;eéebhgbbbcdd@:ef 6gThgbl E DESCRIPTION | N 114 LI QU D CRYSTAL DI SPLAY
DEVI CE' TECHNI CAL FIELD This invention relates to a structure of a liquid
crystal display device for displaying character information and i mage

information using a super tw sted nematic (STN) liquid cryst N\“m unmﬂm“mnm
BACKGROUND TECHNOLOGY A liquid crystal display device for dig m
character information and inmage information using a liquid crystals@gel!| is
used in various electronic devices fromsmall-sized devices such as a

ti mepi ece and a portable tel ephone to | arge-sized displays f a
tel evision, a personal 15 conputer, DESCRIPTION. Wen char aﬂ"mgmm“mm“m”’mﬂ
information and i mage information are displayed using a liquid crg\ééogzg

cell, aliquid crystal display panel, in which absorptiontype polarizing
films are disposed on both sides of the liquid crystal cell with a liquid
crystal filled between twhIQUH3ERYSTALBISBLASY DEVICE a nanner 20 t hat
respective transm ssion axes thereof make a desired angle, is used. Wen an
electric field is applied to the liquid crystal of this liquid crystal

di spl ay panel n_alignnent direction of the liquid crystal having
permttidvi thQﬁM&ﬁgFIMges, whi ch causes a change in an optical

characteristic. Through the use of the tical anisot.r.o of f.he ligquid
crystal - 28 a destidhheniion felates dorstbetiiot A diif Gt disblay device
liquid crystal .displ.ay device usi t he 2 0ptical. eharacteristic_of the
i qui d cr ysio ISplaYiBE; efidracter nfotmation afig Hhagf dnforthalian; uihecs Sunsdl o
crystal. Furt. 4 7] | hon of a linearly polarized |ight
whi ch has %‘ilgg%i P%@ﬁ&ﬂ(%m@ﬁgﬁéﬁf@?}e pol arizing filmon the
incident side is controlled by an optical rotation of the 5 TN liquid
crystal, and when the absorption-type polarizing filmon the emtting-out
si de i s i SBASCBKGROIMN®D TECHNOROGYWhi te node, character information and
image information are indicated in a black display on white that is the
background col or. AHigaitrcrystal aisplayl deviot folradisplaying ndlrraeter anfendationge
information 10 in black agai nst the white background as descri bed above,
nei t her varamd imagerinfesnamomwmsingadiquud aystabeetfisarsed. inThariefie ebscteonic
liquid crystal display device capable of providing variation in display of
charact er i d¢vicest ftom asmallsigedi devicast isuehand addimepicse wndam pareablen
design is desired. 15 Moreover, in order, to increase the amunt of

i nf or mat i ortelephone tor largeptiagd ndisplasadorrscreens mit Rofelaktsiphage personal

information, it is neaegsirlél to use not a liquid crystal display device
usi ng tife TSPIPYLRT ABHVEEAIKSut a i quid crystal display device using a

devi ce using the BHEY hareeter JoramtatPh nd “imasd JRoordittn pe rdvel,
0 L0 RS, BRARE-ia SSRORNGA0 Ry RRBRDIOD RRRL BHHR Ot
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screen. Acc ay capacity can be I ncrease ontr ast

bet ween a dj { wRgK i } ] I
o hee 1 hi s ARIAY BYSHICANBAhATRAT NG Hn GAENO SbRrAeIC LAt Hilanrty

a bi refyy nodat eeieciivie @aNsMisston afes therenf hidke £desired aﬁ%ﬂéIQS gsgarmal l'y

3 white node which is excellent in brightness for a nonochrone display, a
di spl ay col or of Wherbaakeleotrie fieldtisoappliedtocthevhijtaberystahof thipplliddt o
t he

crystal display panel, an alignment direction of the liquid crystal having

permittivity anisotropy changes, which causes a change in an optical

characteristic. Through the use of the optical anisotropy of the liquid crystal,
25 adesired display is performed.

As such of a conventional liquid crystal display device using the



liquid crystal layer is colored due to an elliptically polarized Iight.
Consequent |y, the display. color of the background is not white but a 5
color close to yellow'sh green, and the display color of the black display
portion at which voltage is applied to the liquid crystal layer is bluish
bl ack. Even such an STN liquid crystal display device provides a plain
i nformation display wwth little charmin %esign. This invention is made in
view of such a present state, and its object 10 is to bring a background
for a display to an achromatic color without coloring in an STN-type liquid
crystal di sphiyaldenheRtdastic bfathenitfuidi eplstyl, AhRAS ik Ya fig9piddlf onemidiap and
to make a li'quid crystal display device which'is new in design and
fashi onabl etwibfedh&aGEURENPE qUHE cirftaNT! Biirther owtien 4 Eob&tﬁiﬁg&ii&éﬁi@b@fe
object, a liquid crystal display device according to this invention
conprises: @nligddily i poladizedy $ight wdith flasrerhsbed hihirdugl tlesrabisorptianitype
crystal, which is aligned at a twist angle of 180 to 270, between a
t r anspar ent pdlarizing dHsi oat theandidentrside psicontrotleddbyl anudpticad tretatiomafithg
el ectrodes on respective opposing inner faces; a reflection-type polarjzing
film provi dEIY diguidderysial,f andt wheps theitabserptina-typs polprizingr fdmyoncdhe; 3
first retardation film pravided between,the refl ect arizing film

j,on- e po

and the fi r&futiingsppkside 4s hdisposedtop OBaMea BﬂrmﬁQYD‘ﬁbégiF& » FRNARCIER

flection-t | ari zj fil.mto the first dat i il. .
bsor ot i on- inyBEmB8oRd Mags EoRnisich At dndicated i o Bick dithidlln white of
the STN |i qui d. | d t ardat i fil i ded bet
Lhe sbsor pritiah i€ DB AL S 2T e 6% e cecond substrate. i this

P ; : . £ils .
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retar daty onf hiagk dg?ﬁﬁ% the \Jvﬁ%té hﬁckﬁf&i’ﬁ‘d 'aﬁ%e‘s B&d laBo%eShERhEMN Afation in
direction of the retardation film Hy Is the refractive index in a

direction Odédjgﬁqmlint@-egh@aﬁbé@ffé}bﬂg direction, and nz is the refractive
i ndex in a thicCkness direction. Further, it is suitable to dispose a

tw sted retardatiTheféfbre,i @ plqrd ctystak displaysalevisecoapablet afdprovidihgl m
and omt the aforesaid first retardation filmto thereby forma Iiquid
crystal di spamgtiaevircalisplayl of t characteseinformiasione ehdairege hisxformationeand a
difference 0T = Ts_ - Tc .in O 0_ . .

additionally variation in design is desired.

15 Moreover, in order to increase the amount of information capable of
displaying character information and image information, it is necessary to use
not a liquid crystal display device using the TN liquid crystal but a liquid
crystal display device using a super twisted nematic (STN) liquid crystal cell.
The liquid crystal display device using the STN liquid crystal cell has highly

20 sharp responsivity in transmittance change in response to a change in applied
voltage and a large margin in voltage change can be obtained, thereby
enabling a high-split display, resulting in increased pixel density within a
display screen. Accordingly, a display capacity can be increased and
contrast between a display portion and a background portion is also excellent.

