WO95 /176
9 2RUWO95,/7279189) Icreflective polarizer & L
THREN-ELETEB-THIIEIRC, B2E,. 7 H,
H8H., 138, $14HrAVIHBALARETIHELE
Bt 5,

DB, AEHEORBICBYLILELATESRSLIOLELT, 81
HA, B3H, 48, $9H. £10H%*HWTHHALALL
B BRLALBELATI2RLETEES. T4obb, &
V3IOWMALARLAXD I LHENDE 20 OERRLEK
S FEBSYE, FEDE2O0FMEEXTIHEIOTMNOER
BEBRSETEHL., LEX7ER1I 0O EA>»L AHLLEL
HLTHEKEVIOMICHEE 20 MOERRKEZ TR
LRERETEBLEEATALELTE 5,

AEBOBROBEJZETREE 1 OBEIR., H$5H. %6 H.
E7H, ESEHA*BRBLIHEHLAKARREEBELAKTH 3
DT, TCTREOBHEBEET 5o |

AEBROBBOBRRTEBIICBWTER, LRESHES!
O, WBELNV3ZOMAPLARLEXEDS bLHEDE2OHME



crystal 140 without nodification of the polarization direction , passes
t hrough the upper pol arized-1ight separator 300, and goes towards the

observation side without nodification as emtting Ilight 112 A
reflection-type display state when external light is incident on the liquid
crystal display device will now be described with reference to Fig. 8. In
the no appli edWRBMZPE section 120 on the right side, 27 TWETQE?’@P#QI

natural light 125 incident on the liquid c?ystal device passes
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t hrough the upper polarized-1light separator 300 wi thout nodification,

I s changed

to plane-pol ari zed |Iight perpendicular to the draw ng by

rotating the polarization angle by 90 degrees in the TN liquid crystal
The pl ane-pol arized |ight perpendicular to the drawing is absorbed in the
pol ari zed 165. In the applied-voltage section 110 on the left side, th
external nat WAPMIZ¥ht 115 incident on the liquid crystal diPERIBY7AIS3i ce
passes through the upper polarized |ightS58eparator 300 as pl ane-pol ari zed
lel to the drawi ng, passes through the TN liquid crystal 140
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drawi ng passi ng through the pol arizer 165 passes through the upper

pol ari zed-1ight separator 300, and goes towards the observation side as the
emtting light 116 without nodification of the polarization direction. The
ot her part of the plane polarized |ight parallel to the drawing fromthe
pol ari zer 165 passes through the coloring |ayer 170 while bein din
this layer, andV@¥R&S ected by the reflecg r 180. The reflec?gﬂﬁﬁﬁ? Yzed
- 28 - light passes through the coloring | §er 170 again while being
absorbed in this layer. Then the polarized light is incident on the

polarizer 165pagain;y paseep @EOUoE L, 7M., H S W. %1 3@, &
14 BE2HAVWTEBALARESHES D THIEIWO095./7176
92RUWO95./727919) ireflective polarizer & L
THREAZEBEDRB L HA T 2,

B, REBOBRICBUILEXIBEIOLLT. H1
RA. E3H. $4 K, H$9R. Bl1ORLZ2HTHBELI-L
RETHESELEBALBETETAIARLETHS. T 2bb, R
WI3IOMAPLAFLZ-XD) bHIROE20F MO ERREER
e EBEE. MEOHB2O0FMEERXRTI2E 10 MOERK
REETERH L, LREXSEF1ODLEHIL ALK
MLTHEZ VI OMICARE2OFTMOERRBLE Z W H T
ZPRAESERETERBT A LT EX B,

T, REROBBIIBITAITREPHEBS50LLT,. £9
B, £E10RZHTHBELATEREX P ESRLEALBREETEHFT
ZEESEE, Tobb, WREAELIOMPLARLAEXD S
LRENE 20 AOERBERS 2 EBEL, FigOHE 20
FTHLERXRTA2EIOFMOERBARSERHFSL. TRERXS
BMFSODTHMA2ALAHLAXKHLTEREL 3 OMICH R
B207MOERBXLTHAAURLZEBL I ESR LY EAT I L
LT &3, | |

EEBOFBEROERRTEB l1OB KX, £1 38, £1 4
HzeBLTHBAL-AARFEBLRAECHI DT, 2T
HEOBRBIEEET 5, |

FEBORRBROBLARTREBI TR, EEEAMBICBVT
., TRXTHMBSOICLIo TRERHF IR B L 042 &
>sTHEZIhTHGBROHMBPXRERZDN, BEMIMICB v Tit,
TRESHSFS 0L EBLLEXBEBRINKG 0O TRINERB



pol ari zer 165, and passes through the TN liquid crystal 140 w thout

nodi fi cation of the polarization direction. The pl ane-pol arized |ight
parallel to the drawi ng passing through the TN liquid crystal 140 goes
towards the observation side w thout nodification as the emtting |ight
116. Al'so, in this case, in the no applied-voltage section 120 on the right
side, the unp¥fPe¥12898d |ight 121 fromthe |ight source 190 | FCREPYERIRJ
towards the interior of the liquid crysta®0display device by the upper

pol ari zed-1i ght separator 300, whereas the external natural light 125 is

?gsce)%bte?eijnf gﬁfﬁﬁﬁé‘g%%iggﬁ ;56‘2,5 As a result, in both case, no light
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di spl ay device towards the observer. In the applied-voltage section 110 on
the left side, the unpolarized light 111 fromthe |ight source 190 is
emtted fromthe upper polarized- |ight separator 300 as the emtting |ight
112, and the external natural light 115 is also emtted fromthe upper
polarlzed Ilght seggrator 300 as the emtting light 116. As a iﬁ%hﬁﬁ

4

bot h case, Thitted fromthe I|qu€g crystal device t Ve
observer hence t he sane display state bas on the on-off state of the TN
liquid crystal 140 - 29 -
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I's achieved by both the external light and the light fromthe |ight source
190. Accordingly, no so-called negative- positive reversion wll occur
between the display with the external |ight and the display with the |ight
fromthe light source 190. In the liquid crystal display devices shown in
Figs. 3 to 8, the coloring layer 170 can be omtted. In this case, the

pl ane- pol ari 7%Q9%/1¥P parallel to the drawi ng, which passes RHBIER2Phe
pol ari zer 165, is reflected directly by ®t reflector 180 without being
colored by the coloring layer 170, and passes through the polarizer 165

300 and goes (B A RLILIEEY i (00 S a6 Be amitring O Sorarator oo
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l'ight 112 or 116. Referring nowto Figs. 9 and 10, a TN liquid crystal 140
I's used as the polarization-changing optical elenent in this liquid crystal
di spl ay device. An upper polarized- |ight separator 130 including the
(1/4)[err] plate 132 and the cholesteric liquid crystal layer 134 is

provided on the TN Iiquid crystal 140. Further, a light diff
150, a | ower pWOMBHPY-|i ght separator 160§ncl uding a (1/4) ﬁéﬁ%’z@%ﬁa 162

and a cholesteric liquid crystal |ayer 164?, a coloring layer 170, and a
reflector 180 are provided under the TN elenent 140 in this order. The

upper pol ari @E%I j:%t&sgp@f‘at R d?@ ‘&qﬁtﬁe@sm as
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- 30 - that described in Fig. 1A. The | ower polarized-light separator 160
has the sanme functions as the upper polarized- |ight separator 130. The

| ower pol arized-1ight separator 160 is a pol arized-1ight separating neans
which transmts plane-polarized Iight of a given second direction anong

| i ght components incident on the (1/4)[err] plate 162, reflects

pl ane-pol ari ZV@BAYAS of a first direction perpendicul ar to RERIRIEORISY
direction, and for light incident on the &Hholesteric liquid crystal |ayer
164, can emt plane- polarized Iight of the second direction towards the

(VD] wms 2 v s RETE T 5 .

XEBODREBTIR, LEETHEHSF1I OOLB, BEMWI 5
YR, CORAXBISOBEMELEBRASTER 1 00FEEH
EEBII—HSELEAVNE2OKBOBRLERLE Y., oA
HABTH B,

XSkt hiE, LEEASHBEIOOELARES T+ 5T
ZVWHAIKL, REEYRBDLILELNTE, BRREFEEBE 1O
A PFPSFSAMEBLTAHILYETEE, T/, LEXTHES
ODOBMBMBENXTFTLwHEAIKE, T8zt T 32t
b T & %,

(%’ #0)

H23HABER,. XBEHOBLEIDEBORBORGERTERD
ERAEZRLTWSE, XEEAHICBWTIF., EELV3 0T
BT8R L TSTNHREISEXEHRAL, ¥739 AE&EHK3 1 L
KCHNHZ 714 VL2022 MABLAAYE2OERORBELR L
2, odiiABRTHE, B, MHET71410L201H., £
WHEHOEERFBLLTHWTBY, STNHRB35TCHLE
TL2ERYRBEIA2-DECHEHALTVWE, £23HBIEBWVT
B, MBEZE7/4VA20LRAETHESFLIORUREEMI 5 L
¥t lL, SHET74NVLLBERELLVLIOOLOBM»L XE A
HLTwad, HHZ7I0420L, LEEPEBELOES
X EAHLTLD2ED L2 W,

(B100EHBOBE)
B24HE, XRZBOE 1 0DPXBORBOBERTEKE %
BET 2005 REEETH 3,
EEROBETIR, 518 0PLOREHUERERER] 0



plate 162 . Pol ari zed-1ight separating neans having such a function, other
than the pol ari zed-1ight separator 130 including a conbination of the
cholesteric liquid crystal layer 164 and the (1/4)[err] plates 162, include
that using a multilayered film (USP 4,974, 219), that separating the

incident light _into reflected polarized |light and transm tte Whﬁ@d
light by meansVBP¥ES®ister' s angle (SID 92 DEGEST, pp. 427 to hat

usi ng hol ogranms, and those disclosed in | -open international patents
(WDO5/ 17692 and W5/ 27919)as a reflective polarizer. The left side of the
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description. A display state with light fromthe Iight source 190 - 31 -
w Il now be described with reference to Fig. 9. Unpolarized |ight incident
on the upper polarized-light separator 130 fromthe |ight source 190 has
been described with reference to Fig. 1A, and a brighter display state than
that using a pol arizer al so has been described with reference to Fz‘% 1A
Next, a di spVay¥E58 e caused by transni sﬁs& on of
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unpol ari zed light fromthe |light source 190 through the TN |liquid crystal
140 etc. wll be described. In the no applied-voltage section 120 on the
right side, the unpolarized Iight 121 fromthe |ight source 190 passes
through the TN liquid crystal 140 and the light diffusion |layer 150 and is

converted to right-handed circularly polarized light and |eft_-
circularly poI‘Xﬁi’i’é’é”fight by the (1/4)[err] plate 162. The I%ﬁb‘?‘i}ﬁgﬁagd

circularly polarized |light emtted fromt (1/4)[err] plate 162 is
reflected by the cholesteric liquid crystal |ayer 164 and reenters the
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degrees in the TN liquid crystal 140, the polarized light is converted into
t he pl ane-pol arized light parallel to the drawing. The pl ane-pol ari zed
light parallel to the drawing emtted fromthe TN liquid crystal 140 is
converted to rlght handed circularly polarized Iight by the (1/4)[err]

pl ate - - 132, passes through the cholesteric liquid c}gﬁstal ;ayer

134 and goes‘Y‘BWﬁ’?the observation side as the emtting |i B3The

ri ght-handed circularly polarized |ight 8f tted
FEIOHENDFBMLEXRT AL 2OHEDHHMOERRAERS
DXERNT20OTHREBBRAMTEFRMIRH T 20
T, kFE»H50Xk0536, E1DHFEQOHFHOEREXRKR T O
R EBRAEAMTEFREMNEIANBICEARAL, 64, 1
DHEDPHBEEXTAHIE2ORMENTFBOERBLXK ST DX
b, RAXEEBRTCEMNERIELVWThEEI1ORETHFR
rBo TEBREBMTEFEMLEIRNBICBMBEEREZ LI
50T, KE»PLOREETERBLALBAI., B1oBETHT
BLLTREBEFEALALASBALERTHLIVWERIHEL N S,

TR, RBFREIORAEIRFREAFFREOMIIEL A
HUTETHL2O0T, EBARXBTEFROERABEBEMOE 1 L
B2OoRBEUL TN ZFRLELTHBONRL2oODKTDODRE (H

) 3. £ 1OFEXATHFEOAMIPOAH SN LS
ERE, RBEH»LOBLIZRRLTCIEBLTHY., F10R
EFBRFEONBIO ARSIALELLARRE, XBEFLO
KWL ABARRLOBETI., DWHLHRIRXATREOHEAREL
v,

TR REFRABABEMTEFEMEBSNAH20
RESHFERL, SE20RATEHFRIESLTEAREBTE
FRERNBICRBEINLEFEFFELEZHALLILL, LF
YHEIOBAEBFRLE2ORXIBRTFREOBIZXE AN
WL2EELL, E20BATHEFEFRY. ZBARAUTEFE
WHAOLAHLAEAXDILEIODHREDHHOHRRERST DR
PREEFTFMICEBEYE, E3I0OHEOTRNLEEXRTSIELOD
FEDODFMOERBERTOAEEZEBEABTEFRA KRS
L, AZEFRMPOAHLARCH LIBEARABTEFRA
KESORMEDPFRNOERRBEDKAZH A THRLIRMETEEFR



fromthe (1/4)[err] plate 162 passes through the cholesteric liquid crystal
| ayer 164. Part of the right-handed circularly polarized |light fromthe
cholesteric liquid crystal layer 164 is reflected by the coloring |ayer
170, by the cholesteric liquid crystal |ayer 164, and then by the col oring

| ayer 170 agai eflected Iight passes through the choleﬁ%ﬁ | legui d
crystal |ayer ﬁgﬁxg%ggis I nci dent on the (%é4)[err] plate 162 05%§m£kg

converted to plane- polarized |light parall to the drawi ng by the
(1/4)[err] plate 162. The pl ane-pol arized |ight passes through the |ight
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drawi ng. The pl ane-pol arized light is converted to |l eft- handed circularly
polarized light by the (1/4)[err] plate 132, and reflected by the
cholesteric liquid crystal |ayer 134. The reflected light is incident on
the (1/4)[err] plate 132 again to be converted to pl ane-pol arized |ight
perpendicular to the drawing by the (1/4)[err] plate 132. The

pl ane-pol ari ZzZWPMBIZPAF goes towards the interior of the |iqui BCHIRIIPIAS3

di spl ay device as reflected |ight 123. Th&0ot her part of - 33 - the
right-handed circularly polarized light fromthe
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cholesteric liquid crystal |ayer 164 passes through the coloring |ayer 170
whi | e bei ng absorbed in the coloring layer 170, and is reflected by the
reflector 180. The reflected |ight passes through the coloring |ayer 170
whi l e being absorbed in the coloring layer 170, and then is reflected by

t he cholesterlc I| Uld crystal |ayer 164. The |ight passes tﬁkﬂ%%@ﬂﬂ%?
col oring Iayer | e bei ng absor bed |q,%he coloring layer 1 and is
reflected by the reflector 180 again. The ‘reflected |ight passes through
the coloring layer 170 while being absorbed in the coloring layer 170 and

passes through cholesteric liquid cr tggojg@/ 164. The light is incident
on the (1/4)[err] plate 162 to be converted to pl ane- pol ari zed | i ght
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drawing by the (1/4)[err] plate 162. After the plane-polarized |ight passes
through the light diffusion layer 150, it is converted to pl ane-polarized

| i ght perpendicular to the drawing by rotating the polarization direction
by 90 degrees in the TN liquid crystal 140. The plane-polarized light is
converted to left-handed circularly polarized |light by the é%%ﬁ&&errés pl ate
132. The | ef WOMHBEYW circularly polarized light is reflecte Va2
cholesteric liquid crystal layer 134, and2ncident on the (1/4)[err] plate
132 to be converted to plane-polarized |ight perpendicular to the draw ng
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- 34 - goes toward the interior of the liquid crystal display device as
reflected light 123. As descri bed above, when no voltage is applied, the
light fromthe Iight source 190 is reflected by the polarized-I|ight
separator 160 and emtted as emtting light 122, hence a bright display

state is achi cause the light diffusion layer 150 is RLQVJ

bet ween the (%¥§9Y plate 162 and the liquid crystal 1563%#g§8ﬁ3
reflected light fromthe | ower polarized-I'i‘yht separator 160 changes from
mrror state to white. In the applied-voltage section 110 on the left side,
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the unpol arized light 111 fromthe |ight source 190 passes through the TN
liquid crystal 140 and the |ight diffusion |layer 150, and is converted to
ri ght-handed circularly polarized light and | eft-handed circularly

pol arized light by the (1/4)[err] plate 162. The |eft-handed circularly
pol arized light emtted fromthe (1/4)[err] plate 162 is reflected by the
chol esteric |VWQMB®28®¥ystal |ayer 164 and incident on the (1/RGTETNPIE at e
162 again to be converted to pl ane-polarizéd |ight perpendicular to the
drawing by the (1/4)[err] plate 162. The pl ane-pol arized |ight passes
through the TN liquid crystal 140 wi thout nodification of the polarization
direction and is converted to |left-handed circularly polarized |ight by
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the (1/4)[err] plate 132. The left-handed circularly polarized - 35 -
light is reflected by the cholesteric liquid crystal layer 134 and is
incident on the (1/4)[err] plate 132 again to be converted to

pl ane-pol ari zed |ight perpendicular to the drawing by the (1/4)[err] plate

132. The pl an zed light goes towards the interior of

crystal dISp|§vg%%@%%e as reflected |ight 113 The right- hanhﬁ%”kkﬂgggarly
pol arized light emtted fromthe (1/4)[err] pl ate 162 passes through the
chol esteric
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liquid crystal |ayer 164. Part of the right-handed circularly polarized
light fromthe cholesteric liquid crystal |layer 164 is reflected by the
coloring layer 170, the cholesteric liquid crystal |ayer 164, and then the
coloring layer 170 again. The reflected |ight passes through the

chol esteric Iiguid crystal layer 164 and is incident on the (1/4)[err]
plate 162 to W2BMNErted to.pl ane- polarized |ight paral | el PGTAPOHS28H awi ng
by the (1/4)[err] plate 162. The pl ane-pdi&rized |ight passes through the
i ght diffusion layer 150 and the TN liquid crystal 140 w thout

nodi fication of the polarization direction, and is converted to

ri ght-handed circularly polarized |light by the (1/4)[err] plate 132. The
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passes through the cholesteric liquid crystal |layer 134 and goes towards
the observation side as emtting light 112. On the other hand, the other
part of the right-handed circularly polarized |light fromthe cholesteric
l'iquid - 36 - crystal layer 164 passes through the coloring |layer 170

whi | e being abgorbed in the coloring |ayer 170, and is reflec §§¥

refl ector 180. &ﬂ?g’l?sgfl ected |light passes t7h7r ough the colori ngéﬂ e'fﬂz?go
whi | e bei ng absorbed in the coloring |ayer ‘170 again, and then is reflected
by the
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chol esteric liquid crystal -l ayer 164. The reflected |ight passes through
the coloring layer 170 whil e being absorbed in the coloring |layer 170
again, be reflected by the reflector 180 agai n, passes through the col oring
| ayer 170 while being absorbed in the coloring |layer 170, passes through
the cholesteric liquid crystal layer 164, and is incident on the §1/4 [err]
plate 162. AWRPSAZEY ref| ected |ight is converted to plane- 8T i ght
parallel to the drawing by the (1/4)[err]?®late 162, it passes through the
light diffusion layer 150 and through the TN liquid crystal 140 w thout

nodi fi cati one0f, 4:he polari zation direction. The plane-polarized light is
converted t?rél)g%[%ﬁ%nﬁ‘d circularly polarized light by the (1/4)[err]
pl ate 132, passes
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through the cholesteric liquid crystal |ayer 134, and goes towards the
observation side as enitting light 112. A reflection-type display state
when external light is incident on the liquid crystal display device wll
now be described with reference to Fig. 10. In the no applied-voltage
section 120 on the right side, the external natural |ight 1g5rmeosent on
the liquid wo988¥598 crystal device is converted to plane-polarized |ight
parallel to the drawi ng by the upper polla}éged | i ght
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separator 130 and then converted to plane-pol arized |light perpendicular to
the drawi ng by rotating the polarization angle by 90 degrees in the TN
liquid crystal 140. The pl ane-pol arized |ight perpendicular to the draw ng
emtted fromthe TN liquid crystal 140 is converted to |eft-handed
circularly polgLi ight by the (1/4)[err] plate 162. The | - d
circularly pol‘g{):’égg# ight is reflected by the cholesteric | i%ﬁ?ﬂ%@g’t al

| ayer 164, and is incident on the (1/ 4é[§rr] plate 162 again to be
converted to plane-pol arized |Iight per £4di cul ar to the drawi ng by the
(1/4)[err] platg.l ,ﬁich is rotated by 90 degrees in the polarization
angle inthe T iﬁi rystal 140 to generate pl ane-polarized |ight
parallel to the drawi ng. The plane-polarized light fromthe

300




TN liquid crystal 140 is converted to right-handed circularly polarized
light by the (1/4)[err] plate 132. The right-handed circularly polarized

| i ght passes through the cholesteric liquid crystal |ayer 134 and goes
towards the observation side as emtting |light 126. In the applied-voltage
section 110 ong;%lgft side, the external natural |ight 115 incident on
the liquid cry¥C3¥#Pepl ay device is converted to pl ane- pol ar PGPSR}

parallel to the drawing in the upper polarized-1ight separator 130. The
pl ane-pol ari zed light parallel to the 3/29
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- 38 - drawi ng passes through the TN liquid crystal 140 w t hout
nodi fi cation of the polarization direction, and is converted to

ri ght-handed circularly polarized light by the (1/4)[err] plate 162. The
right-handed circularly polarized light fromthe (1/4)[err] plate 162 -
passes through esteric liquid crystal 164. Part of the right-handed
circularly poIé@P?@%ﬂﬁggﬁn is reflected by the coloring | ayer RGRY 28he
cholesteric liquid crystal |ayer 164, and then by the coloring |ayer 170
again. The reflected |ight passes through the cholesteric.liquid crystal

| ayer 164 and is incident on the (1/4)[erni/§@ate 162 to be converted to

pl ane- poIarizei;%igftEgrrallel to the drawing by the (1/4)[err] plate
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162. The plane-polarized |ight passes through the Iight diffusion [ayer 150
and the TN liquid crystal |ayer 140 w thout nodification of the

pol ari zation direction, and is converted to right-handed circularly

pol arized light by the (1/4)[err] plate 132. The right-handed circularly
pol arized lig t hrough the cholesteric liquid crystal 4 and
goes towards Pﬁg%glzgsggvation side as emtting light 116. The %‘%ﬁ‘é&;'ﬂé% of
the right-handed circularly polarized |Iight passing through the cholesteric
liquid crystal |ayer 164 passes through the coloring |ayer 170 whil e being
absorbed in this layer, and is reflectbd28y the reflector 180. The

pol ari zed 1i ght S sséﬂwough the coloring layer 170 agai n whil e being
absorbed in thi aagr,
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- 39 - and is reflected by the cholesteric liquid crystal |ayer 164. The
reflected |ight passes through the coloring |ayer 170 agai n whil e bei ng
absorbed in this layer, is reflected by the reflector 180, passes through
the coloring layer 170 again while being absorbed in this layer, and
passes through the cholesteric liquid crystal layer 164. Th 03t

i nci dent on tWe®R5¥) [err] plate 162 and converted to pl ane- dp')l?)l ari g%d-
light parallel to the drawing by the (1/4)[err] plate 162. The

pl ane-pol ari zed light parallel to the girzov ng
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passes through the light diffusion |ayer
liquid crystal

i ght

134, and goes
applied-volta

SO Miap,

150 and passes through the TN

as described a

140 wi t hout nodification of the polarization direction.
is converted to right-handed circularly polarized |ight by the
(1/4)[err] plate 132, passes through the cholesteric liquid crystal

t he observation side as emtting |ight
n 120 on the right side,

The
| ayer
rEeotdizshe no
ove, the

unpol ari zed light 121 fromthe |ight source 190 is reflected towards the
di spl ay7d@8 ce by the | ower polarized-Iight

exterior of t

separ at or

16

23480,

Is emtted fromthe upper

crystal
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| i ght separator 130 as the emtting light 122. The external natural [|ight
125 is reflected towards the exterior of the liquid crystal display device
by the | ower pol ari zed- - 40 - light separator 160, passes through the
upper polarized- light separator 130, and is emtted fromthe upper

pol ari zed-1ight separator 130 as the emitting light 126. Aspermessms®sy in
both case, tiypdsngs®s is changed frommrror state to white by neans of the

light diffusion layer 150, and is emtted fromthe upper polarized-Iight
separator 130
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t owards t he observer.

| ower pol ari zed-1ight separator

In the applied-voltage section 110 on the left side,
the unpol arized light 111 fromthe |ight source 190 passes through the

160, and is colored in the coloring | ayer

170. The colored |Iight passes through the | ower polarized-1ight separator

160 again,

The ext ernal
separ at or
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nat ur al

%ﬁ§gﬁﬁ§ﬁ99h t he upper pol arized- |ight separator
pol ari zed-1ight separator as the emttt
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agai n,

emtting light 116. As a result,

coloring |ayer
t owards t he observer,
state of the TN Li

t he externa

i ght and
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and is emtted fromthe upper polarized-Iight separator
I n both case,

- 41 -

10/29

/120

116_1 }_~126 9F\125
3P R
Tl oo ——t— s
] 1134
\ b P -+--130
1 I
Lr-__ ______ — ___ll:_'r-‘l 32
T e
! 190
i [ b ¥ """140
T " ® )
L 1-150
r'——— T ST TRaS S | IR | SRS v | e v e o o S ——— -
! I {162
P b e j&’ -+-160
[ 11184
LT T SN e = ———————4
he e
ENNKNNNWNWNN 7 S AT0
b T :
qb? 1 T
| +-180

253

no

130 as the
the light colored in the
170 is emtted fromthe upper polarized-light separator
hence the sane di splay state based on the on-off
140 is achi eved by
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the display with the light fromthe |ight source 190. Wen no voltage is

appl i ed,

the | ower polarized-|ight separator
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separ at or

coloring |layer
absorbed. Therefore,

- 42 -

170 to be color emtting light 112 or

W R

B12

160 is scattered in the light diffusion |ayer
emtting light 122 or

150 to be white
126, whereas in the applied-voltage section 110,

light fromthe | ower polarized-Ilight separator
coloring | ayer
col or displ ay

160 is colored in the
116. As a result,

d on a white background. Wen using a_bl ack

the wavel engths in the visible Iight Pgﬂ?%ﬂm§¥%
a bl ack display on the white background is achieved.
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Since the reflector 180 is provided, the color emitting light 112 or 116,
which is colored in the coloring layer 170, is bright. Referring to now
Figs. 11 and 12, a TN liquid crystal 140 is used as the

pol ari zati on-changi ng optical element in the liquid crystal display device.
The upper pol ggg ~od | Ot separator 130 including the (1/4)] es
132 and 136 aﬁgbéﬁgw%$olesteric liquid crystal layer 134 is ﬂ&%@%ﬁ@% n the
TN liquid crystal 140. The light diffusion |ayer 150, the | ower
pol ari zed-1ight separator 160 incl uding %Q; 61/4)[err] pl ates 162 and 166
. and the choleséégic i quid, crystal Iayeﬂ éﬁ, the coloring layer 170, and

the reflector 1re£br ded under the TN liquid crystal 140 in this
or der.
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The upper pol arized-1ight separator 130 is the sanme as that described in
Fig. 1B. The | ower pol arized-light separator 160 has the sanme functions as
t he upper polarized- |ight separator 130. The | ower polarized-1ight
separator 160 is a polarized-light separating neans which transmts

pl ane- pol ari zewologmdsbs of a gi ven second direction anong Iighhrg%ﬁggggnts
I ncident on the (1/4)[err] plate 162 as plane- polarized lig cond
direction, reflects plane- polarized light of a first direction
perpendlcular to the second dlrectlon f§9 B | i ght incident on the
(1/4)[err] plate 166, em ts pl ane- polar 6 light of the second direction
towards the (1/4)] r]lrﬂgﬁ 62. Pol arized-1ight
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- 43 - separating means having such a function, other than the

pol ari zed-1ight separator 160 including a conbination of the chol esteric
liquid crystal layer 164 and the (1/4)[err] plates 162 and 166, include
that using a multilayered film (USP 4,974, 219), that separating the
incident light into reflected polarized |ight and transmtted pol arized
li ght by nmeansWo?32®%ster' s angl e (SID 92 DEGEST, pp. 427 torﬁggvvmpﬁét
usi ng hol ogranms, and reflective polarizers disclosed in |aid-open

i nternational patents (WX®5/17692 and W95/ 27919) as a reflective

pol ari zer. 15/29
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The left side of the liquid crystal display device is referred to as an
appl i ed-vol tage section 110 whereas the right side as a no applied-voltage
section 120 for the description. A display state with light fromthe |ight
source 190 will now be described with reference to Fig. 11. Unpol ari zed

i ght incident upper polarized-light separator 130 fr Gh- ht
source 190 hasw g%l{nzg%escri bed with reference to Fig. 1B, andq’g}r&)’%7 #sgr
di splay state than that using a polarizer also has been described with
reference to Fig. 1B. Next, a display state §aused by transm ssion of

unpol ari zed Ii%?g ﬁroTStwgalight source 1802Phrough the TN
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liquid crystal 140 etc. will be described. In the no applied-voltage
section 120 on the right side, - 44 - the unpolarized light 121 fromthe
| i ght source 190 passes through the TN liquid crystal 140 and the |ight
diffusion | ayer 150, and is converted to right-handed circularly polarized

i ght and | ef tg ﬁﬂegg circularly polarized light by the (1/4 é&%f %ﬁte
162. The Ieft?ﬁgn ed circularly polarized light emtted fron%%ﬁi fﬁ [err]
plate 162 is reflected by the cholesteric
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liquid crystal layer 164 and reenters the (1/4)[err] plate 162 to be
converted to plane-polarized |ight perpendicular to the drawi ng by the
(1/4)[err] 162. The polarized light is rotated by 90 degrees in the

pol ari zation angle in the TN liquid crystal 140 to be pl ane-pol arized |ight
parallel to th%¥dﬁﬁyﬁng fromthe TN liquid crystal 140, and is _converted to
ri ght - handed e ﬁ#?y polarized light by the (1/4)[err] p|aFEfE§EW”#%e

| i ght passes through the cholesteric liquid crystal |ayer 134, is converted
to the plane-polarized Iight parallel to the drawing again by the (1/4)

