SPECI FI CATI ON . LI QUI D ChYSTAL DI SPLAY DEVICE 5

TECHNI CAL FI ELD ' The invention relates to a liquid crystal

di spl ay device, and particularly, tp a single color liquid crystal

di splay device for coloring its  background and display parts.
BACKGROUND TECHNOLOGY 10 As for the single color liquid crystal

di spl ay device for coloring its background and di splay parts, several
types have been proposed in the ' Afirst type is a
single color liquid crystal dispﬁ%?yaﬂgi%grﬁaag up by providing a

calor polarizing filmon the outer side of a liquid crystal 15 cell
thereof. This type has generally been in w despread use due to its

sinple constitution. %’IQUIDWh(é‘BYASTg ong%f f AiYS %EW@]? color liquid

crystal display devic ein-a di C pignent 1s mxed in nematic
liquid crystals sealed in a " liquid crystal cell thereof, and the
dichroic pignent is caused to nove 20 together with the nematic |iquid
crystalss bFF(?m cARN ppmetic liquid crystal nol ecules, and this
type is called a guest-ﬁtﬁst LCD. : However, with any of these

convent i onal - yPEg! YEmToN ofeladeUts) 2 liquid YeiRtalddiiay devidesangol or ed

characters and col ored graphi cs produce a dye or"the dichroic
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BACKGROUND TECHNOLOGY
10 As for the single color liquid crystal display device for coloring its
background and display parts, several types have been proposed in the
past.
A first type is a single color liquid crystal display device made up
by providing a color polarizing film on the outer side of a liquid crystal
15 cell thereof. This type has generaIly been in widespread use due to its
simple constitution.
A second typé is a single color liquid crystal display device
wherein a dichroic pigment is mixed in nematic liquid crystals sealed in a
liquid crystal cell thereof, and the dichroic pigment is caused to move
20 together w1th the nematic liquid crystals by the action of nematic liquid
crystal molecules, and this type is called a guest-host LCD. | o
However, with any of these conventional-type single-color liquid
crystal display devices, colored characters and colored graphics produced
by a dye or the dichroic pigment are displayed against a background in
25 white, or white characters and white graphics are displayed against a

background color produced by the dye or the dichroic pigment.



2 : Consequently, contrast declines. Furthernore, since the nunbers of
avai | abl e dyes and di ehroic pigments are-linmted, there is also a problem
that the nunber of colors in which such2liquid crystal display devices as

descri bed above can indicate display. 5 Accordingly, there has
been proposed a third type of single color liquid crystal display
device conprising a polarizing film a 90[err] tw sted nemati c (TN)
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l'inearly p%:)ilhleaﬂrlt gaﬁégr?t%‘t‘érlg% %dgg ? h/r g‘?}g%i t@gtap alrelgtzl?%équl{iﬁm I'S
turned i nt golyreE shedtdand @i light #5dorbit Aendlest. | i ght after passing through

t he retardatlonfllm9$Mr C|rcularly pol arized light. 25 In
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I's right handed, and a tvm st pItCh Is ¢close toa natural Tight wavel ength,
crystal display device of this type is described hereinafter.

Shown in Fig. 13, the single color liquid crystal display device is
made up of a polarizing film 8, a twist-aligned 90° TN liquid crystal cell
which is not shown, a retardation film 9 for circularly polarized light, a

15  cholestric liquid crystal polymer sheet 10, and a light absorbing member
11. | .

In the left-hand part of the figure, an OFF-state indicating colored
display is shown, wherein the polarizing ﬁim 8 and the retardation film 9
for circularly polarized light are disposed such that the transmission axis

20 8b of the polarizing film 8 is inclined 45° clockwise toward the phase
delay axis 9a of the retardation film 9 for circularly polarized light. As a
result, linearly polarized light transmitted through the polarizing film 8 is
turned into right-handed circularly polarized light after passing through the
retardation film 9 for circularly polarized light.

25 In the cholestric liquid crystal polymer sheet 10, a twist direction
10a is right handed, and a twist pitch is close to a natural light wavelength,



3 : and accordi ngly, upon the right-handed circularly polarized Iight
falling on the cholestric liquid crystal polyner sheet 10, |ight
conmponents in a scattering band wigth [err] around a scattering center
wavel ength [err]c are reflected due to the selective scattering
phenonenon. Transmitted light 5 conposed of |ight conponents in

wavel ength regi ons, other than the scattering band width [err] is
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on the cholestric Iliquid crystal” polyner sheet 10 having ‘the tw’st
direction the scattering center wavelength Ac is given by the following formula:
Ac=nxP

Hence, -the cholestric liquid crystal polymer sheet 10 having various
reflected colors can be obtained by adjusting the twist pitch P of the
15 cholestric liquid crystal polymer.

Meanwhile, in the right-hand part of Fig. 13, an ON-state
indicating black display is shown, wherein the polarizing film 8 and the
retardation film 9 for circularly polarized light are disposed such that the |
transmission axis 8a of the polarizing film 8 is inclined 45°

20 counterclockwise toward the phase delay axis 9a of the retardation film 9
for circularly polarized light by rotating the transmission axis 8a of the
polarizing film 8 through 90°, so that linearly polarized light after passing
through the retardation film 9 for circularly polarized light is turned into
left-handed circularly polarized light.

25 Accordingly, even if the left-handed circularly polarized light falls
on the cholestric liquid crystal polymer sheet 10 having the twist direction



4 ; 10a which is right handed, the selective scattering phenonenon
does not occur. As a result, all conponents of the |eft-handed
circularly polarized light are tragsmtted through the cholestric
liquid crystal polymer sheet 10, and absorbed by the |ight absorbing
menber 11, thus indicating black 5 display. If a 90 TN liquid
crystal cell is installed between the polar|2|ng film8 and the
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with these single c |d crysta | spl ay devi ces

chol estri clightepending In Mieﬂi&f of iRttt a vdltdg® Rehpplie@Mto the TN liquid
crystal cell, so that a background part in the OFF-state and display parts in

the ON-state can be controlled optionally. Consequently, a single color
liquid crystal display device having such a constitution is able to display
- 15  black characters against a colored background in a bright metallic tone.

Such related art as described above has been disclosed in Japanese
Patent Laid-Open No. S52 - 5550 and Japanese Patent Laid-Open No. H6 -
230362. There has also been disclosed in, for example, Japanese Patent
Laid-Open No. H6 - 230371, a -similar liquid crystal display device
20 comprising a first polarizing film, a TN liquid crystal cell, a second
polarizing film, a retardation film for circularly polarized light, a cholestric
liquid crystal polymer sheet, and a light absorbing member, wherein the
second polarizing film is installed between the TN liquid crystal cell and

the retardation film fof circularly polarizé_d light.
25 However, with these single color liquid crystal display devices
using the cholestric liquid crystal polymer sheet, illumination by



5 * backlighting is not feasible because of use of an opaque |ight

absor bi ng menber - made of a bl ack paper, a black plastic sheet, or so
forth, thus causing a probl emthatgdi splay can not be shown in a dark
envi ronnent such as at night, and so forth. 5 DI SCLOSURE OF THE
| NVENTI ON The invention has been devel oped to solve the problem
descri bed above, and it is therefore an object of the invention to
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transpayent substrates havi ng respective el ectrodes, a first
pol ari zing filmdi sposed on the visible side of the TN liquid crystal

cell, and ISE%(‘)SU%EMCF ngHE! "l]gVENTI tardation filmfor circularly.
pol ari zed R ght, a cholestric 1 qui crystg?\‘ezo pol ynmer sheet, a

translucent |ighThalineehtios WaBeén deRelchdiPek /s the groﬁ!e?xli’%@éribed
successively on a side of the TN liquid crystal cell, Opposite from

the vi si bl gbeveleahd €t d9ftherefore an objectobilas ¢nvéntidie td\provide ch singleal

cell described above, an STN liquid crystal cell wth 180[err] to

270[err] tgoloreliqoidairystal i dispthyc device eapablesof dendbringbdisplay wisibler of
transparent substrates having respective el ectrodes may be installed,
a ret di@at even in ladarkyerbdrstimpat suctpas kbaight, and so forth, so that characters

and graphics in a bright color can be displayed against a black background,
or conversely, characters and graphics in a black color can be displayed in
a colored background, using a backlight. | _
To this end, a liquid crystal display device according to the
15 invention comprises a TN liquid crystal cell with about 90° twisted
nematic liquid crystals sealed in-between a pair of transparent substrates
having respective electrodes, a first polarizing film disposed on the visible
side of the TN liquid crystal cell, and a second polarizing film, a
retardation film for circularly polarized light, a cholestric liquid crystal
20 polymer .sheet, a translucent light absorbing member, and a backlight
disposed successively on a side of the TN liquid crystal cell, opposite from
the visible side thereof.
In place of the TN liquid crystal cell described above, an STN
liquid crystal cell with 180° to 270° twisted nematic liquid crystals
25 sandwiched between a pair of transparent substrates having respective

electrodes may be installed, a retardation film may be disposed on the



6 : visible side of the STNIliquid crystal cell, and a first
polarizing filmmy - be di sposed on the outer side of the retardation
film Further, in place of = the retgrdation film a tw st retardation
filmmy be disposed. Furthernore, instead of installing the
translucent |ight absorbing 5 menber, a light emtting face of the
.backl i ght. may be caused to have a function of scattering polarized
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to the cholestric liquid crystal® pol Wth any of the

liquid crystal dOthémyisdeva Cliguidserysigld displsy dévice acBbAlifigoftot e TN

liquid crystal cell, the STN I'iquid erystal "céll may be 'nstalled, a

retardat i oinventionmmayoeogiprivesthit TN litpiidi ariyblad cellla firstt pelaPiAing film! i qui d
crystal cell, and a first polarizing filmmay be disposed on the outer
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25 twisted retardation film may be di sposed. Further, a

| um nescenretardation filay doergitdulaflyt peldrezeid light, ascholestric liquid crystal

polymer sheet, a second retardation film for circularly polarized light, a
second polarizing ﬁlm, a translucent light absorbing member, and a
backlight disposed successively on a side of the TN liquid crystal cell,-

15  opposite from the visible side thereof.

In this case as well, instead of installing the translucent light
absorbing member, a light emitting face of the backlight may be caused to
have a function of scattering polarized light, and the backlight may be
disposed opposite to the cholestric liquid crystal polymer sheet.

20 With any of the liquid crystal display devices described above, in
placé of the TN liquid crystal cell, the STN liquid crystal cell may be
installed, a retardation film may be disposed on the visible side of the STN
liquid crystal cell, and a first polarizing film may be disposed on the outer
side of the retardation film. Further, in place of the retardation film, a

25 twisted retardation film may be disposed.

Further, a luminescence center wavelength of the backlight is



7 ' preferably deviated by not |less than 50 nmfrom a sel ected
scattering center . - wavel ength of the cholestric liquid crystal polyner
sheet . . More preferably, the7backlight has not |ess than two

| um nescence center wavel engths, and at | east one of the |um nescence
center 5 wavelengths is deviated by not I ess than 50 nmfrom a sel ective
scattering center wavel ength of the cholestric liquid crystal polyner
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crystal display device accordlng a third enbodi nent of t
i nvent i on; transmission axis thereof) may be disposed as the second pofarizing film.

10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic sectional view showing a constitution of a
liquid crystal display device according to a first embodiment of the
invention;
15 Fig. 2 is a schematic illustration showing relative positions of

respective components of the liquid crystal display device according to the
first embodiment of the invention;

Fig. 3 is a scherhatic sectional view showing a constitution of a

liquid crystal display device according to a second embodiment of the
20 invention;

Fig. 4 is a schematic illustration showing relative positions of
respective components of the liquid crystal &isplay device according to the
second embodiment of the invention;

_ Fig. Sis a schemé,tic_ sectional view showing a constitution of a
25 liquid crystal display device according to a third embodiment of the

invention;



Fig. 6 is a schematic illustration showi ng relative positions of
respecti ve conponents-of the liquid crystal display device according to the

third enmbodi nent of the invention; 8 Fig. 7 is a schematic
sectional view showing a constitution of a 5 liquid crystal display
device according to a fourth enbodi nent of the ~ invention;

Fig. 8 is a schematic sectional view show ng a constltutlon of a
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devi ce according fo a sevent h enbodi nent of the invention; and

Fig. 13 is a scheimtg GsneseRematitCsectional | Viks rsﬁbmﬁ%tw%oﬁsﬁai@h of a
principle of a co Vent i onal single color liquid crystal display device

SSI ng liguih Argsfal | displayyi devicy Sicdordilg/ N6 as it - erdBodiment of the

invention;

10 Fig. 9 is a schematic sectional view showing a constitution of a
liquid crystal display device according to a sixth embodiment of the
invention;

Fig. 10 is a schematic illustration showing relative positions of
respective components of the liquid crystal display device according to the

15 sixth embodiment of the invention;

Fig. 11 is a diagrammatic view showing transmittance and emission
spectrum of a backlight, of the liquid crystal display device according the
first to sixth embodiments of the invention;

Fig. 12 is a diagrammatic view showing transmittance and emission

20 spectrum of a backlight, of a liquid crystal display device according to a

- seventh embodiment of the invention; and

Fig. 13 is a schematic perspective view illustrating the display
principle of a conventional single color liquid crystal display device using
a cholestric liquid crystal polymer sheet. |

25



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON A construction,
operation and effect of a liquid crystal display device according to a
preferred enbodi mrent of the invention ig now described in detail as
follows with attached drawings. 5 First Enbodiment: Fig. 1, Fig. 2
and Fig. 11 A construction of a liquid crystal display device
according to a first enbodi nent of the invention is now described with

reference ' - ' ' | schematic _
sect i onal j\#?‘gvrg?ot]%% I‘f‘?‘c}u‘?@%ﬁm‘gﬁ Qprsrpfg}:‘ ﬁQQ’Elﬂ'gltég\E t 2nd glr gbf 21is a
vi ew showi ng rel ati ;110 L es enen .
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pl ate Maving a thickness of 0.7 mmon which a second transparent

el ectrodes 4 made of ITO are provi ded, and a sealant 5 for |amnnating
the pair oFisuBaibedietentyes el Fig02%hd Fip S1;1- aligned nematic liquid

crystals 6 are sealed in be weent he pair- o transparent first and
second-subst r at eA domstehictiort 6£a LAY dis Ih?devicé %é’éb '&éé@%%rs?e” 7.
A first polarizing film17 is disposed on a \Rs ble side (a stde where

an obser veembedimenb efuthiecinvention is hotv descfibed Withefedoftntebed Fage 2 of

the 25 TN liquid crystal cell 7, and a second polarizing film18,~a
retardatioand 2l m 9 for circularly polarized light, a cholesteric

liquid crystal polyner sheet

10 10 10, a Fignklisceschémgtic sdrtional ndeweobahe Udqaidd ceyseak displly 16

are

device, and Fig. 2 is a view showing relative positions of respective
elements thereof. |

The liquid crystal display device according to the first embodiment

comprises, shown in Fig. 1, a first transparent substrate 1 made of a glass

15  plate having a thickness of 0.7 mm on which first transparent electrodes 3

| made of indium tin oxide (hereinafter referred to as “ITO”) are provided, a

- second transparent substrate 2 made of a glass plate having a thickness of

0.7 mm on which a second transparent electrodes 4 made of ITO are

provided, and a sealant 5 for laminating the pair of substrates, wherein 90°

20 twist-aligned nematic liquid crystals 6 are sealed in between the pair of

transparent first and second substrates 1 and 2, thereby forming a TN

liquid crystal cell 7.