25 Since this STN-type liquid crystal display device has a display mode

using a birefringence anisotropy of a liquid crystal, even if using a normally-



absol ute val ue of both the twi st angles ranges fromO to 30 , where Ts is a
twi st angle of the STNliquid crystal cell and Tc is a twist angle of the
twisted retardation fi'lm In these liquid crystal display devices, it is
preferable that the 15 absorption-type polarizing filmand the
reflection-type polarizing filmare arranged in such a manner that
respective transm ssion axes are orthogondl to each other. Myreover, it is
suitable that a non-reflection layer is provided on the opposite side of
t he absorption-type polarizing filmto. the second retardation 20 film or
the tw st edwhefehftild Whith! 1% ekedlldiftr P bRighthedss for af AicHIchrohrd display, a
t hi ckness of the above-described first substrate of the STN liquid crystal
cell is 0.1dnmidpcoldr ofithel adkprolind pattionysttwhich spltage dewnocappliedrtdithg t o
this invention structure as above, a background portion that is a
no- vol t age- Agpid eryspalrlayeniéoliosed duegbtart elliptioadlyl polarideddigiyt. Further, it
is preferable that an amount of |ight reflected by the 5 reflection-type
pol ari zi ng fil m i €onsequentlyl the displayacolorsef theebackground isrnolgwite but a
no-vol t age-applied portion tQ a bright . achromatic netal]ic gﬁpﬂ]g‘y and
that the STeolorqeloge doy yeHpwish |greenogndnthec display caler jofc then blagk, display

%32?2‘{9]% ﬁf‘ﬁ%rtf%n at Xa@%;eﬁl?v%l%%‘ébfs %%pﬁn%h%ac%ﬁﬁ‘étﬁb{‘q&gﬁ‘l %%eér?ﬁfoﬁafs%omgr e

. . _on . ; .
o et ngency” on ot et o SR, Gl (MGl RpREIRYIES e o i o
pol ;ri Zi ng%fphﬁgﬁl?h*gp?&‘ ?Jé@flﬁt&g@(%ﬁng%ﬁgrs@fng filmare arrgnged sgp
the refiection of T DRt 5 Gt Pisly Sratf AR el RaR, Apdchs opfec™
2t ype 10t et piihe A PackiiShd Yor £ MRAM, R} AR sPhitifant ol Of iR bcBting”

satisfyin i ¢A A% : h&i i i ex
yi ng ﬁ?aﬁ STN'ngthEL Hgﬁuf cPystdl aySP%ﬂQre%;wmm 81 égi&ggggieg?abn?

in a stretching dire ny 1s the refractive 1nd in

orthogonal far infermatiohCamd@o dhake ta Huideeydidl display devicatilivh isneax inn a
t hi ckness direction is used for the retardation film whereby the view ng
angl e char adesighsdricfashiomgbleved and incident |ight fromthe surroundings
is effectively utilized, and thus a brighter display can be obtained. 2o
Furthernore, even if the twsted retardation filmis used in place of the

dat i fil i,G .t isti i th high fl d
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show ng t he
holding nematic liquid crystal, which is aligned at a twist angle of 180° to

270°, between a transparent first substrate and a transparent second substrate
20 having electrodes on respective opposing inner faces; a reflection-type
polarizing film provided outside the first substrate of the STN liquid crystal
cell; a first retardation film provided between the reflection-type polarizing
film and the first substrate; a backlight provided on the opposite side of the
reflection-type polarizing film to the first retardation film; an absorption-type
25 polarizing film provided outside the second substrate of the STN liquid

crystal cell; and a second retardation film provided between the absorption-



of a first enbodinment of a liquid crystal display device according to the
invention; FIG 3 and FIG 4 are plane views for explaining positional
rel ati ons between respective conponents of the liquid crystal display
device of the same; FIG 5 and FIG 6 are schematic sectional views show ng
the structure of a second enbodi nent of a liquid crystal display device
according to the invention; and 10 FI G 74and FIG 8 are pl ane views for
expl ai ning positional relations between respective conponents of the |iquid
crystal display device of the sane. BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON 1&/pepSadieing il Rhd ke s&CondvehittaB, i n nore detail, enbodi ments
of this invéntion will”be concretely described hereinafter with reference

to the draw ngs. H sk dagbadiigpréferable thht tthe First afd2ecbndt fetatdRgion filths
the first enbodinment of a liquid crystal display device according to the

i nventi on wited rebardationefilmd eachiofr whistesatesfies ¢odlitibnscofG> Az >FhEofithend
FIG 2 are schematic sectional views for explaining conponents of the

li qui d cryskesardaition &ymdevhere, nwtis dhe irefrantiva indek 1a a atretclibgadirection of
dinmension in a direction, of thickness being substantjally enlarged. The
liquid & ysthe redprdation Hbm, sy isithe pefractive 1adesdan fedirecdon orthagonalitodhbei ve
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absolute value of both the twist angles ranges from 0° to 30°, where Ts is a

twist angle of the STN liquid crystal cell and Tc is a twist angle of the twisted
retardation film.
In these liquid crystal display devices, it is preferable that the
15 absorption-type polarizing film and the reflection-type polarizing film are
arranged in such a manner that respective transmission axes are orthogonal to P
each other.
Moreover, it is suitable that a non-reflection layer is provided on the
opposite side of the absorption-type polarizing film to the second retardation
20 film or the twisted retardation film.
Furthermore, it is preferable that the thickness of the above-described
first substrate of the STN liquid crystal cell is 0.1 mm to 0.5 mm.
In the liquid crystal display device according to this invention
structure as above, a background portion that is a no-voltage-applied portion
25 1s brought to a metallic display.
Further, it is preferable that an amount of light reflected by the



Qutside (the lower side in the drawing) the first substrate 1 of the STN
liquid crystal cell 20, a reflection-type polarizing film114 is disposed
with a first retardation film212 with a retardation value R = 0.43 ~m
t her ebet ween, and a backlight 15 is di sposed on the opposite side (the
| ower 15 side) of the reflection-type polarizing film14 to the retardation
film1l2. For the backlight 15, an el ectro?| uni nescent (EL) device, a light
emtting diode (LED), a cold-cathode tube, a hot-cathode tube, or the like
can be used. Further, it is preferable to apply pignments of a fluorescent

color 1o a pdftidhTtype elafr?zqﬁgqhn& eikaekiddhs nhechis ?bisﬁlﬂilé‘@oté% foTBAARY

generate a 20 fluoréscent col of. Mdreover, on the outside (the upper side

in the dr avwhwhoosfolté:gae-apgﬁed pottiin 8 @ Brighttdvhromiitio metdlliy Wssplhycahd

20, an absorption-type polarizing film1ll wth a transmttance of 46%is

di sposed wi thatatlsecSAN r Hgaidiatiystalf idell 18 wptimizedetsy dag | o wnereaseR the
0.43 ~, mtherebetween, 25 thereby setting Rf, which is the sumof the

r et ar dat i ontran$météande ofie vialtage-applied portdon withinl? widd rahge of svarcelength.
retardation film13, at 0.86 ~.m 8In FIG 1 and FIG 2, the upper side
is the \Asible siMboreyspecificaldyvadiffererae betveeemnh tetayidatibal valuer Binaftthe
upper side. Here, the ordinary absorption-type polarizing film1ll is a
menber in aretauiaticnofiband Rstadnd whiek is s redusk Pt adrigeingansyr dniafithexi s
whi ch are 5, orthogon tqQ each other, transmts a_ljpear pal.atized |ight
pol ari zed i HquKEC 'Srtgicﬁnarﬁ 5§ﬁagana5, thaat; isea v lll'%ﬂfSA T lggi"s&faifds‘étb%k’gs a
linearly po ized |i olarized in the directjion parallel tgq the

absor ption gﬁdj HER f@gé'QShé'rmh , tﬁ‘ﬁeg}?%}rpbe RSt E’Bi:arb Tt ARG theq4
s a nmenber_ ] . Sh f .\Whi C a I SSI X| refl. l.on
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reflect a Meaie Pl 3y poshBiticn, SypbRh e rEAGRIG RIS, of e,
the reflect§eN aNiyfid crystal cell is increased, resulting in a further excellent

transmission state.

