SPECI FI CATI ON TI MEPI ECE 5 TECHNI CAL
FI ELD The invention relates to a tinepiece (watch and cl ock)
for di splaying at least time inforation such as hour, mnute, and
second, or cal endar information such as date, days of the week, nonth,
and year by use of a liquid crystal display panel. 10 BACKGROUND
TECHNOLOGY : A tinepiece for indicating digital display of tine

i nformati on such as hour, ﬁ?ﬁi and cal endar information
such as date, days of the me , non an year by use of a liquid
crystal display panel, has 15 been in w despread use for wist watches and
cl ocks, provided with a crystal oscillation circuit. There
has al so been in use a conbination'g' ) wherei n an anal og di spl ay
indicating tinme informati on by the hands of the watch is used in
conbination with digital display indicating tine information and 20

cal endar information in nunbers and letters. Further, there has

been propoTEBUHENIKTAIOCOFELEh for selectively di spl ayi ng markers in
various patterns, or for displaying sinulated hands for an hour hand,

m nute hand, andmesaﬁoeﬂubﬁndelaiws MRKi gtittiepibee d{whtch and h@lb@kﬁ fgsed on
a liquid crystal display panel. In"a conventional liquid crystal

75, ol e ey g, i scond, o
calendar information such as date, days of the week, month, and year by
use of a liquid crystal display panel.

10
BACKGROUND TECHNOLOGY |

A timepiece for indicating digital display of time information such
as hour, minute, and secohd, and calendar information such as date, days
of the week, month, and year, by use of a liquid crystal display panel, has

15 been in widespread use for wrist watches and clocks, provided with a
crystal oscillation circuit.

There has also been in use a combination timepiece wherein an
analog display indicating time information by the hands of the watch is
used in combination with digital display indicating time information and

20 calendar information in numbers and letters.

Further, there has been proposed an analog watch for selectively
displaying markers in various patterns, or for displaying simulated hands
for an hour hand, ﬁﬁnute hand, and a second hand, by making up the dial
thereof based on a liquid crystal display panel. |

25 In a conventional liquid crystal display panel for displaying time

information and calendar information, as in a watch or clock, a liquid



2 crystal cell filled with liquid crystals is sandw ched between

t wo transparent substrates each having an el ectrode on an inner
faci ng surface t hereof, and an uper polarizing filmand a | ower
polarizing filmare di sposed, respectively, on the external opposite
surface of each transparent 5 substrate. If an electric field is applied
to the liquid crystals by applying a vol tage to the pair- of el ectrodes
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axi s thereof. [n the case of usi ng the conventi onal

| i qui d5cr yaubakrate s pIPn éﬁectﬁ@rﬁéldci@;&}iglﬁ@t@@&%%ufd ERstdl W@gg@g?oun g

cal endar information are di spl d in dark agal nst a

i n the norvgltage vbithe paeof electrbies oinsthéoﬁ’ﬁﬁgi?arent substrates hmgﬁhga%

sinply displaying tinme information and cal end I nformati on

agai nst t Hequid ¢eystalcéell chietbesween ctlidoptical Jfhedequid: cRAtAIRE
vari ation ?% deslig’gn nor fun of use can bg 1offte)ir%etél‘a',wj{eadi ng‘i)dl C{y?télgpi d
decl i ne i riswhastget, flerebgrlotyllnwonerolling traistniskicibahd vbasrption of lighttul t

consunption of digital watches has recently been on the decline, and
nei t her cdatlimgonothet ligqeid exystalrdisplayapare] wachithat wiprbdéteamiiged disglal

-di spl aé panel s have received market acceptance. 25 Therefore, by
use ofl0t haseffested.omatic color liquid crystal display panel in which a

background portion of a display and a display portion are
Each of the upper polarizing film and the lower polarizing film is a

polarizing film absorbing the light linearly polarized in the direction
orthogonal to the transmission axis thereof.
In the case of a watch using the conventional liquid crystal display
15 panel described above, time information and calendar information are
displayed in dark against a white backgrbund in the normally white mode
that is common.
However, by simply displaying time information and calendar
information in dark against the white background as described in the
20 foregoing, neither variation in design nor fun of use can be offered, leading
to rapid decline in product popularity among consumers. Probably as a
result, consumption of digital watches has recently been on the decline,
and neither combination timepieces nor analog watches with liquid crystal
display panels have received market acceptance.
25 Therefore, by use of the monochromatic color liquid crystal display

panel in which a background portion of a display and a display portion are



3 col ored, attenpts have been made to | nprove digital watches and so
forth capable of providing variation in design and col ored di spl ay.