[err] plate 136, d goeg t rds the obsepesion side as the emtting
light 122. The ri%t -ﬁanéecl%?rcul arly polarized light emtted
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fromthe (1/4)[err] plate 162 passes through the cholesteric liquid crystal
164. The right-handed circularly polarized |ight passing through the
cholesteric liquid crystal 164 is converted to plane-polarized |ight
parallel to the drawing by the (1/4)[err] plate 166. Part of the

pl ane-pol ari zed | |%ht - 45 - parallel to the draw ng em tgcaghpbieaazat he
(1/4)[err] pl‘?;{?éa'l ®¥is reflected by the coloring |ayer 170, and passes

through the (1/4)[err] plate 166. The pl ane-polarized light is converted to
right-handed circularly polarized |ight jgygde (1/4)[err] plate
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166. The right-handed circularly polarized |ight passing through the
cholesteric liquid crystal layer 164 is converted to plane-pol arized |ight
parallel to the drawing again by the (1/4)[err] plate 162. The

pl ane-pol ari zed |ight passes through the light diffusion |layer 150, and is
rotated by 90 _degrees in the polarization angle in the TN |i gg, gﬁégal
140 to be conWaPBE%, pl ane-pol ari zed |ight perpendicular to the draw ng.
The pl ane-polarized light is converted to |left-handed circularly polarized
light by the (1/4)[err] plate 132, and re20&éfed by the cholesteric liquid
crystal layer 1 Pe Oefcted light is incident on the (1/4)[err] plate
132 again to be converted to plane-polarized |ight perpendicular to the
drawing by the (1/4)[err] plate 132,
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and goes towards the interior of ‘the liquid crystal display device as
reflected light 123. The other part of the plane- polarized |ight parallel
to the drawing emtted fromthe (1/4)[err] plate 166 passes through the '
coloring layer 170 while being absorbed in the coloring |ayer 170, and is
reflected by the reflector 180. The reflected |light passes tBepyssinsise

col oring | aye™O%#2¥Ri | e bei ng absorbed in the coloring |layer 170 agai n,
and then passes through the (1/4)[err] m5¥ - 46 - 166 to be converted

to right-handed gjprcul arl yeapl ari zed 29
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e

light by the (1/4)[err] plate 166. The right-handed circularly polarized

| i ght passes through the cholesteric liquid crystal |ayer 164, and is '
converted to plane-polarized Iight parallel to the drawi ng again by the
(1/4)[err] plate 162. The pl ane-pol ari zed |ight passes through the |ight
diffusion layer 150, and is rotated by 90 degrees in the popetmanizsn angl e
to be the pl woP8A¥®ari zed | i ght perpendicular to the drawing in the TN
~liquid crystal 140. The pl ane-pol ari zed Iight per pendi cul ar to the draw ng
is converted to left- handed circularly péAé?ﬁzed light by the (1/4)[err]
pl ate 132. The | té?angpqggircularly pol arized light is reflected by the
cholesteric liq ysTal*tayer 134, and is incident on the (1/4)[err]
plate 132 to be converted to plane-pol arized
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| i ght perpendicular to the drawing by the (1/4)[err] plate 132. The

pl ane-pol ari zed |ight goes towards the interior of the liquid crystal

di splay device as reflected light 123. As descri bed above, when no voltage
is applied, the light fromthe light source 190 is reflected by the | ower

pol ari zed-11i gl tor 160 and emtted as the emtting |i gr03243€ENCE
a bright di splmé?%@g{i I s achi eved. Because the light di ffus%’#aye?ﬁlw

is provided between the (1/4)[err] plate 162 and the TN liquid crystal 140,
the reflected light fromthe |ower pol arggegglight separator 160 changes

frommrror state%o?'\,hige.@
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- 47 - In the applied-voltage section 110 on the left side, the unpolarized
light 111 fromthe |light source 190 passes through the TN liquid crystal
140 and the light diffusion |ayer 150, and is converted to right-handed
circularly polarized light and | eft-handed circularly polarized |ight by
the (1/4)[err | ate 162. The left-handed circularly polariz i

emtted fronl%ﬁimY ﬁﬁ)[err] plate 162 is reflected by the chgﬁgé?g@§§3
liquid crystal layer 164 and is incident on the (1/4)[err] plate 162 again
to be converted to plane-polarized |ight p;apggdicular to the draw ng by

the (1/4)[err] %t?w&. @"he

e

g
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pl ane-pol ari zed |ight passes through the light diffusion |ayer 150, passes
through the TN liquid crystal 140 w thout nodification of the polarization
direction, and is converted to | eft-handed circularly polarized |ight by
the (1/4)[err] plate 132. The left-handed circularly polarized light is
reflected by the cholesteric liquid crystal layer 134 and i s pipGbsiRBis3On

t he (1/4)[err]W(b?°éh’%° 132 again to be converted to plane-polarized |ight
per pendi cular to the drawing by the (1/ 4?#@4% pl ate 132. The

pl ane-pol ari zed | ight goes towards the i r of the liquid crystal

di spl ay device asBgefPecEpd{f ght 123. The right-handed circularly

polarized light emtted fromthe (1/4)[err] plate 162 passes through the
chol esteric
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liquid crystal layer 164. The right-handed circularly - 48 - polari zed

| i ght passing through the cholesteric liquid crystal |ayer 164 is.converted
to plane-polarized |ight parallel to the drawing by the (1/4)[err] plate
166. Part of the plane-polarized light parallel to the drawing emtted from
the (1/4)[err] plate 166 is reflected by the coloring layer pégupsinssses
through the (WU9¥12¥6] plate 166, and is converted to right-handed
circularly polarized light by the (1/4)[err] ;Iate 166. The ri ght-handed
circularly polarized Iight
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passes through the cholesteric liquid crystal layer 164, and then is
converted to the plane-polarized light parallel to the drawi ng again by the
(1/4)[err] plate 162. The plane- polarized |light passes through the Iight
di ffusion layer 150, passes through the TN liquid crystal 140 without

nmodi fication ofy, QﬁﬂﬁyEU|zatlon direction, and is converted to

ri ght-handed circu polarized light by the (1/4)[err] pIafEJ@§§MM¥ﬁe

ri ght - handed C|rcularly pol arized Iight passes through the cholesteric
liquid crystal layer 134 and is converted to plane-polarized Iight parallel
to the draw ng a%%hné? ,?h 1/ 4)[err] pl2aw&9436. The pl ane-pol ari zed |i ght
goes towards the side as emtting light 112. On the other hand,
the other part of the plane-
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pol ari zed light parallel to the drawing emtted fromthe (1/4)[err] plate
166 passes through the coloring | ayer 170 whil e being absorbed in the
coloring layer 170, and is reflected by the reflector 180. The refl ected

| i ght passes through - 49 - the coloring |ayer 170 whil e being absorbed
in the colori %Ws 170 again, passes through the (1/4)Apl 3cqpffsand is
converted to right-handed circularly polarized light by the (1/4)[err]

pl ate 166. The right-handed circularly pg%;@bzed light fromthe (1/4)[err]

pl ate 166 passes %r%ghs El
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cholesteric liquid crystal layer 164, and is converted to plane-pol arized
light parallel to the drawing by the (1/4)[err] plate 162. The

pl ane- pol ari zed |ight passes through the light diffusion |ayer 150, passes
through the TN liquid crystal 140 wi thout nodification of the polarization
direction, and_is converted to right-handed circularly pol arigesflypdotrgizss by
the (1/ 4)[err]wﬂ9§{1€59i32. The converted |ight passes through the
cholesteric liquid crystal |ayer 134 ang i &onverted to pl ane-pol ari zed

| i ght parall elsdo the dr@ui ng agai n by ﬁéé%1/4)[err] pl ate 136. The pl ane-
pol arized lig p algbl o the drawi ng goes towards the observation side

as emtting light 112. A reflection-type display state when external Iight
S '
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incident on the liquid crystal display device will now be described with
reference to Fig.-12. In the no applied-voltage section 120 on the right

side, the external natural | ight 125 incident on the liquid crystal device
is gonverted to plane-polarized l'ight parallel to the drawing by the upper
polarlzed | i ght separator 130 and then to plane-pol arized Iight - 50 -

perpendlcular to the drawi ng by rotating the polarization angle by 90
degrees in the TN liquid crystal 140.-The-

SPECIFICATION

DISPLAY DEVICE AND ELECTRONIC DEVICE USING THE SAME

[ TECHNICAL FIELD]

The present invention relates to display devices and
electronic devices mounting the display devices. 1In
particular, the present invention relates to a reflection-
type liquid crystal display device and an electronic device

mounting the reflection-type liquid crystal display device.

[ BACKGROUND ART]

A typical conventional liquid crystal display dévice
using a polarization-changing optical element, such as a
twisted nematic (TN) liquid crystal or a super-twisted
neﬁatic (STN) liquid crystal, which rotates the polarization
axis, has a configuration in which the polarization-changing
optical element is sandwiched betweéen two polarizers. It
therefore has a low light efficiency and, in particular,.a
reflection-type display device has a dark display.

For the purpose of displaying in the dark, a
transflector is provided below the liquid crysfal display
device and light is illuminated from its lower side . The
use of the transflector causes a considerable amount of
shading of the incident 1light, resulting in a dark display.

It is therefore an object of the present invention to



pl ane- pol ari zed |ight perpendicular to the drawing emtted fromthe TN
liquid crystal passes through the light diffusion |layer 150, and is
converted to | eft-handed circularly polarized light by the (1/4)[err] plate
162. The left-handed circularly polarized light emtted fromthe (1/4)[err]
plate 162 is reflected by the cholesteric liquid crystal |ayer 164, is

i ncident on the (1/4)[err] plate 162 again, and is converted to

pl ane- pol ari zed |ight perpendicul ar +#o02the drawing by the (1/4)[err] plate
162. The pl ane-polarized |ight passes through the light diffusion |ayer

150, and is rotated by 90 degrees in the polarization angle in the TN

| I quid Cbﬁb&h 1%°d5’.8p§‘3§l %ﬁzﬁc@' @&yl ﬁgiiéﬁ@ i85 aR2" hlih L8ekng

dr awi ng ane-po ar emtt
polarization-changing optical element.

[DISCLOSURE OF THE INVENTION]

First, the principle of the present invention will be
described with reference to Figs. 1 to 12.

Fig. 1 includes cross-sectional views for illustrating
the principle of the display device in accordance with the
‘present invention. PFigs. 1A,1B,and 1C are cross-sectional
views for illustrating the principle of the display device
in accordénce with the present invention, whereas and Fig.
1D is a cross-sectional view of the principle of a display
device for comparison. Figs. 3 to 12 are cross-sectional
views of the principle of the display device in accordance
with the present invention. The liquid crystal display
device in these drawings is shown to illustrate the
principle of the present invention, hence the pfesent
invention is, of course, not limited to the liquid crystal
display device shown in these drawings.

Referring now to Fig. 1D, fhe liquid crystal display
device for comparison uses a'polarizer 135 as a polarized-
light sepérator-at the observing side of the liquid crystal
display device (herein after referred to as an upper '
polarized-light separator). The polarizer 135 transmits

plane-polarized light from a light source 110 parallel to



fromthe TN liquid crystal 140 is converted to right-handed ci

rcularly

pol arized light by the (1/4)[err] plate 132. The right-handed circularly

pol ari zed |ight passes through the cholesteric liquid crystal

| ayer 134 and

is.converted to the plane-polarized [ight parallel to the drawing by the

(1/4)[err] plate 136 again. The plane-pol arized Iight parallel
drawi ng goes towards the observation side as emitting light 12
descri bed above, when no voltage is apgl red, the external natu
is reflected by the | ower

to the
6. As
ral |ight 125

the drawing towards the observation side but absorbs plane-

polarized light perpendicular to the drawing, hence the

display from a light source 190 is dark .

In contrast, in the display device in accordance

with

the present invention, as shown in Fig. 1A, a retardation

film 141 is provide on a glass substrate 142 for holding a

STN liquid crystal 143 to correct coloring generated

in the

STN liquid crystal 143. Also, an upper polarized-light

‘separator 130 is provided on the retardation film 141.

The upper polarized-light separator 130 includes

a

(1/4)A plate 132 and a cholesteric liquid crystal layer 134.

The cholesteric liquid crystal reflects circularly polarized

light having the same wavelength as the pitch of the liquid

crystal and the same rotation direction as the liquid

crystal, and transmits other light. For example, using a

levorotation cholesteric liquid crystal with a pitch of

5,000 angstroms for the cholesteric liguid crystal layer 134,

the element is obtain, which the device reflects left-

circularly polarized light with a wavelength of 5,000

handed

angstroms and transmits left-handéd circularly polarizéd

light with other wavelengths and right-handed circularly

polarized light. Further, by using the levorotation

cholesteric liquid crystal and by varying its pitch over the

entire wavelength range of visible light in the choles

liquid crystal, the element is obtain, which the devic

teric

e



- 51 - polarized-light separator 160, and emtted as the emtting |ight

126, hence a bright display state is achieved. Because the |ight diffusion
| ayer 150 is provided between the (1/4)[err] plate 162 and the TN |iquid
crystal 140, the reflected light fromthe | ower polarized-1light separator
160 changes frommrror state to white. In the applied-voltage section 110
on the left side, the external natural light 115 incident on the liquid
crystal display device is converted= @& pt ane-pol arized light parallel to
the drawing in the upper polarized-light separator 130. The pl ane-pol ari zed
light parallel to the drawi ng passes through the TN liquid crystal 140 and

the reflects left-handed circularly polarized light over the

entire white light regibn rather than monochrome light and
transmits right-handed circularly polarized light.

In the upper polarized-light separator 130 composed of
a combination of such éholesteric liguid crystal layer 134
and (1/4)A plate 132, plane-polarized light of a given first
direction incident on the (1/4)A plate 132 is converted to
left-handed circularly polarized light by the (1/4)A plate
132, reflected by the cholesteric liquid crystal layer 134,
reconverted to the plane-polarized light of the given first
direction by the (1/4)\A plate 132, and emitted. Plane-
polarized incident light of the second direction
perpendicular to the first direction is converted to right-
handed circularly polarized light by the (1/4)A plate 132,
and passes through the chélesteric liquid crystal layer 134.
Light incident on the upper side of the cholesteric liquid
crystal layer 134 is emitted towards the lower side of the
(1/4)\ plate 132 as plane-polarized light of the second
direction. |

As described above, the upper polarized-light separator
130 composed of a combination of the cholesteric liquid
crystal layer 134 and the (1/4)A plate 132 functions as a
polarized-light separating means. The polarized-light
separating means transmits the plane-polarized light of the

second direction among the light incident on the (1/4)A



i ght diffusion |ayer 150 wi t-hout nodification of the polarization
direction, and is converted to right-handed circularly polarized |ight by
the (1/4)[err] plate 162. The right-handed circularly polarized |ight

em tted fromthe (1/4)[err] plate 162 passes through the cholesteric liquid
crystal 164, and is converted to plane-polarized |ight parallel to the
drawing by the (1/4)[err] plate 166. Part of the plane-polarized Iight
pacallel to the drawing emtted from dhe (1/4)[err] plate 166 is reflected
by the coloring | ayer 170, passes through the (1/4)[err] plate 166, and is
converted to right-handed circularly pol arized light by the (1/4)[err]

plate 16§.5¢Eq 3% %*Hcr%ffi] 1a>h Aldrisdd 19t ¢hd hrough the
ysta Iayer an

cholesteric liquid cr
first direction perpendlcular to the second direction.

Further, for the light incident on the cholesteric liquid
crystal layer 134, it emits plane-polarized light of the
second direction to the side of the (1/4)MA plate 132 .
Polarized-light séparating means having such a function,
other than the polarized-light separator 130 which comprises
a combination of the cholesteric liquid crystal layer and
'(1/4) Aplate 132, include that using a multilayered film
(USP 4,974,219), that separating the incident light into
reflected polarized light and transmitted polarized light by
means of Brewster'’s angle (SID 92 DEGEST, pp. 427 to 429),
and that using holograms.

Again, referring to Fig. lA, plane-polarized light 191
parallel to the drawing from the light source 190 is'
converted to right-handed circularly polarized light by the
(1/4)M plate 132 and passes through the cholesteric liquid
crystal layer 134 towards the observation side. On the

- other hand, plane-polarized light 192 perpendicular to the
~drawing from the light source 190 is converted to left-
handed circularly polarized light by the (1/4)A plate 132,
reflected by the cholesteric liquid crystal layer 134,
incident on the (1/4)A plate 132 again, converted to plane-~
polarized light perpendicular to the drawing, and travels

towards the interior of the liquid crystal display device.



-52 - is converted to plane-polarized |ight parallel to the drawing by the
(1/4)[err] plate 162 again. The plane-pol arized light parallel to the
drawi ng passes through the 1ight diffusion |ayer 150, passes through the TN
liquid crystal |ayer 140 wi thout nodification of the polarization
direction, and is converted to right-handed circularly polarized |ight by
the (1/4)[err] plate 132. The right-handed circularly polarized |ight
passes through the cholesteric |Iiquid &€rystal |ayer 134 and goes towards

t he observation side as

Since the interior of the liquid crystal display device
includes various boundary faces having discrete refractive
indices, the plane-polarized light perpendicular to the
drawing is reflected at such boundary faces having discrete
refractive indices, for example, boundary faces between air
and the retardation film 141 and between the retardation
film 141 and the glass substrate 142, and emitted towards
the observer through the upper polarized-light separator

. 'after repeated reflection in the liquid crystal display
device. Thus a brighter display is achieved for the
display using the lightlfrom the light source 190, compared
with the case using a polarizer as the upper polarized-
light separator.

Referring now to Fig. 1B, the upper polarized-light
separator 130 is provided with a (1/4)A plate 132, a
cholesteric liguid crystal layer 134, and a (1/4)A plate 136.

In the upper polarized-light separator 130 including
the (1/4)A plates 132 and 136 with the cholesteric liquid
crystal layer 134 therebetween, plane-polarized light of a
given first direction incident on the (1/4)A plate 132 is
converted to left-handed circularly polarized light by the
(1/4)\ plate 132, reflected by the cholesteric liquid
crystal layer 134, reconverted to the plane~polarized light
of the first direction by the (1/4)A plate 132, and emitted.

On the other hand, incident plane-polarized light of a given



emtting light 116. The other- part of the plane-polarized |Iight passing
through the (1/4)[err]. plate 166 passes through the coloring layer 170
whi | e bei ng absorbed inthis layer, and is reflected by the reflector

18Q0. The polarized |ight passes through the coloring layer 170 again while
belng absorbed in this layer, passes through the (1/4)[err] plate 166, and
Is converted to right-handed circularly polarized light by the (1/4)[err]

pl ate 166. The right-handed circul ad y pol arized |ight passes through the
cholesteric liquid crystal layer 164 and is converted to the
plane-polarized light parallel to the drawing again by the (1/4)[err] plate
162. Theg i 288 peofin@RERde!td Cufdier il digr sy 4417 ough the

| i ght dlffu5|on ayer passes through t
converted to rlght-handed circularly polarlzed light by the

(1/4)\ plate 132, passes through the cholesteric liquid

" crystal layer 134, reconverted to the'plane—polarized light
of the second direction by the (1/4)A plate 136, and emitted.
For light incident on the upper side of the (1/4)A plate 136,
plane~polarized light of the second direction is emitted
towards the lower side of the (1/4)A plate 132 .

As described above, the upper polarized-light separator

130 including a combination of the cholesteric liquid
crystal layer 134 and the (1/4)\ plates 132 and 136 is a
polarized-light separating means which transmits the plane-
polarized light of the second direction among light
incident on the (1/4)A plate 132, reflects the plane-
polarized light of the first direction perpendicular to the
second direction, and emits the light incident on the
(1/4)\ plate 136 towards the (1/4)A plate 132 as plane-
polarized light of the second direction. Polarized-light
separating means having such a function, other than the
polarized-light separator 130 including a.combination of the
cholesteric liquid crystal layer 134 and the (1/4)A plates
132 and 136, include that using a multilayered film (USP
4,974,219), that separating the incident light into
reflected polarized light and transmitted polarized light by

means of Brewster’s angle (SID 92 DEGEST, pp. 427 to 429),



TN liquid crystal 140 wi thaout- nodi fication of the polarization direction.
The light is converted to right- handed circularly polarized |light by the
(7 4)[err] plate 132, - 53 - passes through the cholesteric liquid
crystal |ayer 134, and goes towards the observation side as emtting |ight
116. In the no applied-voltage section 120 on the right side, as described
above, the unpolarized Iight 121 fromthe light source 190 is reflected
towards the exterior of the liquid cry8tal display device by the | ower

pol ari zed-1i ght

that using holograms, and those disclbsed-in 1&id-open
international patents (W095/17692 and W095/27919)as a
reflective polarizer.

Referring to Fig. 1B again, the plane-polarized light
191 parallel to the drawing from the light source 190 is
converted to righf-handed circularly polarized light by the
(1/4)\ plate 132, and passes through the cholesteric.liquid
crystal layer 134. The right-handed circularly polarized
"light passing through the cholesteric liquid crystal layer
134 is emitted to the observation side after conversion to
the plane-polarized light parallel to the drawing by the
(1/4)A plate 136. On the other hand, the plane-polarized
light 192 perpendicular to the drawing from the light source
190 is converted to left-handed circularly polarized light
by the (1/4)\ plate 132. The left-handed circularly
polarized light is reflected by the cholesteric liquid
crystal layer 134, is incident on (1/4) A plate 132 again,
then reconverted to the plane-polarized light perpendicular
to the drawing by the (1/4)A plate 132, and goes towards
the interior of the liquid crystal display device. Since
the interior of the liquid crystal display device includes
various boundary faces having discrete refractive indices,
the plane-polarized light perpendicular to the drawing is
reflected at such boundary faces having discrete refractive

indices, for example, boundary faces between air and the



separator 160, passes through the upper polarized-1ight separator 130, and

Is emtted fromthe upper polarized- |light separator 130 as the emtting

| ight 122. The external natural light 125 is reflected towards the exterior
of .the liquid crystal display device by the | ower polarized- Iight

separator 160, passes through the upper polarized- |igh

is emtted fromthe upper polarized-Iight separator 139 THIS 8

light 126. As a result,

state to white by neans of the light diffusion |ayer 1%e=

fromthe upper polarized-light separator 130 towards the observer In the

i‘{?{éﬁ?&f&&t £ 1181 Ond Nepbtliben! fhe FOEaHERPISH' £Efn! 140 111

appl i ed-
fromth

and the glass substrate 142, and finally transmltted towards
the observer through the upper polarized-light separator
after repeated reflection in the liquid crystal display
device. Thus a brighter display is achieved for the
display using the'light_from the light source 190, comparéd
with the case using the polarizer as the upper polarized-
light separator.

Refefring now to Fig. lc;.the upper polarized-light
separator 300 has a composite structure of two types of
alternately deposited layers 301 (layer A) and 302 (layer B)
as shown in Fig. 2. The refractive index (n,) along the X
axis and the refractive index (n,) along the Y axis of the
layer A 301 are different from each other, whereas the

refractive index (N,) along the X axis and the refractive

index (ng) alonglthe Y axis of the layer B 302 are the same.

As a result, among the light incident on the u?per
polarized-light separator 300, plane-polarized light along
the Y axis passes through the upper polarized-light
separator 300 without modification of the polarization
direction and is emitted.

When the following equation is satisfied, among light
incident on the upper polarized-light separator 300, plane-
polarized light along the X axis having a wavelength A is

reflected by the upper polarized-light separator 200 without

et Has Been Replaced

T

in both cases 2he light is chafged fnmAﬁEDror



source 190 passes through the | ower polarized-Ilight separator 160, is
colored in the coloring |layer 170, passes through the | ower polarized-I|ight
separator 160 again, and is emtted fromthe upper polarized-1ight
separator 160 as the emtting light 112. The external natural |ight 115
passes through the upper polarized-light separator 130 and - 54 - | ower
pol ari zed-1ight separator 160, and is colored in the colorlng | ayer 170.
The colored |ight passes through the LO&wer pol arized-1Ii

£ET HAS BEEN

and the upper polarized-
REPLACED

modification of the polarization direction:
ta My + by Dy = A2 (1)

wherein t, is the thickness along the Z axis of the layer A
301 and t, is the thickness along the z axis of the layer B
302.

When the thickness t, along the Z axis of the layer A
301 and the thickness t, along the Z axis of the layer B 52
are varied so that the equation (1) holds over the entire
‘'visible light region, the upper polarized-light separator
300 can reflect the plane-polarized light polarized in the X
direction and can transmit the plane-polarized light
polarized in the Y direction without modification over the
white light region rather than a monochrome region. Such an
upper polarized-light separator is disclosed as a reflective
polarizer in the laid-open international patent (W095/17692).

The upper polarized-light separator 300 shown in Fig. 2
reflects plane-polarized light of the given first direction
from the light source 190 back towards the light source 190
without modification of the polarization, whereas it emits
transmits plane-polarized light of the second direction
perpendicular to the first direction from the light source
190 towards the upper face of the upper polarized-light
separator 300. Further, the upper polarized-light separator
300 emits the light incident on the upper face of the upper

polarized-light separator 300 towards the light source 190

This Sheet Has Been Replaced

[T




| i ght separator 130 again, and emtted fromthe upper polarized-I|ight
separator 130 . as the emtting light 116. As a result, in both case, the
light colored in the coloring layer 170 is enmitted fromthe upper

pol.ari zed-1ight separator 130 towafds the observer, hence the sane display
state based on the on-off state of the TN liquid crystal 140 is achieved by
both the external light and the light fromthe |ight source 190.
Accordingly, no so-called negative--pdditive reversion will occur between
the display with the external light and the display with the [ight from
the light source 190. When no voltage is applied, the | ower polarized-I|ight

separ at ops 1600r 61 hEELSo1 E1 bGN 14RE LEOPhENEeLLAR aZPUEESon.

As described above, the upper polarized-light separator
300 transmits plane-polarized light of the given second
direction from the 1igh£ source 190 without modification of
the polarization direction, reflects plane-polarized light
of the first direction perpendicular to the second direction
from the light source 190, and emits 1light from the upper
face towards the light source 190 as plane-polarized light
"of the second direction. Polarized-light separating means
having such a function, other than the upper polarized-light
separator 300 having a combination of the cholesteric ligquid
crystal layer 134 and (1/4) Aplate 132,136, include that
using a multilayered film (USP 4,974,219), that separating
the incident light into reflected polarized light and
transmitted polarized light by means of Brewster’s angle
(SID 92 DEGEST,. pp. 427 to 429), and that using hologfams.

Referring to Fig. 1c again, plane-polarized light 191
parallel to the drawing from the light source 190 passes
through the upper polarized-light separator 300 and is
éﬁitted towards the observation side without modification of
tﬂe polarization direction. On the other hand, plane-
polarized light 192 perpendicular to the drawing from the
light source 190 is reflected by the upper polarized-light
separator 300 and goes towards the interior of the liquid

crystal display device without modification of the



190 and emts as the energing light 122. The | ower pol arized-Iight
separator 160 also reflects the external natural |ight 125 and emts as the
energing light 126. Accordingly, a bright display state is achieved. Since
the light diffusion layer 150 is provided between the (1/4)[err] plate 162
and the TN liquid crystal 140, the reflected light fromthe | ower

pol ari zed-1ight separator 160 changes frommrror state to white. As

descri bed above, in the no applied-vwoll2age section - 55 -

polarization direction. Since the interior of the liquid
crystal display device includes various boundary faces
having discrete refractive indices, the plane-polarized
light perpendicular to the drawing is reflected at such
boundary faces having discrete refractive indices, for
example, boundary faces between air and the retardation f£ilm
141 and between the retardation film 141 and the glass
substrate 142, and is emitted towards the observer through
the upper ﬁolarizgd-light separator 300 after repeated
reflection in the liquid crystal display device. Thus a
brighter display is achieved for the display using the
light from the light source 190 compared with the case
uéing a polarizer as the upper polarized-light separator.

Next, referring to Figs. 3 and 4, in the liquid crystal
device, a TN liquid crystal 140 is used as a polarizationf
changing optical element. The upper polarized-light
separator 130 including the (1/4)A plate 132 énd the
cholesteric liquid crystal léyer 134 is provided on the
upper side of the TN liquid crystal liquid 140, and a
polarizer 165, a coloring layer 170, and a reflector 180 are
provided on the lower side of the TN liquid crystal 146 in
this order. The left side of the liquid crystal device is
referred to as an applied-voltage section 110, whereas the
right side as a no épplied-voltage section 120.

Display by the light from the light source 190 will now



120, the light reflected by the | ower polarized-Ilight separator 160 is
scattered in the'light diffusion |layer 150 to be white emtting |ight 122
or- 126, whereas in the applied-voltage section 110, the |ight passing

t hrough the | ower polarized-Iight separator 160 is colored in the coloring
| ayer 170 to be color emtting light 112 or 116. As a result, a color

di splay is achieved on a white background. Wen using a black coloring

| ayer 170, all the wavelengths in tkeldisible |ight region are absorbed,
‘and hence a bl ack display on a white background is achieved. Since the
reflector 180 is provided, the color emtting light 112 or 116, which is

colored p9 §85c£PheE! WPtha¥Ekeléfice' €oPFIGNT 3.

Unpolarized light incident on the upper polarized-light
separaﬁor 130 from the light source 190 has been described
with reference to Fig. 1A, and a brighter display than that
using a polarizer as the upper polarized-light separator
alsd has been described with reference to Fig. 1A.

Next, a display caused by transmission of unpolarized
light from the light source 190 through the TN liquid
‘crystal 140 etc. will be described.