Further, a so-called Z-type retardation film, not an ordinary uniaxial-
stretching-type, satisfying conditions of nx > nz > ny, where nx is the

15 refractive index in a stretching direction, ny is the refractive index in a
direction orthogonal to the stretching direction, and nz is the refractive index
in a thickness direction is used for the retardation film, whereby the viewing
angle characteristic is improved and incident light from the surroundings is
effectively utilized, and thus a brighter display can be obtained.

20 Furthermore, even if the twisted retardation film is used in place of
the retardation film, a metallic tone characteristic with high reflectance and
an excellent transmission characteristic can be obtained and the visibility is
improved within a wide viewing angle, so that a liquid crystal display in a
bright achromatic metallic display can be realized.

25
BRIEF DESCRIPTION OF DRAWINGS



Therefore, the arrangenent of the backlight 15 which generates a
fluorescent color outside.the reflection-type polarizing film 14 provides a
15 display in a fluorescent color when a linearly polarized |light polarized
in the direction parallel to the transm ssion axis is incident, and when a
linearly polarized |ight polarized in the_direction parallel to the
reflection axis is made incident, directly reflects the light, thereby
obtaining a bright display in a netallic tone because reflection efficiency
thereof is high by virtue of a 20 surface in a mrror face state. In this
enbodi ment, an opFIGal and FIGBEaré sthéatiesertiohAL iRV sigswiyg BuerstrattursM
Ltd. is used as the reflection-type polarizing film214. This
refl ecti on-of jae fivset @mbodigdrit! of ias liquidectystal hdisplay -dexyes edtcohdingf té rthe
with different refractive indices. In addition to this, a polarizing film
conposed 25imfenélothol esteric |iquid crystal polyner sandwi ched between
7~,14 (quarter wavelength) filnms or one utilizing a hologram.is applicable.
9 Each of the firEIGrdiantiElGest arq plang wiews For explaiingepasitignabiclations13

is afiImV\fPth a thi ckness of about 7 of str

0 ~txn..mad tched, .
pol ycar onaPtWeets sesRactive eopponents 2t e HAS s iiﬁpfaa/gdeasm of dhe of
nx > nz > n%qi where nx is the refractive index in a stretching direction,
ny is ther TPSctive index in 5 a direction orthogonal to the stretching

Fur cher . i he 11 r st Per AAIGRO AT SehSRts' BaBohdl PR ShobiRE e Pumeoie

film 14, an hc%%(ao : td ils : t i Ol

pol ari zi ng ?1; ?m§e1 ar gﬂlrl{eog%lggeg& ?vdeflj § I{J%dr%g]eﬁg g%e 1%@?‘%@?%&%@#% to the
adhesi ve t ojRentfdn; Ah@or ated. The Z-type retardation filmhas little change
in retardation when seen froma tilted view ng angle, and consequently the

vi ewi ngiangl e chaFEG! @rard FTGO18 h@pld@%ﬁv@?@@*pl@irﬁh'ga%oﬂﬁbh@lﬂ rékdions
i mproved. Here, a relationship between the thickness of the first substrate

1 of 15 theb&Tedn gespeotives temporient? @fathe tiqapd m;ym&ldis?Iay deviee of the
expl ained. A light incident on the STN liquid crystal cell 20 fromthe
front passesamérough the absorption-type polarizing film11l, the second
retardation film 13, the second substrate 2, and the liquid crystal 6,
further passes through the first substrate 1 and the first retardation film

12, and then_refl e the reflection-tvype 20 polarizing film 14,
passing ¢ hr BEST MO DR AMGRNMIRG R BN R
15 In order to explain the invention in more detail, embodiments of this
invention will be concretely described hereinafter with reference to the

drawings.

First Embodiment: FIG. 1 to FIG. 4
20 At the beginning, the first embodiment of a liquid crystal display
device according to the invention will be explained with reference to FIG. 1
to FIG. 4.
FIG. 1 and FIG. 2 are schematic sectional views for explaining
components of the liquid crystal display device, which is shown with a ratio

25 of a dimension in a direction of thickness being substantially enlarged.

The liquid crystal display device of the first embodiment is a



to reach the observer's side as an emtting-out |ight. However, if the
first substrate 1 is thick, a liquid crystal |ayer which an incident in a
slanting direction has passed through when it is incident, differs froma
liquid crystal |ayer which the Iight passes through when it is 25 emtted
out, whereby a double inmage in which a digplay portion appears blurry
occurs, resulting in a decrease in displai quality. 10 Accordingly, the
thinner the first substrate 1 is, the nore the double imge by the incident
light in the slanting direction decreases, resulting in an increase in

i sibilit i 1i fdi i |
ot o o TROSRSALAY e g ke che il Rl FRUBRAR 0L

obt ai ned i ngedordSEuttrate ) iealATSwWhicHisomAde Gf 4 gFdss plage WitH'AfhidkHss iofst
substrate 1 is, the better, however, the workabi[Nity deteriorates if the

first subst@&t mm, are b@ﬁdédﬂt@%ethhﬁ!vﬁﬂ@mesddlaﬂltSS wigher fiked dap tirebétween,
thi ckness of 0.1 mmor nore. Tn this enbodinent, a glass plate having a

t hi ckness odndnbmatid Equikdryssalt®whichas alighed st astvhist aagke f 2aRF° ihsealedond
substrate 2. It is preferable, however, to thin the first substrate in

t hi ckness wandisandwiched i the Zapnthemebyt foaming tana TS ligfuid lorystiat sell 20 as

el ect rodeseﬁpand .th econd el ectrodes 4 nade of ITO are inportant in terns
of brightn VR4 rl 8BA&EIG% thus ITOwith high transmttance is

a0, Sone O ol TR e W B b e
| h ' T | nge: i -

o i R P SRR Tl BT o
78, SR TR LYo, ST i A e

transm i angopid $ditide 2 setéied ERASfodeR 4 Hﬁde@ﬁﬂﬁ?&gﬁtﬂ@g&ﬁa?% Since the

second el ectrodes 4 are applied a scanning signal _ igh in voltage,
ITOfilmwi th a t@uedidesgheflodad? sidehiayvthe daa Y theTist 3ubstrate 100phkB 1S

used for themin order to reduce cross-talk, and thus
STN liquid crystal cell 20, a reflection-type polarizing film 14 is disposed
with a first retardation film 12 with a retardation value R = 0.43 pum
therebetween, and a backlight 15 is disposed on the opposite side (the lower
15 side) of the reflection-type polarizing film 14 to the retardation film 12.

For the backlight 15, an electro-luminescent (EL) device, a light
emitting diode (LED), a cold-cathode tube, a hot-cathode tube, or the like can
be used. Further, it is preferable to apply pigments of a fluorescent color to

a light-emitting face of the backlight 15 by printing to thereby generate a

20 fluorescent color.

Moreover, on the outside (the upper side in the drawing) of the
second substrate 2 of the STN liquid crystal cell 20, an absorption-type
polarizing film 11 with a transmittance of 46% is disposed with a second
retardation film 13 with a retardation value R = 0.43 um therebetween,

25 thereby setting Rf, which is the sum of the retardation values of the first
retardation film 12 and the second retardation film 13, at 0.86 pm.