In reference to the nmonochromatic color3liquid crystal display panel
|ike this, several types have been proposed in the past. 5 _ A
first type is a nmonochromatic color liquid crystal display panel made

up by providing a color polarizing filmon the outer side of a liquid

crystal cebbldrBar eakte }iktigshw@eoéﬁ H50E 3 imgi;&e%@ digit‘lé% Clgéﬁ?ﬂh‘éﬁd%fgkg rersacfiug

to its sinple constitution. A secbnd typ nmonoc

col or i qufesitlg bughale ngft‘)ﬂﬁir}ﬁgaﬁ%ﬁ% Mﬁfgﬁ aRdL B Hféiil nt is mxed

in nematic liquid crystals se d in artiquid crystal ‘cell thereof,

and the di chroi cIpi@férinces i alige téociréatic cdlegaifeid ‘@r}rﬁal h&isg tic
liquid crystals by the action of nematic liquid rystal nol ec s, and

this type paneldikethis, sevsral s hd¥@ been proposed i EheSp&it, Wi th any of
t hese conventional -type nonochromatic 15 “color liquid crystal display

panel s,5 col ored phfireictygies iadmonbehfsimatientiles liquid ﬁ"y@ﬁﬂlctﬁgpgiy Wg_aﬁﬂe or

t he dichroic pigment are di splayed agai nst a backgr ound ite, or

whi te char aridersp dydprévitdéng aaedloe poladizitis filayed the outdgsidibf a Rgaidr ound
col or produced by the dye or the dichroic pignment. Consequent Iy,

contrast deojstalesell therdofer rithis, typerieas pbrerallybbeen dh Wilespread aealudyes
and dichroic pignents are limted, there is also a problem that the

nunber of toitessmiple constititiorh | i quid crystal display panels as
descri bed above can indi cate display. Accordingly, there has
been proposed a Ahisedongptypef is a monochivmatit i colool bquid qwistat rdisphly
di splay panel conprising a polarizing 25 film a 90[err] tw sted nematic
(TN) HiQqui parelywhereine dichaoiepigrent srmixedrin nematic liquid cryistalsysealed
polarizing film(a quarter-wavelength plate, 1/ 4[err] plate), a
in a liquid crystal cell thereof, and the dichroic pigment is caused to move
together with the nematic liquid crystals by the action of nematic liquid
crystal molecules, and this type is called a guest-host LCD.
However, with any of these conventional-type monochromatic
15  color liquid crystal display panels, colored characters and colored graphics
produced by a dye or the dichroic pigment are displayed against a
background in white, or white characters and white graphics are displayed
against a background color produced by the dye or the dichroic pigment.
Consequently, contrast declines. Furthermore, since the numbers of
20 available dyes and dichroic pigments are limited, there is also a problem
that the number of colors in which such liquid crystal display panels as
described above can indicate display.
Accordingly, there has been proposed a third type of
monochromatic color liquid crystal display panel comprising a polarizing
25 film, a 90° twisted nematic (TN) liquid crystal cell, a retardation film for

circularly polarizing film (a quarter-wavelength plate, 1 / 4A plate), a



4 - cholestric liquid crystal polymer sheet, and a |ight absorbing

menber . Referring to Fig. 15, the display principle of the
nmonochr omati c color liquid crystal 4di spl ay panel of this type is

descri bed hereinafter. Shown in Fig. 15, the nonochromatic
color liquid crystal display 5 panel is made up of a polarizing fiIm8 a
twst-aligned 90 TN liquid crystal cell which is not shown,
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10a is right handed, and a tw st pitch is close to a natur
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pol ari zed [ Tght falling on"20 estric liquid cryst ymer “sheet
10, light geme&sents in a scattering band width [err] around a
scattering center wavelength [err]c are reflected due to the selective

scattering phenolredse left! lﬂiﬁi”fphfte@f thegfigure, an OFPeAE iadicdtiy cofsreanent s
in wavel engt h regions, her than the scattering band width [err], is

glbz g{( ﬂﬁagﬁs};ﬁ?ﬁi tghbvm&ﬁig?ggglgn]gathg Fpllgﬁlt'limgﬂilm fedrl tie eethrdatiorflai 9or a
for circularly polarized light are disposed such that the transmission axis
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

15 turned into right-handed circularly polarized light after passing through the
retardation film 9 for circularly polarized light.