In the no applied-voltage section on the right side,
the unpolarized light 121 from the light source 190 passes
through the TN liquid crystal 140, and is converted to
plane-polarized light parallel to the drawing by the
polarizer 165. Part of the plane-polarized light parallel
to the drawing is reflected by the coloring layer 170 and is
incident on the polarizer 165 again. The plane-polarized
light passing through the polarizer 165 is converted to
plane-polarized light perpendicular to the drawing by
rotating the polarization angle_bj 90 degrees and then
convertéd to left-handed circularly polarized light by the
(1/4)M plate 132. The left-handed circularly polarized
light is reflected by the cholesteric liquid crystal layer
134, is incident on the (1/4)A plate 132 again, is
converted to-plane-polarized light perpendicular to the

drawing by the (1/4)A plate 132, and goes towards the



Referring to now Figs. 13 and 14, a TN liquid crystal 140 is used as the
pol ari zati on-changi ng optical elenment in the liquid crystal display device.
The upper polarized- |ight separator 300 shown in Fig. 1C is provided on
the TN liquid crystal 140. A light diffusion layer 150, a |ower

pol ari zed-1ight separator 310, a coloring |ayer 170, and a reflector 180
are provided under the TN liquid crystal 140 in this order. The | ower
pokarized-1ight separator 310 is of -t Het sane type of the upper

pol ari zed-1ight separator 300. The upper polarized-light separator 300 is
the sane as that described in Fig. 1C. The | ower polarized-|ight separator

310 has 4Ree3388 b¥NthkORIqAidl Bey¥REE" dRe4idk! a80reflected light 123.
On the other hand, the other part of the plane-polarized
light parallel to the d;awing passing through the polarizer
165 passes through the éoloring layer 170 while being
absorbed in this layer, is reflected by the reflector 180,
passes through thé coloring layer 170 while being absorbed
in this layer again, and is incident on the polarizer 165
again. The plane-polarized light parallel to the drawing
‘passing through the polarizer 165 is converted to plane-
polarized light perpendicular to the drawing by rotating the
polarization angle by 90 degrees in the TN liquid crystal
140 and then converted to left-handed circularly polarized
light by the (1/4)A plate 132. The left-handed circularly
polarized light is incident on the (1/4)A plate 132 again
after reflection by the cholesteric liquid crystal 134, is
converted to plane-polarized light perpendiculat to the
drawing by the (1/4)\ plate 132,and then goes towards the
interior of the liquid crystal display device as the
reflected light 123.

; In the applied-voltage section 110 on the left side,
the unpolarizéd light 111 from the light source 190 passes
through the TN liquid crystal 140, and is converted to
plane-polarized light parallel to the drawing by the
polarizer 165. Part of the plane-polarized ligﬁt parallel

to the drawing passing through the polarizer 165 is



- 56 - light separator 300. Polarized-Iight separating neans havi ng such a
function, other than the polarized-|ight separator 160 including a

conbi nation of the cholesteric liquid crystal layer 164 and the (1/4)[err]
pl ates 162 and 166, include that using a multilayered film (USP 4,974, 219),
that separating the incident Iight into reflected polarized |ight and
transmtted polarized Iight by nmeans of Brewster's angle (SID 92 DEGEST,
pp-. 427 to 429), and that using holegtmme. The |left side of the.liquid
crystal display device is referred to as an applied-voltage section 110
wher eas the

reflected by the coloring layer 170,'is incident on the
polarizer 165 again, passes through the TN liquid crystal
140 without modification of the polarization direction, and
is converted to right-handed circularly polarized light by
the (1/4)MA plate 132. The right-handed circularly polarized
light passes throdgh the cholesteric liquid crystal layer
134 and goes towards the observation side as the emitting
light 112. The other part of the plane-polarized light
‘parallel to the drawing passing through the polarizer 165
passes through the coloring layer 170 while being absorbed
in this layer, is reflected by the reflector 180, passes
"through the coloring layer 170 again while being absorbed
in this layer, and is incident on the polarizer 165 again.
The plane-polarized light parallel to the drawing passing
through the polarizer 165 passes through the TN liquid
crystal 140 without modification of the polarization
direction, and is converted to right-handed circularly
polarized light by the (1/4)A plate 132. The right-handed
circularly polarized light passes through the cholesteric
liquid crystal layer 134 and goes towards the observation
side as the emifting light 112.

A reflection-type display when external light is
incident on the liquid crystal display device will now be
described with reference to-Fig. 4,

In the no applied-voltage section 120 on the right side,



right side as a no applied-voltage section 120 for the description. A
display state with light fromthe Iight source 190 will now be descri bed
with reference to Fig. 13. Unpolarized |ight incident on the upper

polari zed-1ight separator 300 fiomthé 1ight source 190 has been described
with reference to Fig. 1C, and a brighter display state than that using a
pol ari zer al so has been described with reference to Fig. 1C. Next, a

di splay state caused by transm ssi or &6 wnpol arized light fromthe |ight
source 190 through the TN liquid crystal 140 etc. will be described. In the
no applied-voltage section 120 on the right side,

the external natural light 125 incident on the liquid
crystal device is converted to plane-polarized light
parallei-to the drawing by the upper polarized-light
separator 130 and then converted to plane-polarized light
perpendicular to the drawing by-rotating the polarization
angle by 90 degreés in the TN liquid crystal 140. The
plane-polarized light perpendicular to the drawing is
absorbed in the polarizer 165.

In the applied-voltage section 110 on the left side,
the external natural light 115 incident on the liguid
crystal display device is converted to plane-polarized light
parallel to the drawing in the upper polarized-light
separator 130. The plane-polarized light parallel to the
drawing passes through the TN liquid crystal without
modification of thé polarization direction, and passes
through the polarizer 165. Part of the plane-polarized
light parallel to the drawing passing through the polarizer
165 is incident on the polarizer 165 again after reflection
by the coloring layer 170. The plane-polérized light
parallel to the drawing passing through the polarizer 165
pésses through the TN liquid crystal 140 without
modification of the polarization direction, and is converted
to right-handed circularly polarized light by the (1/4)A
plate 132. The right-handed circularly polarized light

passes trough the cholesteric liquid crystal layer 134, and



the unpol arized light 121 fromthe |ight source 190 passes through the TN
liquid crystal 140 and the |ight diffusion - 57 - layer 150.
Pl-ane- pol ari zed |ight perpendicular to the drawing anong the |ight
conponents passing through the I'ight diffusion layer 150 is reflected by
the | ower polarized- |ight separator 310, and is converted to

pl ane-pol arized light parallel to the drawing by the TN liquid crystal 140
by.rotating the polarization direct~od7by 90 degrees.

goes towards the observation side as the emitting 1light
116. The other part of the plane polarized light parallel
to the drawing'passing through the polarizer 165 passes
through the coloring layer 170 while being absorbed in this
layer, and is reflected by the reflector 180. The polarized
light passes throﬁgh the coloring layer 170 again while
being absorbed in this layer, then is incident on the
polarizer 165 again, and passes through the TN liquid
‘crystal 140 without modification of the polarization
direction. The plane-polarized light parallel to the
drawing passing through the polarizer 165 is converted to
right-handed circularly polarized light by the (1/4)\ plate
132, passes through the cholesteric liquid crystal layer
134, and goes towafds the observation side as the emitting
light 116.

As described above, in the no applied-voltage section
120 on the right side, the unpolarized light 121 from the
light source 190 is reflected towards the interior of the
liquid crystal display-deﬁice by the upper polarized-light
separator 130, whereas the external natural light 125 is
absorbed in the polarization plate 135. As a result, in
both case, no light is emitted from the liquid crystal
display device towards the observer. 1In the applied-voltage
.section 110 on the left side, the unpolarized light 111 from

the light source 190 is emitted from the upper polarized-



Pl ane-pol ari zed light parallel to the drawi ng passing through the |ight

di ffusion | ayer 150 passes through the |ower polarized-1ight separator 310
and is enmtted towards the observer as emtting |ight 122 without

nodi fication of the polarization direction. Part of the plane-polarized
light parallel to the drawi ng passing through the | ower polarized-Iight
separator 310 is reflected by the coloring layer 170, and passes through
the | ower polarized-1ight separator'Sl@.'The pl ane- pol arized |ight
parallel to the drawing is converted to plane-polarized |ight perpendicul ar
to the drawing by the TN liquid crystal 140 by rotating the polarization
angl e byl fghttlegepersatdinel P§ cne-piod cemecing ghl iglet pelelj chereds the

external natural light 115 is emitted from the upper
polarized-light separator 130 as the emitting 1light 116.
As a result, in both case, light is emitted from the liquid
crystal device towards the observer hence the same display
state based on the on-off state of the TN liquid crystal 140
is achieved by both the external light and the light from
the light source 190. Accordingly, no so-called negative-
positive reversion will occur betweeﬁ the display with the
external light and the display with the light from the
light source 190.

Next, referring to Figs. 5 and 6, a TN liquid crystal
140 is used as a polarization-changing optical element in
this liquid crystal-display device. An upper polarized-
light separatbr 130 including the (1/4)A plates 132 and 136
and the cholesteric liquid crystal layer 134 is provided on
the TN liquid crystal 140. A polarizer 165, a coloring
layer 170, and a reflector 180 are provided under the TN
liquid crystal 140 in this order. The left side of the
liquid crystal display device is referred to as an applied-
voltage section 110 whereas the right side as a no applied-
voltage section 120 for the description.

Display with 1light from the light source 190 will now
be described with reference to Fig. 5.

Unpolarized light incident on the upper polarized-light



drawing is reflected by the upper polarized-light separator 200 wi thout
nodi fication and goes towards the interior of the liquid crystal display
device as reflected |ight 123. The other part of the plane-polarized Iight
parallel to the draw ng passing through the lower polarized-Iight separator
- 58 - 310 passes through the coloring layer 170 while being absorbed in
this layer, and is reflected by the reflector 180. The reflected |ight
passes through the coloring |ayer 1%¥01&gain while being absorbed in this

| ayer, and passes

separator 130 from the light source 190 has been described
with reference to Fig. 1B, and a brighter display state than
that using a polarizer as an upper polarized-light separator
also has been described with reference to Fig. 1B.

Next, a display state caused by transmission of
unpolarized light from the light source 190 through the TN
liquid crystal 140 etc. will be described.

In the no applied-voltage section 120 on the right side,
the unpolarized light 121 from the light source 190 passes
through the TN ;iquid Crystal 140, and is converted to
plane-polarized light parallel to the drawing by the
polarizer 165. The plane-polarized light parallel to the
drawing is colored in the coloring layer 170, is reflected
towards the upper direction, passes through the polarizer
165 and TN liquid crystal 140, is reflected by the upper
polarized-light seéarator 130 as plane-polarized light
perpendicular to the drawing, and goes toWards the
interior of the liquid crystal display device as reflected
light 123. Since the detail is the same as the no applied-
voltage section 120 on the right side of the liquid crystal
display device which has been described with reference to
Fig. 3, the repeated description will be omitted.

In the applied-voltage section 110 on the left side,
the unpolarized light 111 from the light source 190 passes

through the TN liquid crystal 140, and is converted to



through the | ower polarized-1ight separator 310 and the Iight diffusion

| ayer 150 wit hout” nodification of the polarization direction. The
pl'ane-polarized light parallel to the drawing is converted to

pl ane-pol ari zed |ight perpendicular to the drawing in the TN liquid crystal
140 by rotating the polarization direction by 90 degrees. The

pl ane-pol ari zed |ight perpendicular to the drawing is reflected by the
upper pol arized-1ight separator 300, agd.goes as emtting |ight 123 towards
the interior of the liquid crystal display device. As described above, when
no voltage is applied, the light fromthe |ight source 190 is reflected by

the | ower_polarized-|ight separator_310 and em.tted as the emtting
plane-polarized light parallel to the drawing by the

polarizer 165. Part of the plane-polarized light parallel
to the drawing passing through the polarizer 165 is
reflected by the coloring layer 170, is incident on the
polarizer 165 again, and passes though the TN liquid
crystal 140 without modification of the polarization
direction. The plane-polarized light parallel to the
drawing is converted to right-handed circularly polarized
‘1light by the (1/4)\ plate 132. The right-handed circularly
polarized light passes through the cholesteric liquid
crystal layer 134, is converted to plané-polarized light
parallel to the drawing by the (1/4)A plate 136, and goes
towards the observation side as fhe emitting 1light 112.
The other part of the plane-polarized light parallel to the
drawing péssing through the polarizer 165 passes through the
coloring'layer 170 while being absorbed in this layer, and
is reflected by the reflector 180.- The reflected light
passes through the coloring layer 170 again while being
absorbed in this layer, is incident on the polarizer 165
again, and passes through the TN liquid crystal 140 without
modification of the polarization direction. The plane-
polarized light parallel to the drawing passing through the
TN liguid crystal 140 is converted right-handed qircularly
polarized light by the (1/4)\ plate 132, passes though the

cholesteric liguid crystal layer 134, is converted to plane-



light 122, hence a bright display state is achieved. Because the |ight
diffusion layer 150 is provided between the | ower pol arized-1ight separator
310 and the TN liquid crystal 140, the reflected Iight fromthe | ower
pol ari zed- |ight separator 310 changes frommrror state to white. In the
appl i ed-vol tage section 110 on the left side, the unpolarized |ight 111
fromthe |light source 190 passes through the TN liquid crystal 140 and the
| i ght diffusion - 59 - layer 150.- 21 =~

polarized light parallel to the drawing bf the (1/4)\ plate
136, and goes towards the observation side as the emitting
light 112.

A reflection-type display state when external light is
incident on the liquid crystal display device will now be
described with reference to Fig. 6.

In the no applied-voltage section 120 on the right side,
the external natural light 125 incident on the liquid
‘crystal device is converted to plane-polarized light
parallel to the drawing by the upper polarized-light
separator 130 and then converted to plane-polarized light
perpendicular to the drawing by rotating the polarization
angle by 90 degrees in the TN liquid crystal 140. The
plane-polarized light perpendicular to the drawing is
absorbed in the polarizer 165.

In the applied-voltage section 110 on the left side,
the external natural light 115 incident on the liquid
crystal display device is converted to plane-polarized 1ight
parallel to the drawing in the upper polarized-light
separator 130. The plane-polarized light parallel to the
drawing passes through the TN liquid crystal 140 without
modification of the polarization direction and passes
‘through the polarizer 165. Part of the plane-polarized
light parallel to the drawing passing through the polarizer

165 is incident on the polarizer 165 again after reflection



Pl ane-pol ari zed |ight perpendicular to the drawing fromthe |ight diffusion
| ayer 150 is reflected by the | ower polarized-light separator 310, and :
passes through the light diffusion |layer 150 and the TN liquid crystal 140
wi thout nodification of the polarization direction. The pl ane- pol arized

| i ght perpendicular to the drawing is reflected by the upper

pol ari zed-1ight separator 300 w thout nodification, and goes towards the
interior of the liquid crystal display device as reflected |ight 113. Part
of the plane-polarized light parallel =t&2re draw ng passing through the

| ower pol arized-1ight separator 310 is reflected by the coloring |ayer 170,
passes through the | ower polarized-light separator 310, the |ight diffusion

by the coloring layer 170. The plane-polarized light
parallel to the drawiﬁg from the polarizer 165 passes
through the TN liquid crystal 140 without modification of
the polarization direction, and is converted to right-handed
circularly polarized light by the (1/4)A plate 132. The
right-handed circularly polarized light passes trough the
cholesteric liquid crystal layer 134, and is converted to
plane-polarized light parallel to the drawing by the (1/4)A
plate 136. The plane~-polarized light parallel to the
drawing goes towards the observation side as the emitting
light 116. The other part of the plane polarized light
parallel to the drawing passing through the polarizer 165
passes through the coloring layer 170 while being absorbed
in this layer, ahd is reflected by the reflector 180. The
reflected polarized light passes through the coloring layer
170 again while being absorbed in this layer. The
polarized light incident on the polarizer 165 again passes
through the polarizer 165, and the TN liquid crystal 140
withéut modification of the polarization direction. The
pihne-polarized 1i§ht parallel to the drawing passing
through the TN liguid crystal 140 is converted to right-
handed circularly polarized light by the (1/4)A plate 132.
The right-handed circularly bolarized light passes through
the cholesteric liquid crystal layer 134, and is converted

to plane-polarized light parallel to the drawing by the



| ayer 150, the TN liquid crystal 140, and the upper polarized-Iight
separator 300 without nodification of the polarization direction, and goes
towards the observer as emitting light 112. On the other hand, the other
part of the plane-polarized |ight parallel to the drawing enmtted fromthe
| ower pol arized-1ight separator 310 passes through the coloring |ayer 170
whi | e bei ng absorbed in the coloring layer 170, and is reflected by the
refiector 180. The reflected |ight passes through the coloring |layer 170
whi | e bei ng absor bed in the coloring-18¥yer 170 agai n, and passes through
the | ower polarized-1light separator 310, the |ight

(1/4)\ plate 136. The plane-polarized light parallel to the
drawing goes towards the observation side as the emitting
light 116. '

Also, in this case, in the no applied-voltage section
120 on the right side, the unpolarized light 121 from the
light source 190 is reflected towards the interior of the
liquid crystal display device by the upper polarized-light
separator 130, ﬁhereas the external natural light 125 is
absorbed in the polarization plate 165. As a result, in
both case, no light is emitted from the liquid crystal
display device towards the observer. 1In the applied-voltage
section 110 on the left side, the unpolarized light 111 from
the light source 190 is emitted from the upper polarized-
light separator 130 as the emitting 1light 112, whereas the
external natural light 115 is emitted from the upper
polarized-light separator 130 as the emitting 1light 116.
As a result, in.both case, 1ight is emitted from the
liquid crystal device towards the observer hence the same. -
display state based on the on-off state of the TN liquid
crystal 140 is achieved by both the external light and the
light from the light source 190. Accordingly, no so-called
negative-positive reversion will occur between the display
with the external light and the display with the light
from the light source 190. |

Referring now to Figs. 7 and 8, a TN liquid crystal 140



- 60 - diffusion layer 150, the TN liquid crystal 140, and the upper

pol ari zed-1ight separator 300 wi thout nodification of the polarization
direction. The plane-polarized |ight parallel to the drawi ng goes towards

t he- observation side as emtting light 112. A reflection-type display state

when external light is incident on the liquid crystal display device will
now be described with reference to Fig. 14. In the no applied-vol tage
~section 120 on the right side, the external natural light 125 incident on

the liquid crystal device is converted-té&4ptane-polarized |ight

is used as the polarization—changihg optical element in the
liguid crystal displéy device. The upper polarized-light
separator 300 shown in Fig. 2 is provided on the TN liquid
crystal 140. A polarizer 165, a coloring layer 170 and a
reflector 180 are provided under the TN liquid crystal 140
in this order. The left side of the liquid crystal display
device is referred to as an applied-voltage section 110
whereas the right side as a no applied-voltage section 120
for the description.

Display with the light from the light source 190 will
be described with reference to Fig. 7.

Unpolarized light reaching the upper polarized-light
separator 300 from the light source 190 has been described
with reference to Fig. 1C, and a brighter display state than
that using a polarizer also has been described with |
reference to Fig. 1C.

Next, a display state caused by transmission of
unpolarized light from the light source 190.through the TN
liquid crystal 140 etc. will be described..

In the no applied-voltage section 120 on the right side,
tﬁe unpolarized light 121 from the light source 190 passes
through the TN liquid crystal 140, and is converted to
plane-polarized light parallel to the drawing by the
polarizer 165. Part of the plane-polarized light parallel

to the drawing passing through the polarizer 165 is



parallel to the draw ng by the upper polarized-light separator 300 and then
converted to plane-pol arized |ight perpendi cul ar to the drawi ng by rotating
the pol arization angle by 90 degrees in the TN liquid crystal 140. The

pl ane-pol ari zed |ight perpendicular to the drawing emtted fromthe TN
liquid crystal 140 passes through the light diffusion |ayer 150, and is
reflected by the |ower polarized-1ight separator 310. The reflected Iight
passes through the light diffusion |ayer 150 without nodification, and is
rotated by 90 degrees in the poIarizaITo%ﬁahgle inthe TN liquid crystal
140 to generate plane-polarized |ight parallel to the drawi ng. The

pl ane-pol arized light parallel to the drawing fromthe TN liquid crysta

140 passes nefilmegied by the coloring layer 170, and is incident on the

polarizer 165 again. The plane-polarized light paréllel to
the drawing passing through the polarizer 165 is converted
to plane-polarized light perpendicular to the drawing by
rotating the polarization direction by 90 degrees in TN
liquid crystal 140. The plane-polarized light perpendicular
to the drawing is reflected by the upper polarized-light
separator 300 without modificatidn of the polarization
direction and goes towards the interior of the liquid
crystal display device as reflected light 123. The other
part of the plane polarized light parallel to the drawing
passing through the polarizer 165 passes through the
- coloring layer 170 while being absorbed in this layer, and
is reflected by fhe reflector 180. 'The reflected polarized
light passes'through the coloring layer 170 again while
being absorbed in this layer. The polarized light is
incident on the polarizer 165 again, and is converted to
plane-polarized light perpendicular to the drawing by
rotating the polarization direction by 90 degrees in the TN
liquid crystal 140. The plane-polarized light perpendicular
to the drawing is reflected by the upper polarized-light
separator 300 without modification of the polarization
direction and goes towards the interior of the liquid
crystal display device as reflected light 123.

In the applied-voltage section 110 on the left side,



the |ower polarized-light separator 310 without nodification - 61 - of
the polarization direction, and goes towards the observation side as
emtting |ight 126. As described above, when no voltage is applied, the
external natural light 125 is reflected by the | ower polarized-|ight
separator 310, and emitted as the emtting light 126, hence a bright
display state is achieved. Because the light diffusion |ayer 150 is

provi ded between the | ower polarized- Ilq?t separator 310 and the TN I|qU|d

the unpolarized light 111 from the light source 190 passes
through the TN liquid crystal 140, and is converted to
plane-polarized light parallel to the drawing by the
polarizer 165. Part of the plane-polarized light parallel
to the drawing passing through the polarizer 165 is
reflected by the coloring layer 170, is incident on the
polarizer 165 again, passes though the polarizer 165, the
TN liquid crystal 140, and the upper polarized-light
separator 300 without modification of the polarization
direction, and goes towards the observation side as the
emitting 1light 112. The other part of the plane-polarized
light parallel to the drawing passing through the polarizer
165 passes through the coloring layer 170 while being
absorbed in thié layer, and is reflected by the reflector
180. The reflected light passes through the coloring layer
170 again while being absorbed in this layer, is incident
on the polarizer 165 again, passes through the TN liquid
crystal 140 without modification of the polérization
direction , passes through the upper polarized-light
égparator 300, and goes towards the observation side'without
modification as emitting 1light 112 .

A reflection-type display state when external light is
incident on the liquid crystal display device will now be
described with reference to Fig. 8.

In the no applied-voltage section 120 on the right side,



crystal 140, the reflected Iight fromthe | ower polarized- |ight separator
310 changes frommirror state to white. In the applied-voltage section 110
on the left side, the external natural light 115 incident on the |liquid
crystal display device is converted to plane-polarized light parallel to
the drawi ng in the upper polarized-light separator 300. The pl ane-pol ari zed
light parallel to the drawi ng passes through the TN I|qU|pL4ug4u4u~;hul,.Lhﬂ_
light diffusion |layer 150, and the |ower polarlzed | i ght EEMS SHEET BAD BEEN
wi t hout nodification of the polarlzatroﬁ dfrection. Part pf t h®EPLACED
pl ane-pol ari zed light parallel to the draw ng passing thr
pol ari zed-light separator 310 is reflected by the coloring layer 170, and
passes thronghexbérnal natural light 125 incident on the liquid

crystal device passes through the upper polarized-light
separator 300 without modification; and is changed to plane-
polarized light perpendicular to the drawing by rotating the
polarization engle by 90 degrees in the TN liquid crystal
140. The plane-polarized light perpendicular to the drawing
is absorbed in the polarizer 165.

In the applied-voltage seetion 110 on the left side,

- the external natural light 115 incident on the liquid
crystal display device passes through the upper polarized-
light separatorlzoo as plane-polarized light parallel to the
drawing, passes through the TN liquid crystal 140 without
modification of the polarization direction ,, and passes
through the polafizer 165. Part of the plane-polarized
light parallel to the drawing passing through the polarizer
165 is reflected by fhe coloring layer 170 and is incident
on the polarizer 165 again. The reflected plane-polarized
light parallel to the drawing passing throuéh the polarizer
165 passes through the upper polarized-light separator 300,
and goes towards the observation side as the emitting |
light 116 without modification of the polarization direction.
The other part of the plane polarized light parallel to the
drawing from the polarizer 165 passes through the coloring
layer 170 while being absorbed in this layer, and is

reflected by the reflector 180. The reflected polarized
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| ower pol arized-1ight separator 310, the light diffusion layer 150, the TN
liquid crystal 140, and the upper polarized-Iight separator 300 w thout
nodi fication of the polarization direction. The plane-polarized |ight

paral | el - 62 - to the drawi ng goes towards the observation side as
em.tting light 116. The other part of the plane-polarized |ight passes

t hrough the coloring layer 170 while being absorbed in this layer, and is
ref1ected by the reflector 180. The reflected |ight passes through the

col oring | ayer - 28 -

light passes through the coloring layer 170 again while
being absorbed in this layer. Then the polarized light is
incident on the polarizer 165 again, passes through the
polarizer 165, and passes through the TN liquid crystal 140
without modification of the polarization direction. The

- plane-polarized light parallel to the drawing passing
through the TN liquid crystal 140 goes towards the
observation side without modification as the emitting 1light
116. |

Also, in this case, in the no applied-voltage section

120 on the right side, the unpolarized light 121 from the
light source 190 is reflected towards the interior of the
liquid crystal display device by the upper polarized-light
separator 300, whereas the external natural light 125 is
absorbed in the polarization plate 165. As'a result, in
both caée, no light is emitted from the liquid crystal
display device towards the observer. 1In the applied-voltage
section 110 on the left side, the unpolarizéd light 111 from

- the light source 190 is emitted_ffom the upper polarizéd—
light separator 300 as the emitting 1light 112; and the
external natural light 115 is also emitted from the upper
polarized-light separator 300 as the emitting 1light 116.
As a result, in both cése, light is emitted from the liquid
crystal device towards the observer hence the same display

state based on the on-off state of the TN liquid crystal 140



170 again while being absorbed in this |ayer, and passes through the | ower
pol ari zed-1ight separator 310, the light diffusion layer 150 and the TN
liquid crystal 140 without nodification of the pol ari zation direction. The
pl ane- polarized light parallel to the draw ng passing through the upper
pol.ari zed-1ight separator 300 goes towards the observation side as emtting
light 116. In the no applied-voltage section 120 on the right side, as
descri bed above, the unpolarized light 121 fromthe |ight source 190 is
reflected towards the exterior of the+idfui-d crystal display device by the
| ower pol arized-1ight separator 310, passes through the upper _

pol ari zed-1ight separator 300, and is emtted fromthe upper polarized-

is achieved by both the external light and the light from
the light source 190. Accordingly, no so-called negative-
positive reversion will occur between the display with the
external light and the display with the light from the
light source 190.

In the liquid crystal display dévices shown in Figs. 3
to 8, the coloring layer 170 can be omitted. In this case,
the plane-polarized iight parallel to the drawing, which
passes through the polarizer 165, is reflected directly by
the reflector 180 without being colored by the coloring _
layer 170, and passes‘through the polarizer 165 again. The
light passes through the upper polarized-light separator 130
or 300 and goes towards the observation side as emitting
light 112 or 116.

Referring now to Figs. 9 and 10, a TN liquid crystal
140 is used as the polarization-changing optical element in
this liquid crystal display device. An upper polarized-
light separator 130 iﬁclﬁding the (1/4)A pléte 132 and the
cholesteric liquid crystal layer 134 is provided on the TN
liquid crystal 140. Further, a light diffusion layer 150, a
lower polarized-light separator 160 including a.(1/4)K plate
162 and a cholesteric liquid crystal layer 164, a coloring
layer 170, and a reflector 180 are provided under the TN
element 140 in this order.

The upper polarized-light separator 130 is the same as



li ght separator 300 as ‘the emtting |ight 122. The external
125 is reflected towards the exterior of the liquid crystal

natural Iight
di spl ay device

by the | ower pol arized- |ight separator 310, passes through the upper

in

polarized- |ight separator 300," and is emtted fronlthe'upper
pol.ari zed-1ight separator 300 as the emtting light 126. As a result,
both case, the light is changed frommrror - 63 - state to white by

means of the light diffusion |ayer 150,;%uiis emtted fromthe upper

pol ari zed-

| i ght separator 300

that described in Fig. 1A. The lower polarized-light

‘separator 160 has the same functions as the upper polarized-

light separator 130. The lower polarized-light separator
160 is a polarized-light separating means which transmits
plane-polarized light of a given sécond direction among
light components incident on the (1/4)A plate 162, reflects
plane-polarized light of a first direction perpendicular to
the second direction, and for light incident on the
cholesteric liquid crystal layer 164, can emit plane-
polarized light of the second direction towards the (1/4)A
plate 162 . Polarized-light separating means having such a
function, other than the polarized-light separator 130
including a combination of the cholesteric liquid crystal
layer 164 and the (1/4)A plates 162, include that using a
multilayered film (USP 4,974,219), that separating the
incident light into reflected polarized light and
transmitted polarized light by means 6f Brewster’s angle
(SID 92 DEGEST, pp. 427 to 429), that using'holograms, and
those disclosed in laid-open international . patents
(WO095/17692 and W095/27919)as a reflective polarizer.

The left side of the liquid crystal display device is
referred to as an applied-voltage section 110 whereas the
right side as a no applied-voltage section 120 for the
description. | |

A display state with 1light from the light source 190



towards the observer. In the applied-voltage section 110 on the left side,
the unpolarized light 111 fromthe light source 190 passes through the

| ower pol arized-1ight separator 310, is colored in the coloring |ayer 170,
passes through the [ower polarized-light separator 310 again, passes
through the upper polarized-1ight separator 300, and is emtted fromthe
upper polarized-1ight separator 300 as the emtting |ight 112. The external
natural light 115 passes through the upper polarized-Iight separator 300
and | ower polarized-1ight separator 310,34nd is colored in the coloring

| ayer 170. The colored |ight passes through the lower polarized-light
separator 310 and the upper polarized- light separator 300 again, and is

emtted fromlbenawdee described with reference to Fig. 9.

Unpolarized light incident on the upper polarized-light
separator 130 from the light source 190 has been described
with reference to Fig. 1A, and a brighter display state than
that using a polarizer also has been described with
reference to Fig. 1lA.