25 the average transmttance |owers to about 89% but the brightness can be
i nproved by enpl oyi ng transparent el ectrodes having a transnmittance of 90%
n or nore at least for the electrodes on one substrate as in this
enbodi ment. In the liquid crystal display device shown in FIG 2, a
non-reflection layer 17 is provided on the surface of the opp05|te si de
(the visible side) of the absorption- type8polar|2|ng film1l1ll to the second
retardation film13. 5 The non-reflection |ayer 17 is made by evaporation
of inorganic thin filmin several |ayers and a refl ectance thereof is about
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the first eh 8%&8%1 retn(%ige@t%p ﬁ.rﬁlél brtgggrbsgrp@élﬁgmgent | ayers (not

shown) are r ctlvely own in e 1 nner face of the
first substrate 1QinStheubihes g d! Qh@réﬂé@h@ﬂ-t Findt f11’m2?4 armhﬁlbé} a
count ercl ockwi se direction with respect to a I zont al” axi s, ere y a
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inner fare §fthbBBnaAFEPRACK WIRES, At fhstnit§ aSHREATY PdlaszEd Tige plarizéd in the
direction parallel to the transmission axis, and reflects a linearly polarized
light polarized in the direction parallel to the reflection axis.

Therefore, the arrangement of the backlight 15 which generates a
fluorescent color outside the reflection-type polarizing film 14 provides a

15 display in a fluorescent color when a linearly polarized light polarized in the
direction parallel to the transmission axis is incident, and when a linearly
polarized light polarized in the direction parallel to the reflection axis is made
incident, directly reflects the light, thereby obtaining a bright display in a
metallic tone because reflection efficiency thereof is high by virtue of a

20 surface in a mirror face state.

In this embodiment, an optical film DBEF (trade name) manufactured
by Sumitomo 3M Ltd. is used as the reflection-type polarizing film 14. This
reflection-type polarizing film is formed with multi-layered thin films with
different refractive indices. In addition to this, a polarizing film composed

25 of a cholesteric liquid crystal polymer sandwiched between A/4 (quarter

wavelength) films or one utilizing a hologram is applicable.



treatnment at a 22.5 angle in a clockw se direction wth respect to the

hori zontal axis, whereby an upper nolecul ar alignment direction 6b of the
liquid crystal 6 is disposed at a -22.5 angle ("" represents a cl ockw se
direction). 5 Further, a so-called "chiral"” substance which is an optical
rotatory material is added to the nematic_liquid crystal 6 having a
viscosity of 20cp, and the tw sting pitcth thereof is adjusted to 11 Nxn,
thus forming the STN liquid crystal cell 20 twisted at a 225 angle in a
countercl ockwi se direction. A difference On in birefringence of the nematic
liquid crystal 6 j i : 1 ! I
gap between the fllaracsﬂ?l%g&%gtﬂrrg ?%r&aﬁgﬁfﬁgnsg%gﬁg tgﬁ(ég{:&r)%(?ggtﬁgé\ﬁgg?i IP?) 1ge
5.8 ~txn. ARcATHhDGivh aah@¥lehesal sfealidutt TG %ﬁid&@f@tt‘éﬁé&fé@?ofﬁa‘rbgﬁate a
represented by the product of the differefice On in the birefri'ngence of the
nematic |i gso-¢datled<Z-aypé renaddatien ciin sgisfyihg iconBitiomsof nft. B hz\» my, Wigereum
of 15 retardation values of the first retardation film 12 and the second
ret ar dat i onnkii$ the gefractive irdex-ir0a 8amtchingrdiredtion, G is the refifdictivedndex iA
transm ssion axis 14a of the reflection-type polarizing film14 is directed
at a 0 angl @ direction sythogenralatoshe Asratehingdirecsion; sanghringsisothetefractive of
t he absorptjop-type polarizipng film21ll is directed at a +90 angle with 20
respect to H ivd thigkngss dirgetioRown in FIG 4, a stretchi ng axis 12a of

the hor i zont al axFUttierchBa s reterdation T2 and Tl on YRS ROGIEg
second retagdati on film 13 is, di.rected +70 le with respect. to.the
hori zont al ﬁ'-?xsilgsargdnmsqc&nlgl @tarﬁﬁltt]%] ﬁh‘nt eapﬁi %gagé?%l%'?ﬁ%m%%}&&i ce
of the firsg di r o 3 t r -yolta IS
applied betf\}}e@ﬁ? hgﬁﬁ%gﬁégwlgeggﬁgéd 3@%%@%&@@%&@%84&%%% %‘g tItol %&I d
crystalycel intg%at@dJ inearly polarized light reaches the reflection-type
polarizing film1l4 is all reflected by the reflectiontype polarizing film

14 and returned tPhe!Rtypé rélagdatice filhiPhas 1§t changeihi 1 @PArdatidhowhkhSeen
display in a netallic tone like a mrror face. Applying voltage 5 between

the first efrestr edegiltddandetings d, ehadt ravireqdently! abel esiewingheangle
nematic liquid crystal 6 rise and the optical rotatioh is |lost, and thus
t he |i near | ghgracteristedof tlehliquihctyssaltdisplasf dexdce eanthypmmprdvaed.zi ng fil m 14
passes through it, so that a display color by the color on the surface can
be vi ewed when t hHepackIrehptionship :beﬁwcenahndﬁldmeswmthmﬁrmsmbstm 1 of

turned on, the 10 display co]or_by a |um nescent, col or of the backlight 15
can be M ewdi¢ Sf%ﬁaum @ry&tﬁLC%la anagh display Guekicy Vellibe aplaiardes A ight

color of the backli opt i onal ted,  thereby displayin

ot or mat i ontncadsat ofdherarREBaskd efysial el Ao shedFiet hrsics wabbEidbec
color, or in caontrasf to that. di.Splayi i nformation. in lLic
achromatic Od’PEHOH'éYPSaB?Jg ﬁi&’ ii’ Q% Yandhetandation ﬁgﬂ% t&’@aﬁef:?@g_
Mor eover, t - I dat | ' sat ' it X >
ny are usedag%&{agépﬁi@g ﬁ{eeﬁé!’lggf h@ﬁgfﬁ ﬂ\iﬂ{@é%h%&teﬁ ce{ﬂg%"i%lﬂgﬁ? ﬁfgf E%th%te
filma213, ther i i = T i St P

| pr overent TG fuC TS xRl AT MR TnG HEABLEM it ie Pertion-tps,,
in 20 vayi oyéla@lizﬁﬁ%tﬂmu, ?ﬁgsiﬁgrtﬁ?éﬂdgl@&hé’sa _ taA! fhat of tRBliAYidaeE HBH
bright and a liquid crystal display device which is nore excellent In
visibility wareaeh thbtabseever’d sidehs @i endtthigloantigitment, the STN |iquid
crystal cell 20 with Rs = 0.87 Nxn at a twist angle of 225 is used as an
STN liquid cryst aHomadver, ¥bthdofiestesubstrate 1 is driclETal liquidi crystalsiager sdiich
wth Rs = 0.7 to 1.0 at a twist angle of 180 to 270 is used, the simlar
netal | i c diapliagideat ineactlantingddisgction hasppassedi throaghandemeitt isatagidentyf
the absorption-type polarizing film1l, the first retardation film 12, the
second r et adkfﬁ@rrscﬁom rrliquid erstalhlayeswhioh the light passes fhroyghi whenait is
Furt hernore, though the ab orption-gype pol,ariz}il,n fié,m ill wth ab

t ransnid ancmitéed 2% | wh AndORble dmpgei Wevhichy a; displast oxHPR apPeRs a
polarizing filmwith a tr‘ﬁ?sm}ttagce of 45 %cir rmr&tand a polarization
degree of 98 OREYES, resHiag in a,decrease 1B display qUabity ght ness. It is, of
course, possible to use even an absorption-type polarizing filmwth a
transmttance of |ess than 45% though the display beconmes sonewhat dark.
10 Second Enmbodinent: FIG 5 to FIG 8 Next, the second enbodi nent of the
l'iquid crystal display device according to the invention wll be described
with reference to FIG 5 to FIG 8. 15 FIG 5 and FIG 6 are schematic
sectional views for explaining components of the liquid crystal display
device, the same nunerals are given to portions corresponding to those in
FIG 1 and FIG 2, and the description thereof is omtted or sinplified.
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the first enbodi ment except that: a twisted retardation film 16 is di sposed
in place of the second retardation film13 in the liquid crystal display
device of the first embodinent; the first retardation film212 is omtted,
and the twist angle of the STNIliquid crystal cell 20 is different. 25 In
the liquid crystal display device showmm in FIG 5 and FIG 6, an STN Iliquid
crystal cell 21 is structured simlarly t'® the STN liquid crystal cell 15
20 of the first enbodi nment, but nematic liquid crystal 6 which is seal ed
and sandwi ched in a gap between a first substrate 1 and a second substrate