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,
and accordingly, upon the right-handed circularly polarized light falling on

20 the cholestric liquid crystal polymer sheet 10, light components in a
scattering band width AA around a scattering center wavelength Ac are-
reflected due to the selective scattering phenomenon. Transmitted light
composed of light components in wavelength regions, other than the
scattering band width AA, is absorbed by the light absorbing member 11

25 made of a black paper or a black plastic sheet, whereupon a bright

reflected color can be obtained.



reflected color can be obtained.

5 | f one defines n as the refractive index of a cholestric
liquid crystal polynmer, and P as the twist pitch of the cholestric
liquid crystal polynmner, the scattering center wavelength [err]c is
given by the follow ng fornula: [err]c =nxP 5 Hence, the
cholestric liquid crystal polynmer sheet 10 havi ng various refl ected
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transmission axis 8a of the polarizing film 8 is inclined 45°

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

15 through the retardation film 9 for circularly polarized light is turned into
left-handed circularly polarized light.

Accordingly, even if the left-handed circularly polarized light falls
on the cholestric liquid crystal polymer'sheet 10 having the twist direction
10a which is right handed, the selective scattering phenomenon does not

20 occur. As a result, all components of the left-handed circularly polarized
light are transmitted through the cholestric liquid crystal polymer sheet 10,
and absorbed by the light absorbing member 11, thus indicating black
display.

If a 90° TN liquid crystal cell is installed between the polarizing

25 film 8 and the retardation film 9 for circularly polarized light instead of

rotating the transmission axis 8a of the polarizing film 8, this makes it



25 film8 and the retardation film9 for circularly polarized |ight

i nst ead of

this makes it

rotating the transm ssion axis 8a of the polarizing film8,
' 6

possi bl e to change by about 90[err] the polarization direction of linearly
pol arized light falling on the retardation film9 for circularly polarized
| i ght dependi ng on whether or not a voltage is applied to the TN liquid
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made of a bl ack paper, a bl ack or so for
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such as at night Accordi ngly of t he |5I qui d
crystal di %%Zoanﬂlefd Kﬁs ta'[%& bkeh disclosed in, for example, Japanese Patent

Laid-Open No. H6-230371, a similar liquid crystal display panel
comprising a first polarizing film, a TN liquid crystal cell, a second
polarizing film, a retardation film for circularly polarized light, a cholestric
15 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 for circularly polarized light.
However, with these monochromatic color liquid crystal display
panels using the cholestric liquid crystal polymer sheet, illumination by
20 backlighting is not feasible because of use of an opaque light absorbing
member made of a black paper, a black plastic sheet, or so forth, thus
causing a problem that display can not be shown in a dark environment
such as at night, and so forth.
Accordingly, use of the liquid crystal display panel like this for
25 displaying time display and calendar display causes a disadvantage in that

time and other information can not been recognized in a dark environment



25 displaying tinme display and cal endar di splay causes a disadvantage in

t hat time and other information can not been recognized in a dark
envi r onment 7 7 such as
at night, and so forth. DI SCLOSURE OF THE | NVENTI ON The