A first polarizing film 17 is disposed on a visible side (a side where

an observer sees, the upper side in Fig. 1) on the second substrate 2 of the

25 TN liquid crystal cell 7, and a second polarizing film 18, a retardation film

9 for circularly polarized light, a cholesteric liquid crystal polymer sheet



di sposed successively on a side opposite fromthe visible side, thereby

constituting a liquid crystal display device 40. The first
substrate 1, the second polarizing filnqgl8, the retardation 5 film9 for
circularly polarized light and the cholesteric liquid crystal pol yrer
sheet 10 are bonded to one another by an acrylic adhesive (not shown) .
Further, the first polarizing film17 and the second substrate 2 are
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The first petwserzithe fitdtrydbstrdte d1 s@ed afies sécorid' Fubkhiatd 221§ 8660 ofim.
Accordingly, the And value of the TN liquid crystal cell 7 which is a

9

product of the difference of birefringence An of the nematic liquid crystals
6 and the cell gap d is 1200 nm. As the And value decreases, the optical
15 rotatory power lowers, and hence it is preferable that the And value is not
less than 500 nm. |
An alignment layer (not shown) is formed, res.pectively-, on an inner
surface of the first transparent electrodes 3, and an inner surface of the
second transparent electrodes 4. Acéordingly, as shown in Fig. 2, an
20 alignment direction 7a of lower liquid crystal molecules points 45°
downward to the right when rubbing treatment in the direction of -45° on
the basis of the horizontal axis H is applied to the first substrate 1, while an
alignment direction 7b of upper liquid crystal molecules points 45° upward
to the right when rubbing treatment in the direction of +45° on the basis of
25 the horizontal axis H is applied to the second substrate 2, thereby forming
the left-handed twist-aligned 90° TN liquid crystal cell 7.



axis 17a thereof points 45[err] upward to the right in the same manner as

t he al i gnment dirrection 7b of upper liquid crystal nolecules of the
TN l'i-qui d crystal cell 7, while sgcond polarizing film18 is disposed
such that the 5 transm ssion axis 18a thereof points 45[err] downward to
the right in the sane manner as the alignnent direction 7a of | ower
liquid crystal nolecul es of the TN liquid crystal cell 7.
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el ect r ol UTkpREAAINE @ PoljchrbbAi® fkih Y 4 thidkiRds'oF ABouf60 #.Cand thé>
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crystal

oriented horizontally. The cholesteric liquid crystal polymer sheet 10 is

disposed underneath the retardation film 9 for circularly polarized light,

while a film prepared by dying polyethylene terephthalate (PET) having a

‘thickness of 20 ¢ m with a black dye so that the transmittance becomes
15 50 % is installed as the translucent light absorbing member 15.

The cholesteric liquid crystal polymer sheet 10 is a sheet-like
triacetylcellulose (TAC) film formed by applying alignment treatment to a
base film (not shown) of 80 4 m thickness, applying cholesteric liquid
crystal polymer thereon, adjusting at a high temperature showing a liquid

20 crystal phase so as to set the twist pitch to 380 nm and rotate clockwise
with planer alignment in parallel with the base film before cooling to not
higher than the glass-transition temperature for solidification.
Accordingly, the twist central axis is perpendicular to the base frame.

An electroluminescence plate (hereinafter referred to as “EL plate”)

25 having a thickness of 200 g m, and showing emitted light in a bluish
green color used for the backlight 16. Even if the cholestric liquid crystal

——
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“pol yner sheet 10, the translucent |ight absorbing nenber 15 and the
backlight 16 are disposed at whatever rotational angle within respective

pl anes in parallel with each other, digplaying characteristic will not be
affected, and therefore, in Fig. 2, illustration of disposition directions
is 5 omtted. Next, operation of displaying color of the
liquid crystal display devi ce according to the first enbodi nent of the
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: rotatgsi bbn%@l‘he@.’ t he TN liquid crystal cell 7 and outgoes after it is
turned into the linearly pol ari zed light in the alignment direction 7a

of lower liquid S s HF‘SCIH ol S | Gt il m218
i s di sposed sucﬁ éio’f{eﬁ%tlon (gpa | g%ﬁ?r% EBF%S¥!I§S I;Qﬁig? o?gév%! ‘FF’?E‘?’;
crystal meegfad %c@ﬂﬁng_hﬁ) {he fifstnemibodimeneofsthbSinwintidif i§ edeyesibed
polarizing film18 are”in parallel wth each other, the linearly

pol ari zed Herefiaftes! | i ng on the second polarizing film 18 passes the -
second polarizing film18 as it is. Accordingly, the polarized
light falls on Thahediquidattystalf dis tevice 40, the Hnkarlyypalatized déght i ght
while it is rotated clockwilrsyég by 4 E?'romthe 25 phaseyz})el ay axis 9a.
Accor t) ngiwhicht falls Onrthedi%:mitbcryswt displaiedevice from ¢heavikibleside ianedd | i ght
I n the sane nanner as the F-state shown in -

13 passed the first polarizing film 17 and is polarized in the direction of the

transmission axis 17a in a state where no voltage is applied to the first
transparent electrodes 3 and the second transparent electrodes 4 of the TN
liquid crystal cell 7 falls on the TN liquid crystal cell 7 in the alignment
15 direction 7b of upper liquid crystal molecules, and is rotated by 90° by the
| TN liquid crystal cell 7 and outgoes after it is turned into the linearly
polarized light in the alignment direction 7a of lower liquid crystal
molecules. Since the second polarizing film 18 is disposed such that the
alignment direction 7a of lower liquid crystal molecules and the
20 transmission axis 18a of the second polarizing film 18 are in parallel with
each other,.the linearly polarized light falling on the second polarizing film

18 passés the second polarizing film 18 as it is. |
Accordingly, the polarized light falls on the retardation film 9 for
circularly polarized light while it is rotated clockwise by 45° from the
25 phase delay axis 9a. ACcordingly, it is tumed into right-handed

circularly polarized light in the same manner as the OFF-state shown in



Fig. 13, which is the sanme as the twist direction 10a of the cholesteric
liquid crystal polynmer sheet 10. Accordingly, when the right-handed
circularly polarized light falls on thg3chol esteric liquid crystal polyner

sheet 10, |ight conponents in a scattering bandwidth [err] around a 5
scattering center wavelength [err]c are reflected due to the selective
scattering phenonenon, and |ight conponents transmtted through
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it passed eg the linearly polarized light falli ni;
on the sec@% ggltg%l?z(ﬁaﬁlbeo@ﬁ&?ﬂ{@n 18 after passing the TN liquid crystal

cell 4g s pol aripggshd defifigs ngz}setéﬁ' fsegfddtﬁi'é indeR' o5 thOestiie Hqud TRys&l On

axis 18a thereof at right an
14 polymer, and P as the twist pitch of the cholestric liquid crystal polymer,

the scattering center wavelength Ac is given by the following formula: Ac =
.n xP
Since right-twisted cholesteric liquid crystal polymer having n as 1.65, P
15 as 370 nm is employed in this embodiment, the scattering center
wavelength Ac becomes 610 nm, thereby obtaining a golden reflected color
in a metallic tone.
Now, when a voltage is applied between the first transparent
electrodes 3 of the TN liquid crystal cell 7 and the second transparent
20 electrodes 4 of the same, molecules of the nematic liquid érystals 6 are
caused to rise up, the light rotation property is extinguished. Then, linearly
polarized light polarized in the alignment direction 7b of upper liquid
crystal molecules falls on the TN liquid crystal cell 7, it passed as it is.
Accordingly, the linearly polarized light falling on the second polarizing
25 film 18 after passing the TN liquid crystal cell 7 is polarized in the

direction intersecting the transmission axis 18a thereof at right angles, so



that all conponents of light falling on the second polarizing film18 are

absorbed thereby, indicating black display. In Fig. 11, the
transnmittance of the cholesteric |iquiddgrystal pol ymer sheet 10
adopted in the first enbodinent at the selective 5 scattering state (no
voltage is applied between the first transparent el ectrodes 3 and the
second transparent electrodes 4) is shown by a solid curve 53, whereas
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shown by the curve 52, light tr smtted roug polari zing

film17 areuplerss, Whéférabeﬂxe transhiittafiCe TFCAiRd sﬂ%baﬁv'&h“ﬂ}&lb%ﬂﬂl% apRer eby
i ndicating a bl ack di spl ay. 20 Next, operation o I I ght 16

in Fig. 1 displag¢aivodthge is applied] befween the ﬁ@éﬁ@dnépaiénﬁéle\éﬁ'o%s'?aﬁﬂg 11

Is a spectrum show ng relative light emtting density of the EL plate

showi ng enthe second) Il\tansPatent electrbdes ) ds shiovarbyra solid éwtvet 2. Aaakki ght
16 of the liquid crystal display devi ce 40, which indicates emtted

l'i ght 101 astleotive spatteringostate,i it is found from ¢he auree 3 teat vighehanded
[err]L = 510 nm Wth the liquid crystal display device 40,

| i ght doesctroularbapsolamzedw light in the range from 560 nm to 670 nm around the

4

scattering center wavelength of Ac= 610 nm is reflected, but light out of
the scattering bandwidth transmits as itis. Accordingly, if the transmitted
light is restrained from returning to the visible side by absorbing that by

15  the translucent light absorbing film 15, thereby a bright golden color can
be  performed by the reflected light due to the selective scattering
phenomenon. When indicating a black display, as shown by the curve 52,
light transmitted through the first polarizing film 17 are almost absorbed
by the second polarizing film 18, thereby indicating a black display.

20  Next, operation of the backlight 16 in Fig. 1 is described
hereinafter. A dotted line curve 54 in Fig. 11 is a spectrum showing
relative light emitting density of the EL plate showing emitted light in a
bluish green color used for the backlight 16 of the liquid crystal display
device 40, which indicates emitted light in a bluish green color in a

25 luminescence center wavelength AL = 510 nm.

With the liquid crystal display device 40, light does not transmit in



an ON-state indicating a black display when a voltage is applied as shown
in the curve 52, so tthat it remains dark even if the backlight 16 is |it

up. However, golden reflected colgg is indicated in a state where no
voltage is applied, and |light having not nore than 560 nmcan transmt
as shown in 5 the curve 53. - Li ght em'tted by the backl i ght
16 having | um nescence center wavel ength [err]L = 510 nmthat S
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because t hgxdellens idibilitgecanbe 6bfifle@@veniat nifkt, OFF-stat e
16 is low, thereby indicating an inversion display in nonochrome

relation If the translucent light absorbing member 15 and the backlight 16
are provided without installing the second polarizing film 18 in Fig. 1, the

liquid crystal display device capable of indicating single color in a metallic

15 tone can be obtained. In this case, the operation of displaying color is the

same as that in the first embodiment in the case of OFF-state indicating a

golden display, but in the case of ON-state indicating a black display light

outgoing from the retardation film 9 for circularly polarized light is turned

into left-handed state of circularly polarized light, and it transmits through

20 the right-twisted cholesteric liquid crystal polymer sheet 10 so that it is

absorbed by the translucent light absorbing member 15 to indicate a black
color. -

If the backlight 16 is lit up in this state, light transmitted through

the translucent light absorbing member 15 illuminates bright because the

25 transmittance in the black display part in the ON-state is high, while light

illuminates dark because the transmittance in golden part in the OFF-state



contrary to the reflected state using an external light. In this case, the
difference in an anount of transmttance of a backlight between O\-state

and OFF-state is small, thereby |owering a contrast. 5 Furt her

if the backlight 16 of the liquid crystal display device 40 is lit up

in a dimenvironnment, the golden portion in the OFF display reflects

the external |ight and |Ilun1nates whi | e the bl ack portlon in the ON state
transmts the ba h throu and il Lum nates hat th Qnt r ast

berween ¢ his 198, doptaty indictind: 88 TvAtioh. By if SmoBehieie, BpfidH
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backl i ghti ng, reby obtaining the liquid crystal display device

capabl e of trapgirial tHHJbﬁckllght %hélﬁt]ﬁ’di@hoﬁﬂd' ilundinaies, Boatha thk! éontraste and
of enhancing visibility even at ni ght. 25 fbdi fication of First _

Embodi ment between the characters and a back%round scarcely presénts, thereby
In the foregoing first enbodi nent, the selective scattering center

wavel ef@t hnia‘keﬂtylﬁwéﬁﬂg(thelvﬁﬁbﬂiﬂyc liquid crystal polyner sheet 10 and
t he

However, with the liquid crystal display device 40, it is the same
display in a monochrome relation viewing in a reflected state using an
external light and viewing in a transmittance state using a backlight,
thereby improving the visibility when lighting up the backlight in a dim

15 environment. |

With the construction comprising the first polarizing film 17, the
TN liquid crystal cell 7, the second polarizing film 18, the retardation film
9 for circularly polarized light, the cholesteric liquid crystal polymer sheet
10, the translucent light absorbing member 15 and the backlight 16, a

20 display of bright reﬂected- color with high contrast is obtained, and also it
becomes a correct conversion even by illumination by backlighting,
thereby obtaining the liquid crystal display device capable of indicating a |
single colored display in a metallic tone and of enhancing visibility even at
night. |

25
Modification of First Embodiment



l'um nescence center wavelength [err]L of the backlight are deviated by 100
nm but if they are deviated by 50 nm the brightness of illumnation of
the 5 Dbacklight is somewhat |owered, i ch however does not cause any

pr obl em Al t hough the cholesteric liquid crystal polymer
having a pitch P = 370 nmis used as the cholesteric liquid crystal
pol ynmer sheet 10 to form the liquid crystal display device indicating
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display in a state where a vo e 1's appli
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polarizing fil'm18 is rotated 90[err], 1t 1's pos tOII’lHI
bl ack For example, it is possible to obtain a liquid crystal display device

indicating blue and black displays supposing that P = 300 nm (Ac = 490
nm). In this case, an EL plate having a luminescence center wavelength
15 AL of 560 nm, and showing emitted light in an orange color is employed.
Although the an EL plate showing emitted light in a bluish green
color is employed as the backlight 16 in the first embodiment, even if a
side light consisting of a light emitting diode (LED) showing emitted light
in a green color which is attached to a plastic light guide plate is employed,
20  the bright illumination which is the same as the foregoing can be obtained.
Further, although the first embodiment indicates a colored display
in a state where no voltage is applied and a black display in a state where a
voltage is applied, if the transmission axis 17a of the first polarizing film
17 is rotated by 90° to be oriented in the same direction as the alignment
25 direction 7a of lower liquid crystal molecule, it is possible to indicate a

black display in a state where no voltage is applied and indicate a colored



display in a state where no voltage is applied and a colored display in a

5 state where a voltage is applied. Al t hough the retardation
film9 for circularly polarized light g di sposed between the second
polarizing film18 and the cholesteric liquid crystal pol yner sheet 10
in the first enbodinent, the retardation film9 for circularly

pol arized light can be renoved al though the reflecting efficiency 10 of the
el i o chrbls fle el Y Rae g I ibptied. &, C0Te Erboui ment: i gs. 3 and
embodi ment 15 dPEHIEVEIG EFsn”HE AR EE Bl DBa & nBCSERnd s 5
fhe same dolarizing (57, 18 1 gL, obn "R N aRSHHE &L ibdiohed BT
hat o eta O B & Stpiq MHene 6 DAGge" S cpptfed d5d 4 B)Gred iilpliy 3.4 | PO
of 1 ho sormg uhp f VORI PR | e sone as  Flos. 1 and 2 wherein

the components WAlthbugh! s eetaidation IR 9 Yo' Gitcularly pblitized 18I denot ed

by the sane reference " nunerals and t he explanation ereo omtted.