252 oned oL ankuoRinglel eohihds e ArEoUNSERL oLkt 0 SESHh R
cryetel, celimde 9 eherIuR A 0 Aitehpaiiirl desadt SHOSEETHAR

t he out si dein(drmeuj@peirsitsiiﬁ(ﬂybfqﬁsplla .second substrate 2, an absorption-type
polarizing filml1ll with a transmttance of 46%is disposed with the tw sted

retardation fil mWhearh¢hetfetstesnrbstrbfe | wae protptygedrysingl substrdtey liesihge
shown in FIG 6, the sane non reflection layer 17 as that shown in FIG 2
i s providedvamous shickneases, én exeellgntalisplaysqualityf waseobthimachin ancasgpef a
polarizing film 11l to the twsted retardation film 16. The reflection-type
pol ari zi ng hicknass ok Othamaek legs. « nkhe thisaer the fust substrate brisotherbetter,
Moreover, the first substrate., the.second_.sybstrate 2, first el ectrodes
3, and secohAWEVER: Hisitonkainkity ideterattas ifrise st aubitrate  ipsto0 thin,
enbodi nent, ,respectively. .The.twisted retardation film1l6 is a filmthat a
i qui d crys@&Fe@HWﬁéﬁ Bisferible tor bk, 4, ISEPWSSPfiQIaHBpi%WQfeHﬁchWI
cel lul ose ( Il.Lm o y r | aten(PET). filmafter

al i gni ng tr%@%&%@?ﬁbr%ﬁgﬁs ﬁ#%@%‘i‘%%l @M@a@ﬁgtiﬁa]ts %S BF\ otﬁmthe

t enper r ef; ' d ty9; e .
erher sl eninh sbSitard $0ima ALk BTl bshoRt 90, 19 ¢ BROHANBERBNAELHd fin,
retardati onghlel fifst S8 bbautch thitlh&ds @ﬁﬂi&g.Tpn?g-@@saﬁﬁl.Rc, which is a end

value, of 0.80 ~xn is used as the tw ste
The transmittances of the first electrodes 3 and the second electrodes

4 made of ITO are important in terms of brightness and color tone, and thus
ITO with high transmittance is required. Generally, as for the ITO

15 electrodes, the lower the sheet resistance value is, the thicker the film
thickness of ITO becomes and the lower the transmittance becomes.

Thus, since the first electrodes 3 are applied a data signal, which is
low in voltage, and thus have little influence due to cross-talk, ITO film with
a thickness of 40 nm having a sheet resistance of 100 ohms can be used for

20 them. The average transmittance of the first electrodes in that case is about
92%.

Since the second electrodes 4 are applied a scanning signal which is
high in voltage, ITO film with a thickness of 230 nm having a sheet
resistance of 10 ohms is used for them in order to reduce cross-talk, and thus

25 the average transmittance lowers to about 89%, but the brightness can be

improved by employing transparent electrodes having a transmittance of 90%



retardation film16 in this enbodi nent. As shown in FIG 6, the
non-reflection |ayer 17 nade by evaporation of inorganic thin filmin
several l|ayers and having a refl ectance of about 0.5%is provided on the
surface of the absorption-type polarizing film 11, whereby the surface
reflection by the absorption-type polarizing film1l is reduced so that the
transmttance is inproved, resulting in allbright display. Mreover, the
emtting-out light to the visible side is scattered by the nonreflection
| ayer 17, so that a soft color in a bright achromatic netallic tone can be

btai ned. 1 gl i3 ] i i
Pt oy ys D P ac1BEstoR ché fterddesop B suBSHERIAC ATRAREMBoimddk o
th f f ot i @l : - :
s i e of ikl ol S e i
the inner fgsRrof7 ‘i@gr(f){'ird%ﬂ SH AL 'suirfack bF tifdIBbpotRe side AtHe WXIBIE Sideytarent

at a 15 30 angle in cl ockwi se direction with respect to a horizonta
axi s, wher ethe abseysionnyse Udlarizing filnt 11li toeehé wecbadofethfdation il 13.
crystal 6 is disposed at a +30 angle. The inner face of the second
substrat® 2Ths subjrefleerdon dayer 1Bks ngade &t ereaporatioa GDimorghaid thia film in
counterclockw se direction with respect to the horizontal axis, whereby an
upper nol ecseesrahldyprsrend afreftactance Biereof moabaig 0.56ei d crystal 6 is

iral” .substance, whic

di sposed at a -30.,angle..A so-called "c , i s an
opt | cat 1ot at ory FAEGIPXIStoR SRR se RN IETFIoL T Ratses rpanefiop Ghtheng
a viscosity_of. 20c nd the tw sti,n i.tch P thereof. is.adjusted t 1.~xn,
Chus T or m nEHARS SRUECTian B3 e abeBlibhdybe, polatring HHiL L i obat 24
angle. 25 ' i L efri e; of_t enmi e |1 Gud rystal. 6
"use 1o ouRnpRTHERGE (6" b Sed FeHRRES R a, R B, MoRefel ey
substra 1ok A t 515%&;, Eidal ] - :
Accor di #‘& yf:m&tit?n %ﬂg#‘i@;ﬁg‘}%ﬂg va yeé%)f% %lﬁg %Tﬁﬁtlt%rgfigs Xf%'tg Crgﬂecgf’n
represent _edl@értlhﬁ‘ S @ G stk doer fird B ﬁ"lﬁ?glﬁ)t”aélﬁofrﬁ@i@kﬂeﬁﬁﬂi gceaRbet he
nematic liquid crystal 6 and the cell gap d,”is Rs=0.81 ~xn. The
ret ardati onobadinedRc of the twisted retardation 5 filmis Rc=0.80 ~t, m and
thus OR = Rs - Rc = 0.01 ~xn. Wen the DR increases, the netallic display
is colored and grBiduwadver, t singe ¥ehporati@ndfihanyer sedtly, Waereoakigglfypee aures
extrenmely small, transmtted light is reduced, whereby the entire display
becomes dar keflédtion dilngiy whichaomet@twdHayefs 60an-otganio nfatebial taxe applied
preferable. 10 A transmission axis 14a of the reflection-type polarizing
film 1415 s has éeenddeneclapedsecandy eand has reesgfdectance ofhabowtoh¥al whichs ina
shown in FIG 7., .a transmi ssion axis 11 a of the absorption-tgﬂpe pol ari zi ng
film11 is Hitlebigh but i is lowaeeste Wuch aawmerefleciion dw camalso beiusedss

| ecu] ar., al i gnment direction 16a of the

f\r/]\np\é\?eidnrg &edg?n;lé tgﬁhhﬂgyl_eﬁ%oﬁgngﬁw gdignent. +60 angle with respect to
o directod at o NestargeoPostitral e EHPE (GitefRl GompoRfihCn S PG
crbodi mont SRk os Yt BE AsseibRadiotabtnc SRR ERGr 2 (Oh h SuBiay of
21, "5 1 Thoatts, TS} SeQRHaRF CRIMEARE SR, Slechrlles; 1F MNEMRACINGRLRE: 1

filmld is HdwhslreGeefedtivl)ForfifedeCt ASRNOWP iR HIT.I %! 8 frire fhite Bikhe

returned to i si bl e side, ting 1n a bright achromatic play in a

et al l'i c tofigst k¥esteated 111" sﬁlﬁ@@te&%'d irﬁBbilﬂg tRgempat iea 2h§°fan ke in a
el ectrodes 3 and the second el'ectrodes 4, 25 nol ecules of the nematic
l'iquid crystaintrciockwaned difeetion with rosptet tooa hogidomil axis, whereby a lower

molecular alignment direction 6a of the liquid crystal 6 is disposed at a
25 +22.5° angle (“+” represents a counterclockwise direction).