I nventi on has been devel oped to solve the problem described 5 above, and
it is therefore an object of the invention to provide a tinepiece

capabl e of [ [ ' informati on of time, calendar and so forth
vi si bl e e&gﬁﬁ?ﬁ%glggPLE%ﬁ@#&%ﬁﬁght such as at night, and so forth, so that
timepi ece informati on by characters and graphics in a bright color can be
di spl ayed agai nst a bl ack background, or conversely, tinepiece 10

i nformat i e ersga aqFW ' | ack col or can be displayed in
a col or ed(tglag(glg‘r oyngjﬂ ugﬁgng}%ck_ | gﬁ'thﬂ@Nb _ To this end, g g
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retardation film or circularly polarized l'ight, a cholestric [1quid

crystal peiniepleceipgbrmatiéf b)f ghﬂﬁddﬂ&%nénd igggphﬁbsaﬁr@ ib_ir*%mfﬁﬂl_@f caf'be a

backl i ght di sposed successive . on a Side of the l'iquid crystal
cel |, oppelisplayedonagdifisti o bbkacki dBackgrodn®’ &8 - conversely, timdpigt@ce of

the TN liquid Crystal cell of said liqurd crystal display
10 information by characters and graphics in a black color can be displayed in
a colored background, using a backlight.
To this end, a timepieces according to the invention provided with
a liquid crystal display panel, capable of displaying at least time
information or calendar information, and the liquid crystal display panel
15 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 polymer sheet, a
20 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 of said liquid crystal display
panel, an STN liquid crystal cell with 180° to 270° twisted nematic liquid
25 crystals sandwiched between a pair of transparent substrates having

respective electrodes may be installed, a retardation film may be disposed



panel, an STN liquid crystal cell with 180[err] to 270[err] tw sted nematic
liquid 25 crystals sandw ched between a pair of transparent substrates

havi ng respective electrodes may b8 installed, a retardation film may
be di sposed ' 8 on the
visible side of the STNliquid crystal cell, and a first polarizing film

may be di sposed on the outer side of the retardation film Further, in
pl ace of t . ' ' ] r h O, I ' ed.
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cell, 5 &, d light r&ﬁﬁﬁﬁg fRR f A (Rickight thay' be Raheed 26chavelat, a
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circul ar | yiphsi o€catterinle! fblariZdSAERACamPIHE I ickTight |rfiny bd didjsdsegent
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side of t it €0t ic Yt 1 ¢t éhddtom t he vi si bl e side
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l'ight, andaédtﬁdh@%%ithbtinﬁaﬁtibﬁ may cothpiios the QW diquid drgstdicethad figstr i c
liquid crystal polymer sheet. 20 Wth any of the tinepieces
descrilljed pdlirizing filhalispoded oa the visiblel sidei of ey TN licueid cofstalacell, i qui d
crystal display panel, the STN liquid crystal cell may be installed, a
ret ar dat i oand ial firstagtdrdationfohr doogitchdarly polarizedlighs, aleholestiie 1RNd i qui d
crystal cell, and a first polarizing film may

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 timepieces described above, in place of the TN
liquid crystal cell of said liquid crystal display panel, 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 inay
be disposed on the outer side of the retardation film. Further, in place of

25 the retardation film, a twisted retardation film may be disposed.

Further, a luminescence center wavelength of the backlight is



be di sposed on the outer side of the retardation film Further, in place of
25 the retardation film a twisted retardation film my be di sposed.
Further, a |uminescence center wavel ength of the backlight is

9 preferably deviated by not | ess than 50 nmfroma sel ected
scattering center wavel ength of the cholestric liquid crystal polyner
sheet . More preferably, the backlight has not |ess than two
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sheet . Furthernore, a arizing film(a
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Fig. 1 is a schematic sectional view showing a constitution o

li qui d Srystalelengtblsay dlwietedulgydxdt ess tHaieH ek eGR4 delegtive statfeiils
enbodi nent of the invention; 1 Fig. 2 is a schematic illustration

showi ng r ecehieravavsiehgtinef die cholestiés biepiid ¢eystahpelighéssitdett he 11 quid
crystal display panel according to the fi1rst enbodi mnent of the

i nvention; Furtherntorg, a3reflecti tpolasienig dilah (4 polaiginign Gilm
constitution of a liquid crystal display panel used In a tirepiece

accordi ng reflectimg the Hghetinmirle polafiz¢ddni theedireotion orthogonal toFile 4 is
a schematic illustration show ng rel ative positions of respective

conponent s trahsutissibncaxis thereof pmayi sp disposedas the secdhd palariting film. second
errbodilrbent of the invention;
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic sectional view showing a constitution of a
liquid crystal display panel used in a timepiece 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 panel according to the
first embodiment of the invention;