25 disposed batweers thé satosd polaiziRViiln 19 addchic g?t&gfd&ﬁgﬁf‘&ond

enbodi ment conprises a first transparent "substrate 1 nade Ss plate

19 tal polyiner skees $04h the firsteibodibdchtatte fethrdatrpsAneY for

el ectrodes made of |1 TO are provided, a second transparent substrate
2 made of cirgilagy polarized dightiean be rémbhed lalwugh the réflsetiag efficiengecond
transparent el ectrodes '

10  of the cholesteric liquid crystal polymer sheet 10 is somewhat lowered, and

a metallic color becomes somewhat dark.

Second Embodiment: Figs. 3 and 4

A liquid crystal display device according to a second embodiment

15 of .the invention is now described with reference to Figs. 3 and 4.

The liquid crystal display device of this embodiment is the same as
the first embodiment in construction except that 225° twist-aligned STN
liquid crystal cell as the liquid crystal cell, and that a retardation film are
used.

20 Figs. 3 and 4 .are views for explaining the construction of the liquid
crystal display device of the second embodiment which are the same as
Figs. 1 and 2, wherein the components which correspond to those in Figs.
1 and 2 are denoted by the same reference numerals and the explanation
thereof is omitted.

25 The liquid crystal display device 40 according to the second
embodiment comprises a first transparent substrate 1 made of a glass plate



4 madé of 1 TO are provided, and a sealant 5 for lamnating the pair of 5
substrates 1 and 2 wherein 225 twist-aligned nematic liquid crystals 6 are
sealed in between the pair of transparepy first and second substrates 1 and
2, thereby formng a STN liquid crystal cell 12. A
retardation film13 and a first polarizing film17 are di sposed.
successively outside the second substrate 2 at a visible side of the STN 10

o M £ o) aPing R ibnefior 0.3 g of uhichc Zﬂ{s&'rt%r%‘n%z%aaﬁeriq 0d 351 yrer
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film9 for semqh%ém&a'me'ﬁﬁﬁpfhghkgagﬁu%ﬂi@ké@é bﬁbé 59 ﬁcpt al

pol ymer sheet 10 are respective sl ng an acr S|ve not

shown) . -Futhéreby fbﬁ?ﬁuﬁ%rasSTN)hgﬁi lggtzﬂlddn iz, the ret ardat ion film13 and

a second slUbstrate 2 are nded using an acrylic adhesive (not

shown) . A retadd@ion sfilmel 3ianides ke plflaﬁkir% 'ﬁlﬁﬂ‘i"Tcﬁré Riggdsedl the

nematic liquid 25 crystals 6 to be used is™0 a cell gap bet ween

the first subedssivelyloutside thel sbb@né%%&a@é@shf at elsiblleSsﬂéOQf e STN
Accordingly, the And val ue of the

20 10  liquidiotysta) eeHl 12,edrid wiseebnd polarizafilmol 8f A eedirddteoe filen 9f t he

birefringence An of the nematic I"i qui d crystals 6 and the cell gap d

is 810 nm féwcirsalarly polarized light, cholestéri¢ biquid ceystal pobyher GhdéttE(D s 6 is
adjusted to 1100 nm An al i gnnent |ayer (not shown) is flor med,

respect i velytransiueent hight absorbing member 15 and a backlight 16 are disposed

successively on a side opposite from the visible side, thereby constituting a
liquid crystal display device 40.
15 The first polarizing film 17, the second polarizing film 18, the
- cholesteric liquid crystal polymer sheet 10, the retardation film 9 for
circularly polarized light, the translucent light absorbing member 15 and
the backlight 16 are the same as those employed in the first embodiment.
A first substrate 1, the second polarizing film 18, the retardation
20 film 9 for circularly polarized light and the cholesteric liquid crystal
polymer sheet 10 are respectively bonded using an acrylic adhesive (not
shown). Further, the first polarizing film 17, the retardation film 13 and a
second substrate 2 are also bonded using an acrylic adhesive (not shown).
Suppose the difference of birefringence An of the nematic liquid
25 crystals 6 to be used is 0.15 and a cell gap d between the first substrate 1
and the second substrate 2 is 5400 nm. Accordingly, the And value of the



5 surface of the first transparent electrodes 3, and an inner surface of

t he second transparent el ectrodes 4, and shown in Fig. 4, an

al i gnnent direction 12a of |ower ggquid crystal nolecul es points
22.5[err] upward to the ri ght when rubbing treatnment in the direction
of +22.5 on the basis of the ~horizontal axis His applied to the

first substrate 1, while an alignment 10 direction 12b of upper Iiquid

(r eat ront LEAETRBLBER BisH 55 brodift Heihe. difference of theireiiaenneal
1S S bk bl BESRY SraRiA T i sl BT h S Rl Furhl?
axi s 17a 1 Ravast BItBA gfichfnbipathe RBREPRES G s bsisdo | {MiBme basi s o
pol ycar bonat o r odihabBhiestt 18 (e shRbADR SofBed. riFpedtiVER: o aminmtase
011 129 Ui 150 b ranspgtne L RBRRAR AR bk el Dbl o 52
nori zont a “eo0ad fraibfitehf SRERSUEECH, A Ynofln b Tk 41 b MBS
e et B 2o Ot 4o B 2 Do

axis 18a thereof 1Is orien _ i ( b?sis
[ i ; :dat r rity
of the hor t?glﬁt\ﬁheﬁﬁﬁbiﬂsgegﬁgtl}fé in the ﬂg&;@&ﬁ &%ige 'Br?tﬂé’ﬁaﬁg éff;ir'l]ag

pol arized |light is dispo lay axr's r eof

| s orient eftorizontdl akiscH ionpplicddie>the Mt iBsRAR 9, while Un igrikAe ONt 2l

axis H so that the phase del axis 9a forms an anglé

21 10 dbfeetioh 12b oM dspér Baaid efystal AbleciBs finis22 50 WnRALA 07| NG

film 18. To inprove view ng angles characteristic, the

retardati othé right%shen rubbis tiealthent i tieiedohOsF 23,57 Hi il vadlg dfhe

relation of nx > nz > ny supposing that nx is the refractive In

the phase de¢ hpridionealt axis H'iy applied to thef sstdndvsubsteite 2, théfdydfdrafinigon of

Y axis and nz is the refractive index in
the left-handed 225° twist-aligned STN liquid crystal cell 12.

The first polarizing film 17 is disposed such that the transmission
15 axis 17a thereof is oriented in the direction of -70° on the basis of the
horizontal axis H, and the retardation film 13 made of polycarbonate resin
and having the thickness of 50 ¢ m and phase difference value of 550 nm
is disposed between the STN liquid crystal cell 12 and the first polarizing
film 17 such that a phase delay axis 13a thereof is oriented in the direction
20 of 60° on the basis of the horizontal axis H.

‘The second polarizing film 18 is disposed underneath the STN
liquid crystal cell 12 such that the transmission axis 18a thereof is oriented
in the direction of -15° on the basis of the horizontal axis H, and the
retardation film 9 for circularity polarized light is disposed such that the |

25 phase delay axis 9a thereof is oriented in the direction of 30° on the basis

of the horizontal axis H so that the phase delay axis 9a forms an angle of



the thickness direction. It is needless to say that the use of an uniaxi al
retardation filmcauses no problem Even if the cholestric
liquid crystal polyner sheet 10, the 21 translucent |ight absorbing
menber 15 and the backlight 16 are disposed at 10 whatever rotational angle
wi thin respective planes in parallel -wth each ot her, displaying
characteristic will not be affected, and therefore, in Fig. 4,
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| i ght can not be produced even after passing hrough the retardation
film9 forraaﬁmﬁ@{ﬁquﬁlgegzﬂﬂpﬂdmﬁh t her eby indi cating insufficient
di splay. 25 However, since the retardation film13 is installed

between the firsEven if PtHerélalestric | Hepdid acr§ystdle poltoer dshéetcr v3;t ahecel I22

12, the linearly polarized

| I ght fal | tragslucehbtight absorbingméinber 13 drd theobackieglit 16 aredisposedrg fil m

is turned into a state of elliptic polarized Iight. Thé elliptic
pol ariled Wwhgtever rotationabrangde ewlithin respevtiveaptariesr i paralbel #ith leacghi d

crystal cell 12, is turned into the substantially linearly polarized

L, e, dplpiep it uih bt o g Ry <
t r ansni ssi diustrationi of dispasition idirectionisds ionittgdt i | m 17, and
Next, operation of displaying color of the liquid crystal display
device 40 according to the second enibodiment of the invention is
15  described bereinafter. With the liquid crystal display device 40, in a state
where no voltage is applied to the STN liquid crystal cell 12, linearly
polarized light falling thereon from the visible side thereof (upper side in
Fig. 3) through the first polarizing film 17 and polarized in the direction of
the transmission axis 17a of the first polarizing film 17, is turned into a
20 state of elliptic polarized light after transmitted through the STN liquid
crystal cell 12 in the case where the retardation film 13 is not installed, so
that circularly polarized light can not be produced even after passing
through the retardation film 9 for circularly polanzed light, thereby |
1nd1cat1ng insufficient display.
25 : However, since the retardation film 13 is installed between the first

polarizing film 17 and the STN liquid crystal cell 12, the linearly polarized



“out goes. Since the second polarizing film18 is disposed such
that the transm ssion axis 18a of the second polarizing film18 is
oriented in the 10 direction at -15 2fh the basis of the horizontal axis
H, the linearly pol ari zed light falling thereon fromthe first
polarizing film17 is transmtted through the second polarizing film
18 as it is. Since the retardation film9 for circularly polarized

P o SRR 5 S Y TR 8 SOEREAL 1
i’ 15 phiBaTpRORdua rOIEpRE Jdlet i, | THS ABpHopRLBEAE | oh
of the " ekecipidBa b bl BHbREh RO STICRIA dHyeiplfal 19, s

As with twﬁﬂsﬁxtefmb%ﬁswﬂialmﬁtébfﬁn?ela&iﬁdm €gheh Gt lis Guied thto
crystal polyner sheet 10 which 1is i ght - handed is enployed,

conseq§ienthe lineaflyt pslagizeddisht whiclf i9at 8boia 55 uditerdl6ekWisy angle a
scattering center wavel ength birefringence [err]c are reflected dué to the

sel ecti ve witlaréspeace go the bramensissioarnkkis 1Jatofoherfirze potariziapsfilmh i and
t hrough wavel ength regi.ons, other than the scattering bandw dth [err] is 25
absor bed lpntgdes.transl ucent |ight absorbing menber 15, whereupon a
golden reflected color in a bright nmetallic tone can be obt ai ned.
23 , Sineev, thehsecand gialarjeing filpp! 18 disbdisposedt becli i that the
t ranspar ent el ectrodes 3 of the STNIliquid crystal cell 12 and the
second tr sransaniesion axis b8z «frthecsecondf polarizingefilmol & isilorientéd tihetheenat i ¢
liquid crystals 6 are caused to rise up,_ and birefringency of the STN
|'i qui H0cr yhirestiopelat 15° Drurther basis of cthen dhorizomtah axip dlarthealinearkyt
linearly polarized |ight . .
polarized light falling thereon from the first polarizing film 17 is
transmitted through the second polarizing film 18 as it is. Since the
retardation film 9 for circularly polarized light is disposed such that the
phase delay axis 9a thereof is oriented in the direction of + 45° with
15 respect to the transmission axis 18a of the second polarizing film, and
linearly polarized light at a 45° clockwise angle with respect to the phase
- delay axis 9a of the retardation film 9 for circularly polarized light falls
thereon, it is turned into right-handed circularly polarized light.
As with the case of the first embodiment, the cholestric liquid
20 crystal polymer sheet 10 which is right-handed is employed,
consequently, light component in a scattering bandwidth AA around a
scattering center wavelength birefringence Ac are reflected due to the
selective scattering phenomenon, and light components transmitted
through wavelength regions, other than the scattering bandwidth AA, is
25 absorbed by the translucent light absorbing member 15, whereupon a

golden reflected color in a bright metallic tone can be obtained.



outgoing is rotated by about 90[err] to be in the direction at +75[err] on
t he basis of the horizontal axis H shown in Fig. 4. Accordingly,

pol ari zi ng direction of the linead3 polarized |ight transmtted
through the STN liquid crystal cell 12 is deviated by 90[err] fromthe
transm ssion axis 18a of the 10 second polarizing film18, so that all
conponents of light falling on the second polarizing film18 are

absorbed thereb ndi | LS ' C [ Lol
possible to i nd%llgegt‘%’ mrﬁ %lﬁﬁaggvﬁ)@yﬁq gl%et%é%?lr gfslg gggtytmh%P en&se of
t he second o f 4 P | i1 St
enbodi nent ?Rgﬁwg_egp?g)tfe gz\;/’li:ﬁ]ghgui% ¢ %%l'ﬁggz%%ﬁ?e%{§%eﬁgﬁépﬁr#ér rjL
=510 nm a | ' i ' | [ ed for
the backl i Eg%t‘ﬂl@.ebﬁ e, Shmy 2*3?’%59’“%?%?_2 the it %“‘?ﬁ@of‘?}asgilsig Aol ed,
light is nehudddné Hisd gg),t Qﬁ&tﬁ%ﬁi&fgég@gggitgg STN Mfdﬁﬂdi@%kﬁeﬂewce,

however, in a sate whe no voltag I n a gol den

reflectsd galergdes iadmged sd | gk ?Gm SRMinkhrBP poRyiekdndight not

nore than 560 nmcan be transmtted therethrough. Accordingly,
light emt bﬁtgdinﬁtib&otmeﬂlb)gabod@%ﬂm b2 in the divéeticre aeAFS GRS basis

wavel ength [err]LC that is Smaller than the sel ected scattering center

wavel engt hof ethie] horifortahraxi§ Hhasholwa eist Fige 4 quAdcordinghy, polarizingy mer
sheet -10 by 100 nm substantially conpletely transmts, thereby 25

i | | um nat i drebtioghof the lieariy polarized light dranstrdtted througte thie SANiquid
brightness relation as the display by an external |ight wthout
backl i ght i ogystal cell 12 is deviated by 90° from the transmission axis 2@8a of the
enhance visibility can be performed even at night. ] . Wth the
const rlt i secondvpolatizing il 8ssopthiatiall compionentst of light fallingr enaheéat i on
film13, the STN liquid crystal cell 12, the second polarizing _ film
18, the resecend poharizing filmol8 dre ahiserbgd shereby; andicatimg black displasst eri c
5 liquid crystal polymer sheet 10, the translucent |ight absorbi n? menber
15, adecordinglykitiig possible o andisate adlacgk display em%b&ngb cootrast Byt h
hi gh t t
$On comtt ﬁfe use of the second polarizing film 18.
As with the case of the first embodiment, an EL plate having a
15 luminescent center wavelength AL =510 nm, and showing emitted light in
a bluish green color is used for the backlight 16. In a black display state
where a voltage is applied, light is not transmitted through the liqﬁid
crystal display device, however, in a sate where no voltage is applied and
display in a golden reflected color is indicated, light components having
20  wavelengths not more than 560 nm can be transmitted therethrough.