Next, a display state caused by transmission of
unpolarized light from the light éource 190 through the TN
liquid crystal 140 etc. will be described.

In the no applied-voltage section 120 on the right side,
the unpolarized light 121 from the light source 190 passes
through the TN liquid crystal 140 and the light diffusion
layer 150 and is converted to right-handed circularly
polarized light and left-handed circularly polarized light
by the (1/4)A plate 162.

The left-handed circularly polarized light emitted
from the (1/4)\A plate 162 is reflected by the cholesteric
liquid crystal layer 164 and feenters the (i/4)h plate 162
to be converted to plane-polarized light perpendicular to
tﬁé*drawing. By rotating the polarization direction by 90
déérees in the TN liquid crystal 140, the polarized light is
converted into the plane-polarized light parallel to the
drawing. The plane-polarized light parallel to the drawing
emitted from the TN liquid crystal 140 is converted to

right-handed circularly polarized light by the (1/4)\ plate



pol ari zed-1ight separator 300 as the emitting light 116. As a result, in
both case, the light is colored in the coloring layer 170, and is emtted
fromthe upper polarized-light separator 300 towards the observer, hence
t he- sane di splay state based on the on-off state of the TN liquid crystal
140 is achieved by both the external |light and the light fromthe Iight
source 190. Accordingly, no so-called negative-positive reversion wl|l
occur between the display with the extgrgfj_light and the display with the
light fromthe |Iight source 190.

132, passes through the cholesteric liquid crystal layer

134 and goes towards the observation side as the emitting

light 122.

The right-handed circularly polarized light emitted

from the (1/4)A plate 162 passes through the cholesteric

liquid crystal layer 164. Part of the right-handed

circularly.polarized light from the cholesteric liquid

crystal layer 164 is reflected by the coloring layer 170, by

the cholesteric liquid crystal layer 164, and then by the

coloring layer 170 again. The reflected light passes

through the cholesteric liquid crystal layer 164 and is

incident on the (1/4)\ plate 162 to be converted to plane-

polarized light parallel to the drawing by the (1/4) Aplate

162. The plane~-polarized light passes through the light

diffusion layer 150, and is rotated by 90 degrees in the

polarization direction in the TN liquid crystal 140 to be

converted to plane-polarized light perpendicular to the

drawing. The plane-polarized light is converted to left-

handed circularly polarized light by the (1/4)A plate 132,

and reflected by the cholesteric liquid crystal layer 134.

The reflected light is incident on the (1/4)A plate 132

again to be converted to plane-polarized light perpendicular

to the drawing by the (1/4)Aplate 132. The plane-polarized

light goes towards the interior of the liquid crystal

display device as reflected light 123. The other part of
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- 64 - Wen no voltage is applied, the [ower polarized-light separator 310
reflects the light 121 fromthe light source 190 and emts as the energing
| ight 122. The | ower polarized-light separator 310 also reflects the
external natural light 125 and emits as the emerging |ight 126. _ _
Accordingly, a bright display state is achieved. Since the light diffusion
| ayer 150 is provided between the | ower polarized-Iight separator 310 and
the TN Iiquid crystal 140, the reflected_Light fromthe |ower
pol ari zed-1i ght separator 310 changes TrodmMrror state to white. As
descri bed above, in the no applied-voltage section 120, the light reflected -
by the | ower pol arized-1ight

the right-handed circularly polarized light from the

cholestefic liquid crystal layer 164 passes through the
coloring layer 170 while being absorbed in the coioring
layer 170, and is reflected by the reflectof 180. The
reflected light passes through the coloring layer 170 while
being absorbed in the coloring layer 170, and then is
reflected by the cholesteric liquid crystal layer 164. The
light passes through the coloring layer 170 while beihg
absorbed in the coloring layer 170, and is reflected by the
reflector 180 again. The reflected light passes through the
coloring layer 170 while being absorbed in the coloring
layer 170 and p;sses through cholesteric liquid crystal
layer 164. The light is incident on the (1/4)A plate 162 to
be converted to plane-polarized-light parallel to the
drawing by the (1/4)Aplate 162. After the plane-polarized
light passes through the light diffusion layer 150, it is
converted to plane-polarized ligﬁt perpendicular to the
drawing by rotating the polarization direction by 90
degrees in the TN liquid crystal 140. The plane-polarized.
light is converted to left-handed circularly polarized light
by the (1/4)\A plate 132. The left-handed circularly
polarized light is reflected by the cholesteric liquid
crystal layer 134, and incident on the (1/4)A plate 132 to
be converted to plane-polarized light-perpendiculér to the

drawing by the (1/4)Aplate 132. The plane-polarized light



‘'separator 310 is scattered in the light diffusion |layer 150 to be white
emtting light 122 or 126, whereas in the applied-voltage section 110, the
| i ght passing through the | ower polarized-light separator 310 is colored in
the coloring layer 170 to be color emtting light 112 or 116. As a
result, a color display is achieved on a white background. Wen using a

bl ack coloring layer 170, all the wavelengths in the visible |ight region
are absorbed, and hence a bl ack display on a white background is achieved.
Since the reflector 180 is provided, the3&otor enmitting light 112 or 116,
which is colored in the coloring layer 170, is bright. Al though the TN
liquid crystal 140 has been descri bed

goes toward the interior of the liquid crystal display
device as reflected light 123.

As described above, when no voltage is applied, the
light from the light source 190 is reflected by the
polarized-light separator 160 and emitted as emitting light
122, hence a bright display state is achieved. Because the
light diffusion layer 150 is provided between the (1/4)A\
plate 162 and the TN liquid crystal 140, the reflected light
from the lower polarized-light separator 160 changes from
mirror state to white. |

In the applied-voltage section 110 on the left side,
the unpolarized light 111 from the light source 190 passes
through the TN liquid crystal 140 and the light diffusion
layer 150, and is converted to right-handed circularly
polarized light and left-handed circularly polarized light
by the (1/4)\ plate 162.

The left-handed circularly polarized light emitted
from the (1/4)\ plate 162 is reflected by the cholesteric
ligquid crystal layer 164 and incident on the (1/4)X plate
162 again to be converted to plane-polarized light
perpendicular to the drawing by the (1/4) Aplate 162. The
plane-polarized light passes through the TN liquid crystal
140 without modification of the polarization direction and
is converted to left-handed circularly polarized light by

the (1/4)A plate 132. The left-handed circularly polarized



- 65 - above as an exanple of the present invention, when using other
liquid crystal, in which the polarization axis changes with the vol tage,
e.g. a STNIliquid crystal or an electrically controlled birefringence (ECB)
liquid crystal, the basic operational principle is the sane. The present

I nvention, based on the above-nentioned operational principle, provides a
di spl ay device conprising: a polarization-changi ng neans capabl e of

changi ng a pol ari zati on axis; 35 :

light ié reflected by the cholesteric liguid crystal layer
134 and is incident on the (1/4)A élate 132 again to be
‘converted td plane-polarized light perpendicular to the
drawing by the (1/4)Aplate 132. The plane-polarized light
goes towards the interior of the liquid crystal display
device as reflected light 113. '

The right-handed circularly polarized light emitted
from the (1/4)\ plate 162 passes.through the cholesteric
liquid crystal layer 164. Part of the right-handed
circularly polarized light from the cholesteric liquid
crystal layer 164 is reflected by the coloring layer 170,
the cholesteric liquid crystal layer 164, and then the
coloring layer 170 again. The reflected light passes
through the_cholésteric liquid crystal layer 164 and is
incident on the (1/4)A plate 162 to be converted to plane-
polarized light éarallel to the drawing by the (1/4) Aplate
162. The plane-polarized light passes through the light
diffusion layer 150 and the TN liquid crystal 140 without
modification of the polarization direction, and is converted
to right-handed circularly polarized light by the (1/4)A
plate 132. .The right-handed circularly polarized light
passes through the cholesteric liquid crystal layer 134
and goes towards the observation side as emitting 1light 112.
On the other hand, the other part of the right-handed

circularly polarized light from the cholesteric liquid



a first polarized-light separating means and an optical nmeans each provided
on.the both side of the polarization- changing neans with the

pol ari zati on-changi ng nmeans between; and a |ight source capabl e of

iI'lum nating between the first polarized-light separating means and the
opti cal nmeans; wherein the first polarized-light separating neans transmts
pl ane-pol arized light of a given first direction anong the light, which is
incident fromthe polarization- changing_ neans, towards the opposite side
of the polarization-changi ng neans, |, Te?ﬁetts pl ane-pol arized light of a
gi ven second direction perpendicular to the given

crystal layer 164 passes through the coloring layer 170
while being absorbed in the coloring layer 170, and is
reflected by the reflector 180. The reflected light passes
through the coloring layer 170 while being absorbed in the
coloring layer 170 again, and then is reflected by the
cholesteric liquid crystal layer 164. The reflected light
passes through the coloring layer 170 while being absorbed
in the coloring layer 170 again, be reflected by the
reflector 180 again, passes through the coloring layer 170
while béing absorbed in the coloring layer 170, passes
through the cholesteric liquid crystal layer 164, and is
incident on the (1/4)\ plate 162. After the reflected light
is convérted to plane-polarized light parallel to the
drawing by the (i/4)k plate 162, it passes through the light
diffusion layer 150 and through the TN liquid crystal 140
without modification of the polarization direction. The
plane-polarized light is converted to right-handed
circularly polarized light by the (1/4)A pléte 132, passes
through the cholesteric liquid crystal layer 134, and goes
téwards the observation side as emitting 1light 112.

. A reflection-type display state when external light is
incident on the liquid crystal display device will now be
described with reference to Fig. 10.

In the no applied-voltage section 120 on the right side,

the external natural light 125 incident on the liquid



first direction towards the pol arization-changi ng neans, and emts |ight,
which is incident from the opposite side of the polarization-changi ng
means on the first ‘pol ari zed- - 66 - light separating means, towards the
polarization-changi ng neans as the plane-polarized Iight of the given first
direction; and the optical neans separates light, which is incident on the
pol ari zati on-changi ng neans, into plane-polarized light of a given third

di rrection and pl ane-pol arized |light of a -

- 37 =
crystal device is converted to plane-polarized light
parallel to the drawing by the upper pblarized-light
separator 130 and then converted to plane-polarized light
perpendicular to the drawing by rotating the polarization
angle by 90 degrees in the TN liquid crystal 140. The
plane-polarized light perpendicular to the drawing emitted
from the TN liquid crystal 140 is converted to left-handed
circularly polarized light by the (1/4)A plate 162. The
left-handed circularly polarized light is reflected by the
cholesteric liquid crystal layer 164, and is incident on the
(1/4)\ plate 162 again to be converted to plane-polarized
light perpendicular to the drawing by the (1/4) Aplate 162,
which is rotated by 90 degrees in the polarization angle in
the TN liquid crfstal 140.to generate plane-polarized light
parallel to the drawing. The plane-polarized light from the
TN liquid crystal 140 is converted to right-handed
circularly polarized light by the (1/4)\A plate 132. The
right-handed circularly polarized light pasées through the
cholesteric liquid crystal layer 134 and goes towards the
observation side as emitting light 126.

» In the applied-voltage section 110 on the left side,
the external natural light 115 incident on the liquid
crystal display device is converted to plane-polarized light
parallel to the drawing in the upper polarized-light

_separator 130. The plane-polarized light parallel to the



gi ven fourth direction perpendicular to the given third direction, and
emts at |east one of the plane-polarized |light of the given third
di.rection and the plane-polarized |ight of the given fourth direction
towards the pol ari zation-changi ng nmeans. In the present invention, the
first polarized-light separating neans transmts the plane-pol arized |ight
of the given first direction anong |ight conponents incident on the
pol-arizati on-changi ng neans, and reflect not absorb t he pl ane-pol ari zed
i ght of the given second direction perpiﬁdrcular to the first direction
towards the pol ari zation-changi ng neans. Therefore, the plane-polarized
| ight of the given first direction anong the |ight

drawing passes through the TN liquid crystal 140 without

modification of the polarization direction, and is converted
to right-handed circularly polarized light by the (1/4)A
plate 162. The right-handed circularly polarized light from
the (1/4)A plate.162 passes through the cholesteric liquid
crystal 164. Part of the right-handed circularly polarized
light is reflected by the coloring layer 170, by the
cholesteric liquid crystal layer 164, and then by the
coloring layer 170 again. The reflected light passes
through the cholesteric.liquid crystal layer 164 and is
incident on the (1/4)A plate 162 to be converted to plane-
polarized light parallel to the drawing by the (1/4) Aplate
162. The plane-polarized light passes through the light
diffusion layer 150 and the TN liquid crystal layer 140
without modification of the polarization direction, and is
converted to right-handed circularly polarizéd light by the
(1/4)\ plate 132. The right-handed circularly polarized
light passes through the cholesteric liquid.crystal layer
134 and goes towards the observation side as emitting

light 116. The other part of the right-handed circularly
polarized light passing through the cholesteric liquid
crystal layer 164 passes through the coloring layer 170
while being absorbed in this layer, and is reflected by the
reflector 180. The polarized light passes through the

coloring layer 170 again while being absorbed in this layer,



cbnponents fromthe Iight source passes through towards the opposite
direction of the polarization-changing means. Further, the plane-polarized
light of the given second direction perpendicular to the first direction is
emited fromthe first polarized-1ight separating neans towards the
opposite direction of the polarization-changi ng neans after - 67 -
repeated reflection in the display device. A brighter display is achieved
for- the display using Iight fron1theljg¥g‘§ource conpared with the case
using a polarizer as _

and is reflected by the cholesteric liquid crystal layer 164.

The reflected light passes through the coloring layer 170

again while being absorbed in this layer, is reflected by

the reflector 180, passes through the coloring layer 170

again while being absorbed in this layer, and passes

through the cholesteric liquid crystal layer 164. The light

is incident on the (1/4)A plate 162 and converted to plane-

polarized light parallel to the drawing by the (1/4) Aplate

162. The plane-polarized light parallel to the drawing

passes through the light diffusion layer 150 and passes

through the TN liquid crystal 140 without modification of

the polarization direction. The light is converted to

right-handed circularly polarized light by the (1/4)A plate

132, passes thrbugh the cholesteric liquid crystal layer

134, and goes towards the observation side as emitting

light 116.

In the no applied-voltage section 120 on the right side,
as described above, the unpolarized light 121 from the light
source 190 is reflected towards the exterior of the liquid
crystal display device by the lower polarized-light
separator 160, passes through the upper polarized-light
separator 130, and is emitted from the upper polarized-
light separator 130 as the emitting 1light 122. The

external natural light 125 is reflected towards the exterior

of the liguid crystal display device by the lower polarized-



the first polarized-light separating neans. Since the |light source can enit
| i ght between the first polarized-light separating neans and the optical
means, two display states (bright and dark ) obtained in response to the
first and second states of the polarization axis in the

pol ari zati on-changi ng neans are the sanme in the display with the external

|l i ght incident on the outside of the first polarized-light separating neans
and in the display with the |ight fron1§5e | i ght source. That is, when the
di splay by the light incident on the Gutside of the first polarized-1ight
separating nmeans is bright in the first display state of the polarization
axis in the polarization- changi ng neans, the display with the light from
t he Ilght light separator 160, passes through the upper polarized-

light separator 130, and is emltted from the upper
polarized-light separator 130 as the emitting 1light 126.

As a result, in both case, the light is changed from mirror
state to white by means of the light diffusion layer 150,
and is emitted from the upper polarized-light separator 130
towards the observer. In the applied-voltage section 110 on
the left side, the unpolarized light 111 from the light
source 190 passes through the lower polarized-light
separator 160, and is colored in the coloring layer 170.

The colored light passes through the lower polarized-light
separator 160 again, passes thfough the upper polarized-
light sepafatoi 130 , and is emitted from the upper
polarized-light éeparator as the emitting 1light 112. The
external natural light 115 passes through the upper
polarized-light separator 130 and lower polarized-light
separator 160, and is colored in the coloring layer 170.

The colored light passes through the lower éolarized—light
separator 160 and the upper polarized-light separator 130
again, and is emitted from the upper polarized-light
separator 130 as the emitting 1light 116. As a result, in
both case, the light colored in the coloring layer 170 is
emitted from the upper polarized-light separator 130
towards the observer, hence the same display state based on

the on-off state of the TN liquid crystal 140 is achieved by



source is also bright. Further, when the display with the Iight incident on
the outside of the first polarized-light separating means is dark in the
first display state of the polarization axis in the polarization-changing
nmeans, the display with the light fromthe |ight source is al so dark
Therefore, no so-called negative-positive reversion will occur between the
display with the Iight incident on the outside of the first polarized-|ight
separating means and the display with tkEaIi ght fromthe |ight source. Lo
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both the external light and the light from the light source
190. Accordingly, no so-called negative-positive reversion
will occur between the display with the external light and
the display with the light from the light source 190.

When no voltage is applied, the lower polarized-light
separator 160 reflects the light from the light source 190
and emits as the emitting 1light 122. The lower polarized-
light separator 160 also reflects the external natural light
125 and emits as the emitting 1light 126. Accordingly, a
bright display state is achieved. Since the light diffusion
layer 150 is provided between the (1/4)A plate 162 and the
TN liguid crystal 140, the reflected light from the lower
polarized-light separator 160 chénges from mirror state to
white. |

As described above, in the no applied-voltage section
120, the light reflected by the lower polarized-light
-separator 160 is scattered in the light diffusion layer 150
to be white emitting iight 122 or 126, whereas in the
applied-voltage section 110, the light from the lower
polarized-light separator 160 is colored in the coloring
léyer 170 to be color emitting 1light 112 or 116. As a
result, a color display is achieved on a white background.
When using a black coioring layer 170, all the wavelengths
in the visible light region are absorbed. Therefore, a black

display on the white background is achieved.



Preferably, the first polarized-light separating means transmts

pl ane-pol arized light of a given first direction anong the light of over
substantially the entire visible |ight wavel ength range, which is incident
fromthe polarization-changing means, towards the opposite side of the
pol-ari zati on-changi ng neans, reflects plane-polarized |ight of a given
second direction towards the polarization- changing nmeans, and emts the
pl ane-pol ari zed light of the given first direction anong the light of over
substantially the entire visible Iighf‘%ﬁ%éTength range, which is incident
on the opposite side of the polarization-changing means, towards the

pol ari zati on-changi ng neans In this way, a transparent or white display can
be Since the reflector 180 is provided, the color emitting

_light 112 or 116, which is colored in the coloring layer 170,
is bright.

Referring to now Figs. 11 and 12, a TN liquid crystal
140 is used as the poiarization-changing optical element in
the liquid crystal display device. The upper polarized-
light separator 130 including the (1/4)A plates 132 and 136
and the cholesteric 1iquid—crystal layer 134 is provided on
the TN liquid crystal 140. The light diffusion layer 150,
the lower polarized-light separator 160 including the (1/4)A
plates 162 and 166 and the cholesteric liquid crystal layer
164, the coloring layer 170; and the reflector 180 are
provided under the TN liquid crystal 140 in this order.

The upper pélarized-light separator 130 is the same as
that described in Fig. 1B. The lower polarized-light
separator 160 has the same functions as the upper polarized--
light separator 130. The ldwer polarized-light separator
160 is a polarized-light separating means which transmits
plane-polarized light of a given second difection among
light components incident on the (1/4)\ plate 162 as plane-
polarized light of a second direction, reflects plane-
polarized light of a first direction perpendicular to the
second direction, and for light incident on the (1/4)A
plate 166, emits plane-polarized light of the second

direction towards the (1/4)A plate 162. Polarized-light



obtained, and a display of a given color can be obtained over the entire
visible light region. Preferably, the first polarized-Iight separating
nmeans transmts plane-polarized light of a given first direction anong the
l'ight incident fromthe polarization-changi ng neans, towards the opposite
side of the polarization- changing nmeans as the plane-polarized light of
the given first direction. Preferably, the first polarized-light separating
nmeans conprises a conposite nmenber piled with a plurality of layers, and
the refractive indices of the |ayers aTe4§ubstantiaIIy the sane in the
given first direction but are '

separating means having such a function, other than the
polarized-light separator 160 inclhding a combination of the
cholesteric liquid crystal layer 164 and the (1/4)A plates
162 and 166, include that using a multilayered film (USP
4,974,219), that separating the incident light into
reflécted polarized light and transmitted polarized light by

' means of Brewster’'s angle (SID 92 DEGEST, pp. 427 to 429),
that using holograms, and reflective polarizers disclosed in
1&id-open international patents (W095/17692 and W095/27919)
as a reflective polarizer.

‘The left side of the liquid crystal display device is
referred to as an applied-voltage section 110 whereas the
right side as a no applied-voltage section 120 for the
description. |

A display state with 1light from the light source 190
will now be described with reference to Fig. 11.

Unpolarized light incident on the upper polarized—light
separator 130 from the light source 190 has been described
with reference to Fig. 1B, and a brighter display stafe than
that using a polarizer also has been described with
reference to Fig..lB.

Next, a display state caused by transmission of
unpolarized light from the light source 190 through the TN
liquid crystal 140 etc. will be described.

In the no applied-voltage section 120 on the right side,



.- 69 - different fromeach other in the given second direction. Preferably,
the optical neans conprises a second pol arized-|ight separating neans
arranged on the pol arization-changi ng neans, and an optical neans arranged
on the opposite side of the polarization-changi ng neans agai nst the second
pol.ari zed-1ight separating neans; the |light source can emt |ight between
the first polarized-light separating neans and the second pol arized- |ight
separating nmeans; the second polarized-light separating means transmts

the unpolarized light 121 from the light source 190 passes
through the TN liquid crystal 140 and the light diffusion
layer 150, and is converted to right-handed circularly
polarized light and left-handed circularly polarized light
by the (1/4)\ plate 162.

The left-handed circularly polarized light emitted
from the (1/4)A plate 162 is reflected by the cholesteric
liquid crystal layer 164 and reenters the (1/4)\ plate 162
to be converted to plane-polarized light perpendicular to
the drawing by the (1/4)A 162. The polarized light is
rotated by 90 degrees in the polarization angle in the TN
liguid crystal 140 to be plane-polarized light parallel to
the drawing from the TN liquid crystal 140, and is converted
to right-handed éircularly polarized light by the (1/4)A
plate 132. The light passes through the cholesteric liquid
crystal layer 134, is converted to the plane-polarized light.
parallel to the drawing again by the (1/4) Aplate 136, and
goes towards the observation side as the emitting light
122.

The right-handed circularly polarized light emitted
from the (1/4)A plate 162 passes through the cholesteric
liquid crystal 164. The right-handed circularly polarized
light passing through the cholesteric liquid crystal 164 is
converted to plane-polarized light parallel to the drawing

by the (1/4)\ plate 166. Part of the plane-polarized light



t he pl ane-polarized light of the given third direction anong the |ight

i nci dent on the polarization-changi ng neans, towards the optical elenent,
reflects the plane-polarized.-light of the given fourth direction

per.pendi cular to the given third direction towards the

pol ari zati on-changi ng neans, and emts the plane-polarized |ight of the
given third direction anong the |light incident on the optical elenent,
towards the pol ari zation-changi ng neans ; and the optical elenent enmts a
gi ven wavel ength range of |ight annng'tﬁé I ght fromthe second

pol ari zed-1i ght separating neans towards the second pol arized-1|ight
separating neans. Preferably, the second pol arized-1ight separating neans

conpri ses paanpedi te khebdraptihgdemtitbed from the (1/4)A plate 166 is
reflected by the coloring layer 170, and passes through the
(1/4)\ plate 166. The plane-polarized light is converted to
right-handéd circularly polarized light by the (1/4)A plate
166. The right-handed circularly polarized light passing
through the cholesteric liquid crystal layer 164 is
converted to plane-polarized light parallel to the drawing
again by the (1/4)\ plate 162. The plane-polarized light
passes through the light diffusion layer 150, and is rotated
by 90 degrees in thé polarization angle in the TN liquid
crystal 140 to be converted to plane-polarized light
perpendiculér to the drawing. The plane-polarized light is
converted to left-handed circularly polarized light by the
(1/4)\ plate 132, and reflected by the cholesteric liquid
crystal layer 134. The reflected light is incident on the
(1/4)M plate 132 again to be converted to plane-polarized
light perpendicular to the drawing by the (1/4)Aplate 132,
and goes towards the interior of the 1iquid crystal display
device as reflected light 123. The other part of the plane-
polarized light parallel to the drawing emitted from the
(i/4)k plate 166 passes through the coloring layer 170 while
being absorbed in the coloring layer 170, and is reflected |
by the reflector 180. The reflected light passes through
the coloring layer 170 while being absorbed in the coloring

layer 170 again, and then passes through the (1/4)A plate



plurality of layers, and refractive indices of the |ayers are substantially
the sane in the given first direction but - 70 - are different from each
other in the given second direction. In this way, two display states in
response to the states of the polarization axis in the
pol-ari zati on-changi ng neans, that is, a first display state with the |ight
refl ected by the second pol arized-1ight separating neans and a second
display state with the light with a giyegsm@velength range fromthe optica
el enent whi ch passes

166 to be converted to right-handed circularly polarized
light by the (1/4) Aplate 166. The right-handed circularly
polarized light passes through the cholesteric liquid
crystal layer 164, and is converted to plane-polarized light
‘parallel to the drawing again by the (1/4)A plate 162. The
plane-polarized light passes through the 1ight diffusion
layer 150, and is rotated by 90 degrees in the polarization
angle to bé the plaﬁe-polarized light pérpendicular to the
drawing in the TN 1iqﬁid crystal 140. The plane-polarized
light perpendicular to the drawing is converted to left-
handed circularly polarized light by the (1/4)A plate 132.
The left-handed circularly polarized light is reflected by
the cholesteric liquid crystal lafer 134, and is incident on
the (1/4)A plate-132 to be converted to plane-polarized
light perpendicular to the drawing by the (1/4) Aplate 132.
The plane-polarized light goes towards the interior of the -
liquid crystal display device as reflected light 123.

As described above, when no voltage is'applied, the'
light from the light soﬁrce 190 is reflected by the lower
polarized-light separator 160 and emitted as the emittiné
light 122, hence a bright display state is achieved.

Because the light diffusion layer 150 is provided between
the (1/4)A plate 162 and the TN liquid crystal 140, the
reflected light from the lower polarized-light separator 160

changes from mirror state to white.



through the second polarized-light separating means . Since the first
display state is reflected, not absorbed by the second polarized-|ight
separating nmeans, a brighter display is achieved. Also, a color display is
achi eved. Wien the optical neans is provided with the second

pol-ari zed-1ight separating nmeans and the optical element, it is preferable
that the optical element absorbs visible Iight other than the given .
wavel engt h range anong the light fromthe_second pol arized-|ight separating
means, reflects the light of the given'mﬁ@erength range towards the second
pol ari zed-1ight separating nmeans, and sinultaneously transmts the |ight of
t he gi ven wavel ength range. More preferably, the optical elenent is a color
filter. In the applied-voltage section 110 on the left side,

the unpolarized light 111 from the light source 190 passes
through the TN liguid crystal 140 and the light diffusion
layer 150, and is converted to right-handed circularly
polarized light and left-handed circularly polarized light
by the (1/4)\ plate 162. |

The left-handed circularly polarized light emitted
from the (1/4)\ plate 162 is reflecfed by the cholesteric
liquid crystal layer 164 and is incident on the (1/4)A plate
162 again to be converted to plane-polarized light
perpendicular to the drawing by the (1/4) Aplate 162. The
plane-polarized light passes through the light diffusion
layer 150, passes through the TN liquid crystal 140 without
modification of fhe polarization direction, and is converted
to left-handed circularly polarized light by the (1/4)A
plate 132. The left-handed circularly polarized light is
reflected by the cholesteric liquid crystal layer 134 and is
incident on the (1/4)A plate 132 again to be converted to
plane-polarized light perpendicular to the drawing by the
(1/4) Aplate 132. The plane-polarized light goes towards
the interior of the liquid crystal display device as
reflected light 123.

The right-handed circularly polarized light emitted
from the (1/4)A plate 162 passes through the cholesteric

liquid crystal layer 164. The right-handed circularly



When t he opti cal means is provided with the second pol ari zed-1i ght
separating neans and the optical elenent, and especially, when the optical
el enent absorbs visible |light other than the given wavel ength range anong
the light fromthe second pol arized-1ight separating neans, reflects -
71.- the light of the given wavel ength range towards the second
pol ari zed-1ight separating neans, and sinultaneously transmts the |ight of
the given wavel ength range, preferablx,4%hg opposite side of the second
pol ari zed-1i ght

polarized light passing through the cholesteric liquid

'crystal layer 164 is converted to'plane—polarized light

parallel to the drawing by the (1/4)A plate 166. Part of

the plane-polarized light parallel to the drawing emitted

from the (1/4)A plate 166 is reflected by the coloring layer

170, passes through the (1/4)lp1ate 166, and is converted

to right-handed circularly polarized light by the (1/4)A

plate 166. The right-handed circularly polarized light

passes through the cholesteric liquid crystal layer 164, and

then is converted to the plane-polarized light parallel to

the drawing again by the (1/4)A plate 162. The plane-

polarized light passes through the light diffusion layer 150,

passes through the TN liquid crystal 140 without

modification of fhe polarization direction, and is converted

to right-handed circularly polarized light by the (1/4)A

plate 132. The right-handed circularly polarized light

passes through the cholesteric liquid crystal layer 134 and

is converted to plane-polarized light paraliei to the

drawing again by the (1/4)A plate 136. The plane-polarized

light goes towards the observatibh side as emitting 1light

112. On the other hand, the other part of the plane-

polarized light parallel to the drawing emitted from the

(1/4)M plate 166 passes through the coloring layer 170 while

being absorbed in the coloring layer 170, and is reflected

by the reflector 180. The reflected light passes through



separating nmeans against the optical elenent is provided with a reflecting
means; and the reflecting nmeans reflects at least the light of the given
wavel ength range towards the optical element. In this way, the light from
the optical element can achieve a bright display of the second _
pol-ari zed-1ight separating neans. Preferably, the optical neans conprises a
second pol ari zed-1ight separating neans arranged on the .
pol-ari zati on- changi ng neans, and an opLig | _neans arranged on the opposite
side of the pol arization-changi ng neans galnst the second pol arized-1i ght
separating nmeans; the light source can emt |ight between the first

the coloring layer 170 while being absorbed in the

coloring layer 170 again, passes through the (1/4) Aplate

166, and is converted to right-handed circularly polarized

light by the (1/4)A plate 166. The right-handed circularly

polarized light from the (1/4)A plate 166 passes through

cholesteric liquid crystal layer 164, and is converted to

plane-polarized light parallel to the drawing by the (1/4)A

plate 162. The plane-polarized light passes through the

light diffusion layer 150, passes through the TN liquid

crystal 140 without modification of the polarization

direction, and is converted to right-handed circularly

polarized light by the (1/4)A plate 132. The converted

light passes through the cholesteric liquid crystal layer

134 and is converted to plane-polarized light parallel to

the drawing again by the (1/4)A plate 136. The plane-

polarized light parallel to the drawing goes towards the

observation side as emitting 1light 112.