Fig. 3 is a schematic sectional view showing a constitution of a
liquid crystal display panel used in a timepiece according to a second

20 embodiment of the invention;

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

Fig. 5 is a schematic sectional view showing a constitution of a

25 liquid crystal display panel used in a timepiece according to a third

embodiment of the invention;



Fig. 5is a schematic sectional view showing a constitution of a 25 liquid
crystal display panel used in a tinepiece according to a third

enbodi nent of the invention; : 10

10 Fig. 6 is a schematic illustration showng relative

posi tions of respective conponents of the liquid crystal display panel
according to the third enbodi ment of the invention; Fig. 7
is a schematic s i @n Vi HC t it Ut 0. qui d
crystal display ggéieﬁ ggs & S?#ea ?]%rreq%lllg%%&g@c%dd@}%'@trgi%tﬁfeoﬁmskﬁgﬂé of

thod : su ! e . : o : |
i ow show 5 PSelSe HifigbhStls of the liquid crfaidl digiay DarETSRELIEnRRS HRIT |
a tinmepi eChhitG el '(ﬁ‘fhérﬁ c?ftfhiefiﬁm%ntion‘ enbodi ment of the invention; 10

Fig. 9 is a schematic sectional view showing a constitution of a

i quid crystal digpl 0isPaehetibfft sBofohAITHI ShAEEY o Hohdtfufo 5t

enbodi nent of the S nvention;

i1l ustrati ' r | | fd of ¢ : j c of
the 11 i aEaPEERASEI Bisplay DAY ddln™s, dimepid Rt BEEOINRE WROTRN o
the invent bgibodiment of the inVé@tiogl i s a diagrammatic view show ng

transmttance and enission spectrum of a backlight, of the liquid
crystal display paneg igsgtbchenfatic seclioREPVRES sMosPing AdcormRithtiont of @ Si xth
enbodi ments of the invention; Fig. 12 is™a diagramatic view
showi ng trfgaid témRed divplay paneln uded HPef ttimepiiced aeaskdinghte #ffifkd i quid
crystal display panel used 1n a ti mepi ece according to a seventh
enbodi ment eafbddient \ofthe divention; Fig. 13 is a perspective view of a
digital indicating type watch, showi ng the external view thereof;

10 Fig. 9 is a schematic sectional view showing a constitution of a

liquid crystal display panel used in a timepiece 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 panel 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 panel used in a
timepiece 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 panel used in a
timepiece according to a seventh embodiment of the invention;
Fig. 13 is a perspective view of a digital indicating type watch,
showing the external view thereof;
Fig. 14 is a sectional view of the same watch, showing the internal
25 construction thereof; and

Fig. 15 is a schematic perspective view illustrating the display



Fig. 14 is a sectional view of the same watch, showing the internal 25
construction thereof; and Fig. 15 is a schematic perspective
view illustrating the display 11 principle of a conventiona
nmonochromatic color liquid crystal display panel using a cholestric
liquid crystal polymer sheet. 5 BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON A construction, operation and effect of a tinepiece

accor di t ' [
ndet i Bhdiple qf B EOE GRS b rglatic Coldt, TRAA AR M sBagT | Do
operation f the |

crystal Spa Iéiai§/181p I%fhro &%Sqiﬂélseﬁrgg?‘ggﬂ*ﬂnlgr?n gl(rjlnanflngz gndtczl elngglrd

information are described. First Enbodi nent of Liquid Crystal

Di splay Panel: Fig. 1, Fig. 2 and Fig. 11 A construction
of a liquid crystal dlsplay panel used in a tlneplece 15 according to a
first embodi ment of the invention is now described wth reference to
s 5 aBEST MODE FOR CARRYING CUTTHFEINVENTIOBNal view of the
l'iquid crystal disp panel , and Fig. 2 is a viewshowng relative

posi tions of resﬁe&fﬂs‘tﬁlctlon cﬁi&ﬁﬁah%ﬁ&@ff@@f of timepiece actbrlingae &
crystal display panel accordi to the first enbodi nent
preferred embodiment of the invention is mow described in detail as
follows with attached drawings. At first, constructions, operations and
effects of the respective embodiments of the liquid crystal display panel for

10  displaying time information and calendar information are described.