Accordingly, light emitted by the backlight 16 having
luminescence center wavelength ?LL that is smaller than the selected
scattering center wavelength Ac = 610 nm of the cholesteric liquid crystal
polymer sheet 10 by 100 nm substantially completely transmits, thereby

25 illuminating brightly. Further, so it indicates the same display in
brightness relation as the display by an external light without backlighting,



“is obtained, and it al so beconmes a correct conversion even by illum nation
by backlighting, thereby obtaining the liquid crystal display device .

capabl e of indicating a single copgred display in a netallic tone and
of enhancing 10 visibility even at night. Modi fication of Second
Enbodi nment Al t hough the 225[err] twist-aligned STN liquid
crystal cell was enpl oyed as the STN liquid crystal cell 12 in the

s that eFﬁﬁﬁhﬁF@&éﬁhﬁftf&n b BEHorfiet o n TR ﬂié: cven i1 a 180[err] to
2 wist-ali . | Gkl ) ' oyed.
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pol ari zed T1ght’ can rned 11 near polarized
light,sgth -0 ekl [ ; t1; ' rﬂﬂgﬁ col ored
di spl ag. %c@ﬁ%lldlg? g(iafg%@ggﬁg eet IOTRPEt ar gaitnlﬁ%ir? ]%%pn%%%?ﬁ%eﬁ?énst a Fse’d on
one si de_qind fhe BACKIZIIG, £ HiglaY dFblighbrofkbied ColdiewifiPligle cohttased and
installed on both sides of the™S i quld crystal cell 712:

25 is obtaineuahAdt alst beeobs taCorrééteésiiersivn eVén Byl ifurfinagiomr | y

pol ari zed light is installed between the second polafizing film 18 and
the chol efyebacklighting, therebye obtdiningtheyliguiddnstal displayt deviee capdble

enbodi nent ,}eeven glf t%e }Cret ardagt)i onn?'iil mbg%f or c?rgfu arly pgl ari zed
light is Qjﬁmﬂ@chtiﬁ%wa dingle dolorgdtdisphy i anhesallie\tone amhobenbaacingabl y
used, though the reflecting efficiency of the cholesteric liquid
cryst 80 poligibilityséveen atflight. somewhat | ower ed and

Modification of Second Embodiment
Although the 225° twist-aligned STN liquid crystal cell was
employed as the STN liquid crystal cell 12 in the second embodiment, the
15 iiquid crystal display device which is the same as that in the second
embodiment can be obtained even if a 180° to 270° twist-aligned STN
liquid crystal cell is employed. |
Although one piece of retardation film 13 is employed for returning
the state of elliptical polarized light of the STN liquid crystal cell 12 to the
20 linearly polarized light in the second embodiment, if plural pieces of
retardation films are employed, the state of elliptical polarized light can be
returned to a more complete linearly polarized light, thereby indicating a
more excellent black display and a colored display. The plural pieces of
retardation films may be installed on one side of the STN liquid crystal cell |
25 12, or they may be divided and installed on both Sides of the STN liquid
crystal cell 12.



nmetal1ic col or becones sonmewhat dark. Third Enbodi nent: Figs. 5 and
6 10 A liquid crystal display device according to a third enbodi nent
of the invention is now described2gith reference to Figs. 5 and 6.
Since the liquid crystal display device of this enbodinment is the samne
as the first enbodiment in construction except that 240 tw st-aligned

STN liquid crystal cell as the liquid crystal cell is used, and that a
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2 made of ness-of 0.7 mmo hi ch second

transpar engheCtRGleSRIRS lifuid cryS@l Dotymef @heet 10 R seRwikitdowsied! aad 65 for

| am nating the pair of

subst r at esmbtalli¢ colvhBecomes 40hsswhatt darkt - al i gned nematic liquid crystals 6
are sealed in between the pair of transparent first and second
Substrates 1 and 2, thereby formng a STN liquid crystal cell 14.

A twisted retardation film19 and a first polarizing film17 are 5

i nstal |l ed Thi;deEmbodimenu:tEiggeStdiﬂ 6econd substrate 2 at a visible side of

t he ~ STN liquid crystal cell 14, and a second polarizing film18, a
retardgion A liquid crystal display device according to a third embodiment of

the invention is now described with reference to Figs. 5 and 6.

Since the liquid crystal display device of this embodiment is the
same as the first embodiment in construction except that 240° twist-aligned
STN liquid crystal cell as the liquid crystal cell is used, and that a twisted

15 retardation film is installed.

Figs. 5 and 6 are views for explaining the construction of the liquid
crystal display device of the third embodiment which are the same as Figs.
1 and 2, wherein the components which correspond to those in Figs. 1 and
2 are denoted by the same reference numerals and the explanation thereof

20 is omitted.

The liquid crystal display device 40 according to the third
embodiment comprises a first transparent substrate 1 made of a glass plate
having a thickness of 0.7 mm on which first transparent electrodes 3 made

of ITO are provided, a second transparent substrate 2 made of a glass plate
25 having .a thickness of 0.7 mm on which second transparent electrodes 4

made of ITO are provided, and a sealant 5 for laminating the pair of



film9 for circularly polarized light, a cholesteric liquid crystal polyner
sheet 10, a translucent |ight absorbing nenber 15 and a backlight 16 are

di sposed successively on a side oppositgfromthe visible side, thereby 10
constituting a liquid crystal display device 40. The first

pol arizing film17, the second polarizing film 18, the chol esteric
liquid crystal polynmer sheet 10, and the retardation film9 for
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Further, the twist pitch of the nematic liquid

27 shyget 205 aGrassladentshght bsddig Miember 15 and a bA6kBEhoN6edve | ayer
(not shown) is formed, respectrvely, on an inner surface of the first

t r anspar endispesed swecessivelycdorra isideeoppesitecironi theevisible sidepnbiereby
transparent el ectrodes 4, facing each other, and shown in Fig. 6, an 5

al i gnnt@t constitutimg adiquidl dryseal display devioes4@ ol ecul es points 30[err]
upward to the right when rubbing treatnent in the direction of +30 on the
basi s of the hor Tienfakt polarizings fdnplli7e theos¢dond ipodarizings filat 481, thehi | e

an

cholesteric liquid crystal polymer sheet 10, and the retardation film 9 for
circularly polarized light, the translucent Iight absorbing member 15 and

the backlight 16 are the same as those employed in the first embodiment.
15 A first substrate 1, the second polarizing film 18, the retardation
film 9 for circularly polarized light and the cholesteric liquid crystal
polymer sheet 10 are respectively bonded using an acrylic adhesive (not
shown). Further, the first polarizing film 17, the twisted retardation film
19 and a second substraté 2 are also bonded using an acrylic adhesive (not

20 shown).

Slippose the difference An of birefringence of the nematic liquid
crystals 6 used in the STN liquid crystal cell 14 is 0.15, and a cell gap d
between the first substrate 1 and the second substrate 2 is 5600 nm.
Accordingly, the And value of the liquid crystal cell which is a product of
25 the difference of birefringence An of the nematic liquid crystals 6 and the
cell gap d is 840 nm. Further, the twist pitch of the nematic liquid



alignment direction 14b of upper liquid crystal nolecules points 30[err]
downward to the right when rubbing treatnent in the direction of -30 on 10
the basis of the horizontal axis His &@jplied to the second substrate 2,
thereby formng the left-handed 240[err] STN liquid crystal cell 14.

The first polarizing film17 is disposed such that the transm ssion

‘axis 17a thereof is oriented in the direction of -45[err] on the basis of
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di sposed und I rst te 1°s the“transm ssi on
axis 18a th Wl tb?cherﬂ%ittwﬁenrrubbm treanﬁbﬁ@‘ﬁi tKE‘dﬁ‘Ectigﬁ[cﬂT-F?oO‘UBntthé basi s
of the hori ontal axi s and the re ardation 25 film9 for circularity

pol ari zed bagistof thelhdpizdntalsakid HNidta r?ﬂlfe@b@%ﬁe Cfﬁ‘sﬁxubstrateaxl wiife hfier eof

is oriented in the direction of -50 on'the basis of

28 halighaigm! divectioll 44bt bfit upper MpHd deystal Qﬂd)li:cﬁtesf @oiatsa30angl e
of 45[err] with the transm ssion axis 18a of the second pol arizing
film 18. downward to tHe eighti whed rubbitigd aleatineht inthe dinectionnefi-39° app! yi ng
al i gnnent treatment to a base filmwhich is a triacetylcellul ose
(TAC) 101 ntheé basiy efrthenhorizontal caxissH, isapppliedgta thgiisecond ssubistyate \2ver

t her eon, dﬁUStlng t hi ckness .and tw st ﬁltch t hereof at a high

t enper at ur ¢herebyifogming ithe: left-drapded| 240°8FNshiquid crystaltcelhide a twi st angle

of 220, then cooling to not higher than the gl ass-
The first polarizing film 17 is disposed such that the transmission

axis 17a thereof is oriented in the direction of -45° on the basis of the
horizontal axis H and the twisted retardation film 19 having And value of

15 610 nm and 220° twisted clockwise is disposed between the STN liquid
crystal cell 14 and the first polarizing film 17 so as to be oriented in the
direction of + 55° on the basis of the horizontal axis H such that a lower
molecule axis 19a thereof intersects the alignment direction 14b of the
upper liquid crystal molecules substantially at right angles. Accordingly,

20 an upper molecule axis 19b of the twisted retardation film 19 comes to be
oriented in the direction of - 85°.

The second polarizing film 18 is disposed underneath the first
substrate 1 such that the transmission axis 18a thereof is oriented in the
direction of +85° on the basis of the horizontal axis H, and the retardation

25 film 9 for circularity polarized light is disposed such that the phase delay

axis 9a thereof is oriented in the direction of -50° on the basis of the



transition tenperature for solidification. Even if the
cholestric liquid crystal polyner sheet 10, the 10 translucent |ight
absorbi ng ‘nenber 15, and the backlight 28 are di sposed at what ever
rotational angle within respective planes in parallel with each ot her,
di spl aying characteristic will not be affected, and therefore, in Fig. 6,

i llustration of disposition dlrectlons S onltted Next ,
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on the basis of the horizontal~axis H sh
other, displaying characteristic will not be affected, and therefore, in Fig. 6,

illustration of disposition directions is omitted.
Next, operation of displaying color with the third embodiment of
15 the liquid crystal display device according to the invention is described
hereinafter.

With the liquid crystal display device 40, in a state where no
voltage is applied to the STN liquid crystal cell 14, linearly polarized light
falling thereon from the visible side thereof through the first polarizing

20 film 17 is polarized in the direction of the transmission axis 17a of the first
polarizing film 17, and .is turned into a state of elliptic polarized light after
transmitted through the STN liquid crystal cell 14 in the case where the
twisted retardation film 19 is not installed, so that circularly polarized light
can not produced even after passing through the retardation film 9 for

25 circularly polarized light, thereby indicating insufficient display.

However, since the twisted retardation film 19 is installed between
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Since the second polarizing film18 is disposed such that the 10
transm ssion axis 18a thereof is oriented in the direction at 85[err] on

t he basis of the horizontal axis B9the linearly polarized |ight
falling thereon from’ the first polarizing film217 is transmtted
t hrough the second polarizing . film18 as it is. Since the retardation
film9 for circularly polarized |ight I s di sposed such that the phase

filme f _polarized |it _the phas
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Lhe case o CHEOPE ATNCHT Y Ghed M0 a Sare o UiRNle polacizsd ight.  tel) ror

sheet 10 wglighti¢ polariidd lighe e¢ cobredbSP dufitg %ﬁg@tﬁf’éﬁ the STN1iuiid

conponents in a Scattering bandw dth [err] ~al a scattering center

wavel enyit hcrystal eeBrig,rigf ﬂvﬁ‘_ﬁé@dnﬁbl@ub@tahﬁﬁll?ﬂiﬁ@éﬂ%?xﬂﬁﬁté&fli , Adnignenon,
and |ight conponents transmtted through wavel ength regi ons ot her than

the scatt erotaged elobliwise Hyeabout $56° alittpréspecbio thettansndssion aixis il Fatof
absorbi ng 25 nenber 15, whereupon a golden reflected color in a bright

metal | i c t dne first polarizihg fobhdihemd outgoes in the direction of polarization at

30 Now, when a voltage is applied between the first
t r anspar en85° on thel basis of ¢he Rovizonbal XiSNH showa inrigt 6. cel | 14 and the
second transparent el ectrodes 4 of the sane, nolecules of the nematic

liquid crystals Simce the second qublarizirigs dilup, 18ind dispeisedngaechythat thee STN
liquid crystal cell 14 5 undergoes-a change, so that polarization

di rect1@n” &ransmiesionyaxis|18ai thereof is orienfed in the diregtion at83t enl the basisut

90[err] so as_.to be in the directign at -5 on . the basis of the
hori zont al ofxthe horizertsl @xas)H, thenlineaslg polariged dightefalling therepn from
transmtted through the, STN.liquid crystal cell 14 is deviated by 90[err]

from the t thedist polariging tiloy 155 13 teanseutied thsough thegsecand pelarizing,at

|1 : :
2 film 18 as itis. Since the retardation film 9 for circularly polarized light

is disposed such that the phase delay axis 9a thereof is oriented in the
15 direction of + 45° with respect to the second polarizing film 18, linearly
polarized light at a 45° clockwise angle with respect to phase delay axis of
the retardation film 9 for circularly polarized light falls thereon, and is
turned into right-handed circularly polarized light.
As with the case of the first embodiment, the cholestric liquid
- 20 -crystal polymer sheet 10 which is right handed is absorbed, consequently,
| light components in a scattering bandwidth AA around a scattering center
wavelength Ac are reflected due to the selective scattering phenomenon,
and light components transmitted through wavelength regions other than
the scattering bandwidth A, is absorbed by the translucent light absorbing
25 member 15, whereupon a golden reflected color in a bright metallic tone

can be obtained.