A'reflection-type display state when external light is
incident on the liquid crystal display device will now be
described with reference to Fig. 12.
In the no applied-voltage section 120 on the right side,
the external natural light 125 incident on the liquid
crystal device is converted to plane-polarized light

parallel to the drawing by the upper polarized-light

separator 130 and then to plane-polarized light



pol ari zed-1ight separating nmeans and the second pol arized- |ight separating
nmeans; the second polarized-1ight separating nmeans transmts the o

pl ane-pol arized light of the given third direction anong the |ight incident
on the pol ari zati on-changi ng neans, towards the optical elenment, reflects
the plane-polarized Iight of the given fourth direction perpendicular to
the given third direction towards the pol arizati on-changi ng - 72 -

means, and for the |light incident on tbe58p£ical el enent

perpendicular to the drawing by rotating the polarization
angle by 90 degrees in the TN liquid crystal 140. The
plane-polarized light perpendicular to the drawing emitted
from the TN liquid crystél passes through the light
diffusion layer 150, and is converted to left-handed
circularly polarized light by the (1/4)A plate 162. The
left-handed circularly polarized light emitted from the
(1/4) Aplate 162 ié reflected by the cholesteric liquid
crystal layer 164, is incident on the (1/4)Aplate 162 again,
and is converted to plane-polarized light perpendicular to
the drawing by the (1/4)\ plate 162. The plane-polarized
light passes through the light diffusion layer 150, and is
rotated by 90 degrees in the polarization angle in the TN
liquid crystal 140 to generate plane-polarized light
parallel to the drawing. The plane-polarized light emitted
from the TN liquid crystal 140 is converted to right-handed
circularly polarized light by the (1/4)A plate 132. Thé
right-handed circularly polarized light pasées through the
cholesteric liquid crystal layer 134 and is converted to the
plane-polarized light parallel to the drawing by the (1/4)A
plate 136 again. The plane-polarized light parallel to the
drawing goes towards the observation side as emitting
light 126.

As described above, when no voltage is applied, the

external natural light 125 is reflected by the lower



enmts the plane-polarized Iight of the given third direction towards the
pol ari zati on-changi ng neans ; and the optical neans absorbs |ight of over
substantially the entire visible |ight wavel ength range fromthe second
pol-ari zed-1ight separating neans. Such a configuration produces a third
display state with the light reflected by the second polarized-|ight
separating means in response to the polarization axis in the _
pol-ari zi ng- changi ng neans, and a bl ack display as a fourth display state by
the Iight absorption in the optical elzreht—of over the entire visible
light region. Since the third display state is based on the |ight not
absorbed but reflected by the second pol arized-1light separating nmeans, a
polarized-light separator 160, and emitted as the emitting

light 126, hence a bright display state is achieved.

Because the light diffusion layer 150 is provided between
the (1/4)A plate 162 and the TN liquid crystal 140, the
reflected light from the lower polarized-light separator 160
changes from mirror state to white.

In the applied-voltage section 110 on the left side,
the external natural light 115 incident on the liquid
crystal display device is converted to plane-polarized light
parallel to the drawing in the upper polarized-light
separator 130. The plane-polarized light parallel to the
drawing passes through the TN liquid crystal 140 and the
light diffusion layer 150 without modification of the
polarization diréction, and is converted to right-handed
circularly polarized light by the (1/4)A plate 162. The
right-handed circularly polarized light emitted from the
(1/4)\ plate 162 passés through'the cholesteric liquid
crystal 164, and is converted to plane—polafized light
parallel to the drawing by the (1/4)A plate 166. Part of
the plane-polarized light parallel to the drawing emitted
from the (1/4)A plate 166 is reflected by the coloring layer
170, passes through the (1/4) Aplate 166, and is converted
to right-handed circularly polarized light by the (1/4)A
plate 166. The'right-handed circularly polarized light

passes through the cholesteric liquid crystal layer 164, and



bright display is achieved. In this case, the optical elenent is preferably
a bl ack absorption nenber Preferably, the second polarized-|light separating
nmeans transmits the plane-polarized light of the given third direction
anong the light of over substantially the entire visible |ight wavel ength
range, which is incident on the polarization-changi ng neans, towards the
optical element, reflects the plane-polarized |ight of the given fourth

di rection towards the polarization-chanaé g _means, and for the light over
substantially the entire visible |ight™ eTength range, which is incident
on the optical elenent,

is converted to plane-polarized light parallel to the
drawing by the (1/4)A plate 162 again. The plane-polarized
light parallel to the drawing passes through the light
diffusion layer 150, passes through the TN liquid crystal
layer 140 without modification of the polarization direction,
and is converted to right-handed circularly polarized light
by the (1/4)\ plate 132. The right-handed circularly
.polarized light passes through the cholesteric liquid
crystal layer 134 and goes towards the observation side as
emitting 1light 116. The other part of the plane-polarized
light passing through the (1/4)\ plate 166 passes through
the coloring layer 170 while being absorbed in this layer,
and is reflected by the reflector 180. The polarized light
passes through the coloring layer 170 again while being
absorbed in this layer, passes through the (1/4) Aplate 166,
and is converted to right-handed circularly polarized light
by the (1/4)A plate 166. The right-handed circularly
polarized light passes through the cholesteric liquid
crystal layer 164 and is converted to the plane-polarized
light parallel to the drawing again by the (1/4)A plate 162.
The plane-polarized light parallel to the drawing passes
through the light diffusion layer 150 and passes through the
TN liquid crystal 140 without modification of the
polarization direction. The light is converted to right-

handed circularly polarized light by the (1/4)\ plate 132,



- 73 - emts the plane-polarized light of the given third direction towards
the pol arization-changing neans In this way, a transparent or white display
can be obtained and a display of a given color can al so be obtained over
the entire visible light range. In this case, preferably, the second

pol ari zed-light separating nmeans transmits the plane-polarized [ight of the
"given third direction anong the |ight incident on the pol arization-changi ng
means towards the optical elenent as the _plane-polarized |ight of the given
third direction. Preferably the optic515§95hs conprises a second

passes through the cholesteric liquid crystal layer 134, and
goes towards the observation side as emitting light 116.

In the no applied-voltage section 120 on the right side,
as described above, the unpolarized light 121 from the light
source 190 is reflected towards the exterior of the ligquid
crystal display device by the lower polarized-light
separator 160, passes through the upper polarized-light
separator 130, and is emitted from the upper polarized-
light separator 130 as the emitting 1light 122. The
external natural light 125 is reflected towards the exterior
of the liquid crystal display device by the lower polarized-
light separator 160, passes through the upper polarized-
light separator 130, and is emitted from the upper
polarized-light separator 130 as the emitting 1light 126.

As a result, in both case, the light is changed from mirror
state to white by means of the light diffusion layer 150,
and is emitted from the upper polarized-light separator 130
towards the observer. 1In the applied-voltaée section 110 on
the left side, the unpolarized light 111 from the light
source 190 passes through the lower polarized-light
séparator 160, is colored in the coloring layer 170, passes
through the lower polarized-light separator 160 again, and
is emitted from the upper polarized-light separator 160 as
the emitting 1light 112. The external natural light 115

passes through the upper polarized-light separator 130 and



pol ari zed-1ight separating nmeans arranged on the polarization-changing
means, and an optical neans arranged on the opposite side of the .
pol ari zati on-changi ng neans agai nst the second polarized-1ight separating
means; the light source can em't |ight between the first polarized-light

separating nmeans and the second polarized- |ight separating nmeans; the
second pol ari zed-1ight separating neans transmts the plane-polarized |ight
of the given third direction anong the |Iight incident on the

pol ari zat i on- changi ng neans, towards the’ ptical element, absorbs the

pl ane-pol ari zed |ight of the given fourth direction perpendicular to the

given third direction, and for the light incident on the
lower polarized-light separator 160, and is colored in the
coloring layer 170. The colored light passes through the
lower polarized-light separator 160 and the upper polarized-
light separator 130 again, and emitted from the upper
polarized-light separator 130 as the emitting 1light 116.
As a result, in both case, the light colored in the coloring
layer 170 is emitted from the upper polarized-light
separator 130 towards the observer, hence the same display
state based on the on-off state of the TN liquid crystal 140
is achieved by both the external light and the light from
the light source 190. Accordihgly, no so-called negative-
positive reversion will occur between the display with the .
external light and the display with the light from the
light source 190;

When no voltage is applied, the lower polarized-light

separator 160 reflects the light 121 from the light source
190 and emits as the émerging light 122. The lower
polarized-light separator 160 also reflects the external
natural light 125 and emits as the emerging light 126.
Accbrdingly, a bright display state is achieved. Since the
light diffusion layer 150 is provided between the (1/4)A
plate 162 and the TN liquid crystal 140, the reflected light
from the lower polarized-light separator 160 changes from

mirror state +to white.

As described above, in the no applied-voltage section



optical elenment, emts the plane-polarized |light of the - 74 - given
third direction towards the polarization-changing nmeans ; and the optical
means reflects |ight fromthe second pol arized-Iight separating neans
towards the second pol ari zed-1ight separating neans. Such a configuration
produces a fifth display state with the Iight passing through the second
pol ari zed-1i ght separating nmeans and refl ected by the optical elenent in

- 55 -

120, the light reflected by the lower polarized-light
separator 160 is scattered in the light diffusion layer 150
to be white emitting 1light 122 or 126, whereas in the
applied-voltage section 110, the light passing through the
lower polarized-light separator 160 is colored in the
coloring layer 170 to be color emitting 1light 112 or 116.
As a result, a'dolor display is achieved on a white
background. When using a black coloring layer 170, all the
wavelengths in the visible light region are absorbed, and
hence a black display on a white background is achieved.

Since the reflector 180 is provided, the color emitting
light 112 or 116, which is colored in the coloring layer 170,
is bright.

Referring t6 now Figs. 13 and 14, a TN liquid crystal
140 is used as the polarization-changing optical element in
the liquid crystal display device. The upper polarized-
light separator 300 shown in Fig. 1C is provided on the TN
liquid crystal 140. A light diffusion layef 150, a lower
polarized-light separator 310, a coloring layer 170, and a
reflector 180 are provided under the TN liquid crystal 140
in this order. The lower polarized-light sebarator 310 is
of the same type of the upper polarized-light separator 300.

| The upper polarized-light separator 300 is the same as

that described in Fig. 1C. The lower polarized-light

separator 310 has the same functions as the upper polarized-



response to the state of the polarization axis in the poIariZing-changing
and a sixth display state by the light absorption in the second

means,

pol ari zed-1ight separating neans. In this case, preferably, the second

pol-arized-light separating means is a polarizer. Aliquid crystal device,
and particularly, a TN liquid crystal device, STN liquid crystal device,

or

ECB liquid crystal device is preferably used as the pol ari zati on- changi ng

means.

The STN' liquid crystal devices include STN liquid crystal devices

usi ng optically anisotropic nenbers for WIor correction. The pr esent

invention is preferably applied when the first polarized-Iight separating

nmeans i s arranged on the

light separator 300. Polarized-light separating means
having such a function, othér than the polarized-light
separator 160 including a combination of the cholesteric
liquid crystal layer 164 and the (1/4)A plates 162 and 166,
include that using a multilayered film (USP 4,974,219), that
separating the incident light into reflected polarized light
and transmitted polarized light by means of Brewster’s angle
(SID 92 DEGEST, pp. 427 to 429), and that using holograms.

The left side of the liquid crystal display device is
referred to as an applied-voltage section 110 whereas the
right side as a no appliéd-voltage section 120 for the
description.

A display state with 1light from the light source 190
will now be described with reference to Fig. 13.

Unpolarized light incident on the upper polarized-light
separator 300 from the light source 190 has been described
with reference to Fig. 1C, and a brighter display state than
that using a polarizer also has been described with
reference to Fig. 1C.

Next, a display state caused by transmission of
unpolarized light from the light source 190 through the TN
liquid crystal 140 etc. will be described.

In the no applied-voltage section 120 on the right side,
the unpolarized light 121 from the light source 190 passes

through the TN liquid crystal 140 and the light diffusion



observation side of the display device. Preferably, the light source is
arranged so as to emt |light between the first polarized-Iight separating
means and the pol ari zati on-changi ng nmeans. - 75 - Also preferably, the
| ight source is arranged so as to emt light to the interior of the

pol ari zati on-changi ng neans. Alternatively, the |light source may be
arranged so as to emt |ight between the pol arization-changi ng neans and

- 57 -

layer 150.

Plane-polarized light perpendicular to the drawing
among the light components passing through the light
diffusion layer 150 is reflected by the lower polarized-
light separator 310, and is converted to plane-polarized
light parallel to the drawing by the TN liquid crystal 140
by rotating the polarization directiop by 90 degrees.
Plane-polarized light parallel to the drawing passing
through the light diffusion layer 150 passes through the
lower polarized-light separator 310 and is emitted towards
the observer as emitting 1light 122 without modification of
the polarization direction.

Part of the plane-polarized light parallel to the
drawing passing through the lower polarized-light separator
310 is reflected by the coloring layer 170, and passes
through the lower polarized-light separator 310. The plane-.
‘polarized light parallel to the drawing is converted to
plane-polarized light perpendicular to the drawing by the TN
liquid crystal 140 by rotating the polarization angle by 90
degrees. The plane-polarized light perpendicular to the
drawing is reflected by the upper polarized-light separator
200 without modification and goes towards the interior of
the liquid crystal display device as reflected light 123.
The other part of the plane-polarized light parallel to the

drawing passing through the lower polarized-light separator



the second pol arized-1ight separating neans. Preferably, the display device
further conprises a second reflecting neans, which reflects light fromthe
l'i ght source towards the interior of the display device. These _
configurations produces a bright display with the [ight fromthe Iight
source. Preferably, the |light source and the second reflecting nmeans are
arranged between the first polarized-light separating means and the
polsari zati on- changi ng nmeans, and the segﬁfd reflecting neans has a
reflecting region which is capable of 7 ecting light fromthe |ight
source towards the polarization-changing means, in order to achieve a
bright display with the Iight fromthe Iight source.

310 passes through the coloring layer 170 while being

absorbed in this layer, and is reflected.by the reflector

180. The reflected light passes through the coloring layer

170 again while being absorbed in this layer, and passes

through the lower polarized-light separator 310 and the

light diffusion layer 150 without modification of the

polarization direction. The plane-polarized light parallel

to the drawing is converted to plane-polarized light

perpendicular to the drawing in the TN liquid crystal 140 by

rotating the polarization direction by 90 degrees. The

plane-polarized light perpendicular to the drawing is

reflected by the upper polarized-light separator 300, and

goes as emitting 1light 123 towards the interior of the

liquid crystal display device.

As described above, when no voltage is applied, the
light from the light source 190 is reflected by the lower
polarized-light separator 310 and emitted as the emitting
light 122, hence a bright display state is échieved.

Because the light diffusion layer 150 is provided between
the lower polarized-light separator 310 and the TN liquid
crystal 140, the reflected light from the lower polarized-
light separator 310 changes from mirror state to white.

In the applied-voltage section 110 on the left side,

the unpolarized light 111 from the light source 190 passes

through the TN liquid crystal 140 and the light diffusion



In this case, the reflecting region is preferably provided on the periphery
of . the di splaying region of the display device in plane view Preferably,
the second reflecting means conprises a reflector, which tilts towards the
i nt-erior of the display device. Such a configuration produces a brighter

di splay with - 76 - the light fromthe light source, and is particularly
effective for the inprovenent in the brightness of the
' | - 59 -
layer 150.

Plane-polarized light perpendicular to the drawing from
the light diffusion layer 150 is reflected by the lower
polarized-light separator 310, and passes through the light
diffusion layer 150 and the TN liquid crystal 140 without
modification of the polarization direction. The plane-
polarized light berpendicular to the drawing is reflected by
the upper polarized-light separator 300 without modification,
and goes towards the interior of the liquid crystal display
device as reflected light 113. .

Part of the plane-polarized light parallel to the
drawing passing through the lower polarized-light separator
310 is reflected by the coloring layer 170, passes through
the lower polariéed-light separator 310, the light diffusion
layer 150, the TN liquid crystal 140, and the upper
polarized-light separator 300 without modification of the
polarization direction, and goes towards the observer as
emitting 1light 112. On the other hand, the other part of_
the plane-polarized light parallel to the drawing emitted
from the lower polarized-light separator 310 passes through
the coloring layer 170 while being absorbed in the coloring
layer 170, and is reflected by the reflector 180. The
reflected light passes through the coloring layer 170 while
being absorbed in the coloring layer 170 again, aﬂd passes

through the lower polarized-light separator 310, the light



display in the central portion in the display region of the display device.
Preferably, the first polarized-light separating neans is curved so that
the central portion thereof is nore distant fromthe first polarized-Iight
separating nmeans than the end thereof. Such a configuration produces a
bright display with the light fromthe |light source, and is particularly
effective for the inprovenent in the brightness of the display in the
central portion in the display region of ihe di spl ay device. Preferably,
‘the display device further conprises an & tTglare or antireflection |ayer,
which is provided on the ' :

diffusion layer 150, the TN liquid crystal 140, and the
upper polarized-light separator 300 without modification of
the polarization di;ection. The plane-polarized light
parallel to the drawing goes towards the observation side
as emitting 1light 112.

lA reflection-type display state when external light is
incident on the liquid crystal display device will now be
described with reference to Fig. 14.

In the no applied-voltage section 120 on the right side,
the external natural light 125 incident on the liquid
crystal device is converted to plane-polarized light
parallel to the drawing by the upper polarized-light
separator 300 and then converted to plane-polarized light
perpendicular to-the drawing by rotating the polarization
angle by 90 degrees in the TN liquid crystal 140. The
plane-polarized light perpendicular to the drawing emitted
from the TN liquid crystal 140 passes through the light

“diffusion layer 150, and is reflected by the lower
polarized-light separator 310. The reflected light passes
tﬁrough the light diffusion layer 150 without modification,
aﬁd is rotated by 90 degrees in the polarization angle in
the TN liquid crystal 140 to generate plane-polarized light
parallel to the drawing. The plane-polarized light parallel
to the drawing from the TN liquid crystal 140 passes through

the lower polarized-light separator 310 without modification



opposite side of the polafization-changing means agai nst the first :
pol ari zed-1ight separating means. Such a configuration can suppress glaring
and dazzling on the surface of the upper polarized-Ilight separating neans,

and the reflection of external light. Preferably the display device further
corprises a polarizer which is provided on the opposite side of the
pol ari zati-on-changi ng nmeans agai nst the first polarized- |ight separating

medns. Further, it is preferable that the first polarized-1ight separating
means and the pol ari zer - 61 -

of the polarization direction, and goes towards the
observation side as emitting 1light 126.

As described above, when no voltage is applied, the
external natural light 125 is reflected by the lower
polarized-light separator 310, and emitted as the emitting
light 126, hence a bright display state is achieved.
Because the light diffusion layer 150 is provided between
the lower polarized-light separator 310 and the TN liquid
crystal 140, the reflectéd light from the lower polarized-
light separator 310 changes from mirror state to white.

In the applied-voltage section 110 on the left side,
the external natural light 115 incident on the liquid
crystal display device is converted to plane-polarized light
parallel to the dfawing in the upper polarized-light
separator 300. The plane-polarized light parallel to the
drawing passes through the TN liquid crystal 140, the light
diffusion layer 150, and the lower polarized-light separator
310 without modification of the polarizatibn direction.
Part of the plane-polarized light parallel to the drawing
passing through the lower polarized-light separator 310 is
reflected by'the coloring layer 170, énd passes through the
lower polarized-light separator 310, the light diffusion
layer 150, the TN liquid crystal 140,.and the upper
polarized-light separator 300 without modification of the

polarization direction. The plane-polarized light parallel



- 77 - have substantially the sane polarization axis. Such a configuration
can enhance pol arization even if the first polarized-light separating neans
does not show sufficient separation, resulting in a high contrast of the

di spl ay devi ce.

Preferably, the display device further conprises a |ight

guide plate for guiding light fromthe light source to the interior of the

di spl ay devi ce.

Such a configuration can inprove brightness of a display by

means of the light fromthe light sourc In this case, a rectangular
opening is preferably provided in the central portion of the |ight guide
pl ate so as to expose

to the drawing goes towards the observation side as

emitting 1light 116. The other part of the plane-polarized

light passes through the coloring layer 170 while being

absorbed in this layer, and is reflected by the reflector

180'

The reflected light passes through the coloring layer

170 again while being absorbed in this layer, and passes

through the lower polarized-light separator 310, the light

diffusion layer 150 and the TN liquid crystal 140 without

modification of the polarization direction. The plane-

polarized light parallel to the drawing passing through the

upper polarized-light separator 300 goes towards the

observation side as emitting 1light 116.

In the no applied-voltage section 120 on the right side,

as described above, the unpolarized light 121 from the light

source 190 is reflected towards the exterior of the liquid

crystal display device by the lower polarized-light

- separator 310, passes through the upper polarized-light

separator 300, and is emitted from the uppér polarized-

light separator 300 as the emitting 1light 122. The

external natural light 125 is reflected towards the exterior

of the 1iquid crystal display device by the lower polarized-

light separator 310, passes through the upper polarized-

light separator 300, and is emitted from the upper

polarized-light separator 300 as the emitting 1light 126.

As a

result, in both case, the light is changed from mirror



t he display region of the display device. Preferably, the display device
further conprises a third reflecting nmeans, which reflects light fromthe
| ight source and emts |ight between the first polarized-Iight separating
means and the optical means. Such a configuration produces the high
versatility of possible positions of the |ight source and designing.
Preferably the display device further conprises an optically isotropic
transparent plate which is provided inside the first polarized-I|ight
separati ng neans. Such a configuration mts the use of the transparent
pl ate as a supporting nmenber for the first polarized-Iight separating
means. Since the transparent plate is optically

state to white by means of the light diffusion layer 150,

and is emitted from the upper polarized-light separator 300

towards the observer. In the applied-voltage section 110 on

the left side, the unpolarized light 111 from the light

source 190 passes through the lower polarized-light

separator 310, is colored in the coloring layer 170, passes

through the lower polarized-light separator 310 again,

passes through the upper polarized-light separator 300, and

is emitted from the upper polarized-light separator 300 as

the emitting 1light 112. The external natural light 115

passes through the upper polarized-light separator 300 and

lower polarized-light separator 310, and is colored in the -

coloring layer 170. The colored light passes through the

lower polarized-light separator 310 and the upper polarized-

light separator 300 again, and is emitted from the upper

polarized-light separator 300 as the emitting 1light 116.

- As a result, in both case, the light is colored in the
coloring layer 170, and is emitted from the upper
polarized-light separator 300 towards the observer, hence
the same display state based on the on-off state of the TN
liquid crystal 140 is achieved by both the external light
and the light from the light source 190. Accordingly, no
so-called negative-positive reversion will occur between the

display with ‘the external light and the display with the

light from the light source 190.



- 78 - isotropic, it does not affect optical characteristics of the display
device. Preferably the display device further conprises a light diffusing
nmeans. Such a configuration produces a white display with the transparent
light. The display device in accordance with the present invention my be
provided with an active device such as TFT or MM The present invention
provi des an el ectroni c device

- 64 -

When no voltage is applied, the lower polarized-light
separator 310 reflects the light 121 from the light source
190 and emits as the emerging light 122. The lower
polarized-light separator 310 also reflects the external
natural light 125 and emits as the emerging light 126.
Accordingly, a bright display state is achieved. Since the
light diffusion layer 150 is provided between the lower
polarized-light separator 310 and the TN liquid crystal 140,
the reflected light from the lower polarized-light separator
310 changes from mirror state to white.

As described above, in the no applied-voltage section
120, the light reflected by the lower polarized-light
separator 310 is scattered in the light diffusion layer 150
to be white emitting 1light 122 or 126, whereas in the
applied-voltage section 110, the light passing through the
lower polarized-light separator 310 is colored in the
coloring layer 170 to be color emitting iight 112 or 116.
As a result, a color display is achieved on a white
background. When using a black coloring layer 170, all the
wavelengths in the visible light region are absorbed, and
hence a black display on a white background is achieved.

Since the reflector 180 is provided, the color emitting
light 112 or 116, which is colored in the coloring layer 170,
is bright.

Although the TN liquid crystal 140 has been described



conprising the above-nentioned di splay device and a displaying cover,
wherein the first polarized-light separating neans is fixed to the inside
of the displaying cover. [BRIEF DESCRTIPTION OF THE DRAWNG Fig. 1

i ncd udes cross-sectional views for illustrating the principle of a display
device in accordance with the present invention; Figs. 1A 1B and 1C are
cross-sectional views for illustrating the principle of a display device in
accordance with the present invention; aeg Fig. 1D is a cross-sectional
view for illustrating the principle of "a“di Splay device for conpari son.

Fig. 2 is an enlarged isonetric view of a polarized-

above as an example of the present invention, when using
other 1liquid crystal, in which the polarization axis
changes with the voltage, e.g. a STN liquid crystal or an
electrically controlled birefringence (ECB) liquid crystal,
the basic oberational principle is the same.

The present invention, based on the above-mentioned
operational principle, provides a display device comprising:
a polarization~changing means capable of changihg a

polarization axis;

a first polarized-light separating means and an optical
means each provided on the both side of the polarization-
changing means with the polarization-changing means between;
and

a light soufce capable of illuminating between the
first polarized-light separating means and the optical
means; |

wherein the first polarized-light separating means
transmits plane-polarized light of a given first direction
among the light, which is incident from the polarization-
changing means, towards the opposite side of the
polarization-changing means, , reflects plane-polarized
light of a given second direction perpendicular to the given
first direction towards the polarization-changing means,
and emits 1light, which is incident from the opposite side

of the polarization-changing means on the first polarized-



| i ght separator used in a display device in accordance with the present

I nventi on. - 79 - Fig. 3 is a cross-sectional viewfor illustrating the
principle of a display device in accordance with the present invention.
Fig. 4 is a cross-sectional view for illustrating the principle of a
di spl ay device in accordance with the present invention. Fig. 5is a
cross-sectional view for illustrating the

- 66 -

light separating means, towards the polarization-changing
means as the plane-polarized light of the given first
direction; and

the optical means separates light, which is incident on
the polarization-changing means, into plane-polarized light
of a given third direction and plane-polarized light of a
given fourth direction perpendicular to the given third
direction, and emits at least one of the plane-polarized
light of the given third direction and the plane-polarized
1ight of the given fourth direction towards the
polarization-changing means.

In the present invention, the first polarized-light
separating means transmits the plane-polarized light of the
given first direction among light components incident on the
polarization-changing means, and reflects, not absorb the
plane-polarized light of the given second direction
perpendicular to the first direction towards the
polarization-changing means. Thefefore, the plane~polarized
light of the given first direction among the light
components from the light source passes through towards the
opposite direction of the polarization-changing means.
Further, the plane-polarized light of the given second
direction perpendicular to the first direction is emitted
from the first polarized-light separating means'towards the

opposite direction of the polarization-changing means after



principle of a display device in accordance with the present invention.

Fig. 6 is a cross-sectional viewfor illustrating the principle of a
di spl ay device in accordance with the present invention. Fig. 7 is a _
cross-sectional view for illustrating the principle of a display device in

accordance with the present invention. Fig. 8 is a cross-sectional view for
illustrating the principle of a display device in accordance with the
present invention. Fig. 9 is a_cross-sgcé}opa! view for illustrating the
principle of a display device in accordance with the present

repeated reflection in the display device. A brighter

display is achieved for the display using light from the

light source compared with the case using a polarizer as

the first polarized-light separating means.

Since the light source can emit light between the
first polarized-light separating means and the optical means,
two display states (bright and dark ) obtained in response
to the first and second states of the polarization axis in
the polarization-changing means are the same in the display
with - the external light incident on the outside of the
first polarized-light separating means and in the display
with the light from the light source. That is, when the
display by the light incident on the outside of the first
polarized-light separating means is bright in the first
display state of the polarization axis in the polarization-
changing means, the display with the light from the light
source is also bright. Further, when the display with the
light incident on the outside of the first polarized-light
separating means is dark in the first display state of the
polarization axis in the polarization-changing means, the
disﬁlay with the light from the light source is also dark .
Therefore, no so-called negative-positive reversion will
occur between the display with the light incident on the
outside of the first polarized-light separating means and

the display with the light from the light source.



I nvention. Fig. 10 is a cross-sectional view for il!ustrating'the principle
of .a display device in accordance with the present invention. Fig. 11 is a

cross-sectional view for illustrating the - 80 - princfple of a display
dewvice in accordance with the present invention. Fig. 12 is a - _ o
cross-sectional view for illustrating the principle of a display device in

accordance with the present
' - 68 -

Preferably, the fikst polarized-light separating means
transmits plane-polarized light of a given first direction
among the light of over substantially the entire visible
light wavelength range, which is incident from the
polarization-changing means, towards the opposite side of
the polarization-changing means, reflects plane-polarized
light of a given second direction towards the polarization-
changing means, and emits the plane-polarized light of the
given first direction among the light of ovér substantially
the entire visible light wavelength range, which is incident
on the 6pp0site side of the polarization-changing means,
towards the polarization-changing means .

In this way, a transparent or white display can be
obtained, and a display of a given color can be obtained
over the entire visiblée light region.

Preferably, the first polarized-light_separating means
transmits plane-polarized light of a given first direction
among the light incident from the polarization—changing
means, towards the opposite side of the polarization-
changing means as the plane-polarized light of the given
first direction.