First Embodiment of Liquid Crystal Display Panel: Fig. 1, Fig. 2 and Fig.
11
A construction of a liquid crystal display panel used in a timepiece

15 according to a first embodiment of the invention is now described with

reference to Figs. 1 and 2. |

Fig. 1 is a schematic sectional view of the liquid crystal display
panel, and Fig. 2 is a view showing relative positions of respective
elements thereof.

20 The liquid crystal display panel according to the first embodiment
comprises, shown in Fig. 1, 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 indium tin oxide (hereinafter referred to as “ITO”) are provided, a
second transparent substrate 2 made of a glass plate having a thickness of

25 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°



conprises, shown in Fig. 1, a first transparent substrate 1 nade of a gl ass
pl ate having a thickness of 0.7 nmon which first transparent el ectrodes 3
made of indiumtin oxide (hereinafter rElerred to as "ITO') are provided, a
second transparent substrate 2 made of a gl ass plate having a thickness of
25 0.7 mmon which a second transparent electrodes 4 nmade of |ITO are
provided, and a sealant 5 for lam nating the pair of substrates, wherein

90[err]  twist-aligned nematic liquid crystals i i
tw st-aligned nematic liquid gryst é?sa% a6r %resgg?lgal llnnbééml%%nthf:h%a%a?fr of

. f 1.
t r anspar entrahipaient rl‘;rsfﬁ s egdhd! §1§{§A§f§atés anthrg X h&fe‘i‘é’rﬁ Rrfing & dfgp osed

liquid crystal cell 7. I rst polarizing
on a visi bliquid @eystal sdliig. where 5  an observer sees, the upper side in
Fig. 1) on the sécond substrate 2 of the TN liquid crystal cell 7, and

a second pol ari zAnfirstipotadiBingafilet BT Q'ﬂiis‘i%sédii'dﬁ a visibfe %ﬂet(ai §i8b”v§1‘%éﬁé
T

polarized light, a cholesteric liquid crystal polynmer shee

t ransl dcendn Idbgbtv&l‘%&bﬂ&gup?ébﬂdelﬁl P B) & cliéisebdnd Gubshate ZOOPih%OOSGd
|

successivel y on a side opposite fromthe visible side, thereby 10
const it uti T Hquidierystal yell 4, agidsa lsédomii?glarﬂﬁng film 18, a retardBtRod _ﬁlﬂﬁlt

substrate 1, the second polarizing film the retardation film9 for

ci rcul ar | y9 ok asiraddrllyi polartred light,ch ohedéstetic lidquidi drystads}?@lymer shea! yner
sheet 10 are bonded to one another by an acrylic adhesive (not shown) .

Further, the, fa tenshotenti tighy absorbing amémber 46cand aubatkHpht 216 5are are
al so bonded to each other by an acrylic adhesive (not shown). '

Suppose t hdispios¢d rsnecessively roef ai siglenoppésiteffrome the nesible | sidej dhereby
g(ra%/\?vteibst ﬁ@gjlfset;itﬂltlrﬁgtﬂggqggi lélrj?slila]cqidllcs;) Stg!angij%.shzs?-r;?é gnidsaBSSl)l n(F:]nalo ‘
Accordingly, the And value of the TN liquid crystal cell 7 which is a 20
product of the dIhedishsubsiratsi 1eothe segoncbpplartding diilm He8, theaetardationi d
crystals film 9 for circularly polarized light and the cholesteric liquid crystal
polymer sheet 10 are bonded to one another by an acrylic adhesive (not
shown). Further, the first polarizing film 17 and the second substrate 2
15 are also bonded to each other by an acrylic adhesive (not shown).
Suppose the difference of birefringence An of the nematic liquid
crystals 6 used in the TN liquid crystal cell is 0.15, and a cell gap d
between the first substrate 1 and the second substrate 2 is 8000 nm.
Accordingly, the And value of the TN liquid crystal cell 7 which is a
20  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
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, respectively, on an inner
25 surface of the first transparent electrodes 3, and an inner surface of the

second transparent electrodes 4. Accordingly, as shown in Fig. 2, an



6 and the cell gap d is 1200 nm As the And val ue decreases, the opti cal
rotatory power |owers, and hence it is preferable that the [err] nd val ue