10 cohponents of light falling on the second polarizing film18 are

absor bed t hereby, indicating black display. Further, as a
result of using the twisted retardation3film19 in place of the
retardation film 13 used in the second enbodi ment, elliptic polarized

l'ight can be fully corrected, and linear polarization characteristics of
light 15 transmtted through the STNIliquid crystal cell 14 is enhanced,

case of the NGy When, B, SpheBkols. HBpugaT BetwER RS el Hansent | m
an £ plat SPAOEES 3 of the ST Hadtd et ol 13068 b ipbid radiitenty oo
T a bl ack A eEpdsed of e bank, ISt RENMES heaRT bl crffel Bt
2 aate hortuse® M rseCub, W bfictihgtncy of BTN HGHC Toittel WIFYEL: "
560 s can ergoes & CRRAGEDRE AL Ioldfhfin directiff Of My BOL A | 1"
em tted bﬂiglitfmtgblﬁié( is bdated By dbdUL'ID° so as td'Be BOARGFeCGOR B -48\6 €N9th

[err]L that 1s smaller than the”sel ected

31 the dbdsts iofutire hiogizomtale hiRIH) [Abbbfdiﬁg%oﬂ{w}i%aﬂgegﬁﬁﬁi&ﬁ eric
liquid crystal pol ymer sheet 10 by 100 nmc letely tranSmts,

thereby il lligtitrteansipitted throughhheySTRULIGHRT crystalbesly TasisPd6datar by 90°
conversion which is the sane as the display by an external |Tght when
t he backl i dromithei tramsrhission ugis 58a olfishe Secand p\wﬁﬁiiﬁ?_tﬁhhsl@'dd that @@n be
obt ai ned even at night. Wth the construction conprising the
first pQI acompandrits ofilight felling on thé steshd podariizinigofilhi 18naid absbbedecond
polarizing film18, the retardation film9 for circularly polarized
li ght, the therebysirdicatingdlack display) pol yner sheet 10, the
translucent |ight absorbing menber 15, and the backlight 16, _

Further, as a result of using the twisted retardation film.19 in place

of the retardation film 13 used in the second embodiment, elliptic polarized
light can be fully corrected, and linear polarization characteristics of light
15  transmitted through the STN liquid crystal cell 14 is enhanced, so that
display that is brighter and higher contrast than that in the case of the
liquid crystal display device using the retardation film 13 can be obtained.
As with the case of the first embodiment, an EL plate having a
luminescent center wavelength AL=510 nm, and sho{ving emitted light in
20  abluish green color used for the backlight. In a black display state where
a voltage is applied, light is not transmitted through the liquid crystal
display device 40, however, in a sate where no voltage is applied and
display in a golden reflected color is indicated, light components having
Wavelengths not more than 560 nm can be transmitted therethrough.
25 Accordingly, light emitted by the backlight 16 having

luminescence center wavelength AL that is smaller than the selected



10 it is possible to obtain a liquid crystal display device capable of

i ndi cating a bright reflected colored display with high contrast, and
the display by iI'lum nation of bagllight is not inverted, thereby

i ndicating a single colored display in a nmetallic tone with high
visibility even at night. 15 Modification of Third Enbodi nent

Al t hough the 240[err] twist-aligned STN1iquid crystal cell was

enpl oyed as the, STN liquid cryst 14 th d h
liquid cryseatiering smt,e%d@av%l@%;mahﬁ 5%@@3@@&@#&?@% 0 '@5 ©

embodi nent can be obt ained ey if a 18 270 t st aI ST
liquid cryRelymelsh e"l’ts 6 nm compf)etelc})' Ilﬂ’ngﬂ El?\téng

[ ﬁlteaéﬂié'nﬁﬂagh' 5 215 éﬁ,ﬁf%@% HpsCR GOLITGH ecarwpr%wngwhl?h a.%ﬂﬁe%aﬁ' g g8 e
t .10 h h i .
o or Zcﬁ;%#splfagb&r&é arpgfRERE v tucbadiidh (G imot iy SRttt 11
chl est 8 Excelle of Gty fante ORRIAEN cERhaPhidin Lo vnat | overed and
I C color '

becones sorrevxhatv%]zs}flléhe construqyoqﬂ FR%S%gr%ﬁtﬁrﬁg %olaliizing filfn 17, thX

et o Pl EELEHHRAGH 1 e dhal pqufiie PRSI GE Rakbyrfyl
liquid cry ngdﬁo%?em&ﬂ rﬁ@taﬁfgeﬂ €ThO ChiBteNterie 1icﬂﬁdc staaemyﬁfethe

second enbo Incons ebt that the tr l'uc I'1 ght

absor bing Eﬁgaeio,léld &ahSiR¥ACighP SbebitiRg Hhémbet 15, ahd de! Eackhght 16,
10 it is possible to obtain a liquid crystal display device capable of indicating

a bright reflected colored display with high contrast, and the display by
illumination of backlight is not inverted, thereby indicating a single

colored display in a metallic tone with high visibility even at night.

15 Modification of Third Embodiment .

Although the 240° twist-aligned STN liquid crystal cell was
employed as the STN liquid crystal cell 14 in the third embodiment, the
liquid crystal display device which is the same as that in the third
embodiment can be obtained even if a 180° to 270° twist-aligned STN -

20 liquid crystal cell is employed.

Further, although the retardation film 9 for circularly polarized
light is installed between the second polarizing film 18 and the cholesteric
liquid crystal polymer sheet 10 in the third embodiment, even if the
retardation film 9 for circularly polarized light is omitted, the liquid crystal

25 display device is feasible while the reflecting efficiency 6f the cholesteric
liquid crystal polymer sheet 10 is somewhat lowered and metallic color



descri bed hereinafter. 10 A liquid crystal display device 40 in

the fourth enbodi nent conprises an STN liquid crystal cell 12 with
about 225[err] tw sted nenmatic ligpid crystals 6 sealed therein, a
retardation film13 and a first polarizing film217 di sposed

successively on a visible side (upper side in Fig. 7), and a second

polarizing film18, a retardation film9 for circularly polarized light, 15
a cholesteric liquid criystal, polymer sheet 10 and a backlight 16 di sposed
successi ve ?“HHﬁ%Sevﬁﬁﬂﬁﬁﬁﬁgkte fromthe visible side (lower side in Fig.
7). The backlight 16 has a function of scattering polarized
light at its light emtting surface, nanely, a surface opposite to the

For ai spl A PRUBdSRbedmGi e 7,07 (7 <Tal dispiay device 40 in the
appl i 0d 1o tha CGHEERISIA SRRy davicl Jofortife R Gulth cpbodiilehPef ! ©
et r gt | oole TavelfioR IS IRP dokofBeA R foferBite WIS 10 R St potar i zing
passes t hrough (hace R Trfsdl ARy, ABVLE SOMES GBollAl: LR o

i s correct ghdndusithg second embodiment in construction except that the transluceht
passage t hrough ttﬁe STN quull)d crystlzﬂ ceﬁt{u 12, iIs t%r ned into

substanti alig_ht absorbifiahkmbe! 35 1€drdrhééd, Thel AHTGRAE PointNdlche is.
pol ari zing direction rotated count ercl ockw se by about 55[err] with

respect todesgibiedhersinsften axis 17a of the first polarizing film217
shown in Fig. 4. 5 Since the second polarizing film 18 is

di spost@l so t hat Aa liquid ‘crystaliidisplyy alevicel840 ofn tthe fewnhdenorimimg film
18 is oriented in the direction of - 15[err] on the basis of a

hori zont al cemptisds drh8TN iquidycnystairdelbd2 with Aboie 2257 itivigtet heeraaticf r om
the first polarizing film17 passes the second pol arizing film 18 as

it is. liquid crystals 6 sealed therein, a retardation film 13 and a first polarizing

film 17 disposed successively on a visible side (upper side in Fig. 7), and a
second polarizing film 18, a retardation film 9 for circularly polarized light,
15 a cholesteric liquid crystal polymer sheet 10 and a backlight 16 disposed
successively on a side opposite from the visible side (lower side in Fig. 7).
The backlight 16 has a function of scattering polarized light at its
light emitting surface, namely, a surface opposite to the cholesteric liquid
crystal polymer sheet 10. |
20 The operation for displaying colors by the liquid crystal display
device 40 in the fourth embodiment is described next. In a state where no
voltage is applied to the STN liquid crystal cell 12 in the liquid crystal
diSplay device 40, a linearly polarized ﬁght which falls on the retardation
film 13 from the visible side through the first polarizing film 17 is turned
25 in a state of an elliptic polarized light when it passes through the
retardation film 13. The elliptic polarized light is corrected during



10 - Since the retardation film 9 for circularly polarized light is
di sposed at the angle of + 45[err] with respect to the second pol ari zing

film 18, the linearly polarized | i3ght passed through the -second
polarizing film18 falls so that- polarization thereof is at a 45[err]
cl ockwi se angle with respect to a phase delay axis 9a of the

retardation film9 for circularly pol arlzed light, 15 and it is turned

'fs ﬁtee{ ﬁlé'n%ﬁ%qs*é%ﬁ&ﬁﬁ C'l&&ﬁaﬁ‘ﬂjﬁl&mﬁ“ §ifal cef 12, is turmed ang?swab%'t”cﬁgﬁa?e
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34 - bgifeefiofbfe P§e anfthbrbasizh 6 adforZontal AR Haﬂ?e lmbat gﬂﬁciflgﬁtzéd' m

formng a transparent el ectrode thereon. Accordingly,

emtting Slighﬁciﬁllﬁi therdore fidm Pthet ﬁré”taﬁoﬁrfquﬂgtﬁh’ﬂ ri ph@ﬁés‘, ¢hé R@cefadari zed
| ight so that transm tted I |ght other than“the |ight conponents in the

scatteri ngp blmikmlgcﬂlhﬂl@rdshtamd reached the backlight 16 is disturbed
its polarized state by the granul ar light emtting bodies, and hence

it is ¥flected. Since the retardatién ofilmh 9 hforr eﬁliomaﬂ?d potarizéd olmgltuhas

backlight 16 transmts through the cholesteric liquid crystal polyner

0 ari 260 LIant again ang fonchos the. 10T cecand pol arizing f Fm 1o, &ty
However, aths dineadly polaxizedalight passefl shroughdthe second polarizing film 18
falls so that polarization thereof is at a 45° clockwise angle with respect to
a phase delay axis 9a of the retardation film 9 for circularly polarized light,
15 and it is turned into a right-handed circularly polarized light.

Since the fourth embodiment employed the cholesteric liquid
crystal polymer sheet 10 which is twisted right in the same manner as the
first embodiment, light components in a scattering band width AA is
reflected ﬁround a scattering center wavelength Ac are reflected due to the

20 selective scattering phenomenon.

Transmitted light other than light components in the scattering
band width A reaches the backlight 16 because the translucent light
absorbing member 15 provided in the second embodiment is not provided
in the fourth embodiment. An EL plate showing emitted light in a bluish

25 green is employed as the backlight 16 in the same manner as the second

embodiment. The EL plate is prepared by printing granular light emitting



by the backlight 16, the Iight can not be returned to a conplete linearly
pol arized light by the retardation film9 for circularly polarized |ight,
and hence the reflected |ight frogythe backlight 16 is al nost absorbed
by the second polarizing film18. Accordingly, it is possible to
obtain a 15 reflected gold color in a bright netallic tone even if the
transl ucent 1|ight absor bi ng nenber 15 is omtted. Wen a
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?f I It he“second pol-ari zing I mls, so that T a corrpongn{Hs g?ﬂ [ gﬁt
?S,g | nghoqlflléﬁﬁ??gﬁg{gb‘gl gg{%‘é%ﬁgﬁg?é%lﬁmpﬁgltegéti ng bl ack displ ay.
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U nescence centornds PSR ICIRORTIS KM 16 BpalRiatioGEn |
light in ?rlfo d@s&iﬁeﬂgﬁm %Hﬁﬁlagbﬁgﬁéfﬁéamo,%ehrﬁwﬁrmftﬁrmﬁe as the

5 first I ment, t ITght ¢ not be transmtted in a black display
state rethRIagionO M QPR Sirs@lirlye Polatizé® lightagain e reaclids the not
nore than 560 nm can be transm'tfed in a state where gol den refl ected

color 15 second p_@laﬁ/ﬁﬂ?ﬁlﬁﬁ 18 VHowéeer] a stat) of poladzation is distugbedess

relation is I ndi cated in the sanme way as the display by external

Since the T ane e G TAbeaT bl ng enber I e hot proviasd i n the )

polarized light by the retardation film 9 for circularly polarized light, and

hence the reflected light from the backlight 16 is almost absorbed by the

second polarizing film 18. Accordingly, it is possible to obtain a

15 reflected gold color in a bright metallic tone even if the translucent light
absorbing member 15 is omitted.

When a voltage is applied between first transparent electrodes 3 of
the STN liquid crystal cell 12 and second transparent electrodes 4 thereof,
the molecules in the nematic liquid crystals 6 are caused to rise up, and

20 Dbirefringency of the STN liquid crystal cell 12 undergoes a change, so that
polarization direction of the linearly polarized outgoing light is rotated by
about 90° so as to be in the direction at +75° with respect to the horizontal
axis H. Accordingly, since the polarization direction of the linearly
polarized light transmitted through the STN liquid crystal cell 12 is

25 deviated by 90° from the transmission axis 18a of the second polarizing

film 18, so that all components of light falling on the second polarizing



I'i qui d crystal display device of the fourth embodi nent conpared with the
second enbodi nent, the anount of transmtted |ight increases when the
backlight is Iit up to increase displagsbrightness, so that bright

illumnation 15 can be obtai ned. As nentioned above, with the
construction conprising the liquid crystal display device conprising
the first polarizing film17, the retardation film 13, the STN liquid

erystal cehbpofh ol BoaShadnBRY, AR e et llfléhﬁéaﬁ | qui d crystal pol ymer
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7 used in th od| ment, I 1T qui

enpl oyi ng iddcaiEd i the gaﬁfeywayl af the %{glﬁ%j BRtdritaP ‘I%‘ixtpﬁﬁ&qxéﬂéef ghence

10 plate 19 used in the third enbodi en 1 n suclr cases, a bright
di spl ay) cagxdallenttvisibility\bambelubthiaeld. i ght is |it up, conpared with the

liquid crystal display devices in the first and third enbodi nent.