The inner face of the second substrate 2 is subjected to a rubbing



and thus the linearly polarized |light which reaches the reflection-type
is polarizing film 14 passes through it, so that a display color by the
color on the surface can be viewed when the backlight 15 is not turned on.
When the backlight is turned on, the display color by a |um nescent col or
of the backlight 15 can be viewed. 5 Therefore, also according to this
liquid crystal display device, the color ¥n the surface and the | umi nescent
col or of the backlight 15 are optionally sel ected, thereby displaying
information in an optional color in a background of a netallic achromatic
color, or i at ' ayi Lok j i i+C
achromatic ﬂgg or I?tﬁ%{'ti %Ca%%lgsr oﬁ%gle?)?h a% gig)tc |kg‘fr%g§ r@gégg?%pw?gnn?%@éidéaﬁ zttlalg.
Moreover, biyoMzohtsd Xis! khereBy Ain uppet WholeRdlarchREAndn®ditédtion ke of i thei ng
angl e characteristic is inproved, and consequently the netallic display
becones briligticdardystal iGnus disposddaiat di s{2225° @ﬁgﬂex(“w’line réseni® rae choakalisent
in visibility can be obtained. 15 In this enbodinment, the STN |iquid
crystal celdirgdtion).h Rs = 0.84 Nxn at a twist angle of Ts = 240 is used as
an STN liquid crystal cell. However, even if an STN Iiquid crystal cel
with Rs 5 0.7 ~txhurthen, @ socpalled a‘chisad? sabgtancer whichtis @ mptical seatatarye
simlar display.device can be obtained, by optim zjng arrangenent angl es of
the absor pt LIS yiqiqf itczitﬁs nqmaﬁlqil,qmdecrystam baxg at Wseasity it 206p.16,
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twisted state is fix at roomt erature, is®u the tw's

retardati ongid ke décond simhSraei §8t b bedsIg liufn.a t enper at ur e- conpensati on
type twisted retardation film in which part” of liquid crystal nolecules

are only bonded tAgebidingiyit @ SAnd! yakie nof ethd STNN laqeidai drystalt eeinR03c
thereof varies with tenperature, is used, the brightneSs and contrast at

hi gh t enperzepresentedrbypéhe muroduet! of rthsudiffergnce An rinrtheebrefingéndd ofiittie
crystal display device. In this enbodinent, a glass substrate with a

t hi ckness ofematicrimuid erystal foand tlee celgapsdpist Rag Bs £ Oftpumhe Thersuen ofhe
t hi ckness of the first. 10 substrate 1 is,. the_nore excellent displa

qual i t ylScanreserdsgion Makmes ofithe firstsrataedation fidik 48iand yh@éc@@m@rrgtagéatiﬂni t

is too thing.,t t hickness is prefergble in a range fr 0.1 mfMmmto 0.5 mm
in reali ty.ﬁ}'—‘}}g[ejrﬂ-:sri,{%’a Sffsa—s&%glé%épaébgs h‘g§_p§Ify'e mene t er epht hal at e
(PET) may be used,for the first .and second suypstrates in place of..the glass
substrate. 15 |ND€&§F§P§IE“M|%&BP€4% f e; elchan-tRenPe Tdsgvélm T4%s

‘v’flfﬁr 2 LES@%‘%% cit 5% Ankli il Fetnetlop oHe ‘hé{ By ria?%hﬁésigﬁﬁfél
capabl o of bHapt )P AGs PR E Rl i 1 iEhRece A D A
ver st SRy I A ApR 2R AR a8 stORTIR TN Aca i R TR g e dhe
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Moreover, Uit titilici ! 19 SPlidecHaY e Carob el bath rBspicPlduthe

devi ces su as various kinds of el ectroni c devices WisS
wat ch, a cehbétpentad e asalbvon AATEIGAB, dhdid @tre&ﬂﬁt&%%&ﬂw’% 1(3?36?1'16%@96?}& be

i nproved in design in appearance and fashion. 20 iquid
crystal di spptandatien fibm t®riprdissoted at a +70° angle with respect to the horizontal
axis as shown in FIG. 4.
25 In the liquid crystal display device of the first embodiment structured

as above, in a state where no voltage is applied between the first and second



an STN liquid crystal cell fornmed by holding nematic liquid crystal, which
is aligned at a twist angle of 180 to 270, between a transparent first
substrate and a transparent second substrate having el ectrodes on
respective opposing inner faces; a reflection-type polarizing film provided

outside said first substrate of said STN |liquid crystal cell; a. ,:_ 10 a
first retardation film provi ded between thde reflection-type polarizing ~'
ri ~,~~. filmand said first substrate; a backlight provided on the

bioposite side of the reflection-type polarizing filmto the first
Cardati £ o { . L n : - <i de. sai d
Second 15 sciocHBeR™ PHRE o e HERIE UritiaF L 20, 8 MR BoiR A iR
Cardati . . ) _ i OTe > : q
retardati onedchy %@Yéﬂ;&@ﬁietyﬁegg}lgfzc@?ﬁgﬁ 1401 41y g@ta@é%karﬂyztﬁlgréglédﬁd?ﬂ

sai d second substrate. di splay device-according to

claim1, whgj mgolﬁ@izﬁn ifilsh lapgnd seairdedaoathéayisitslel SiHE}Sr@sﬁﬂtiggtiﬁrﬁﬁrig}ﬁ
films each o I ch safisfies 20 conditions of nx > nz > ny, ere nx 1s

t he refractactronmatéx displaysinr &tmétallic donediken wirrsaifdce.et Apdyimn vollage ny
is the refractive index in a direction orthogonal to the stretching

directi dn, belveen the fist electrodes\® anddhe sacomd: electnodes 4)i mededudes of. thehe
liquid crystal di slpl ay device according to claim1, wherein said 25

absor pt i on-egimatisolignid-ioaystal |mrisedasdi dner eptieal retatiorpés dostarand nhus i the
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absor pt’ion-

liquid crystal dipRb@fofleViheScd! ?Qﬁf“tt shfack el fhe ‘é‘ﬁ'@{iﬁés%egt Blor of the

non-reflection layer s provided on e opposite sid
absor pti on-bagldighttl 51 &t @ptionAllyOsElRcted etefshy AigpRing infolmatidn iph
liquid crystal ogllgpl ay deV|pcle act(}:,g?di ng to cl ai)Fm 11,§15\/\2er% Ir} tllﬁg%'tl Iilclkngrsls
of said fireptisnhistolireni & backgroand of Smwrallicladhirowatic epkralor dns¢dtyast
devi ce, conprisi ng_: o o

to that, displaying information in a metallic achromatic color in a background

=y

15 of an optional color can be realized.