Preferably, the first polarized-light separating means
comprises a composite member piled with a plurality of
layers, and the,refracfive indices of the layers are

substantially the same in the given first direction but are



invention. Fig. 13 is a cross-sectional view for illustrating the principle
of .a display device in accordance with the present invention. Fig. 14 is a
cross-sectional view for illustrating the principle of a display device in
accordance with the present invention. Fig. 15 is a cross-sectional
assenbly view for illustrating a liquid crystal display device in _
accordance with a first enbodi nent of the present invention. Fig. 16 is a
cross-sectional assenmbly view for illustrating a liquid crystal display
device in accordance with a second enbdodPfent of the present invention.

different from each other in the given second direction.

Preferably, the optical means comprises a second
polarized-light separating means arranged on the
polarization-changing means, and an optical means arranged
on the opposite side of the polarization-changing means
against the second polarized-light separating means;

the light source can emit light between the first
polarized-light separating means and the second polarized-
light separating means; -

the second polarized-light éeparating means transmits
the plane-polarized light of the given third direction among
the light incident on the polarization-changing means,
towards the optical element, reflects the plane-polarized
light of the givén fourth direction perpendicular to the
given third direction towards the polarization-changing
means, and emits the plane-polarized light of the giVen
third direction among the light incident on the optical
element, towards the polarization-changing means ; and

the optical element emits a giVen wavelength range of
light among the light from the second polarized-light
separating means towards the second polarized-light
separating means. Preferably, the second polarized-light
separating means comprises a composite member piled with a
plurality of layers, and refractive indices of the layers

are substantially the same in the given first direction but



Fig. 17 is a cross-sectional assenbly view for illustrating a liquid
crystal display device in accordance with a third enbodi ment of the present
invention. Fig. 18 is a cross-sectional assenbly view for illustrating a
liquid crystal display device in accordance with a fourth enbodi ment of the
present invention. Fig. 19 includes views for illustrating a liquid crystal
di spl ay device in accordance with a fifth embodiment 81 of the present
invention; Fig. 19(A) is a cross-sectigngb gssenbly vi ew, and

are different from each other in the given second direction.

In this way, two display states in response to the
states of the polarization axis in the polarization-changing
means, that is, a first display state with the light
reflected by the second polarized-light separating means and
a second display state with the light with a given
wavelength range from the optical element which passes
through the second polarized-light separating means . Since
the first display state is reflected, not absorbed by the
second polarized-light separating means, a brighter display
is achieved. Also, a color display is achieved.

When the optical means. is provided with the second
polarized-light separating means and the optical element} it
is preferable that the optical element absorbs visible light
other than the given wavelength range among the light from
the second polarized-light separating means, reflects the
light of the giﬁen wavelength range towards the second
polarized-light separating means, and simultaneously
transmits the light of the given wavelength range. More.
preferably, the optical element is a color filter.

When the optical means is provided with the second
polarized-light separafing means and the optical element,
and especially, when the optical element absorbs visible
light other than the given wavelength range among the light

from the second polarized-light separating means, reflects



Fig. 19(B) is a plan view. Fig. 20 is a cross-sectional assenbly view for
I l.I'ustrating a liquid crystal display device in accordance with a sixth
enbodi ment of the present invention. Fig. 21 is a cross-sectional assenbly
view for illustrating a liquid crystal display device in accordance with a
sevent h enbodi mrent of the present invention. Fig. 22 is a cross-sectional
assenbly view for illustrating a liquid crystal display device in
accordance with an eighth enbodi ment of ,the present invention. Fig. 23 is a
cross-sectional assenbly view for i 11 Gs? ating a liquid crystal display
device in accordance with a ninth enbodi nent of the present invention.
| the light of the given wavelength range towards the second

polarized-light separating means, and Simultaneously

transmits the light of the given wavelength range,

preferably, the opposite side of the second polarized-light

separating means against the optical element is provided

with a reflecting means; and

the reflecting means reflects at least the light of the
given Wavelength'range towards the optical element.

In this way, the light from the optical element can
achieve a bright display of the second polarized-light
separating means.

Preferably, the optical means comprises a second
polarized-light separating means arranged on the
polarization-changing means, and an optical means arranged
on the opposite side of the polarization-changing means
against the second polarized-light separating means;

the light source can emit light between the first
polarized-light separating means and the second polarized-
light separating means;

' the second polarized-light separating means transmits
the plane-polarized light of the given third direction among
the light incident on the polarization-changing means, |
towards the'optical element, reflects the plane-polarized

light of the given fourth direction perpendicular to the

given third direction towards the polarization-changing



Fig. 24 is a cross-sectional assenbly view for illustrating a liquid
crystal display device in accordance with a tenth enbodi ment of the present
invention. Fig. 25. |Is a cross-sectional assenbly view for illustrating a
l'iquid crystal display device in accordance with an el eventh embodi ment of
the present invention. Fig. 26 is a cross-sectional assenbly view for
illustrating a liquid crystal display device in accordance with a twelfth
enbodi ment of the present invention. Fig., 27 is a cross-sectional assenbly
view for illustrating liquid crystal drsﬁ?ay devi ce in accordance

means, and for the light incident on the optical element,
emits the plane-polarized 1ight of the given third direction
towards the polarization-changing means ; and

the optical means absorbs light of over substantially
the entire visible light wavelength range from the second
polarized-light separating means.

Such a configuration produces a third display state
with the light reflected by the second polarized-light
separating means in response to the polarization axis in the
polarizing-changing means, and a black display as a fourth
display state by the light absorption in_the optical element
of over the entire visible light region. Since the third
display state is based on the light not absorbed but
reflected by the second polarized-light separating means, a
bright display is achieved. 1In this case, the optical
element is preferably a black absorption member .

Preferably, the second polarized-light separating means
transmits the plane-polarized light of the given third
direction among the light of over substantially the entire
visible light wavelength range, which is incident on the
polarization-changing means, towards the optical element,
reflects the plane-polérized light of the given fourth
direction towards the polarization-changing means, and for
the light over substantially the entire visible light

wavelength range, which is incident on the optical element,



- 8 - wth a thirteehth enbodi mrent of the present invention. Fig. 28 is a

cross-sectional view for illustrating a portable telephone using a liquid
crystal display device in accordance with a fourteenth embodi ment of the
present invention. Fig. 29 is a cross-sectional view for illustrating a

portabl e tel ephone using a liquid crystal display device in accordance with
a fifteenth enmbodi ment of the present invention. [BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON] Enbodi nents of the.prffqpt i nvention will now be

emits the plane-polarized light of the given third direction
towards the polarization-changing means .

In this way, a transparent or white display can be
obtained and a display of a given color can also be obtained
over the entire visible light range.

In this case, preferably, the secbnd polarized-light
separating means transmits the plane-polarized light of the
given third direction among the light incident on the
polarization-changing means towards the optical element as
the plane-polarized light of the given third direction.

Preferably the optical means comprises a second
polarized-light'separating means arranged on the
polarization-changing means, and an optical means arranged
on the opposite éide of the polarization-changing means
against the second polarized-light separating means;

the light source can emit light between the first
polarized-~light separating means and the second polarized-
light separating means;

the second polarized-light separating means transmits
the plane-polarized light of the given third direction among
the light incident on the polarization-changing means,
towards the optical element, absorbs the plane-polarized
light of the given fourth direction perpendicular to the
given third direction, and for the light incident on the

optical element, emits the plane-polarized light of the



described with reference to the drawings. (First Enbodinent) Fig. 15 is a
cross-sectional assenbly view for illustrating a liquid crystal display
device in a first enbodinment in accordance with the present invention. A
liquid crystal display device 1 in this enbodinent uses, for exanple, a TN
or -STN liquid crystal cell 30 as a pol arization-changi ng optical elenent.
An upper polarized- |ight separator 10 is provided above the liquid crystal
cel’l 30. A polarizer 55 and a reflector 65 are provided under the |iquid
crystal cell 30 in this order. Lanps 80 &fe~provided between the upper
pol arized-light separator 10 and the liquid crystal cell 30 at the sides of
the liquid

given third direction towards the polarization-changing

means ; and

the optical means reflects light from the second
polarized-light separating meaﬁs towards the second
polarized-light separating means.

Such a configuration produces a fifth display state
with the light passing through the second polarized-light
separating means and reflected by the optical element in
response to the state of the polarization axis in the
polarizing-changing means, and a sixth display state by the
light absorption in the second polarized-light separéting
means. In this case, preferably, the second polarized-light
separating means is a polarizer.

A liquid crystal device, and particularly, a TN liquid
crystal device, STN liquid crystal device, or ECB liquid
crystal device is preferably used as the polarization-
changing means. The STN liquid crystal devices include STN
liquid crystal devices using optically anisbtropic members
for color correction. |

The present invention is preferably applied when the
first polarized-light separating means is arranged on the
observation side of the display device.

Preferably, the light source is arranged so as to emit
light between the first polarized-light separating means

and the polarization-changing means.



- 83 - crystal display device 1. Aliquid crystal 34, such as a TN or STN
liquid crystal, is sealed in the cell conposed of two glass substrates 31
and 32 and a sealing nmenber 33 in the liquid crystal cell 30. As the upper
pol-ari zed-1ight separator 10 used in this embodinment, the polarized-Iight

- separator which has the same function as the upper polarized-light
separators shown in Figs. 1B, 1C, 2, 5, 6, 7, 8, 11, 12, 13 and 14 is used.
That is, the upper polarized-Iight sepgrggoL transmts a

Also preferably, the light source is arranged so as to
emit light to the interiér of the polarization-changing
means.

Alternatively, the light source may be arranged so as
to emit light between the polarization-changing means and
the second polarized-light separating means.

Preferably, the display device further comprises a
second reflecting means, which reflects light from the light
source  towards the interior of the display device.

These configurations prodices a bright display with
the light from the light source. .

Preferably, the light source and the second reflecting
means are arranged between the first polarized-light
separating means and the polarization-changing means, and
the second reflecting means has a reflecting region which is
‘capable of reflecting light from the light source towards
the polarization-changing means, in order to achieve a
bright display with the light from the light source.

In this case, the reflecting region is preferably
provided on the periphery of the displaying region of the
display device in plane view.

Preferably, the second reflecting means comprises a
reflector, which tilts towards the interior of the display
device.

Such a configuration produces a brighter display with



pl ane-pol ari zed |ight conponent of a given second direction, but reflects a
pl ane-pol ari zed |ight conponent of a first direction perpendicular to the
second direction anong |ight conponents entering fromthe |liquid crystal
cel1 30. Further, for the light incident on the upper face of the upper
pol-ari zed-1ight separator 10, it emts plane-polarized |light of the second
direction towards the liquid crystal cell 30 Polarized-1ight separators
havi ng such a function include that conpoged of a cholesteric liquid
crystal |ayer held between two (1/4)[e?rT prates, that using a multilayered
film that separating the incident light into reflected polarized |light and
transmtted polarized Iight by neans of :

the light from the light source, and is particularly

effective for the improvement in the brightness of the

display in the central portion in the display region of the

display device.

Preferably, the first polarized-light separating means
is curved so that the central portion thereof is more
distant from the first polarized-light separating means than
the end thereof.

Such a configuration produces a bright display with
the'light from the light source, and is particularly
effective for the improvement in the brightness of the
display in the central portion in the display region of the
display device.

Preferably, the display device further comprises an
antiglare or antireflection layer, which is provided on the
opposite side of the polarization-changing means against
the first polarized-light separating means.

Such a configuration can suppress glaring and dazzling
on the surface of the upper polarized-light separating means,
and the reflection of external light.

Preferably the display device further comprises a
.polarizer which is provided on the opposite side of the
polarization-changing means against the first polarized-

light separating means. Further, it is preferable that the

first polarized-light separating means and the polarizer



Brewster's angle, that usi-ng hol ograns, and those di scl osed in | ai d- open

i nt ernati ona

patents (WO5/17692 and W95/ 27919) as reflective pol ari zers.

In this enbodi nent, - 84 - the polarized-light separators disclosed in

W95/ 17692 and WD95/ 27919 as reflective polarizers, which are shown in

Figs. 1C
separ at or

2, 7, 8, 13, and 14, are used. As the upper polarized-Ilight

10 used in this enbodi nent, the polarized-|ight separator which

has the same function as the upper polgr;;eg-light separators shown

have sﬁbstantially the same polarization axis.

Such a configuration can énhance polarization even if
the first polarized-light separating means does not show.
sufficient separation, resulting in a high contrast of the
display device. |

Preferably, the display device further comprises a
light guide plate for guiding light from the light source to
the interior of the display device.

Such a_configuration can improve brightness of a
display by means of the light from the light source. In
this case, a rectangular opening is preferably provided in
the central portion of the light guide plate so as to expose
the display region of the display device.

Preferably,'the display device further comprises a
third reflecting means, which reflects light from the light
source and emits light between the first polarized-light
separating means and the optical means.

Such a confiqguration produces the high versatility of
possible positions of the light source and designing.
| Preferably the display device further comprises an
optically isotropic transparent plate which is provided
inside the first polarized-light separating means.

Such a configuratioﬁ permits the use of the transparent
plate as a supporting member for the first polarized-light

separating means. Since the transparent plate is optically



in Figs. 1A 3, 4, 9 and 10 can al so be used. That is, the polarized-1light
separator transmts a plane-polarized |light conponent of a second
direction, but reflects a plane- polarized |ight conponent with a first
di rrection perpendicular to the second direction anong |ight conponents
entering fromthe liquid crystal cell 30. Further, for the light incident
on the upper face of the upper polarized- |ight separator 10, it emts
pl ane- pol ari zed |ight of the second direzéion towards the liquid crystal
cell 30 Since the operation of the |iquid®cTystal display device 1 in this
enbodi ment is the same as that of the liquid crystal display devices shown
in Figs. 5to 8, the detailed description will be omtted.
isotropic, it does not affect optical characteristics of the
display device.

Preferably the display device further comprises a light
diffusing means. Such a configuration produces a white
display with the transparent light.

The display device in accordance with the present
invention may be provided with an active device such as TFT
or MIM.

The present invention provides an electronic device
comprising the above-mentioned display device and a
displaying cover, wherein the first polarized-light
separating means is fixed to the inside of the displaying

cover.

[BRIEF DESCRTIPTION OF THE DRAWING]

Fig. 1 includes cross-sectional views for illustrating
the principle of a display device in accordance with the
present invention; Figs. 1A, 1B and 1C are cross-sectional
views for illustrating the principle of a display device in
accordance with the present invention; and Fig. 1D is a
cfoss-sectional view for illustrating the principle of a
display device for comparison.

Fig. 2 is an enlarged isometric view of a polarized-
light separator used in a display device in accordance with

the present invention.



The upper pol arized-1ight separator 10 in the liquid crystal display device
1 in this enbodinment transmts the plane-polarized Iight conponent of the
second direction anong the incident |ight conponents on the liquid crystal
cel-l 30 as the plane-polarized |ight, and reflects the plane-polarized

| i ght component of the first direction - 85 - perpendicular to the
second direction w thout absorption. Thus, plane-polarized |ight of the
first direction anong |ight conponents f{§n1the lanp 80 is transmtted to

t he - =

Fig. 3 is a cross-sectional
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Fig. 10 is a cross-sectional view for illustrating the

principle of a display device in accordance with the present

invention.

Fig. 11 is a cross-sectional view for illustrating the



upper face of the upper polarized-light separator 10. Al so, plane-polarized

| i ght of the second direction perpendicular to the first direction passes

t hrough t he upper polarized- |ight separator 10, and is emtted fromthe

upper face of the upper polarized-light separator 10 after repeated

reflection in the liquid crystal display device 1. A brighter display state

can therefore be achieved for the display using light fromthe | anp 80

conpared with the case using a polarizgrsﬁs_the upper pol arized-1ight

separator 10. Since the lanp 80 can emt T'ight between the upper

pol ari zed-1i ght separator 10 and the liquid crystal cell 30, the sane

di splay state based on the on-off state of the liquid crystal cell 30 is

achi eved bypbitndiphe ektardisplay device in accordance with the present
invention.

Fig. 12 is a cross-sectional view for illustrating the
principle of a display device in accordance with the present
invention.

Fig. 13 is a cross-sectional view for iliustrating the
principle of a display device in accordance with the present
invention.

Fig. 14 is a cross-sectional view for illustrating the
principle of a display device in accordance with the present
invention.

Fig. 15 is a cross-sectional assembly view for
illustrating a liquid crystal display device in accordance
with a first embodiment of the present invention.

Fig. 16 is a cross-sectional assembly view for
illustrating a liquid crystal display device in accordance
with a second embodiment of the present invention.

Fig. 17 is a cross-sectional assembly view for
illustrating a liquid crystal display device in accordance
with a third embodiment of the present invention.

Fig. 18 is a cross-sectional assembly view for
illustrating a liquid crystal display device in accordance
with a fourth embodiment of the present invention.

Fig. 19 includes views for illustrating a liquid

crystal display device in accordance with a fifth embodiment



light and the light fromthe lanp 80. Accordingly, no so- called

negati ve-positive reversion will occur between the display wth the

external light and the display with the light fromthe lanp 80. (Second

Enbodi nenf) Fig. 16 is a cross-sectional assenbly view of a, j ‘
di spl ay device in a second enbodi ment in accordance with thel PHISSSHEET HAS BEEN
I nventi on. - 8 - Inaliquid crystal display device 1 in}this REPLACED
enbodi nent _ 81 -

of the present invention; Fig. 19(7) is a cross-sectional
assembly view; and Fig. 19(8) is a plan view.

Fig. 20 is a cross-sectional assembly view for
illustrating a liquid crystal display device in accordance
Qith a sixth embodiment of the.present invention.

Fig. 21 is a cross-sectional assembly view for
illustrating a liquid crystal display device in accordance
with a seventh embodiment of the present invention.

Fig. 22 is a cross-sectional assembly view for
illustrating a liquid crystal display device in accordance
with an eighth embodiment of the presentlinvention.

Fig. 23 is a cross-sectional assembly view for
illustrating a liquid crystal display device in accordance
with a ninth embbdiment of the present invention.

Fig. 24 is a cross-sectional assembly view for
illustrating a liqﬁid crystal display device in accordance
with a tenth embodiment of the present invention.

Fig. 25 is a cross-sectional assembly view for
illustrating a liquid crystal display device in accordance
with an eleventh embodiment of the present invention.

Fig. 26 is a cross-sectional assembly view for
illustrating a liquid crystél display device in accordance
with a twelfth embodiment of the present invention.

Fig. 27 is a cross-sectional assembly view for

illustrating a liquid crystal display device in accordance

This Sheet Has Been Relilac

|




uses, for exanple, a TN or STN liquid crystal cell 30 as a

pol ari zation-changi ng optical elenment. An upper polarized- |ight separator
10 is provided above the liquid crystal cell 30. A diffusing plate 40, a

| ower pol arized-1ight separator 50 and a bl ack absorption plate 60 are
provided under the liquid crystal cell 30 in this order. Lanps 80 are
provi ded between the upper polarized-light separator 10 and the Iiquid
crystal cell 30 at the sides of the quu%g crystal display device 1. A
liquid crystal 34, such as a TN or STN IYfuTd crystal, is sealed in the
cell conposed of two glass substrates 31 and 32 and a sealing nenber 33 in
the liquid crystal cell 30. As the upper polarized-light separator 10 used
in this with a thirteenth embodiment of the present invention.

Fig. 28 is a cross-sectional view for illustrating a
portable telephone using a liquid crystal display device in
accordance with a fourteepth embodiment of the present
invention.

Fig. 29 is a cross-sectional view for illustrating a
portable telephone using a liquid crystal display device in
accordance with a fifteenth embodiment of the present

invention.

[BEST MODE FOR CARRYING OUT THE INVENTION]

Embodiments of the present invention will now be
described with reference to the drawings. |
(First Embodimenﬁ)

Fig. 15 is a cross—sectionél assembly view for
illustrating a liquid crystal display device in a first
embodiment in accordance with the present invention.

A liéuid crystal display device 1 in this embodiment
uses, for example, a TN or STN liquid crystal cell 30 as a
polarization-changing optical element. An upper polarized-
light separator 10 is provided above the liquid crystal cell
30. A polarizer 55 and a reflector 65 are provided under
the liquid crystal cell 30 in this order. Lamps 80 are
provided between the upper polarized-light separator 10 and

the liquid crystal cell 30 at the sides of the liquid



enbodi nent, the polarized-1ight separator which has the sanme function as

t he upper polarized-light separators shown in Figs. 1B, 1C, 5, 6, 7, 8, 11,
12, 13 and 14 is used. That is, the polarized-light separator transmts a
pl ane- pol arized |ight conponent of a given second direction, but reflects
a pl ane-pol arized light conponent of a first direction perpendicular to the
second direction anong |ight conponents entering fromthe |iquid crystal
cell 30. Further, for the light incident gn t he upper face of the upper

pol ari zed-1i ght separator 30, it enits'p? né-pol ari zed light of the second
direction towards the liquid crystal

crystal display device 1. A liquid crystal 34, such as a TN
or STN liquid crystal, is sealed in the cell composed of
two glass substrates 31 and 32 and a sealing member 33 in
the liquid crystal cell 30.

As the upper polarized-light separator 10 used in this
embodiment, the polarized-light separator which has the same
function as the upper polarized-light separators shown in
Figs. 1B, 1¢, 2, 5, 6, 7, 8, 11, 12, 13 and 14 is used.

That is, the upper polérized-light separator transmits a
plane-polarized light component of a given second direction,
but reflects a plane-polarized light component of a first
direction perpendicular to the second direction among light
components entering from the liquid crystal cell 30.
Fufther, for thé light incident on the upper face of the
upper polarized-light separator 10, it emits plane-polariéed
light of the second direction towards the liquid crystal
cell 30 . |

Polarized-light separators having such a function
include that composed of a cholesteric liquid crystal layer
held between two (1/4)M\ plates, that using a multilayered
film, that separating the incident light into reflected
polarized light and transmitted polarized light by means of
Brewster’s angle, that using holograms, and those disclosed
in laid-open international patents (W095/17692 and

W095/27919) as reflective polarizers. 1In this embodiment,



- 87 - cell 30 As the |lower polarized-light separator 50 used in this
enbodi nent, the polarized-light separator which has the sane function as
the | ower polarized-light separators shown in Figs. 11 to 14 is used. That
is- the |ower polarized-1ight separator transmts the plane-polarized |ight
component of the second direction, but reflects the plane-polarized |ight
conponent of the first direction perpendicular to the second direction
anbng |ight conponents entering fron1th§h%iquid‘crystal cell 30. Further,
for the light incident on the |ower face of the | ower polarized-Iight
separator 30, it '

the polarized-light separatofs disclosed in W095/17692 and
W095/27919 as reflective polarizers, which are shown in Figs.
1¢, 2, 7, 8, 13, and 14, are used.

As the upper polafized-light separator 10 used in this
embodiment, the polarized-light separator which has the
same function as the upper polarized-light separators shown
in Figs. 1A, 3, 4, 9 and 10 can also be used. That is, the
polarized-light separator transmits a plane-polarized light
component of a second direction, but reflects a plane-
polarized light component with a first direction
perpendicular to the second direction among light components
entering from the liquid crystal cell 30. Fﬁrther, for the
light incident on the upper face of the upper polarized-
light separator io, it emits plane-polarized light of the
second direction towards the liquid crystal cell 30 .

Since the operation of the liquid crystal display
device 1 in this embodiment is the same as that of the
liquid crystal display devices shown in Figs. 5 to 8, the
detailed description will be omitted.

The upper polarized-light separator 10 in the liquid
crystal display device 1 in this embodiment transmits the
plane-polarized light component of the second direction .
among the incident light components on the liquid crystal
cell 30 as the plane-polarized light, and reflects the

plane-polarized light component of the first direction



emits plane-polarized |ight of the second direction towards the liquid
crystal cell 30 The pol arized-1ight separators having such a function
include that conposed of a cholesteric liquid crystal |ayer held between
two (1/4)[err] plates, that using a nultilayered film that separating the
incident light into reflected polarized |light and transmtted pol arized
| i ght by neans of Brewster's angle, that using holograns, and those
di 5cl osed in |aid-open international p§t€§t§ (W095/ 17692 and WD95/27919) as
reflective polarizers. In this enmbodi menty the polarized-1ight separators
shown in Figs. 1C, 2, 7, 8, 13 and 14, which are disclosed in W95/17692
and W95/ 27919 as reflective polarizers, are used.
perpendicular to the second direction without absorption.
Thus, plane-polarized light of the first direction among
light components from the lamp 80 is transmitted to the
upper face of the upper polarized-light separator 10. Also,
plane-polarized light of the second direction perpendicular
to the first direction passes through the upper polarized-
light separator 10, and is emitted from the upper face of
the upper polarized-light separator 10 after repeated
reflection in the liquid crystal display device 1. A
brighter display state can therefore be achieved for the
display using light from the lamp 80 compared with the case
using a polarizer as the upper polarized-light separator 10.
Since the lamp 80 can emit light between the upper
polarized-light separator 10 and the liquid crystal cell 30,
the same display state based on the on-off state of the
liquid crystal cell 30 is achieved by both the external
light and the light from the lamp 80. Accordingly, no so-
called negative-positive reversion will occur between the

display with the external light and the display with the
Tight from the lamp 80.

(Second Embodiment)
Fig. 16 is a cross-sectional assembly view of a liquid
crystal display device in a second embodiment in accordance

with the present invention.



As the upper polarized-light separator 10 used in this - 88 -

enbodi nent, the polarized-light separator which has the sane function as

t he upper polarized-1ight separators shown in Figs. 1A 3, 4, 9 and 10 can
al so be used. That is, the polarized-light separator transmts the

pl ane-pol ari zed |ight conponent of the second direction, but reflects the
pl ane-pol ari zed |ight conponent of the first direction perpendicular to the
setond direction among |ight conponents ggtgring fromthe liquid crystal
cell 30. Further, for the

In a liquid crystal display device 1 in this embodiment
uses, for example, a TN or STN liquid crystal cell 30 as a
polarization-changing optical element. An upper polarized-
1ight separator 10 is provided above the liquid crystal cell
30. A diffusing plate 40, a lower polarized-light separator
50 and a black absorption plate 60 are provided under the
liquid crystal cell 30 in this order. Lamps 80 are
provided between the upper polarized-light separator 10 and
the liquid crystal cell 30 at the sides of the liquid
crystal display device 1. A liquid crystal 34, such as a TN
or STN liquid crystal, is sealed in the cell composed of
two glass substrates 31 and 32 and a sealing member 33 in
the liquid crystal cell 30;

As the uppei polarized~light separator 10 used in this
embodiment, the polarized-light separator which has the same
function as the upper polarized-light separators shown in
Figs. 1B, 1C¢, 5, 6, 7, 8, 11, 12, 13 and 14 is used. That
is, the polarized-light separator transmits a plane-
polarized light component of a given second direction, but
reflects a plane-polarized light component of a first
direction perpendicular to the second direction among light
components entering from the liquid crystal cell 30.

Further, for the light incident on the upper face of the

upper polarized-light separator 30, it emits plane-polarized

light of the second direction towards the liquid crystal



l'ight incident on the upper face of the upper polarized- |ight separator
10, it emts plane-polarized Iight of the second direction towards the
liquid crystal cell 30 As the |ower polarized-light separator 50 used in
this enbodi ment, the polarized-light separator which has the same function
as-the |ower polarized-1ight separators shown in Figs. 9 and 10 can also be
used. That is, the polarized- |ight separator transmts the plane-polarized
| i ght conponent of the second direction,,but reflects the plane- polarized
li ght component of the first direction perpendicular to the second
direction among |ight conmponents entering fromthe liquid crystal cell 30.
Further, for the light incident on the | ower face of the | ower polarized-
cell 30 .

As the lower polarized-light separator 50 used in this
embodiment, the polarized-light separator which has the same
function as the lower polarized-light separators shown in
Figs. 11 to 14 is used. That is, the lower polarized-light
separator transmits the plane-polarized light component of
the second direction, but reflects the plane-polarized light
component of the first direction perpendicular to the
second direction among light components entering from the
liquid crystal cell 30. Further, for the light incident on
the lower face of the lower polarized-light separator 30, it
emits plane-polarized light of the second direction towards
the liquid crystal cell 30 .

The polarized-light separators having such a function
include that composed of a cholesteric liquid crystal layer
held between two (1/4)A plates, that using a multilayered
film, that separating the incident light into reflected
polarized light and transmitted polarized light by means of
Brewster's angle, that using holograms, and those disclosed
in laid-open international patents (W095/17692 and _
WO095/27919) as reflective polarizers. In this_embodiment,;
the polarized-light separators shown in Figs. 1C, 2, 7, 8,

13 and 14, which are disclosed in W095/17692 and W095/27919

as reflective polarizers, are used.

As the upper polarized-light separator 10 used in this



| ight separator 50, it emits plane-polarized |Iight of the second direction
towards the liquid crystal cell 30 Since the operation of the liquid
crystal display device 1 in this enbodinment is the same as that of the -
89.- liquid crystal display devices shown in Figs. 13 and 14, the detailed
description will be omtted. In the no applied-voltage section of the
liquid crystal display device 1 in this enbodinent, the light reflected by
the | ower polarized-1ight separator 50_i§8enitted as white

embodiment, the polarized-light separator which has the
same function as the upper polarized-light separators shown
in Figs. 1A, 3, 4, 9 and 10 can also be used. That is, the
polarized-light separator transmits the plane-polarized
light component of the second direction, but reflects the
plane-polarized light component of the first direction
perpendicular to the second direction among light components
entering from the liquid crystal cell 30. Further, for the
light incident on the upper face of the upper polarized-
light separator 10, it emits plane-polarized light of the
second direction towards the liquid crystal cell 30 .

As the lower polarized-light separator 50 used in this
embodiment, the polafized-iight separator which has the
same function as.the lower polarized-light separators shown
in Figs. 9 and 10 can also be used. That is, the polarized-
light separator transmits the plane-polarized light
component of the second direction, but reflects the plane-
polarized light component of the first direction
perpendicﬁlar to the second direction among light components
entering from the liquid crystal cell 30. Further, for fhe
iight incident on the lower face of the lower polarized-
light separator 50, it emits plane-polarized light of the
second direction towards the liquid crystal cell 30 .