Further, al t hougBiridectheltranslicentRghtabsirbinge thembét is Rotprvitded in the
liquid crystal display device of the fourth embodiment compared with the

-

second embodiment, the amount of transmitted light increases when the
backlight is lit up to increase display brightness, so that bright illumination

15  can be obtained. | |
As mentioned above, with the construction combrising the liquid
crystal display device comprising the first polarizing film 17, the
retardation film 13, the STN liquid crystal cell 12, the second polaﬁzing
film 18, the retardation film 9 for circularly polarized light, the cholesteric
20 liquid crystal polymer sheet 10 and the backlight 16, it is possible to obtain
| a liquid crystal display device capable of indicating bright reflected color
| with high contrast, and indicating the same display in brightness relation
between illumination by backlighting and the display by an external light,
and indicating a single color display in high metallic tone to enhance high

25 visibility even at night.



green color is used as the bac'klight 16 in the fourth enbodinent, it is 15
possible to use a side light provided with a light emtting di ode show ng
emtted light in a green color which iggattached to a plastic |ight guide

pl at e. In this case, an effective function of scattering polarized
| i ght can be obtained by providing irregularities -on the surface of
the plastic |ight guide plate, a reflector having a rough surface at
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cel | 12 WiainéipitinefZis e/ 1@l (998 display devieeof thé ¥ohith éfiBoeifimehier oi n.
a retardation fiIlm13, and first poIa%%ng film1l7 disposed
successi vedyerdih e lijuid crysed dib'pﬁ?f déviee éxﬁ?ﬁygnngahe FNOliguid clr%r/stal

reflective polarizing film 26, a refardation [

for circular

pol ari zed cell 7 wdedhin tite €irod embodimeht,cor th ey Hgaid reystak displey idelice
translucent |ight 10 absorbing nenber 15 and a backlight 16 disposed

successi veiniployiagthdeSTN liguimopyswl &eldmdt ined he itwistediplease! differescele in
Fig. 8). The reflection-type polarizing film=26 is first

ilgs% glgﬁdh;:ilggeblfgenmbd in theothird zmigodintentl 7 Eveh tihesmdpwadeszohabﬁghng film
display can be obtained when the backlight is lit up, compared with the
liquid crystal display devices in the first and third embodiment.
Further, although the EL plate showing emitted light in a bluish
green color is used as the backlight 16 in the fourth embodiment, it is
15 possible to use a side light provided with a light emitting diode showing
‘emitted light in a green color which is attached to a plastic light guide plate.
In this case, an effective function of scattering polarized light can be
obtained by providing irregularities on the surface of the plastic light guide
plate, a reflector having a rough surface at the lower portion of the plastic

20 light guide, or the like.

Fifth Embodiment: Fig. 8
A liquid crystal display device according to a fifth embodiment of
the invention is now described with reference to Fig. 8.
25 Since the liquid crystal display device of this embodiment is the

same as the second embodiment in construction as explained with



énployed in the first to fourth enbodinents are forned of nornmal 15
polarizing filnms, nanely, absorption-type polarizing filnms which absorb
linearly polarized |ight having polariz3ng direction which intersects a
transm ssion axis at right angle, and indicates a black display. On the
ot her hand, the reflection-type polarizing filmreflects linearly.
pol ari zed | i ght havi ng pol arizing direction which intersects a
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passage thro e STN 1 qui crysta i's ’tufned

- substanti alfily 19 dispesdd sudessivelydn'd 9idibleddide ‘(i\ﬁ)g&eﬁd@qw %gt and a

pol ari zation direct’ion rotated count ercl ock e by abou err] with

respect toreflectivepolatiging  fikn 261 darevardation filw 9ifortcipdilasl yzgamrfzehm 17

shown in Fig. 4. Since the transm ssion axis of

reflecti onlighte apalwlesteric Tiguid 26ry otyinee sl 20, ttrandluesatr]
axi s 18a of the second pol arizing f| I mF in 10 the second enbodi 5rrgr;t?lt and

i s di shdsedbsortihgtmember 15 iaadt ®backlight 16 dispodsed sucoessdvelySdsra Siden t he
basis of a horizontal axis H Accordingly, the |l inearly polarized

l'i ght whi cloppasite foomftherwisible sides(lop@raide imFig.i8)n 17 passes through
the reflection-t polarizing film26 as it is. Since a phase
del ay axis 9a of :ﬁleer typenpolarizing ffilm Q6risuficst [described. The first

polarizing film 17 and the second polarizing film 18 which have been

-

AHC

employed in the first to fourth embodiments are formed of normal

15 polarizing films, namely, absorption-type polarizing films which absorb

linearly polarized light having polarizing direction which intersects a

transmission axis at right angle, and indicates a black display. On the other

hand, the reflection-type polarizing film reflects linearly polarized light

having polarizing direction which intersects a transmission axis at right

20 angle, and indicates a silver display. In the fifth embodiment, a product

called as D-BEF manufactured by Sumitomo 3M corporation is used as a
reflection-type polarizing film.

The operation for displaying colors by the liquid crystal display

device 40 in the fifth embodiment is described next. In a state where no

25 voltage is applied to the STN liquid crystal cell 12 in the liquid crystal

display device 40, a linearly polarized light which falls on the retardation



15 polarized light is disposed at an angle of + 45 relative to a

transm ssi on axis of the reflection-type polarizing film 26, the

i nearly polarized |ight whi ch pasgged through the reflection-type
polarizing film26 falls at a 45 cl ockwi se angle with respect to a
phase delay axis 9a of the retardation film9 for circularly polarized
light and it is turned into right-handed 20 circularly polarized light.
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nol ecules in the nematic I'iquid crystals are caused to rise up, a

birefri ngeﬂwﬁegt%dﬂgrﬁﬁl}g ﬁlﬁ#lﬂsﬁbﬁiﬁiﬁing%u. 12 undergoes a change, so that

pol ari zation of the linearly polarized Iight outgoing is rotated by about

90[ err] so SindeotHectrafisrnizich briy bf’ﬂl@feﬂ%ﬁ(ﬁf-fﬂpé’\béhﬂﬁﬁgﬂm bg the

hori zontal axis H. Accordingly, since polarization directfon of the
linearly pid the samelofght tidhsnhissivanatisciBa 6f theosedond SORrizigg filnt 185hal
cell 12 is deviated by 90[err] from the transm ssion axis of the
secondl(pol the meconi emtgklinrentt and &l disposed! so thatcitnppraidmteds in i thiet
falling on the second polarizing film26 are reflected t her eby,
i ndi cat i ngditection df sl;ﬂ%asan the basis of a Borizentdleaxis gl d Acgordihghy, stheay
device enploys the EL plate havin

" linearly polarized light whlc% falls on from the first polarizing film 17

Pt

passes through the reflection-type polarizing film 26 as it is.

Since a phase delay axis 9a of the retardation film 9 for circularly
15 polarized light is disposed at an angle of + 45° relative to a transmission
axis of the reflection-type polarizing film 26, the linearly polarized light
which passed through the reflection-type polarizing film 26 falls at a 45°
~ clockwise angle with respect to a phase delay axis 9a of the retardation
film 9 for circularly polarized light and it is turned into right-handed

20 circularly polarized light. _
Since the fifth embodiment employed the cholesteric liquid crystal
polymer sheet 10 which is twisted right in the same manner as the ﬁrst

embodiment, light components in a scattering band width A is reflected

around a scattering center wavelength Ac are reflected due to the selective
25  scattering phenomenon, and light transmitted through wavelength regions

other than the scattering bandwidth A}, is absorbed by the translucent light



15 a 'l um nescence center wavel ength of [err]L = 510 nm and show ng enitted
light in a bluish green color as the backlight 16 in the sanme manner as the
first enbodi ment, the |ight can not beggransmitted in a silver display
state where a voltage is applied, while light in a wavel ength of not
nmore than 560 nmcan be transmtted in a state where a gol den
reflected color is 20 displayed when no voltage is applied, and further
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Enbodi nent Al t hough the STN liquid crystal cell 12 and the

retardati ohcéoldingly, since ap@laﬁlzahonedn‘eeubheof ithé Niged¢li polatized f 1ight

refl ection-type polar|2|ng film is enployed in place of a Second

pol ar @i ngrénsmitfed] threaghrthe8TN quuﬂi crystalCdiellS 12l isddeibted By G0 efrofp! oyi ng
the TN liquid crystal cell 7 in the first

the transmission axis of the second polarizing film 26, so that almost all

components of light falling on the second polarizing film 26 are reflected
thereby, indicating silver display.
Since the liquid crystal display device employs the EL plate having
15 a luminescence center wavelength of AL = 510 nm, and showing emitted
light in a bluish green color as the backlight 16 in the same manner as the
first embodiment, the light can not be transmitted in a silver display state
where a voltage is applied, while light in a wavelength of not more than
560 nm can be transmitted in a state where a golden reflected color is
20 displayed when no voltage is applied, and further the same display in
brightness relation between the display therein and the display by an
external light without lighting up the backlight can be obtained, to enhance
high visibility even at night.
As mentioned above, with the construction comprising the liquid
25 crystal display device comprising the first polarizing film 17, the
retardation film 13, the STN liquid crystal cell 12, the reflection-type



15 enbodinment, and the liquid crystal display device enploying the STN
liquid crystal cell -14 and twisted retardation film19 in the third

enbodi nent
enbodi ment
crystal di

, the same liquid crystal digglay device as the fifth
can be obt ai ned. Further, although the liquid
spl ay device displays a silver 20 character against a back

in gold in this enmbodinent, it is possible to di splay a gol den
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sta the fourth odi nent can be

metallie tohe vwath M phRAsibiktydevéh athight10 Aliquid
spl ay device according to a sixth enbodi nent of t he

is now described with reference to Fig. 9 and Fig. 10.
liquid crystal display device of this enbodinent is the

Modifieationtot Fifth Epibsddingdriton except that two pi eces

Although the STN liquid crystal cell 12 and the retardation film 13
are employed in the fifth embodiment, if a reflection-type polarizing film
26 is employed in place of a second polarizing film 18 even in the liquid
crystal display device employing the TN liquid crystal cell 7 in the first
embodiment, and the liquid crystal display device employing the STN
liquid crystal cell 14 and twisted retardation film 19 in the third
embodiment, the same liquid crystal display device as the fifth
embodiment can be obtained.

Further, although the liquid crystal display device displays a silver
character against a background in gold in this embodiment, it is possible to
display a golden character against a background in silver by twisting a
transmission axis 17a of a first polarizing film 17 by 90°. Further, it is
.also possible to obtain a liquid crystal display device capable of displaying
a variety of colors such as blue characters in a metallic tone against a
backgrbund in silver, green character in a metallic tone against a

background in silver by changing twist pitch of a cholesteric liquid crystal

gr ound
i on

al so
I ng
t a 25
sheet
ric

tion

ane

sane



15 retardation films for circularly polarized |light are enployed and the
position of a second polarizing film18 is different, the different points

al one are described hereinafter. 41 The liquid crystal display
device 40 conprises, as shown in Fig. 9, a first polarizing film17, a .
TN liquid crystal cell 7, a cholesteric liquid 20 crystal pol yner sheet

10, a second polarizing film18, a translucent |ight absor bi ng nmenber
15 and a bagklight 1 i sposed successively on the vi si bl e side (upper
side in FﬁRéhﬁﬁé%éh?_Eﬂﬂare the sane as the first embodi nent .
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st substrate T retardation film27 for

Ci rcul ar| Vihe fourfiPbaitiowRthent Ofte sdinié il o6y thl Gisplay Ueviveas e Aainfer
sheet 10, the second retardation Tilm28 for citcularly polarized

i ght and éhboddseficarberobtaiiedl0 film 18 are respectively bonded using
an acrylic adhesive (not shown). Further, the first polarizing film17
and a second substrate 2 are al so bonded to each other using an
acrylic adhesive (not shown). Shown in Fig. 10, the

t ransiissi SixthEmbbdiément:t hBig.i9,Figpdlari zi ng film17 points 45[err]

upward to the right in the same manner as alignnment 15 direction 7b of the

upper |iquid cryAthiuithtestiledisplay devith ddcoudihgetoyatsikth embodiment of
the invention is now described with feference to Fig. 9 and Fig. 10.
Since the liquid crystal display device of this embodiment is the
same as the first embodiment in construction except that two pieces
15 retardation films for circularly polarized light are employed and the
position of a second polarizing film 18 is different, the different points
alone are described hereinafter.
The liquid crystal display device 40 compriées, as shown in Fig. 9,
a first polarizing film 17, a TN liquid crystal cell 7, a cholesteric liquid
20 crystal polymer sheet 10, a second polarizing film 18, a translucent light
absorbing member 15 and a backlight 16 disposed successively on the
visible side (upper side in Fig. 9), which are the same as the first
embodiment.
A first retardation film 27 for circularly polarized light disposed
25 between the TN liquid crystal cell 7 and the cholesteric liquid crystal
polymer sheet 10, and a second retardation film 28 for circularly polarized



cell 7, and a transm ssion axis 18a of the second polarizing film 18 points
45[err] upward to the right in the sanme nmanner as an alignnent direction 7b
of the upper liquid crystal nolecwfs of the TN Iliquid crystal cell 7,
‘while a phase delay axis 27a of the first retardation film 27 for
circularly polarized 20 I|ight and a phase delay axis 28a of the second
retardation film28 for. circularly polarized light are respectively

di d hgri . ' L spl ayi b
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I . . : T
FoITs ther Eapuredly spradis pONGAbBhg A tq b Ulickiiphy DEAbORFED Bpd oy
7 and it oghdahe phlakedifferdrfce! wilieds 140hm. > linearly polarized light in
the alignnment direction 7a of the lower Iiquid crystal nol ecul es.

The linearly pol & ifigd dulsateul 9ahe ofitstoRetaf@ation | fild| Q7Cfdlstaifcuﬂ§ﬂ&

7 falls on the phase delay axis 27a of the first retardation film27°for

ci rcul ar | yppldrizedz light,i thiet cleslestefiel Kauid é!e@lﬁlﬂg@l%@@i' sheet a0, thedegbhded
light. 10 Accordingly, as shown in the OFF-state in Fig. 13, the light
fal'ls ther setardation film 28rfed dircudarly rpalatized dightcand theusevdnd polaizingd
light, and it is rotated cl ockwi se sane as the twisting direction 10a
of t hel@hofidex d8i ard regpestively bondedansing ﬁneacr]glieeadliésiveC(ﬂdnasden)lt
conponents_in a scattering band width [err] is reflected around a
scat t eri ngFosthesy the\first rpolarizing rfilm 517 raxfd ec second substrate tharesslsect i ve
scattering, phenonenon. Furt her, . transmtted light in wavel ength
regi ons ot hended 4o eanh ather usingran acrylic adbesive (not shown).