Moreover, the Z-type retardation films satisfying conditions of nx >
nz > ny are used as the first retardation film 12 and the second retardation
film 13, thereby improving the viewing angle characteristic.  The
improvement of the viewing angle characteristic allows light to fall from in

20 various directions, and consequently, the metallic display becomes bright and
a liquid crystal display device which is more excellent in visibility can be
obtained.

In the aforesaid embodiment, the STN liquid crystal cell 20 with Rs =
0.87 um at a twist angle of 225° is used as an STN liquid crystal cell.

25 However, even if an STN liquid crystal cell with Rs = 0.7 to 1.0 at a twist
angle of 180° to 270° is used, the similar metallic display can be obtained by



15 an STN liquid crystal cell forned by holding nematic liquid crystal,
which is aligned at a tw st angle of 180 to 270, between a transparent
first substrate and a transparent second substrate having el ectrodes on
respective opposing inner faces; a reflection-type polarizing film provided
outside said first substrate 20 of said SIN liquid crystal cell; - J a
backl i ght provi ded on the opposite side of4 the reflecti on-type pol arizing
filmto said first substrate; an absorption-type polarizing film provided
out side said second substrate of said STN liquid crystal cell; and 25 a~w

et ardat] onobl M Hh s RIS 8 RbIAN Y0 BRI MR
to claim 8, fiY‘éI?fe%fHa"ﬁdﬁ"'fHﬁl qb, %Pé'sfeEgﬁtﬂg&‘égaoﬁﬁt'ﬁnTﬁlm 19, afdaipotef&ticy-ue

of both the tw st angles ranges from ere Ts Is a tw st angle of
said STN |i 'eclpgraypzﬁﬁ filgd f4and Tc is a twist angle of said tw sted
retardation fil'm 10. The liquid crystal display device according to claim

8, wherein sai d aBarthetinone,! ypsugivithe i absugpfiohrtypedpekarikingf fikmt i dnwighpa
polarizing filmare arraz‘ged in such a manner that respective transm ssion
axes t he¥ eofransmiant® @dindb% s ased imt this . erbbodimhent, i igus dpreferabde tai wse ay
device according to claim9, wherein 10 said absorption-type polarizing
filmand sapelarggingdilmavitly pdransmittancepff4d % or mose aadgepolarizaiion degigener
that respective transn ssi,on es thereof are orthqQgonal to_each qther. 12.
The Iiquid F R%I Oﬂimgr%ynwﬁ%é%e 8| %Cﬁﬁkﬁw‘aﬁlaﬁmesxﬁmerlbilh gl course,
non-refl ection lbﬁ er is qprovi ded on the oggosi te si ngOf szhi d .
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absorptid)n-type polarizing filmto said twisted retardation film 14. The
liquid crystal display device according to claim8, wherein the 20
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thereof is omitted or simplified.

The liquid crystal display device of the second embodiment is also a

20 transflective liquid crystal display device and has the same structure as that of
the first embodiment except that: a twisted retardation film 16 is disposed in
place of the second retardation film 13 in the liquid crystal display device of

the first embodiment; the first retardation film 12 is omitted; and the twist

angle of the STN liquid crystal cell 20 is different.
25 In the liquid crystal display device shown in FIG. 5 and FIG. 6, an

STN liquid crystal cell 21 is structured similarly to the STN liquid crystal cell
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reflection layer 17 as that shown in FIG. 2 is provided on the surface of the

opposite side of the absorption-type polarizing film 11 to the twisted
retardation film 16.
The reflection-type polarizing film 14 is the same as that used in the
15 first embodiment.
Moreover, the first substrate 1, the second substrate 2, first electrodes
3, and second electrodes 4 are the same as those used in the first embodiment,
respectively.
The twisted retardation film 16 is a film that a liquid crystal polymer
20 material having a twist is applied to triacetyl cellulose (TAC) film or
polyethylene terephthalate (PET) film after an aligning treatment, brought
into a liquid crystal state at a high temperature of about 150°C, and rapidly
cooled to room temperature after adjusting the twist angle to fix the twisted
state.
25 : A clockwise twisted retardation film 16 having a twist angle Tc =

—240° and Rc, which is a And value, of 0.80 pum is used as the twisted
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0.5% is provided on the surface of the absorption-type polarizing film 11,

5 whereby the surface reflection by the absorption-type polarizing film 11 is
reduced so that the transmittance is improved, resulting in a bright display.
Moreover, the emitting-out light to the visible side is scattered by the non-
reflection layer 17, so that a soft color in a bright achromatic metallic tone
can be obtained.

10 Next, the positional relations between components of this liquid
crystal display device will be described using FIG. 7 and FIG. 8.

On the surfaces of the first electrodes 3 and the second electrodes 4,
alignment layers (not shown) are respectively formed. As shown in FIG. 7,
the inner face of the first substrate 1 is subjected to a rubbing treatment at a

15 30° angle in a clockwise direction with respect to a horizontal axis, whereby
a lower molecular alignment direction 6a of the liquid crystal 6 is disposed at
a +30° angle. The inner face of the second substrate 2 is subjected to a
rubbing treatment at a 30° angle in a counterclockwise direction with respect
to the horizontal axis, whereby an upper molecular alignment direction 6b of
20 the liquid crystal 6 is disposed at a —30° angle.

A so-called “chiral” substance, which is an optical rotatory material,
is added to the nematic liquid crystal 6 having a viscosity of 20cp and the
twisting pitch P thereof is adjusted to 11 um, thus forming the STN liquid
crystal cell 21 twisted at a left-handed 240° angle.

25 A difference An in birefringence of the nematic liquid crystal 6 in use

is set to be 0.15 and a cell gap d which is a gap between the first substrate 1
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; » =k===dEbCifféRH&e(An in tR&bifefringcht@ ¥ the-nematic liquid crystal 6 and the cell
gap d, is Rs=0.81 um. The retardation value Rc of the twisted retardation

5 filmis Rc=0.80 um, and thus AR = Rs — Rc =0.01 pm.

When the AR increases, the metallic display is colored and gradually
turns yellow, and conversely when the AR becomes extremely small,
transmitted light is reduced, whereby the entire display becomes dark.
Accordingly, a range of AR = 0.005 um to 0.05 um is preferable.

10 A transmission axis 14a of the reflection-type polarizing film 14 is
directed at a +75° angle with respect to a horizontal axis as shown in FIG. 7,
a transmission axis 11a of the absorption-type polarizing film 11 is directed
at a —15° angle with respect to a horizontal axis as shown in FIG. 8. Further,
a lower molecular alignment direction 16a of the twisted retardation film 16

15 is directed at a +60° angle with respect to the horizontal axis, and an upper
molecular alignment direction 16b thereof is directed at a —60° angle,
resulting in a twisted state of Tc = 240° in a clockwise direction.

In the liquid crystal display device of the second embodiment

structured as above, in a state where no voltage is applied between the first

20 and second electrodes 3, 4 of the liquid crystal cell 21, a linearly polarized
light which reaches the reflection-type polarizing film 14 is all reflected by

the reflection-type polarizing film 14 and returned to the visible side,
resulting in a bright achromatic display in a metallic tone like a mirror face.
Applying voltage between the first electrodes 3 and the second electrodes 4,

25 molecules of the nematic liquid crystal 6 rise and the optical rotation is lost,

and thus the linearly polarized light which reaches the reflection-type
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109 () -  1Ef&siofadd EbeBNEW A hen e backlight 15 is not turned on. When the
backlight is turned on, the display color by a luminescent color of the
backlight 15 can be viewed.