Since the operation of the liquid crystal display

device 1 in this embodiment is the same as that of the



emtting light by scattering in the diffusing plate 40, whereas in:the
appl i ed-vol tage section, the light passing through the |ower

pol ari zed-1ight separator 50 is absorbed in the black absorption plate 60.
Accordingly, a black display state on a white background is achieved. The
upper polarized-light separator 10 in the liquid crystal display device 1
In_this enbodinent transmts the plane-polarized |ight conponent of the
setond direction anong the incident |ight conmponents fromthe liquid
crystal cell 30, and reflects the plané-bglérized |'i ght component of the
first direction perpendicular to the.second direction w thout absorption.
Thus, plane-polarized light of the first direction anong |ight conponents
fromthe | abpq@ddierystal display devices shown in Figs. 13 and 14, the

detailed description will be omitted.

In the no applied-voltage section of the liquid crystal
display device 1 in this embodiment, the light reflected by
the lower polarized-light separator 50 is emitted as white
emitting light by scattering in the diffusing plate 40,
whereas in the applied-voltage section, the light passing
through the lower polarized-light separator 50 is absorbed
in the black absorption plate 60. Accordingly, a black
display state on a white background is achieved.

The upper polarized-light separatorllo in the liquid
crystal display device 1 in this embodiment transmits the
plane-polarized light component of the second direction
among the incideht light components from the liquid crystal
cell 30, and reflects the plane-polarized light component of
the first direction perpendicular to the second direction
without absorption. Thus, plane-polarized light of the
first direction among light components from the lamp 80 is
transmitted to  the upper face of the upper polarized-light
separator 10. Also, plane-polarized light of the second
direction perpendicular to the first direction passes
through the upper polarized-light separator 10 and is
emitted to the upper f;ce of the upper polarized-light
separator 10 after repeated reflection in the liquid crystal

display device 1. A brighter display state can therefore be



transmtted to the'upper face. of the upper polarized-I|ight separator 10.
Al so, plane-polarized Iight of the second direction perpendicular to the
first direction passes through the upper polarized-1ight separator 10 and
is.emtted to the upper face of the upper polarized-light separator 10
after repeated reflection in the liquid crystal display device 1. A
brighter display state can therefore be - 90 - achieved for the display
uskng light fromthe |lanp 80 conparedlMngjhe case using a polarizer as
t he upper

achieved for the display using 1ight from the lamp 80

compared with the case using a polarizer as the upper

polarized-light separator 10.

Since the lamp 80 can emit light between the upper
bolarized-light separator 10 and the liquid cfystal cell 30,
the same display state based on the on-~off state of the
liquid crystal cell 30 is achieved by both the external
light and the light from the lamp 80. Accordingly, no so-
called negative-positive reversion will occur between the
display with the external light and the display with the
light from the lamp 80.

The lower polarized-light separator 50 transmits the
plane-polarized light component of the second direction
among the incideht light components from the liquid crystal
cell 30, and reflects the_plane-polarized light component of
the first direction perpendicular to the second direction
without absorption. Thus, in the no applied-voltage sectibn,
the light from the lamp 80 is emitted from the liquid
crystal display device 1 after reflection without absorption
by the lower polarized-light separator 50. Also, the
external light is emitted from the liquid crfstal display
device 1 after reflection without absorption by the lower

. polarized-light separator 50. A brighter display'state can

therefore be achieved.



pol ari zed-1ight separator 10. Since the lanp 80 can emt |ight between the
upper polarized-light separator 10 and the liquid crystal cell 30, the sane
di splay state based on the on-off state of the liquid crystal cell 30 is
achi eved by both the external light and the light fromthe |anp 80.
Accordingly, no so- called negative-positive reversion will occur between
the display with the external light and the display with the [ight fromthe
| anp 80. The | ower polarized-1ight separg@or 50 transmts the

pl ane-pol ari zed |ight conponent of the s&Cond direction anong the incident
l'i ght components fromthe liquid crystal cell 30, and reflects the
pIane-polar}%ggrélggéoggﬁgggﬁnt of

Fig. 17A is a cross-sectional assembly view for

'illustrating a liquid crystal display device in a third
embodiment in accordance with the present invention.

In the second embodiment, the black absorption plate 60
is placed under the lower polarized-light separator 50. 1In
the third embodiment, a color filter 72, which is formed on
a polyethylene terephthalate (PET) film 74 by printing, is
used instead of the black absorption plate 60. Further, a
STN liquid crystal 35 is used for the liquid crystal cell
30, and a retardation film 20 is provided on a glass.
substrate 31. The other configuration is the.same as that
in the second embodiment. The retardation film 20 is used
as-an optically.anisotropic member for color co;rection in
order to correct the coloring which occurs in the STN liquid
crystal 35.

In the no applied-voltage section of the liquid crystal

' display device 1 in this embodiment, the light, which is
reflected by_the lower polarized-light separator 50, is

" emitted as emitting 1light by scattering in the scattering
plate 40, whereas in the applied-voltage section, the light
passing through the lower polarized-light separator 50 is
colored in the color filter 72. Accordingly, a color

display state on a white background is achieved.

(Modification of this Embodiment)



the first direction perpendicular to the second direction w thout
absorption. Thus, in the no applied-voltage section, the light fromthe
lanp 80 is emtted fromthe liquid crystal display device 1 after
reflection wthout absorption by the | ower polarized-Iight separator 50.

Al so, the external light is emtted fromthe liquid crystal display device
1 after reflection without absorption by the | ower polarized-1ight
separator 50. A brighter display state_cgh therefore be achieved. - 91 -

In the liquid crystal display device shown in Fig. 17a,
fhe retardation film 20 is provided on the glass substrate
31. In a modified embodiment shown in Fig. 17B, the
retardation film 20 and the upper polarized-light separator
10 are integrated and thus the light is incident from
between the retardation film 20 and the ligquid crystal cell

30.

(Fourth Embodiment)

Fig. 18 is a cross-sectional assembly view of a liquid
crystal display device in a fourth embodiment in accordance
with the present invention..

In this embodiment, an aluminum (Al) deposition film 76
is provided on the rear face of the PET film 74 of the third
embodiment. The other configuration is the same as that of
the third embodiment.

The Al deposition film 76 functions as a reflection
means, which enhances brightness of the color display
obtained by means of the color filter 72. The retardation
film 20 and the upper polarized-light separator 10 may be
integrated as in the modification of the third embodiment so
that light may be incident from between the retardation

film and the liquid crystal cell 30 .

(Fifth Embodiment)



(Third Enbodiment) Fig. 17A is a cross-sectional assenbly view for
il{ustrating a liquid crystal display device in a third enbodinent in
accordance with the present invention. In the second enbodi ment, the black
absorption plate 60 is placed under the | ower polarized-Ilight separator 50.
In“the third embodinment, a color filter 72, which is fornmed on a
pol yethyl ene terephthal ate (PET) film 74 by printing, is used instead of
the bl ack absorption plate 60. Further, g STN liquid crystal 35 is used for
the liquid crystal cell 30, and a retardation film20 is provi ded on a
gl ass substrate 31. The other configuration is the same as that in the
second enbodi nent. The retardation film20 is used :
Fig. 19 is a cross-sectional assembly view of a liquid
crystal display device in a fifth embodiment in accordance
with the present invention.
In this embodiment, the device is provided with a
reflector 82 reflecting the light from the lamp 80 towards
the interior of the liquid crystal display device 1. The
other configuration is the same as that of the second
embodiment.
The reflector 82 enhances the brightness of the display
with the light from the lamp 80.
The reflector 82 is provided in rectangular shape on
the periphery of display section A in the liquid crystal

display device 1 shown in the plane view.

(Sixth Embodiment)

Fig. 20 is a cross-sectional assembly view of a liquid
crystal display device in a sixth embodiment in accordance
with the present invention.

In this embodiment, the reflector 84 is tiﬁled so as to
reflect the light from the lamp 80 towards the interior of
the liquid crystal display device 1, but the other
configuration is the same as that of the fifth embodiment.

The tilted reflector 84 can reflect the light from the
lamp 80 towards the central section of the display region A,

resulting in improved brightness in the center of the



as an optically anisotropic nmenber for color correction in order to correct
the coloring which occurs in the STN liquid crystal 35. In the no .

appl i ed-vol tage section of the liquid crystal display device 1 in this
enbodi nent, the light, which is reflected by the | ower polarized-Iight
separator 50, is emtted as emtting light by scattering in the
scattering plate 40, whereas in the applied-voltage section, the light
passi ng through the | ower polarized-light separator 50 is colored in the
color filter 72. Accordingly, a color ﬂi%%Fay state on a white background
I's achieved. (Mdification of this Enbodi nent)

display region A.
Preferably, the tilt angle of the reflector 84 is
partially changed with consideration for illumination of

the light.

(Seventh Embodiment)

Fig. 21 is a cross-sectional assembly view of a liquid
crystal display device in a seventh embodiment in accordance
with the present invention.

In this embodiment, the upper polarized-light separator
10 is curved so that its central portion is more distant
from the liquid crystal cell 30 than the edge portion, and a
black absorption member 60 is used instead of the color
filter 72 on the.PET film 74. The other configquration is
the same as that of thé third embodiment.

By curving the upper polarized-light separator 10,
the light frbm the lamp 80 can be reflects towards the
center of the display region, resulting in improved

brightness in the center of the display region.

(Eighth Embodiment)

Fig. 22 is a cross-sectional assembly view for
illustrating a liquid crystal display device in an eighth
embodiment in accordance with the present invention.

In this embodiment, an antiglare or antireflection film



- 92 - Inthe liquid crystal display device shown i.n Fig. 17A, the
retardation film20 is provided on the glass substrate 31. In a nodified
enbodi ment shown in Fig. 17B, the retardation film 20 and the upper

pol-ari zed-1ight separator 10 are integrated and thus the light is incident
froem between the retardation film20 and the liquid crystal cell 30.
(Fourth Enmbodinent) Fig. 18 is a cross-sectional assenbly view of a liquid
crystal display device in a fourth enbodbgent i n accordance

90 is provided on the upper polarized-light separator 10,
but the other configuration is the same as that of the
second embodiment.

Such a configuration can suppress glaring and dazzling
on the surface of the upper polarized-light separator 10,

and the reflection of external light.

(Ninth Embodiment)

Fig. 23A is a cross-sectional assembly view for
illustrating a liquid crystal display device in a ninth
embodiment in accordance with the present invention.

In this embodiment, a polarizer 95 is provided on the
upper polarized-light separator 10 so that the polarizer 95
and the upper poiarized-light separator 10 have
substanfially the same polarization axié. The other
configuration is the same as that of the second embodiment.

Such a configuration can enhance polarization even if
the upper polarizéd—light separator 10 does not show
sufficient separation, resulting in a high contrast of the
liquid crystal display device 1. Further, the polarizer 95
supports the upper polarized-light separator 10 when it does
not have sufficiently high mechanical strength.

(Modification of the Ninth Embodiment)

Fig. 23B shows a modification of the liquid crystal

display device in the ninth embodiment. This embodiment is



with the present invention. In this enbodi nent, an alum num (Al) deposition
film76 is provided on the rear face of the PET film74 of the third
enbodi ment. The other configuration is the sane as that of the third
enbodi nent. The Al deposition film 76 functions as a ref|lection neans,
which enhances brightness of the col or display obtained F
color filter 72. The retardation film 20 and the upper arlig

bet ween the retardatTon

separator 10 nmay be integrated as in th% dlflcatlon of
t
film and the liquid crystal cell 30 (Flfth Enbodinent)

enbodi ment so that |ight may be incidén

the same as the second embodiment except that a STN liquid
crystal 35 is used for the liquid crystal cell 30, and a
retardation film 20 is provided on the glass substrate 31.
The retardation film 20 is used as optiqal anisotropy in
order to correct the color generated in ihe STN liquid
crystal 34. In Fig. 23B, the retardation film 20, the
upper polarized-light separator 10, and the polarizer 95 are
integrated, and the light is incident from between the
retardation film 20 and the iiquid crystal cell 30. The
‘light can be incident from between the retardation film 20

and the upper polarized-light separator 10.

(Tenth Embodiment)

Fig. 24 is a cross-sectional assembly view for
illustrating a liquid crystal display device in a tenth
embodiment in accordance with the present invention.

In this embodiment, a light guide plate 86 is provided
for conducting the light from the lamp 80 to the interior of
the liquid crystal display device 1.

Such a configuration can improve brightness of a
display with the light from the lamp 80. 1In this
embodiment, a rectangular opening is provided in the central
portion of the light guide plate 86 so as to expose the
display section of the liquid crystal display device 1. 1In

this embodiment, a light guide plate, which is used as a

Sheet Has Been RTlaced

BT



- 93 - Fig. 19 is a cross-sectional assenbly view of a liquid crystal
display device in a fifth enbodi nent in accordance wth the present
invention. In this enbodinment, the device is provided with a reflector 82
reflecting the light fromthe lanp 80 towards the interior of the liquid
crystal display device 1. The other configuration is the sane as that of
the second enbodi nent. The reflector 82 enhances the brightness of the

di spl ay - 97 -

backlight in a liquid crystal display device, is used after

modification.

(Eleventh Embodiment)

Fig. 25 is a cross-sectional assembly view for
illustrating a liquid crystal display device in an eleventh
embodiment in accordance with the present invention.

In the first embodiment, the lamps 80 are pfovided
between the polarized-light separator 10 and the liquid
crystal cell 30 at the sides of the liquid crystal display
device 1. 1In the eleventh embodiment, the lamps 80 are
provided between the liquid.crystal cell 30 and the
polarizer 55 at the sides of the liquid crystal display
device 1. The ofher configuration is the same as that of
the first embodiment.

The position of the lamps 80 is also applicable to the
above-mentioned second to tenth embodiments and thirteenth

to fourteenth embodiments described later.

(Twelfth Embodiment)

Fig. 26 is a cross-sectional assembly view for
illustrating a liquid crystal device in the twelfth
embodiment in accordance with the present invention.

In the first embodiment, the lamps 80 are provided

between the polarized-light separator 10 and the liquid



with the Iight fromthe lanp 80. The reflector 82 is provided in
rectangul ar shape on the periphery of display section Ain the liquid
crystal display device 1 shown in the plane view (Sixth Enbodiment) Fig.
~20-is a cross-sectional assenbly view of a liquid crystal display device in
a sixth enbodinent in accordance with the present invention. In this
enbodi ment, the reflector 84 is titled so as to reflect the light fromthe
| anp 80 towards the interior of the Iigu%g crystal display device 1, but
the other configuration is the same as that of the fifth enbodi nent. The
tilted reflector 84 can reflect the [ight fromthe

crystal cell 30 at the sides of the liquid crystal display

device 1. In the twelfth embodiment, the lamps 80 are

provided at positions, which the light can be incident

inside of the liquid crystal cell, at the sides of the

liquid crystal display device 1. The other configuration is

the same as that of the first embodiment.

The position of the lamps 80 is also applicable to the
above-mentioned second to tenth embodiments and thirteenth

to fourteenth embodiménts described later.

(Thirteenth Embodiment)

Fig. 27 is a cross-séctional assembly view for
illustrating a liquid crystal device in the thirteenth
embodiment in acéordance with the present invention.

In this embodiment, a reflector 82 reflecting the light
from the lamp 80 towards the interior of the liquid crystal .
display device 1 is provided. The other configuration is
the same as that of the fourth embodiment.

The reflector 82 can enhance the brightness of the
display with the light from the lamp 80.

The reflector 82 is provided in rectangular shape on
the periphery of the display section in the liquid crystal

display device 1 in plane view.

(Fourteenth Embodiment)



| anp 80 towards the central section of the display region A resulting in

| mproved brightness in the center of the - 94 - display region A
Preferably, the tilt angle of the reflector 84 is partially changed with
consideration for illumnnation of the light. (Seventh Enbodi nent) Fig. 21

is”a cross-sectional assenbly view of a liquid crystal display device in a
sevent h enbodi nent in accordance

- 99 -

Fig. 28 is a cross-sectional view for illustrating a
portable telephone 200 using a liquid crystal device in the
fourteenth embodiment in accordance with the present
invention.

The portable telephone 200 includes the liquid crystal
display device 1 of the fourth embodiment in the body 220,
and the upper polarized-light separator 10 of the liquid
crystal display device 1 is fixed to the inside of a
transparent cover film 210 of the portable telephone 200.
An antiglare or antireflection film 90 is provided on the

transparent cover film 210.

(Fifteenth Embodiment)

Fig. 29 is.a cross-sectional view for illustrating a
portable telephone 200 using a liquid crystal device in the
fifteenth embodiment in accordance with the present
invention. The cross-sectional view corresponds to a cross-
sectional view when the portable telephone 200 is
perpendicularly cut aloné the longitudinal direction.

The portable telephone 200 includes a liquid crystal
display device 1 in the body case 230 provided with a
transparent cover film 210. The liquid crystal display
device 1 used in this embodiment is different from the
liquid crystal display device 1 in the fourth embodiment as

follows. A polarizer 95 is provided on the upper polarized-



with the present invention. In this enbodinment, the upper polarized-I|ight
separator 10 is curved so that its central portion is nore distant fromthe
liquid crystal cell 30 than the edge portion, and a bl ack absorption nenber
60-is used instead of the color filter 72 on the PET film 74. The ot her
configuration is the same as that of the third enbodi nent. By curving the
upper polarized-light separator 10, the light fromthe | anp 80 can be
reflects towards the center of the diSpHﬁé region, resulting in inproved
bri ghtness in the center of the display~region. (Ei ghth Enbodi ment) Fig. 22
IS a cross-sectional assenbly view for

light separator 10 as in the ninth embodiment. The

polarizer 95 and the upper polarized-light separator 10 have

substantially the same polarization axis. An optically

isotropic acrylic plate 240 is provided between the upper

polarized-light separator 10 and the retardation film 20 to

fix the polarizer 95 and the upper polarized-light separator

10. LEDs 250 are provided on a PCB substrate 270 of the

potable telephone body under the liquid crystal display

device 1 instead of the lamp 80. Further, reflectors 260

are provided to conduct the light from the LEDs 250 to the

sides of the liquid crystal display device 1. The other

configuration is the same as that of the fourth embodiment.

The distance between the upper polarized-light

separator 10 and the retardation film 20 is set to

approximately 0.5 mm to 1.5 mm so that the light from the

LEDs 250, which is reflected by the reflector 260,

satisfactorily reaches the upper polarized-light separator

10, particularly its central portion. The reflector 260 is

attached to the body case 230.

[ADVANTAGES ]
In the present invention, the first polarized-light
separating means transmits the plane-polarized light of the
given first direction among light components incident on the

polarization~changing means, and reflects without absorption



illustrating a liquid crystal display device in an eighth enbodi nent in
accordance with the present invention. In this enbodinent, an antiglare or
antireflection film - 95 - 90 is provided on the upper polarized-I|ight
separator 10, but the other configuration is the sane as that of the second
enbodi nent. Such a configuration can suppress glaring and dazzling on the

surface of the upper polarized-light separator 10, and the reflection of
external |ight. 101

the plane-polarized light of the given second direction
perpendicular to fhe first direction towards the
polarization-changing means. The plane-polarized light of
the given first direction among the light components from
the light source is transmitted towards the opposite
direction of the polarization-changing means. Also, the
plane-polarized light of the given second direction
perpendicular to the first direction is transmitted through
the first polarized-light separating means and is emitted
towards the opposite direction of the polarization-changing
means after repeated reflection in the display device. A
brighter display is achieved for the display using the light
from the light source compared with the case using a
polarizer as the first polarized-light separating means.
Since the light source can emit light between the
first polarized-light separating means and the optical means,
two display states (bright and dark ) obtained in response
to the first and second states of the polafization axis in
the polarization-changing means are the same in the display
with the external light incident on the outer face of the
first polarized-light separating means and in the display
with the light from the light source. No so-called
negative-positive reversion will occur between the display
with the light incident on the outer face of the first

polarized-light separating means and the display with the



(Ninth Enbodinent) Fig. 23A is a cross-sectional assenbly view for
il lustrating a liquid crystal display device in a ninth enbodinent in
accordance with the present invention. In this enbodi nent, a polarizer 95
i s provided on the upper polarized-light separator 10 so that the polarizer
95 and t he upper polarized-light separator 10 have substantially the sane
pol ari zation axis. The other configuration is the sane as that of the
second enbodi nent. Such a configuration can enhance pol ari zation even if
t he upper pol arized-1ight separator 10~ d% not show suffici ent separation,
resulting in a high contrast of the liquid crystal display device 1.
Further, the polarizer 95

light from the light source.

The optical means comprises a second polarized-light
separating means arranged on the polarization-changing means,
and an optical element arranged on the opposite side of
the polarization-changing means against the second
polarized-light separating means; wherein the light source
can emit light between the first polarized-light separating
means and the second polarized-light separating means, the
second polarized-light separating means transmits the plane-
polarized light of the given third direction among the light,
which is incident on the polarization-changing means,
towards the optical element, reflects the plane-polafized
light of the given fourth direction perpendicular to the
given third direétion towards the polarization-changing
means, and for the light incident on the optical element,
emits the plane-polarized light of the given third direction
towards the polarization-changing means , and the optical
means can emit a given wavelength range of light among the
light from the second polarized-light separating means
towards the second polarized-light separating means.

Such a configuration produces two display states in
response to the states of the polarization axis in the
polarization-changing means, that is, a first display state
with the light reflected by the second polarized-light

separating means and a second display state with the light



supports the upper polarized-light separator 10 when it does not have
sufficiently high mechanical strength. (Mdification of the Ninth

Enbodi ment) Fig. 23B shows a nodification of the Iiquid crystal display
device in the ninth enbodi nent. This enbodinent is 96 the sane as the
second enbodi ment except that a STN liquid Crystal 34 is used for the
liquid crystal cell 30, and a retardation film20 is provided on the gl ass
substrate 31. The retardation film 20 i sed as optical anisotropy in
order to correct the col or generated Fhipﬁe'STN liquid crystal

having a given wavelength range which passes through the
second polarized-light separating means from the optical
element. Since the first display state is based on the
light not absorbed but reflected by the second polarized-
light separating means, a brighter display is achieved.
Also, a color display is achieved.

The optical means comprises a second polarized-light
separating means arranged on the polarization—chénging means,
and an optical means arranged on the opposite side of the
polarization-changing means against the second polarized-
light separating means; wherein the light source can emit
light between the first polarized-light separating means
and the second polarized-light separating means, the second
polarized—light §eparating means transmits the plane-
polarized light of the given third direction among the light,
which is incident on the polarization-changing means,
towards the optical element, reflects the plane-polérized
light of the given fourth direction perpendicular to the
given third direction towards the polarization-changing
méans, and for the light incident on the optical element,
éﬁits the plane-polarized light_of the given third direction
towards the polarization-changing means , and the optical
element absorbs light over substantially the entire visible
light wavelength range from the second polarized-light

separating means.



34. In Fig. 23B, the retardation film 20, the upper polarized-Iight
separator 10, the polarizer 95 are integrated, and the light is incident
frombetween the retardation film20 and the liquid crystal cell 30. The
| ight can be incident from between the retardation film 20 and the upper
pol ari zed-1ight separator 10. (Tenth Enbodinent) Fig. 24 is a
cross-sectional assenbly view for illustrating a liquid crystal display
device in a tenth enbodi nent in accordance with the present invention. In
this enbodinent, a |ight guide plate 86104 provi ded for conducting the
light fromthe lanp 80 to the interior of the liquid crystal display device
1. Such a configuration can inprove brightness of a display with the

Such a configuration produces a third display state

with the light.reflected by the second polarized-light
separating means in response to the polarization axis in the
polarizing-changing means, and a black display as a fourth
display state by the light absorption in the optical element
over the entire visible light region. Since the third
display state is based on the light not absorbed but
reflected by the second polarized-light separating means, a

brighter display is achieved.



l'ight from

pr-ovided in the central

the lanp 80. In this enbodi ment, a rectangular opening is

the display section of the liquid crystal display device 1. In this

enmbodi nent ,

a light guided plate, which is used as a - 97 - backlight

aliquid crystal display device, is used after nodification. (Eleventh

Enbodinent) Fig. 25 is a cross-sectional assenbly view for illustrating a

liquid crystal display device in an e[gyfggfl

CLAIMS
1. A display device comprising:

a polarization;changing means capable of changing a
polarization axis;

a first polarized-light separating means and an optical
means each provided on both sides of said polarization-
changing means with said polarization-changing means
between; and

a light source capable of illuminating between said
first polarized-light sépérating means and said optical
means;

wherein said first polarized-light separating means
transmits plane-polarized light of a given first direction
among the light; which is incident from said polarization-
changing means, towards the opposite side of said
polariiation—changing means against said first polarized-
light separating means, reflects plane-polarized light of a
given second direction perpendicular to said given first
direction towards said polarization-changing means, and for
light incident on the opposite side of said polarization-
changing means against said first polarized-light
separating means, emits said plane-polarized light of said
given first direction towards said polarization-changing
means ; and |

said optical means separates light, which is incident

S

L

portion of the light guide plate 86 so as to expose

in



enbodi ment in accordance with the present invention. In the first

enbodi ment, the |anps 80 are provi ded between the polarized-Iight separator
10 and the liquid crystal cell 30 at the sides of the liquid crystal

di splay device 1. In the eleventh enbodi nent, the | anps 80 are provided
between the liquid crystal cell 30 and the polarizer 55 at the sides of the
liquid crystal display device 1. The other configuration is the sane as
that of the first enbodi nent. The positi % of the lanmps 80 is al so
applicable to the above-nenti oned secéhdeO'Tenth enbodi nents and
thirteenth to fourteenth enbodi nents described later. (Twelfth Enbodi nent)

on said polarization-changing means, into plane-polarized
light of a given third direction and plane-polarized light
of a given fourth direction perpendicular to said given
third direction, and emits at least one of said plane-
polarized light of said given third direction and said
plane~-polarized light of said given fourth direction towards

said polarization-changing means.

2. A display device according to claim 1, wherein said
first polarized-light separating means transmits plane-
polarized light of a given first direction among the light
over substantially the entire visible light wavelength range,
which is incident from said polarization-changing means,
towards the oppésite side of said polarization-changing
means against said first polarized-light separating means,
reflects plane-polarized light of a given second direction
towards said polarization-changing means, and for light
over substantially the entire visible light wavelength range,
which is incident on the opposite éide of said polarization-
changing means against said first polarized-light
separating means, emits said plane-polarized light of said
given first direction towards said polarization-changing

means .

3. A display device according to either claim 1 or 2,

_—

g



Fig. 26 is a cross-sectional assenbly view for illustrating a liquid
crystal device in the twelfth enbodinent in accordance with the present
invention. In the first enbodinment, the |anps 80 are provi ded between the
pol ari zed-1ight separator 10 and the liquid - 98 - crystal cell 30 at
the sides of the liquid crystal display device 1. In the twelfth

enbodi ment, the |anps 80 are provided at positions, which the |ight can be
i ncident inside of the liquid crystal C§B5, at the sides of the

wherein said first polarized-light separating means
transmits plane-polarized light of a given first direction
among the light, which is incident from said polarization-
changing means, towards the opposite side of said
polarization-changing means against said first polarized-
light separating means as said plane-polarized light of said

given first direction.

4. A display device according to any one of claims 1 to 3,
wherein said first polarized-light separating means
comprises a composité member piled with a plurality of
layers, and the refractive indices of said layers are
. substantially the same in said given first direction but are

different from each other in said given second direction.

5. A display device according to any one of claims 1 to 4,
wherein said optical means comprises a éecond polarized-
light separating means arranged on said poiarization-
changing means, and an optical element arranged on the
qpposite side of said polarization-changing means against
séid second polarized-light separating means;

said light source can illuminate between said first
polarized-light separating means and said second polarized-
light separating means;

said second polarized-light separating means transmits

* c L M S *



liquid crystal display device 1. The other configuration is the sane as
that of the first enbodi nent. The position of the lanps 80 is al so
applicable to the above-nenti oned second to tenth enbodi ments and
thirteenth to fourteenth enbodi nents described later. (Thirteenth

Enbodi nent) Fig. 27 is a cross-sectional assenbly view for illustrating a
liguid crystal device in the thirteenth enbodi nent in accordance with the
present invention. In this enbodinment, a reflector 82 reflecting the |ight
fromthe lanp 80 towards the interior Qf jigae.liquid crystal display device
1 is provided. The other configuration is the sane as that of the fourth
enbodi nent . ' :

said plane-polarized light of said given third direction
among the light, which is incident on said polariiation-
changing means, towards said optical element, reflects said
plane-~-polarized light of said given fourth direction
perpendicular to said given third direction towards said
polarization-changing means, and for the light incident on
said optical element, emits said plane-polarized light of
said given third direction towards said polarization~
changing means ; and

said optical element transmits a gi&en wavelength
range of light among the light from said second polarized-
light separating means towards said second polarized-light

separating means.

- 6. A display device according to claim5, wherein said
second polarized-light separating means comprises a

composite member piled with a plurality of layers, and the

refractive indices of said layers are substantially the same
in said given third direction but are different from each

other in said given fourth direction.

7. A display device according to claim 5, wherein said
optical element absorbs visible light other than said given
wavelength range among the light from said second polarized-

light separating means, reflects the light of said given

. I



The reflector 82 can enhance the brightness of the display with the |ight
fromthe lanp 80. The reflector 82 is provided in rectangul ar shape on the
peri phery of the display section in the liquid crystal display device 1 in
pl ane view. (Fourteenth Enbodi nent) - 99 - Fig. 28 is a cross-sectional
view for illustrating a portable tel ephone 200 using a liquid crystal
device in the fourteenth enbodi nent in accordance with the present

- 109 -

| wavelength range towards said second polarized-light
separating means, and simultaneously transmits the light of

said given wavelength range.

8. A display device according to claim 7, wherein said

optical element is a color filter.

9. A display device according to any one of claims 5 to 8,
comprises a reflecting means on the opposite side of said
second polarized-light separating means against said
optical element ; and

said reflecting means reflects at least the light of

said given wavelength range towards said optical element.