i s not | ess than 500 nm 3 An al i gnnent |ayer (not shown)
is formed, respectively, on an inner 25 surface of the first transparent
el ectrodes 3, and an inner surface of the second transparent

el ectrodes 4 Accordingly, as shown in Fig. 2 ~an

13 alisAniEt! %vde‘?wﬁ u t41 YabRcu P9 nt s

45[ err] gdownwardgl‘ e r| when r n treatér)rgnt 1‘ieéne];tﬁﬁe di rection
of -45 on down\ilﬁlﬁi E@%hé rrghtt»bﬁeﬁ%bb @fea?fﬂeﬁt %Hfédt?cfh 5e d 1 st

substrate 1, while an al 1 gnnment gﬁ‘gectron 7 upper mur% crystal

nol ecul es gt Basis4St theHorsalaxf HLiS a??ﬁeﬂ' t%'"the‘/ﬁ‘r%f' shb$§AtR0] tWﬁﬂEWt in

the direction of +45[err] on the basis the horizontal ’axis S

appl i ed toalipAntandlifectitis Vbaifuppert] @lbc)i'lyfs&ﬂ ]Wd
tw st-ali gﬁelg 90[err] TN liquid @%/s'}tiq;m ce Tokkcoles péﬁﬂsh I rst

pol ari Z3 ngté tlhéfr%[htl\ﬁh&h subbig Geaimémein theediréeieiofs#45® on the AT df @

t her eof poi nt err] upward to the right in the sane manner as the 10
al i gnment  the hotizontaltaxit Mipepplieduicdttey yedoild sabsteatees therébiefdrithingqui d

crystal cell 7, while second polarizing film18 is di sposed such that™ the
transmi ssi drebeft-shahaedttbaseahgned@()@ PN[lequill etywnideetl 7.0 the right in the

sane manner as the alignnent direction 7a of lower liquid crystal
nmol ecul es of Thiehfirstpélanizing dilys 19 iscdispofed sach that the tiEigniigsivndat i on
film9 for circularly polarized |light is prepared by spreading a

pol ycar bonaxis 1éaitheranfapaints #68 apwidrdatomthie fightrin]the same nienner as the
10 alignment direction 7b of upper liquid crystal molecules of the TN liquid
| crystal cell 7, while second polarizing film 18 is disposed such that the
transmission axis 18a thereof points 45° downward to the right in the same
manner as the alignment direction 7a of lower liquid crystal molecules of

the TN liquid crystal cell 7.
15 The retardation film 9 for circularly polarized light is prepared by

spreading a polycarbonate resin to a thickness of about 60 ¢t m, and the
phase difference value is 140 nm, and a phase delay axis 9a thereof is
oriented horizontally. The- cholesteric liquid crystal polymer sheet 10 is
disposed underneath the retardation film 9 for circularly polarized light,
20  while a film prepared by dying polyethylene terephthalate (PET) having a
thickness of 20 g m with a black dye so that the transmittance becomes

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
25 Dbase film (not shown) of 80y m thickness, applying cholesteric liquid

crystal polymer thereon, adjusting at a high temperature showing a liquid
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phase difference value is 140 nm and a phase delay axis 9a thereof is
oriented horizontally. The cholesteric liquid crystal polyner sheet 10 is
di sposed underneath the retardation filldh9 for circularly polarized Iight,
20 while a filmprepared by dying pol yethylene terephthal ate (PET) having

a thi ckness of 20 [err]mwth a black dye so that the transmttance
becones 50 %is installed as the translucent |ight absorbing nenber
15. rystal pHiRe TP LEThedrthi! st pHichSIP38POMMEAA T0BRE dBckwiber M
by y| ng al 1 gnnment treatnment t ase Ich s

triacet yI c‘;;-‘j lﬁﬁ@r cr? %ﬁ% f)hfeﬂle[l %ltﬁ%é%dsle ﬁlrhgjé%ﬁ?%ﬁohﬁ%p!d’ hBﬁ

cholesterlc |qU| yner thereon usting at

tenper at ung HE‘PV"'ﬂﬁna lthgui %lﬁie&hﬁbmon perature for OFol1d1ﬁcat10 .