5 Therefore, also according to this liquid crystal display device, the
color on the surface and the luminescent color of the backlight 15 are
optionally selected, thereby displaying information in an optional color in a
background of a metallic achromatic color, or in contrast to that, displaying
information in a metallic achromatic color in a background of an optional

10  color can be realized.

Moreover, by virtue of the use of the twisted retardation film, the
viewing angle characteristic is improved, and consequently the metallic
display becomes bright and a liquid crystal display device which is more
excellent in visibility can be obtained.

15 In this embodiment, the STN liquid crystal cell 21 with Rs = 0.84 um
at a twist angle of Ts = 240° is used as an STN liquid crystal cell. However,
even if an STN liquid crystal cell with Rs = 0.7 um to 1.0 um at a twist angle
of 180° to 270° is used, the similar display device can be obtained by
optimizing arrangement angles of the absorption-type polarizing film 11, the

20 twisted retardation film 16, and the reflection-type polarizing film 14.

Though the absorption-type polarizing film 11 with a transmittance of
46% is used in this embodiment, it is preferable to use a polarizing film with
a transmittance of 45% or more and a polarization degree of 95% or more in
order to obtain excellent brightness. It is, of course, possible to use even an

25  absorption-type polarizing film with a transmittance of less than 45%, though

the display becomes somewhat dark.



10, @ 109 ()-y 6mLOY% ()-."109%& ()-y-$109%& ()- +"109% ()-, @ 109%& ()-
DVENHVDNDC2PQQOM/ | f £ 9$109& () - $!a f 9$109%& () - $! f 9$109%& () - $! f 9% 9$10%& () - $
1 ff9$10% ()-$10% ()- 10QXRRS TaTbTcTf Tzl AP1f 10%& ()- 10 10
10! af . $10%& ()-Z !af . $10%& ()-Z
fO$109& ()-$! f[f9I$L00& () - $f TUUBVKYZ} [ 97PLf ! Xf $109& () -!\\f $10%& () - f $10%&
()-1ff$100& ()- LMBLOYR ()-z! LMLOYR ()-zZS [[[[Vv\rPLf! Xf$10% ~ Mb1OIKKE ()- 1
09&' ()- 10 10
10! k(S)2$10%&' () -1 K[ S2$109& ()-V\]' A*ANMA ~\: P\ y$109& () - !\ WS$L09&' () -

LYSATISE () SOt ISl By BRI D AR A -
| y$10%: () - Iehenic aeRpeR AR 481 T1sd@%Es (Hre SRR (etal MBLAVES ()~ 16 Th1Gkks
& ()-m 10%& ()-Z"10%: ()- 0d{dddCeeedEoP1f & 109& () - m 10%& () - 3t 10%& () -

y$109%& () - éadfsditentrbiOi& tompeeeiie-¢btipefiddon tydd tWkidted redRadtion film,
" 109 ()- F% 10%& ()-yf# 109& ()-! 109&" ()- f5g#hhhhhhhhxmbCf & 10%& () -
10 10 108" 1iw@vhijchd pase ufvdiqilid crystydidlgele$ 1B only bonded together into
hhj j kf 1 I yW8mbCf y$109%&' ()-'! N y$109%& ()-'! Sy$109%& ()-'"! Sy$109%&' ()-"'! W.Mb10%&
'()- LMBLo%pelymer malecwlesdoz crainista: dnd Rothicread vares Wik ténperature, is
used, the brightness and contrast at high temperatures can be improved,
resulting in a more excellent liquid crystal display device.
In this embodiment, a glass substrate with a thickness of 0.5 mm is
used for the first substrate 1, and the thinner the thickness of the first
10 substrate 1 is, the more excellent display quality can be obtained. However,
since the workability deteriorates if it is too thin, the thickness is preferable
in a range from 0.1 mm to 0.5 mm in reality. Further, a plastic substrate
such as polyethylene terephthalate (PET) may be used for the first and second
substrates in place of the glass substrate.
15
INDUSTRIAL APPLICABILITY
As is clear from the above description, according to the invention, a
liquid crystal display device with a large capacity for information display
using an STN liquid crystal cell can be made into a transflective liquid crystal
20 display device capable of displaying information with high brightness and
high contrast in an optional color in a background of an achromatic metallic
color or an inverse display thereof and which is various in design and
fashionable. Moreover, this liquid crystal display device can be applied to
display devices such as various kinds of electronic devices as well as a wrist

25 watch, a cellular phone, and a personal digital assistant (PDA), and can be

improved in design in appearance and fashion.
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) an gTN liquid crystal cell formed by holding nematic liquid crystal,
Qo
s which is aligned at a twist angle of 180° to 270°, between a transparent first
substrate and a transparent second substrate having electrodes on respective
opposing inner faces;
a reflection-type polarizing film provided outside said first substrate
of said STN liquid crystal cell;
10 a first retardation film provided between the reflection-type polarizirg\ : f\{
by -
film and said first substrate; )
a backlight provided on the opposite side of the reflection-type
polarizing film to the first retardation film;
an absorption-type polarizing film provided outside said second
15 substrate of said STN liquid crystal cell; and
a second retardation film provided between the absorption-type
polarizing film and said second substrate.
2. The liquid crystal display device according to claim 1, wherein said
first and second retardation films are retardation films each of which satisfies
20 conditions of nx > nz > ny, where nx is the refractive index in a stretching
direction of said retardation film, ny is the refractive index in a direction
orthogonal to the stretching direction, and nz is the refractive index in a
thickness direction.
3. The liquid crystal display device according to claim 1, wherein said
25 absorption-type polarizing film and said reflection-type polarizing film are

arranged in such a manner that respective transmission axes thereof are
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orthogonal to each other.

4. The liquid crystal display device according to claim 2, wherein said
absorption-type polarizing film and said reflection-type polarizing film are
arranged in such a manner that respective transmission axes thereof are

5 orthogonal to each other.

5. The liquid crystal display device according to claim 1, wherein a
non-reflection layer is provided on the opposite side of said absorption-type
polarizing film to said second retardation film.

6. The liquid crystal display device according to claim 2, wherein a

10 non-reflection layer is provided on the opposite side of said absorption-type
polarizing film to said second retardation film.

7. The liquid crystal display device according to claim 1, wherein the
thickness of said first substrate is 0.1 mm to 0.5 mm.

A liquid crystal display device, comprising:

15 an STN liquid crystal cell formed by holding nematic liquid crystal,
which is aligned at a twist angle of 180° to 270°, between a transparent first
substrate and a transparent second substrate having electrodes on respective
opposing inner faces;

a reflection-type polarizing film provided outside said first substrate

20 of said STN liquid crystal cell; )

a backlight provided on ;he opposite side of the reflection-type
polarizing film to said first substrate;
an absorption-type polarizing film provided outside said second
substrate of said STN liquid crystal cell; and
25 a(t’@retardation film provided between the absorption-type

polarizing film and said second substrate.
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5 10. The liquid crystal display device according to claim 8, wherein
said absorption-type polarizing film and said reflection-type polarizing film
are arranged in such a manner that respective transmission axes thereof are
orthogonal to each other.

11. The liquid crystal display device according to claim 9, wherein

10 said absorption-type polarizing film and said reflection-type polarizing film
are arranged in such a manner that respective transmission axes thereof are
orthogonal to each other.

12. The liquid crystal display device according to claim 8, wherein a
non-reflection layer is provided on the opposite side of said absorption-type

15 polarizing film to said twisted retardation film.

13. The liquid crystal display device according to claim 9, wherein a
non-reflection layer is provided on the opposite side of said absorption-type
polarizing film to said twisted retardation film.

14. The liquid crystal display device according to claim 8, wherein the

20 thickness of said first substrate is 0.1 mm to 0.5 mm.