10. A display device according to any one of claims 1 to 4,
wherein said optical means comprises a second polarized-

light separating means arranged on said polarization-

changing means, and an optical element arranged on the
opposite side of séid polarizétion-changing means against
said second polarized-light separating means;

said light source can illuminate between said first
polarized-light separating means and said second polarized-~
light separating means;

said second polarized-light separating meané transmits

said plane-polarized light of said given third direction

* [ L M S *



i nvention. The portable tel ephone 200 includes the liquid crystal display
device 1 of the fourth enbodi nent in the body 220, and the upper

pol ari zed-1ight separator 10 of the liquid crystal display device 1 is
fixed to the inside of a transparent cover film 210 of the portable

t el ephone 200. An antiglare or antireflection film90 is provided on the
transparent cover film210. (Fifteenth Enbodinent) Fig. 29 is a-
cross-sectional view for illustrating a portable tel ephone 200 using a
liquid crystal device in the fifteenth ehdfbdi nent in accordance with the
present invention. The cross-sectional view corresponds to a cross-

among the light, which is incident on said polarization-
changing means, towérds said optical element, reflects said
plane-polarized light of said given fourth direction
perpendiéular to said given third direction towards said
polarization-changing means, and for the light incident on
said optical element, emits said plane-polarized light of
said given third direction towards said polarization-
changing means ; and -

said optical element absorbs light over substantially
the entire visible light wavelength range from said second

polarized-light separating means.

11. A display device according to claim 10, wherein said

optical element is a black absorption member.

12. A display device according to any one of claims 5 to 11,

wherein said second polarized-light separating means

transmits said plane-polarized light of said given third
direction among the light over substantially the entire
ﬁisible light wavelength range, which is incident on said
éblarization-changing means, towards said optical element,
reflects said plane-polarized light of said given fourth
direction towards said polarization-changing means, and for
the light over substantially the entire visible light

wavelength range, which is incident on said optical element,
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sectional view when the portable tel ephone 200 is perpendicularly cut al ong
the longitudinal direction. The portable tel ephone 200 includes a liquid
crystal display device 1 in the body case 230 provided with a transparent
cover film210. The liquid crystal display device 1 used in this enbodi nent
Is different fromthe liquid crystal display device 1 in the fourth

enbodi ment as follows. A polarizer 95 is provided on the upper polarized-

- 100 - light separator 10 as in the Mquaenbodinent. The

emits said plane-polarized light of said given third

direction towards said polarization-changing means .

13. A display device according to any one of claims 5 to 12,
wherein said second polarized-light separating means
transmits said plane-polarized light of said given third
direction among the light incidént on said polarization-
changing means towards said optical element as said plane-

polarized light of said given third direction.

14. A display device according to claim 1, wherein said
optical means comprises a second polarized-light separating
means arranged on said polarization-changing means, and an
optical element arranged on the opposite side of said
polarization~changing means against said second polarized-
light separating means; |

said light source can illuminate between said first
polarized-light separating means and said second polarized-
light separating means;

said second polarized-light separating means transmits
said plane-polarized light of said given third direction
among the light, which is incident on said polarization-
changing means, towards said optical element, absorbs said
plane-polarized light of said given fourth direction

perpendicular to said third direction, and for the light

. | T



pol arizer 95 and the upper polarized-light separator 10 have substantially
the same pol arization axis. An optically isotropic acrylic plate 240 is
provi ded between the upper polarized-light separator 10 and the retardation
fil'm20 to fix the polarizer 95 and the upper polarized-Iight separator 10.
LEDs 250 are provided on a PCB substrate 270 of the potable tel ephone body
under the liquid crystal display device 1 instead of the |anp 80. Further,
reflectors 260 are provided to conduct the light fromthe LEDs 250 to the
sides of the liquid crystal display devikl2 1= The other configuration is
the sane as that of the fourth enbodi nent.- The di stance between the upper
pol ari zed-1ight separator 10 and the retardation film20 is set to

incident on said optical element, emits said plane-polarized
light of said given third direction towards said
polarization-changing means ; and

said optical element reflects light from said second
polarized-light separating means towards said second

polarized-light separating means.

15. A display device according to claim 14, wherein said

second polarized-light separating means is a polarizer.

16. A display device according to any one of claims 1 to 15,
wherein said polarization-changing means is a liquid crystal

element .

17. A display device according to any one of claims 1 to 16,
wherein said first polarized-light separating means is

arranged on the observation side of said display device.

18. A display device according to any one of claims 1 to 17,
wherein said light source is arranged so as to illuminate
between said first polarized-light separating means and said

polarization~-changing means.

19. A display device according to any one of claims 1 to 17,

wherein said light source is arranged so as to illuminate

. % ¢ L M 5 *



approximately 0.5 mmto 1.5 mmso that the light fromthe LEDs 250, which
is reflected by the reflector 260, satisfactorily reaches the upper

pol ari zed-1ight separator 10, particularly its central portion. The
reflector 260 is attached to the body case 230. [ ADVANTAGES] In the present
I nvention, the first polarized-light separating nmeans transmts the

pl ane- pol ari zed |ight of the given first direction anmong |ight conponents

i nci dent on the polarization-changi ng neans, and reflects without

absor ption - 113 -

the interior of said polarization-changing means.

20. A display device according to any one of claims 5 to
17, wherein said light source is arranged so as to
illuminate between said polarization-changing means and

said second polarized-light separating means.

21. A display device according to any one of claims 1 to 20,
wherein said display device further comprises a second
reflecting means which reflects light from said light source

towards the interior of said display device.

22. A display device according to Claim 21, wherein said
light source and said second reflecting means are arranged
between said first polarized-light separating means and said
polarization-changing means, and said second reflecting
means has a reflecting region for reflecting light from the

light source towards said polarization—chahging means.

23. A display device according to Claim 22, wherein said
reflecting region is provided on the periphery of the

displaying region of said display device in plane view.

24. A display device according to any one of claims 21 to

23, wherein said second reflecting means comprises a

-

|



- 101 - the plane-pol arized i ght of the given second direction

perpendi cular to the first direction towards the pol arizati on-changi ng
nmeans. The plane-polarized Iight of the given first direction anong the

| ight components fromthe |ight source is transmtted towards the opposite
ditection of the polarization-changing means. Also, the plane-polarized
l'ight of the given second direction perpendicular to the first direction is
transmtted through the first polarized-|ight separating nmeans and is
emitted towards the opposite direction dt4the pol arizati on-changi ng neans
after repeated reflection in the display device. A brighter display is

achi eved for the display using the |ight

reflector which tilts towards the interior of said display

device.

25. A display device according to any one of claims 1 to 24,
wheréin said first polariéed-light separating means is

curved so that the central portibn thereof is more distant
from said first polarized-light separating means than the

edge thereof.

26. A display device according to any one of claims 1 to 25,
wherein said display device further comprises an antiglare
or antireflection layer which is provided on the opposite
side of said polarization-changing means against said

first polarized-light separating means.

27. A display device according to any one of claims 1 to 26,
wherein said display device further comprises a polarizer
which is provided on the opposite side of said
polarization-changing means against said first polarized-

Iight separating means.

28. A display device according to any one of claims 1 to 27,
wherein said display device further comprises a light guide
plate for guiding light from the light source to the

interior of said display device.
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fromthe |light source conpared with the case using a polarizer as the first
potarized-1ight separating neans. Since the light source can emt |ight
between the first polarized-1ight separating neans and the optical neans,
two display states (bright and dark ) obtained in response to the first and
second states of the polarization axis in the polarization-changi ng neans
are the sane in the display with the external |ight incident on the outer
face of the first polarized-1ight separating neans and in the display with
the light fromthe light source. No so-chlPed negative-positive reversion
wi |l occur between the display with the light incident on the outer face of
the first polarized-light separating neans and. the display with the

29. A display device according to any one of claims 1 to
28 , wherein said display device further comprises a third
reflecting means which reflects light from said light source
and illuminates between said first polarized-light

separating means and said optical means.

30. A display device according to any one of claims 1 to 29,
wherein said display device further comprises an optically
isotropic transparent plate which is provided inside said

first polarized-light separating means.

31. A display device according to any one of claims 1 to 30,
wherein said display device further comprises a light

diffusing means.

32. An electronic device comprising a display device

according to any one of claims 1 to 31 and a displaying

cover, said first polarized-light separating means being

fixed to the inside of said displaying cover.
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- 102 - light fromthe Iight source. The optical nmeans conprises a second
pol ari zed-1ight separating nmeans arranged on the pol arizati on-changi ng
means, and an optical elenment arranged on the opposite side of the

pol ari zat i on- changi ng means agai nst the second pol ari zed-1ight separating
nmeans; wherein the light source can emt |ight between the first

pol ari zed-1ight separating nmeans and the second pol arized-|ight separating
neans, the second pol arized-Iight separating neans transmts the plane-

- 116 -

[ABSTRACT ]

An upper polarized-light separator 300 is provided on a
STN liquid crystal 143 to provide a display device using a
polarization-changing optical element with a display device
which produce a bright display. A light source 190 is
provided between the upper polarized-light separator 300 and
the STN liguid crystal 143. Plane-polarized light 191
parallel to the drawing passes through the upper polarized-
light separator 300. Plane-polarized 1ight 192
perpendicular to the drawing is reflected by the upper
polarized-light separator 300, goes towards the interior of
the liquid cr&stal display device, and passes through the
upper polarized-light separator 300 to be emitted towards
the observation side after repeated reflection in the liquid

crystal display device, resulting in a brighter display.




pol ari zed light of the given third direction anong the light, which is
-incident on the polarization-changi ng neans, towards the optical el enent,
-reflects the plane-polarized |ight of the given fourth direction
perpendi cul ar to the given third direction towards the

Aol ari zati on-changi ng neans, and for the light incident on the optical
elenent, emts the plane-polarized Iight of the given third direction

t owar.ds t he pol ari zati on-changi ng ne , and the optical nmeans can enmt a
-gi ven wavel ength_range of |ight annhgy?%e light fromthe second

pol ar i zedL Filght %aparating means towards the second pol arized-Ii ght

separating neans. Such a configuration producesll:9;§+§play states in
response to the states oﬁ3ghFMMHﬂWﬁY§‘ s s = allemien |
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(A)

(B8)

(©) :@%‘ ' \ P

(D) 192 191
190

141—1_

142
14 3

L~

o




pol ari zati on-changi ng nmeans, that is, a first display state with the |ight
refl ected by the second pol arized-1ight separating neans and a second
display state with the |ight - 103 - having a given wavel ength range
whi ch passes through the second pol afii zed-1i ght separating neans fromthe
optical element. Since the first display state is based on the |ight not
absorbed but reflected by the second polarized- |ight separating neans, a
brighter display is achieved. AIS%Vi%(xﬂcn di splay is achieved.

[Fig. 2]
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The opti cal

arranged on the pol arization-changi ng neans,

means conprises a second pol ari zed-1ight separating neans

and an optical neans arranged

on the opposite side of the polarization-changi ng neans agai nst the second
pol ari zed- |ight separating neans; wherein the |ight source can enit |ight
between the first polarized-light separating neans and t he second

pol ari zed-1i ght separating neans,

means transmts the plane-

anong the |ight,
towards the optical

pol ari zed Li

which is incident on3
el enent ,

the second pol ari zed-1ight separating

ht of the given third direction
e pol ari zati on- changi ng neans,

reflects the plane-polarized |light of the

gi ven fourth@igct 83dn perpendi cular to the given third direction towards
t he pol ari zati on- changi ng
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means, and for the light incident on the optical elenment, emts the
pl-ane-pol arized |ight of the given third direction towards the

pol ari zati on-changi ng neans , and the optical el enment absorbs |ight over
substantially the entire visible |light wavel ength range fromthe second
pol ari zed-1i ght separating neans. - 104 - Such a configuration produces
a third display state with the Iight reflected by the second

pol ari zed-1ight separating neans in response to the polarization axis in
t he

4/29
[Fig. 4]
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pol ari zi ng- changi ng neans, and a bl ack display as a fourth display state by
the light absorption in the optical elenment over the entire visible |ight
region. Since the third display state is based on the |ight not absorbed
but reflected by the second pol arized-1ight separating neans, a brighter

di splay is achieved. - 105 - CLAIMS 1. A di splay device conprising: a
pol ari zati on- changi ng neans capabl e of changing a

5/29
[Fig. 5]
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pol ari zation axis; a first polarized-light separating nmeans and an opti cal
nmeans each provided on both sides of said polarization- changing neans with
Sai d pol ari zati on-changi ng neans between;. and a |ight source capabl e of
i1lum nating between said first polarized-light separating nmeans and said
optical neans; wherein said first polarized-light separating neans
transmts plane-polarized I'ight of a given first direction anong the |ight,
which-is incident fromsaid polarization- changing neans, towards the
opposite side of said polarization-ghaggi ng nmeans against said first
pol ari zed- . ,

[Fig. 61
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| i ght separating nmeans, reflects plane-polarized |light of a given second
direction perpendicular to said given first direction towards said

pol ari zati on-changi ng neans, and for |ight incident. on the opposite side of
sai d pol ari zation- changi ng neans against said first polarized-Iight
separating neans, enits said plane-polarized light of said given first

direction towards said pol ari zati on-changi ng neans ; and said optical neans
separates light, which is incident - 106 -

[Fig. 7] 7_/29
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on said pol arization-changi ng nmeans, into plane-polarized Iight of a given
third direction and plane-polarized light of a given fourth direction
perpendi cular to said given third direction, and emts at |east one of said
plane- polarized light of said given third direction and said
pl-ane-pol ari zed |ight of said given fourth direction towards said

pol ari zati on- changi ng neans. 2. A di spl ay device according to claim1,
wherein said first polarized-light separating neans transnmts pl ane-

pol ari zed light of a given first direction ?ﬁnng the light over
substantially {ipggntgne visible |ight wav&8/@iyt h range, which is incident
fromsaid pol arizati on-changi ng neans, towards the opposite side of said
pol ari zat i on-.changi ng : '
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means agai nst said first polarized-light separating nmeans, reflects
pl ane-pol ari zed |ight of a given second direction towards said

pol ari zati on- changi ng neans, and for |ight. over substantially the entire
visible Iight wavel ength range, which'is incident on the opposite side of
sai d pol arization- changi ng neans agai nst said first polarized-Iight
separating neans, enmts said plane-polarized light of said given first

di.rection towards said polarization-changing means 3. A display device
according to either claim1 or 2,

9,/29
[Fig. 9]
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107 - wherein said first polarized-light separating nmeans transmts

pl ane-pol ari zed |ight of a given first direction anong the light, which is
I nci dent from said pol ari zati on- changi ng neans, towards the opposite side
of said pol arization-changi ng neans agai nst said first polarized- |ight
separating neans as said plane-polarized |ight of said given first
direction. 4. A di spl ay device according to any one of clains 1 to 3,
wherein said first polarized-Iight separating nmeans conprises a conposite

menber piled with a plurality of Iayerjodggg the refractive indices of said
| ayers are substantially the sane in s

5 lven first direction but are
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different fromeach other in said given second direction. 5. A di spl ay
devi ce according to any one of claims 1 to 4, wherein said optical neans
‘conprises a second polarized- |ight separating neans arranged on said

pol ari zati on- changi ng neans, and-an optical el enment arranged on the
opposite side of said polarization-changi ng neans agai nst said second

pol ari zed-1i ght separating neans; said |ight source can illum nate between
said first polarized-light separating nmeans and said second pol ari zed-

|'i ght separating nmeans; said second pol arized-1ight separating neans
transmts 11/29
[Fig. 11]
jﬂO 120
112\,1‘ ; t,qzz
]—""""" s e = =
|l ] H‘136
l‘ ) qP —-ll"].;_Q
L . 1/1H34
‘|‘ 2 c‘; g> C{:/ S Cl2 ‘
R S S S I
- g m g____121
: ﬁ ) C /
X e N
190 123 | S 150
13 |
140
4 A 1 [ § \
—~—t . —-~— ¢
. (K) éi'e { 4 S ’
L }+150
9% -
oo ol e | e e e ey
{ { 162
. s g 4 -1---160
{ o < L |
1 L }~%464
E s b ‘ [y w {
|
1) . — — — —_}j—‘lGG

N L Ny
ANV A {// A1170

L . }—180




| i ght,
opti cal

el ement,

towards said pol ari zati on- changi ng neans ;
transmts a given wavel ength range of

el enent ,

108 - said plane-polarized |ight of said given third direction anong the
which is incident on said polarization- changi ng neans,

towards said

reflects said plane-polarized |ight of said given fourth
di-rection perpendicular to said given'third direction towards said
pol ari zati on- changi ng neans,

and for the Iight

I ncident on said optical

emts said plane-polarized light of said given third direction

second pol ari zed-

[Fig.

12]
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| i ght separating nmeans towards said second pol arized-1ight separating
neans. 6. A di spl ay device according to clainb, wherein said second
pol ari zed-1ight separating means conprises a conposite nenber piled with
plurality of layers, and the refractive indices of said |ayers are
substantially the same in said given third direction but are different from
each other in said given fourth direction. 7. A di spl ay devi ce accordi ng
te claimb5, wherein said optical elenment absorbs visible |ight other than
sai d gi ven wavel ength range anong the light fromsaid second pol ari zed-
| i ght separating neans, reflects tha3A/yht of said given

[Fig. 13]
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109 - wavel ength range towards said second pol arized-1ight separating
means, and sinmultaneously transmts the light of said given wavel ength
range. 8. A di spl ay device according to claim 7, wherein said optical
element is a color filter. 9. ~ A di'splay device according to any one of
claims 5 to 8, conprises a reflecting neans on the opposite side of said

second pol ari zed-1ight separating neans agai nst said optical elenent ; and
said reflecting neans reflects at |east the |ight of
14/29
[Fig. 14]
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said given wavel ength range towards said optical elenent. 10. A display
devi ce according to any one of clainms 1 to 4, wherein said optical neans
conprises a second pol arized- |ight separating neans arranged on said
pol ari zati on- changi ng neans, and an optical elenent arranged on the
opposite side of said polarization-changi ng means agai nst sai d second
pol ari zed-1ight separating nmeans; said |ight source can illum nate between
said first polarized-light separating nmeans and said second pol ari zed-
| i ght separating neans; said second pol ari zed-1ight separating neans
transmts said plane-folarized | i ght df54%P d given third direction

[Fig. 15]
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- 110 - anong the light, which is incident on said polarization- changing
nmeans, towards said optical elenent, reflects said plane-polarized |ight of
said given fourth direction perpendicular to said given third direction
towards sai d pol ari zati on-changi ng neans, and for the |ight incident on
said optical elenment, emts said plane-polarized.light of said given third
direction towards said pol arization- changi ng neans ; and said opti cal
el.enent absorbs |ight over substantially the entire visible Iight

wavel ength range from sai d second

[Fig. 16] 16/29
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pol ari zed-1ight separating neans. 11. A display device according to claim
10, wherein said optical elenent is a black absorption nenber. 12. A

di spl ay device according to any one of clains 5 to 11, wherein said second
pol ari zed-1i ght separating neans transmts said plane-polarized |Iight of
said given third direction anmong the |ight over substantially the entire
visible |ight wavel ength range, which is incident on said

pel ari zati on- changi ng neans, towards said optical elenent, reflects said
pl ane-pol ari zed |ight of said given fQﬁPEP direction towards said

pol ari zati on- changi ng neans, and for Yte i ght over substantially the
entire visiblprliigghtlWdvel ength range, which is incident on said optical
el ement,
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emts said plane-polarized |ight of said given third direction towards said
pol ari zati on-changi ng neans 13. A display device according to any one of
clains 5 to 12, wherein said second pol ari zed-|ight separating nmeans
transnmts said plane-polarized |ight of said given third direction anong
the light incident on said polarization- changing neans towards said
optical elenent as said plane- polarized |light of said given third
direction. 14. A display device according to claim 1, wherein said optical
means conprises a second polarized-li%Q£/§§parating

[Fig. 181.
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means arranged on sai d pol arization-changi ng neans, and an optical el enent
arranged on the opposite side of said pol arization-changi ng neans agai nst

‘'sai d second pol arized- |ight separating neans; said |ight source can
illum nate between said first polarized-Iight separating neans and said
second pol arized- |ight separating neans; said second polarized-I|ight

separating neans transmts said plane-polarized light of said given third
direction anong the light, which is incident on said polarization- changing
means, towards said optical elenent,,gpggrbs said plane-polarized |ight of

said given ﬁ?ﬂiéb digection perpendicular to said third direction, and for
the Iight
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- 112 - incident on said optical elenent, emts said plane-polarized |ight
of said given third direction towards said polarization-changi ng neans ;
‘and said optical elenent reflects Iight fromsaid second pol arized-1|ight
separ ating neans towards said Second pol arized-1ight separating nmeans. 15.
~ A display device according to claim 14, wherein said second pol ari zed-1i ght

separating neans is a polarizer. 16. A display device according to any one
of clains 1 to 15, ' :

20/29
[Fig. 20]
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wherein said polarization-changing neans is a liquid crystal elenment 17. A
- display device according to any one of clains 1 to 16, wherein said first

pol ari zed-1ight separating neans is arranged on the observation side of
said display device. 18. A display device according to any one of clainms 1
tto 17, wherein said |ight source is arranged so as to illuminate between
said first polarized-light separating neans and sai d pol ari zati on-changi ng
reans. 19. A display device accordi ngit@&ny one of clainms 1 to 17, wherein
said |ight sou["lsigi.s ﬁljanged so as to illumnate
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- 113 - the interior of said polarization-changi ng nmeans. 20. A display
devi ce according to any one of clains 5 to 17, wherein said light source is
.arranged so as to illum nate between sai d pol arization-changi ng neans and
sai d second pol arized-1ight separati'-ng neans. 21. A display device
according to any one of claims 1 to 20, wherein said display device further
-conprises a second reflecting nmeans which reflects light fromsaid |ight
source towards the interior of said display device. 22. A display device
‘according to Caim21, wherein said |igB¢2Surce and said second reflecting

neans are arrangﬁc&_g. 221
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between said first polarized-light separating nmeans and said

pol ari zati on- changi ng neans, and said second reflecting neans has a
reflecting region for reflecting light fromthe |ight source towards said-
pol ari zati on- changi ng neans. 23. A display device according to Caim 22,
wherein said reflecting region is provided on the periphery of the

di spl ayi ng region of said display device in plane view 24. A display

devi ce according to any one of clainms 21 to 23, wherein said second
reflecting means conpri.ses a - 1143 729

[Fig. 231

/l

80 : : _ +10

@ @ao

(AJ 3441 _ ' X;f/fég

L | }-40
i ' ffso
S S SN 60

_ . . 1- (0
80 ' 20

:iigg) . (éijffao

_(B) il — | X L/§9

:L 140
C 1-50
R R TR ERTSTS SN S-60




reflector which tilts towards the interior of said display device. 25. A
di spl ay device according to any one of clains 1 to 24, wherein said first
‘pol ari zed-1ight separating neans.is curved so that the central portion
thereof is nore distant fromsaid first polarized-light separating neans
than the edge thereof. 26. A display device according to any one of clains
1 to 25, wherein said display device further conprises an antiglare or
antireflection layer which is provided on the opposite side of said
pol ari zati on-changi ng neans agai nst said first polarized-light separating
means. 27. A display device accordirm)%%/%&y one of clains 1 to 26,

[Fig. 24]
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wherein said display device further conprises a polarizer which is provided.

on the opposite side of said polarization-changi ng neans agai nst said first
- pol ari zed- |ight separating neans. 28. A display device according to any

one of clainms 1 to 27, wherein said display device further conprises a
_light guide plate for guiding light fromthe light source to the interior

-of said display device. - 115 - 29. A display device according to any
one of clainms 1 to

25/29
[Fig. 25]
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28 , wherein said display device further conprises a third reflecting neans
which reflects light fromsaid |light source and illum nates between said
first polarized-light separating neans and said optical neans. 30. A

di spl ay device according to any one of clains 1 to 29, wherein said display
device further conprises an optically isotropic transparent plate which is-
"provided inside said first polarized-light separating neans. 31. A display
devi ce according to any one of clainms 1 to 30, wherein said display device
further conprises a light diffusing meap®9 32. An el ectronic device
conprising a displayzgﬁvice according to any one of clains 1 to 31 and a

di splaying LFig.
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cover, said first polarized-1ight separating nmeans being fixed to the
I nsi de of said displaying cover.

[Fig. 27] 27/29
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- [Fig. 28]
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Retar;iation film 141 and between the retardation film 141 and the glass
substrate 142, and finally transmitted towards the observer through the
upper polarized-light separator after repeated reflection in the liquid crystal
display device. Thus a brighter display is achieved for the display using the
light from the light source 190, compared with the case using the polarizer

as the upper polarized-light separator.

Referring now to Fig. 1C, the upper polarized-light separator 300 has a
composite structure of two types of alternately deposited layers 301 (layer A)

and 302 (layer B) as shown in Fig. 2. The refractive index (Ilax) along the X
axis and the refractive index (Ilax) along the Y axis of the layer A 301 are
different from each other, whereas the refractive index (Ilax) along the X axis

and the refractive index (Nax) along the Y axis of the layer B 302 are the

same.

As a result, among the light incident on the upper polorized-light separator
300, plane-polarized light along the Y axis passes through the upper
polarized-light separator 300 without modification of the polarization

direction and is emitted.

When the following equation is satisfied, among light incident on the upper
polarized-light separator 300, plane-polarized light along the X axis having
wavelength A is reflected by the upper polarized-light separator_300 without

REPLACEMENT Seer |

17 APR 1998




10

Modification of the polarization direction:
Ta. (Nax) +t . Nax =A/2 (1)

Wherein ta is the thickness along the Z axis of the layer A 301 and tg is the
thickness along the z axis of the layer B 302.

When the thickness ta along the z axis of the layer A 301 and the
thickness tg along the z axis of the layer B 302 are varied so that the
equation (1) holds over the entire visible light region, the upper polarized-
light separator 300 can reflect the plane-polarized light polarized in the X
direction and can transmit the plane-polarized light polarized in the Y
direction without modification over the white light region rather than a
monochrome region. Such an upper polarized-light separator is disclosed as

a reflective polarizer in the laid-open international patent (W095/17692).

The upper polarized-light separator 300 shown in Fig. 2 reflects plane-
polarized light of the given ﬁrét direction from the light source 190 back
towards the light source 190 without modification of the polarization,
whereas it emits transmits plane-polarized light of the second direction
perpendicular to the first direction from the light source 190 towards the
upper face of the upper polarized-light separator 300. Further, the upper
polarized-light separator 300 errﬁts the light incident on the upper face of the
upper polarized-light separator 300 towards the light source 190
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The external natural light 125 incident on the liquid crystal device passes
through the upper polarized-light separator 300 Without modification, and
is changed to plane-polarized light perpendicular to the drawing by
rotating the polarization angle by 90 degrees in the TN liquid crystal 140.
The plane-polarized light perpendicular to the drawing is absorbed in th¢

polarized 165.

In the applied-voltage section 110 on the left side, the external natural
light 115 incident on the liquid crystal display device passes through the
upper polarized light separator 300 as plane-polarized light parallel to the
drawing, passes through the TN liquid crystal 140 without modification of
the polarization direction,, énd passes through the polarizer 165. Part of
the plane-polarized light parallel to the drawing passing through the
polarizer 165 is reflected by the coloring layer 170 and is incident on the
polarizer 165 again. " The reflected plane-polarizer light parallel to the
drawing passing through the polarizer 165 passes through the upper
polarized-light separator 300, and goes towards the observation side as the
emitting light 116 without modification of the polarization direction. The
other part of the plane polarized light parallel to the drawing from the
polarizer 165 passes through the coloring layer 170 while béing absorbed

in this layer, and is reflected by the reflector 180. The reflected polarized
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of the present invention; Fig. 19(4) is a cross-sectional assembly view; and
Fig. 19(B) is a plan view.

Fig. 20 is a cross-sectional assembly view for illustrating a
liquid crystal display device in accordance with a sixth embodiment of the
present invention. '

Fig. 21 is a cross-sectional assembly view for illustrating a
liquid crystal display device in accordance with a seventh embodiment of
the present invention.

Fig. 22 is a cross-sectional assembly view for illustrating a
liquid crystal display device in accordance with an eighth embodiment of
the present invention.

Fig. 23 is a cross-sectional assembly view for illustrating a
liquid crystal display device in accordance with a ninth embodiment of the
present invention.

| Fig. 24 is a cross-sectional assembly view for illustrating a
liquid crystal display device in accordance with a tenth embodiment of the
present invention. _

Fig. 25. Is a cross-sectional assembly view for illustrating a
liquid crystal display device in accordance with an eleventh embodiment of
the present invention.

Fig. 26 is a cross-sectional assembly view for illustrating a
liquid crystal display device in accordance with a twelfth embodiment of
the present invention. o

Fig. 27 is a cross-sectional assembly view for

illustrating liquid crystal display device in accordance
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the same as the second embodiment except that a STN liquid Crystal 34 is
used for the liquid crystal cell 30, and a retardation film 20 is provided on
the glass substrate 31. The retardation film 20 is used as optical
anisotropy in order to correct the color generated in the STN liquid crystal
34. In Fig. 23B, the retardation film 20, the upper polarized-light

separator 10, the polarizer 95 are integrated, and the light is incident from
| between the retardation film 20 and the liquid crystal cell 30. The light
can be incident from between the retardation film 20 and the upper
polarized-light separator 10.

(Tenth Embodiment)
Fig. 24 is a cross-sectional assembly view for illustrating a liquid
crystal display device in a tenth embodiment in accordance with the

present invention.

In this embodiment, a light guide plate 86 is provided for conducting
the light from the lamp 80 to the interior of the liquid crystal display device
1.

Such a configuration can improve brightness of a display with the
light from the lamp 80. In this embodiment, a rectangular opening is
provided in the central portion of the light guide plate 86 so as to
expose the display section of the liquid crystal display device 1.

In this embodiment, a light guided plate, which is used as a
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(57) Abstract

To provide 4 display for utilizing a transmission polarization
variable axis optical element, capable of obtaining a bright image, an
upper polarization separator (300) is provided above a TN liquid crystal
(140). Between the upper polarization separator (300) and the TN
Tiquid crystal (140), light sources (190) arc provided. The light of a
lincar polarization component (112) parallel to the surface of this paper
transmits the upper polarization separator (300). The light of a linear
polarization component (123) perpendicular to the surface of the paper
is reflected upon the upper polarization separator (300) and advances
toward the interior of & liquid crystal display, the resultant light being
reflected repeatedly in the liquid crystal display and finally discharged
to an obscrvation side through the upper polarization separator (300).
Accordingly, a bright image is obtained.
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