Shown in Fig. 10, the transmission axis 17a of the first polarizing
film 17 points 45° upward to the right in the same manner as alignment
15  direction 7b of the upper liquid crystal molecules of the TN liquid crystal
cell 7, and a transmission axis 18a of the second polarizing film 18 points
45° upward to the right in the same manner as an alignment direction 7b of
the upper liquid crystal molecules of the TN liquid crystal cell 7, while a
phase delay axis 27a of the first retardation film 27 for circularly polarized
20 light and a phase delay axis 28a of the second retardation film 28 for
circularly polarized light are respectively disposed horizontally.
The opefation for displaying colors by the liquid crystal display
device 40 of the sixth embodiment is described next.
In a state where no voltage is applied to the TN liquid crystal cell 7
25 in the liquid crystal display device 40, a linearly polarized light which is

changed to the direction of the transmission axis 17a and which falls



[err] transmits through the second retardation film28 for circularly

pol ari zed light, but it is absorbed by the translucent |ight absorbing
menber 15, wher eupon a gol den refl4gxted color in a bright netallic
tone is obtained. 20 If the voltage is applied between first
transparent el ectrodes 3 and second transparent el ectrodes 4,

nol ecul es of a nematic liquid crystals nematic liquid crystals 6 are
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in the PN fnghfyl gﬁ)ﬁ'rﬁedlﬁ hﬂﬁttheral%mﬁ nt direction®?a!of & fé\iv_éﬁqi_dddiaht s
opposite to the"tw sting dFrectlon 1 OF the 5 cholesteric liquid crystal
pol ymer shegfstdlmolécdlBgt |ight having all the wavel engths transmts
t hrough the "cholesteric liquid crystal polynmer sheet 10.

Li ght “whi ch ¢ r anghetlsshrlypolseled Behtoheing torithy TN tgiadTrystal cellol yer

sheet 10 is returned to l'inearly polarized |ITght at the second 10
retardatioff fallymon2¢thd phaserdelagr dxisp2Varofz e firshiretandation fihai 2V aforon

direction thereof is rotated by 90 fromthe direction in which light falls
on t heirtulaly rpolarided i loght ak na 245°f sighthandedr livieady apolaeitedi tight. and
beconmes the = sane direction as an alignnent direction 7a of the | ower
li qui dl@r y#tcmordinglyas showasin therOFFtstate inaFimi 135 ithe lighit £alls dhedeonhis
second pol arizing film 15 18 is disposed at +45 which is the sane as the
al i gnment  tiimed: into abright -handedecinpylarlyl ipolarnized \ight| and dtas eotatedght
transmtted through the second =~ = retardation film28 for circularly
pol ari zed Clagkwise samer aedheytwistingedineg¢tion 10a of the cholesteric liquid

- crystal polymer sheet 10, so that light components in a scattering band

width AMA is reflected around a scattering center wavelength Ac are

15 reflected due to the selective scattering phenomenon. Further,

transmitted light in wavelength regions other than the scattering bandwidth
A transmits through the second retardation film 28 for circularly polarized
light, but it is absorbed by the translucent light absorbing member 15,
whereupon a golden reflected color in a bright metallic tone is obtained.

20 If the voltage is applied between first transparent electrodes 3 and
second transparent electrodes 4, molecules of a nematic liquid crystals
nematic liquid crystals 6 are caused to rise up to extinguish the light
rotation property so that linearly polarized light falling thereon from the
alignment direction 7b of the upper liquid crystal molecules transmits

25 through the TN liquid érystal cell 7 in the same direction as it is.
Accordingly, the linearly polarized light transmitted through the TN liquid



piol arizing film18 to indicate a black display. An EL plate
havi ng a | um nescence center wavel ength [err]L of 510 20 nm and show ng

emtted light in a bluish green col or i4t enpl oyed as a backlight 16 in
the sane manner as the first enbodi ment. Wien the backlight 16 is it -
up in a black display state where a voltage is applied, | i ght

transmtted through the second polarizing film18 is rotated by 90[err] by
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retardatiohOf il m27 for 10 circularly polarized light, the chol esteric
liquid crystal polymer sheet 10, the second retardation film28 for
circularly pol arLight iwhich, ttamsmittedndhrough ntheacheleseeri¢ | Hydfl drystal
transl ucent |ight absorbing nenber 15 and the backlight 16, it is
possi bl e tpohneit sheet ilfuiis retyred toli kp¢aryy (ﬁdh;:igedaﬁght et the setond
indicating bright reflected color display with high contrast, apd %5_

i ndi catQ ngrqtm?aémm falnap28y fon tircylarhe spolarizedi tightebutethe | dscifladonon by
backl i ghti and the display by an external |ight, and indicating a single

col ored di S%c@n;on fhereeftia irotated byHQS fronh thehdirestion lintwhizhelight fallsoon .
the first retardation film 27 for circularly polarized light, and becomes the

same direction as an alignment direction 7a of the lower liquid crystal

molecules. Since the transmission axis 18a of the second polarizing.ﬁlm

15 18 is disposed at +45° which is the same as the alignment direction 7b of

the upper liquid crystal molecules, light transmitted through the second

retardation film 28 for circularly polarized light is absorbed by the second
polarizing film 18 to indicate a black display.

An EL plate having a luminescence center wavelength OL of 510

20 nm, and showing emitted light in a bluish green color is employed as a

backlight 16 in the same manner as the first embodiment. When the

backlight 16 is lit up in a black display state where a voltage is applied,

light transmitted through the second polarizing film 18 is rotated by 90° by

the second retardation film 28 for circularly polarized light and the first

25  retardation film 27 for circularly polarized light, and it is absorbéd by the

first polarizing film 17, and hence it does not transmit through light of the



Modi fication of the Sixth Enbodi ment 20 Al t hough the TN liquid

“crystal cell 7 is enployed in the sixth énbodinent, even if the first
retardation film27 for circularly pol gsi zed l'ight, the cholesteric
liquid crystal polyner sheet 10, the second retardation film28 for

circularly polarized light and the second polarizing film18 are
enployed in the liquid crystal display device enploying the STN liquid 25
crystal celJfA %}ﬁ the retardation film 13 used in the second enbodi nent,
or in the ICA&UI gr stal display device enploying an STN l'iquid crystal
cell tw sted

. . - 6 20, t
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film18, ogomi kliﬁibilﬁ?‘dv}eheatﬁﬁght.l zi ng filmcan be enployed as
explained in the polarizing frim18, a reflection- 'Eype pol ari zi ggth

[ b I pvith stARe ngﬁﬁgﬁ : :
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a sevent h filholl7mtie TN liquidtdfiﬁstalv@él_li'nntﬁé firgy réafdatiBAdfitid D7 gber ence
to Fig. 12. Since the liquid crystal display device of the

sevenif erdirctilaglyt polarized light, the cholesteric liquid crystal polymer sheet 10,

the second retardation film 28 for circularly polarized light, the second
polarizing film 18, the translucent light absorbing member 15 and the
backlight 16, it is possible to obtain a liquid crystal display device capable
of indicating bright reflected color display with high contrast, and

15 indicating the same display in brightness relation between illumination by
backlighting and the display by an external light, and indicating a single
colored display in a metallic tone with high visibility even at night:

Modification of the Sixth Embodiment
20 Although the TN liquid crystal cell 7 is emplbyed in the sixth
embodiment, even if the first retardation film 27 for circularly polarized
light, the cholesteric liquid crystal polymer sheet 10, the second retardation
film 28 for circularly polarized light and the second polarizing film 18 are
employed in the liquid crystal display device employing the STN liquid
25 crystal cell 12 and the retardation film 13 used in the second embodiment,
or in the liquid crystal display device employing an STN liquid crystal cell



i's the sane as the second enbodi nent in construction as explained in Fig.
3 except that an EL plate showing emtted light in a while color is 20
enpl oyed as a backlight, the explanati qg of the construction thereof using

the sectional viewis omtted. The EL plate showing emtted
light in a while color is prepared by coating fluorescent dye having
light emtting wavel ength of 580 nmon the surface of the EL plate
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The l'i ght ) 49 operation and the operation when the backlight i's
lit up in seventh enbodi nent of the invention are now descried with
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the Iiqui crysta di spl ay devi at "t he bl display state is 10 shown
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found fromthe curve 53 that right-handed circularly polarized light in the

range fronyém@vednak ex! Iﬁnemlﬁrtharfduﬂheembaaixﬁénmg center wavel ength of
[err]c= 610 nmis reflected, but |ight conponents in wavel ength reglons
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Accordingly, if the transmtted light is absorbed by t he transl ucent
l'i ght 1dbs cemipdgyed rasethel Second Ipolasizingifilen df8, | a geflectionttypei polarizingde i s
restrained by the function of scattering polarized |ight on the |ight
enmitting film can becemploydidcapaxpldinbd indheipolasizing il ¢85 a efltictione a
bri ght gol den displ ay

type polarizing film can be employed as explained in the fifth embodiment.

Seventh Embodiment: Fig. 12 |
15 A liquid crystal display-device according to a seventh embodiment
of the invention is now described with reference to Fig. 12.
Since the liquid crystal display device of the seventh embodiment
is the same as the second embodiment in construction as explained in Fig.
3 except that an EL plate showing emitted light in a while color is
20 employedasa backlight, the explanation of the construction thereof using
the sectional view is omitted.
The EL plate showing emitted light in a while color is prepared by
coating fluorescent dye having light emitting wavelength of 580 nm on the .
surface of the EL plate showing emitted light in a bluish green color
25 employed in the second embodiment. A light emitting spectrum of the

EL plate showing emitted light in a while color and transmittance curve of



by the reflected light due to the selective scattering phenonenon. 20

On the other hand, in a state where a voltage is applied, it is found
fromthe curve 52 that light transmttef through the first polarizing film
17 i s al nost absorbed by the second polarizing film18 to indicate a
bl ack di spl ay. ' The operation of the backlight 16 is
described next. Since the EL 25 plate showng emtted light in a while
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sevent h enddidiRidlto F%.'[Qt_a EL plate showing emtted light in a while col or
has two |ight | um nescence peaks, i.e., a first |lum nescence center

wavel efgth [err] jo. trarithi of8R Tyl EPﬁﬂ :
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light havi geyenth embeditAbanat the selstiti v seattdiy 38ite W ﬂﬁf\nﬁrlﬁy‘%ﬂ&éﬁahr ough
the cholesteric . liquid crystal polymer sheet 10. Accordingly, [1ght

havi ng t hectitves53, whbteas the traisnlitenesf theaimeiira stadwheréi iy vbiage
wavel ength which is shorter than the second | um nescence center
wavel engt his] applied toftheHiquidcorydtdl displakbdevice atcthrebRekpdiRpldarspastisvel v
transmt through the cholesteric liquid crystal polyner sheet 10 and
can brliQyht showh! byriansolid curvedi2.a In ghstate whersino voltageais dpplidd,aitried even
at night. By the enploynent of not |ess than two | um nescence
center found, &toan ghe cuave 133 that cightshande’] efrculaly potatizeblight iin the
possible to

range from 560 nm to 670 nm around the scattering center wavelength of

Ac= 610 nm is reflected, but light components in wavelength regions other
than the scattering bandwidth transmit as they are.

15 Accordingly, if the transmitted light is absorbed by the translucent
light absorbing member 15 or the returning of light to the visible side is
restrained by the function of scattering polarized light on the light emitting
surface of the backlight 16, it is possible to indicate a bright golden display
by the reflected light due to the selective scattering phenomenon.

20 On the other hand, in a state where a voltage is applied, it is found
from the curve 52 that light transmitted through the first polarizing film 17
is almost absorbed by the second polarizing film 18 to indicate a black
display. .

The operation of the backlight 16 is described next. Since the EL

25 plate showing emitted light in a while color is prepared by printing

fluorescent dye having luminescence center wavelength of 580 nm on the



20 indicate a bright reflected color display with high contrast and to

I ndi cate the sane display in brightness relation between the displ ay
therein and the di splay by an extggnal light without illumnation by
backl i ghting, thus indicating a single colored display in a netallic
tone with a high visibility even at night. 25 Modi fication of
Sevent h Enbodi nent 49
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wavelength of not more than 560 nm can transmit through the cholesteric

liquid crystal polymer sheet 10. Accordingly, light having the first light
luminescence peak, and light having the wavelength which is shorter than
the second luminescence center wavelength AL2 of the second light
15 luminescence peak respectively transmit through the cholesteric liquid
crystal polymer sheet 10 and can brightly illuminate so that a high
visibility can be obtained even at night.
By the employment of not less than two luminescence center
wavelengths as the backlight 16 as described above, it is possible to
20 indicate a bright reflected color display with high contrast and to indicate
the same display in brightness relation between the display therein and the
display by an external light without illumination by backlighting, thus
indicating a single colored display in a metallic tone with a high visibility
even at night |
25
Modification of Seventh Embodiment



enbodiment, if at least one light emtting wavel ength is deviated fromthe
sel ective scattering center wavel ength [err]c of the cholesteric liquid

crystal pol ymer sheet 10 by not |egs than 50 nm bright display can be
obt ai ned when the EL plate is |it up. 25 Still further,
al though an EL filmshowing enmtted light in a white color is used as

the backlight 16 in the seventh enbodlnent even if a side
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crystal vi ce capab |cat|ng a single col or

di splay in I t agik W%@c f [
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li ghting UBe{'&ﬂhbélﬁbbdﬁﬁéntcanbe obtained. Further, if the liquid crystal
di spl ay device does not enploy a 20 transl ucent | i ght absorbing nenber, it

I's pospbl e to i Klikaigh 3he BD! lat®/showing emitted light in a while color is

prepared by coating florescent dye having light emitting wavelength 580
nm on the surface of an EL plate showing emitted light in a bluish green
color in the seventh embodiment, it is possible to employ the EL plﬁte
showing emitted light in a whilé color prepared by printing florescent dye
15 on the lower side of a transparent electrode on the surface of the EL plate
showing emitted light in a bluish green color or by mixing florescent dye
into bluish green light emitting body. |
Further, although an EL plate having two luminescence center
wavelengths, namely, the luminescence center wavelengths AL1 = 490 nm
20 and AL2 = 580 nm has been used as the backlight 16 in the seventh
embodiment, if at least one light emitting wavelength is deviated from the
selective scattering center wavelength Ac of the cholesteric liquid crystal
polymer sheet 10 by not less than 50 nm, bright display can be obtaiﬁed
when the EL plate is lit up.
25 Still further, although an EL film showing emitted light in a white

color is used as the backlight 16 in the seventh embodiment, even if a side



displlay in a bright netallic tone to obtain nore bright reflected col or,

and al so capabl e of increasing brightness when the backlight is lit
up. Accordingly, the liqu§@ crystal display device according
to the i nvention can be expected to be utilized in a broad area as

di spl ay devices, 25 of the variety of watches, portable electronic

devi ces, gane devices, or the i ke. What is clained is:
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second polari a retardation orcl arize
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TNI|q|d vi si bl e side thereof.
A |ISQUI ?hFﬂlclil spl ay deV| ce corrp@& ng: an STN liquid

cryst al cell W' @hll@ﬁftﬁéf]alﬂfblfg@ﬁﬁf tran§Nicehe ¥ ?%kbﬂ)lh%%bﬁlber 15 g ystals

sandw ched between a pair of transparent substrates havinhg 15 respective

transpar efjrofidid 'sstden the backhght a6 Qhﬁr ‘ﬂl@é éliblfe*sdeﬂcdllﬁjlﬁ&eérﬁtal he

?_

visible side of the STN liquid — crystal cel Tirst
pol ar i zi ngdliyhierdheedd6dinothe Sevenith ¥mbodigneit, li@fs nesdlesato eay that tHe | m
and 20 a second polarizing film a retardation filmfor

ci rcul ar | wapwe diquiddcrystal display device as the seventh embodiment can be
10 obtained even if the translucent light absorbing member 15 is removed as

explained in the fourth embodiment.

INDUSTRIAL APPLICABILITY
As is evident from the above explanation, it is possible to obtain
15 the liquid crystal display device capable of indicating a single reflected
color display in a bright metallic tone, and capable of displaying a single
color which can be visible even at dark environment such as night by
lighting up the backlight.
Fui'ther, if the liquid crystal display device does not employ a
20 translucent light absorbing member,'it is possible to indicate a single color
display in a bright metallic tone to obtain more bright reflected color, and -
also capable of increasing brightness when the backlight is lit up.
Accordingly, the liquid crystal display device according to the
invention can be expected to be utilized in a broad area as display devices,
25 of the variety of watches, portable electronic de\}ices, game devices, or the
like.



tight, a cholestric liquid crystal polynmer sheet, a translucent |ight

absorhi ngmrerber—and a backl i ght di sposed successively on a side of the

STN liquid cr , .opposite fromgihe visible side thereof.
3. A Iim‘“!“m/w pl ay device according to claim2, wherein 25 the
ax*

retar dad twisted retardation film 4. Aliquid
crystal display device conprising: a TN liquid crystal
cell with t. 99 .twi sted nematic |iquid crystal s seal ed i n-between a
pair of tr %dfgé%l'l%fiést'r ates having respective transparent

T A
Shoestr 2 |} oo TSP Sl MGt SRR i ™,
: el _ ; .
thereof . 10yoials' Walk HEDRtwEL  JRRE D abRPHAT, YuBhsaese tying o
chol estji CT‘JTSEEF‘J% transpﬁf‘éiﬁté%%t%ig ! r sheet, has a function of scattering

pol ari Zed iquid crystal display device

2700er 1] Cwi st oo™ SESkpolarfiing il et o7 e vifhle Mdeob BTN tigld, o

t ransparen t having 15 respective transparent el ectrodes;
a ret ardat?gﬁ@ﬁé%ﬁ I Sposed on the visible side of the STN liquid

crystal cell; 3 gsecond polaﬁzﬁg’ %lmg%ﬂ%ﬂaﬁ%nfﬁhﬁ‘ ﬁ')g%?fb?ﬁﬂrag)g%cflgﬁz%t er

side of the retardation secon ari zi ng

film a relightlatd athdlestAd Mqeid Cetysdly pofymet Z6Reet, a translucent light

10  absorbing member and a backlight disposed successively on a side of the

Q

TN liquid crystal cell, opposite from the visible side thereof.
2. A liquid crystal display device compi'ising:
an STN liquid crystal cell with 180° to 270° twisted nematic liquid
crystals sandwiched between a pair of transparent substrates having
15 respective transparent electrodes; _
' a retardation film disposed on the visible side of the STN liquid
crystal cell; '
a first polarizing film disposed on the outer side of the retardation
film; and |
20 a second polarizing film, a retardation film for circularly polarized
- light, a cholestric liquid crystal polymer | sheet, a translucent light
absorbing member and a backlight disposed successively on a side of the
- STN liquid crystal cell, opposite from the visible side thereof.
3. A liquid crystal display device according to claim 2, wherein
25 the retardation film is a twisted retardation film.

4. A liquid crystal display device comprising:



Fi gmm d crystal polynmer sheet and a backlight disposed
succeHy’wﬁmmmL ' of the STN liquid crystal cell, opposite fromthe
visib Wﬂ} '1 whers® n a face of said backlight,
opposite to 'sai"d &hotestric Ii quid 25 crystal polyner sheet, has a

function of scattering polarized |ight. 6. Aliquid crystal
di spl ay device according to claim5, wherein the retardation
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film atr kalc&it: dd@ht absor bi ng menber and a backl i ght di sposed
successi vei9 on a side of the TN liquid crystal cell, opposite from
the visible. sidggskh8h&Yolarizin re | Gih O rd%‘lﬂ‘%ﬂ?i yedevi ce
conpri si ng: (ijan STI% Flhalﬂiadt é%ggtﬁgh clgfll 0\?\“ 180f err to&

270[ err] t1ightes choNEsthie liqaid ér;is'ialr gg%tigéﬁbﬁe&aﬂﬁd\‘(ﬁ%é@w@@ksfvdﬁi rof

transparent ~substrates having tive transparent el ectrodes;

Cryetal el e Ol T e Ty o posed o L ne out er
si de of ththerebfirdation 20 film and
10 ~wherein a face of said backlight, opposite to said cholestric liquid
crystal polymer sheet, has a function of scattering polarized light.
5. Aliquid crystal display device comprising:
an STN liquid crystal cell with 180° to 270° twisted nematic liquid
crystals sandwiched between a pair of transparent substrates having
15 respective transparent electrodes;
a retardation film disposed on the visible side of the STN liquid
crystal cell; |
a first polarizing film disposed on the outer side of the retardation
film; and |
20 a second polarizing film, a retardation film for circularly polarized
light, a cholestric liquid érystal polymer sheet and a backlight disposed
successively on a side of the STN liquid crystal cell, opposite from the
visible side thereof,
wherein a face of said backlight, opposite to said cholestric liquid

25 crystal polymer sheet, has a function of scattering polarized light.
6. A liquid crystal display device according to claim 5, wherein



a first retardattomfitmfor circularly polarized light, a cholestric

i qui sheet, a second retardation filmfor circularly

pol arﬂmm'mlm lﬂ@mnd polarizing filgy a translucent |ight absorbing
menber* ardd di sposed successively on a side of the STN Iiquid 25
crystal cell, opposite fromthe visible side thereof. 9. A

~liquid crystal di spl ay device according to claim@8, wherein

aui d or yGectardanion flBds Svesfl AEERo I '™ L 1y iiquid erystal
- bet weena_pai 1- ofs Ehmd ErEf ABHB e mpueng?ysﬁi"sieite?'vid
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pol ari zed A liquid crystal display device
conpri si ng&ﬁ%]céiis and an STN I|qU| d crystal cell with 180[err] to

270[err] tw sted l‘eta.ljd'aﬁﬁhdﬁlm fox%ii%u?d\;'g' ' q l&etd/\%p %tﬂéul’ of

transpar ent subst rates ranspare el"ec
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crystal ce
10 polarized light, a second polarizing film, a translucent light absorbing

member and a backlight disposed successively on a side of the TN liquid
crystal cell, opposite from the visible.side thereof.
8. Aliquid crystal display device comprising:
an STN liquid crystal cell with 180° to 270° twisted nematic liquid
15 crystals sandwiched between a pair of transparent substrates having
respective transparent electrodes; N
a retardation film disposed on the visible side of the STN liquid
crystal cell; |
_ a first polarizing film disposed on the outer side of the retardation
20 film; and
a first retardation film for circularly polarizéd light, a cholestric
liquid crystal polymer sheet, a second retardation film for circularly
polarized light,a second polarizing film, a translucent light absorbing
member and a backlight disposed successively on a side of the STN liquid
25 crystal éell, opposite from the visible side thereof.
9. A liquid crystal display device according to claim 8, wherein



a fi rmdi sposed on the outer side of the retardation

film a first retardation filmfor circularly polarized

l i ght, H*m"Lmllu"""m,”m i quid crystalsgpol yner sheet, a second retardation
filmfor circuldrly 25 pol ari zed light, a second polarizing film and a

backl i ght di sposed successively on a side of the STN liquid crystal
cell, opposite fromthe 55

vi si bl e si f S i e of said backlight,
opposite t@l%s%?%r@gml%d?grtl‘”l}?'f?&%?&aﬁoﬁrﬁﬁﬁ'as a function of scattering
pol ari zed 1i ght. DR - AR A4 r . di spl ay device according
to claim1l, V\he}%'l nAEqp%%cp&#él&@ﬂdﬁ&#ﬁc%c@ﬁgﬁﬁ%g; ed retardation film
13. Aliquid crygt ' a [ 0 ' teh< Lais , [ . a

| um nescence cen?e?N\/\gi\?éﬁgn%g%agf 8@%?’3@‘2%"?‘8 tgl)stg}é%étg ?%ngltquﬂ%ss
than 50 n a t rpN@6enter t .estric
liquid Cr%{%@%oﬁ%@e&sﬁ&‘e’?% a %aﬁe 6?1235?1%@1?%' g“@ét)l;ét}tégl q@?’éﬁéay
devi ce qacc | s?’a' p% , ' a | um nescence center wavel ength
of the _acﬁfs?)gﬁtﬂv?gr%{e m@cf’%@%@%ﬂl ess ~ than 50 nmfroma selected
scattering centej figy Bopadif qﬁhﬁhﬁsﬁ&s&eﬁﬁ the visible kidof tif TN diquia! yTer
sheet . 15. Al éw d crystal display device according to claim

7, wher ei nedtalacdllin@gescence center wavel ength of the backlight is
devi ated by "not | ess than 50 nmfrom a selected scattering center

wavel ength of thg fifeletdrdation filml féru cilcalaedy Poladkyddiglaheetholestric
16. Aliquid crystal display device according to claim210, wherein a

(han 50 nm Ty om &6 enr el oeat L el N et er weuelength of The ho L ric.
l'i qui dl@r ypoldrized Vight, shesecond - polarizing film and a backlight disposed
successively on a side of the TN liquid crystal cell, opposite from the
visible side thereof,
wherein a face of said backlight, opposite to said second polarizing
film, has a function of scattering polarized light.
15 11. A liquid crystal display device comprising:
an STN liciuid crystal cell with 180° to 270° twisted nematic liquid
crystals sandwiched between a pair of transparent substrates having
_respective transparent electrodes;
' a retardation film disposed on the visible side of the STN liquid
20 crYstal cell;
a first polarizing film disposed on the outer side of the retardation
film; and
a first retardatioh film for circularly polarized light, a cholestric
liquid crystal polymer sheet, ‘a second retardation film for circularly
25 polarized light, a second polarizing film and a backlight disposed
successively on a side of the STN liquid crystal cell, opposite from the



17. ATiquid crystal display device according to claim1, wherein t he
backl i than two | um nescence center wavel engths, and

at |eag|“|mml|um|mﬂfm|1 nescence centergsnavel engths is deviated by not |ess
25 than 50 nm % orh a*sel ected scattering center wavel ength of the

chol estric liquid crystal polymer sheet. | 18. A
liquid crystal display device according to claim4, wherein t he

backl i ght . an two | um nescence center wavel engths, and
at | east oggla@%glﬁém%rr%b?’escence center wavel engths is deviated by not |ess

511 qui d cr yt ol SaT e ke, GE AR AL BppUGYAIGREd heonid PoliRifE ) 0

devi ce accgigi ' > scfR ari cklight has not |ess than
two | um nesc@?nggsrggrllltﬁgrﬁb\%a(\;/feﬁ engi@gb%lrﬁzeahfgﬁg? | east one of the

| um nescence cenyer @Hr;]bst | &i ' : ge%s : nm
froma sel ected %%’at }t@gﬁi@llrl]lg@ce taelralv%% g%gf'téﬁb%é]gaﬂlg C o?lglsr{lrllfdh?ge I qui d
crystal5 potheRitasdativin film is a twisted ret@rdafion filthd crystal display device

according to claim10, wherein t he backlight has not |ess than two

| umi nescence cenids watiRjuiddiristal ampla?: devide heeoiding goUlaimd , | whergacence
center wavel engths is deviated by not 1ess than"50 nmfrom a sel ected

scat t er i ngadaminescencel cergeh veiveldgthhof s backlight is devidted bytmdt legkymer

sheet . 21. A liquid crystal display device according to claim
1, wher ei nthan 50tim frenvadcsebedtedi scattgrinigl center vaveiémgthi ofithe phopestrici zi ng
film 22. Aliquid crystal display device according to claim -
4, wher ei nliquid crystakpakymiensiiest.i zing filmis a reflection-type polarizing
film 20 23. A liquid crystal display device according to claim
zﬁs;dajridemid:e; accordihg doidlaimyhewhetedni zi ng

7, whekin 1de Sedigudd prystal
frim a luminescence center wavelength of the backlight is deviated by not less
than 50 nm from a selected scattering center wavelength of the cholestric
liquid crystal polymer sheet.
15. A 1iquid crystal display device according to claim 7, wherein
15 a luminescence center wavelength of the backlight is deviated by not less
than 50 nm from a selected scattering center wavelength of the cholestric
liquid crystal polymer sheet.
16. A liquid crystal display device according to claim 10, wherein
a luminescence center wavelength of the backlight is deviated by not less
20 than 50 nm from a selected scattering center wavelength of the cholestric
liquid crystal polymer sheet. |
17. A liquid crystal display dévice according to claim 1, wherein
the backlight has not less than two luminescence center wavelengths, and
at least one of the luminescence center wavelengths is deviated by not less

25 than 50 nm from a selected scattering center wavelength of the cholestric
liquid crystal polymer sheet.
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18. A liquid crystal display devic__e according to claim 4, wherein
the backlight has not less than two luminescence center wavelengths, and
at least one of the luminescence center wavelengths is deviated by not less
than 50 nm from a selected scattering center wavelength of the cholestric

5 liquid crystal polymer sheet.

19. A liquid crystal display device according to claim 7, wherein
the backlight has not less than two luminescence centér wavelengthé, and
at least one of the luminescence center wavélengths is deviated by not less
than 50 nm from a selected scattering center wavelength of the cholestric

10  liquid crystal polymer sheet. |

20. A liquid crystal display device accérding to claim 10, wherein
the backlight has not less than two luminescence center wavelengths, and
at least one of the luminescence cénter wavelengths is deviated by not less
than 50 nm from a selected scattering center wavelength of the cholestric

15 liquid crystal polymer sheet. | :

21. A liquid crystal display device according to claim 1, wherein
the second polarizing film is a reflection-type polarizing film.

22. A liquid crystal display device according to claim 4, wherein
the second polarizing film is a reflection-type polarizing film.

20 23. A liquid crystal display device according to claim 7, wherein
 the second polarizing film is a reflection-type polarizing film. |

24. A liquid crystal display device according to claim 10, wherein

the second polarizing film is a reflection-type polarizing film.