14 ase SO as to se tw st pItC to 380 nmand rotate cPockvvi se

Wi th ngig' ThEeRist dentedl axi€ls perpenticulfAtetHe biRd fifhec00l i ng to
not hi gher n the glass-transition terrperature for solidification.
Accor d5“9' y, theyp eLect%?ﬁﬁﬁ] fefBéAc Pa%é éx% I% E“EL“?I:H@S)?
frarre ect umne cen ate erelnater referred to as

e pl
i ght. ?Ee;ﬁamlﬂss% tﬂf‘c‘cﬂ%ﬁe%%@éﬁmﬁs@ﬁdzﬁfm&ﬁ@ %&ﬁkﬁe ofighb R BHERA " 7L
cholest 11 oLt Soccaoh b e BB Sk i Bl sl
o ASPﬁéo?xﬁwgc%#;?Pﬁ%BeE i 1N, S Bt 2
2, il1ust rb%{[ci(?&h?fléjia%@ Ocﬁisbi)gé'd 4" GHAV? rofational angle within respective
10 planes in parallel with each other, displaying characteristic will not be
affected, and therefore, in Fig. 2, illustration of disposition directions is
omitted.

Next, operation of displaying color of the liquid crystal display

panel according to the first embodiment of the invention is described
15 hereinafter.

In the liquid crystal display panel 40, the linearly polarized light
which falls on the liquid crystal display panel from the visible side and
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

20 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
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

25 molecules. Since the second polarizing film 18 is disposed such that the

alignment direction 7a of lower liquid crystal molecules and the
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omtted. Next, operation of displaying color of the liquid

crystal display panel according to the first enbodi nent of the
invention is described 15 hereinafter. 15 In the liquid crystal
di spl ay panel 40, the linearly polarized |ight which falls on the
liquid crystal display panel fromthe visible side and passed the

first polarizing film17 and is polarized in the direction of the
transm ssi 18qi 3 | S i he,: i I St
20"t T anspa oo igyidntatis TBEbE e SPEORL polAR Al SR IS DAL RIMT ! e

N | T eneld offiets e lizRlallypélatizedaighifalllhk lorftteCeena!lafiging fithl) the

al i gnnment direction 7b of upper Tiquid Crystal nole

rotated by18¢a6es thy sédnd polariZinkifilh d 8ciyRtigl cell 7 and outgoes after
it is turned’into the linearly pol ari zed light in the alignnent

direction 7a of |Avwerdidglyi ﬁl@bﬁéﬁie@ﬁghthrﬁllg%ﬁ e rStaf@ bR FilRe 9ok

polarizing film1l8 is disposed such that” the al ignnent direction 7a of

| over 1§ quEEcRIASY _olﬁﬁh@_&uﬁgﬁt vKsild H€ is rotated clockwise by 45° from the

15 transm’ssion axis 18a of the secong polarizingfilm are in
arallel w other, t I-3e y spotard | {. Rt |4 t he
gecond po},\glrulasé? ngelfa?f‘%hé’ bg'18 pggcsgg&ﬂ&ﬁelgo%% ﬂggﬁgqiizlﬁﬁgr{ﬁtnl##@e?; It

i s. ; Lagl PV Wely) I T e rgation

film9 forCIrcglm}:?&féﬂ?grk y 1%%9%??%@ 5 %%t%]a V\Im#eésl Pﬁ% s(}]?g{k (EI t}eédSI?‘: ogkg\nﬁse by

aolerr] [rERLRS, whichPiatife Sahfy a@ih% Rist difEiid! 1A Bf the (RolebferRd ' nto

ri ght - hande circularly polari Ight In e sane nmanner as

OFF-state Hgad érystal pof}'brﬁef Isheethi@:h '&cédiﬁf@z? v@ﬁeﬁ hehe! WgHt-KHddRet | On

10a of the chol esferic iquid crystal po sheet 10. "Accordi ngly,

when U rcighldiyqssladied Clight! fall YorP thar eE6¥sterit ligudd | &ryStalt p6lymer

cholesteric liquidcrystal polyner
sheet 10, 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 AA, is absorbed by the

15 translucent light absorbing film 15, whereupon a reflected color in a bright
metallic tone can be obtained.

If one defines n as the refractive index of a cholestric liquid crystal
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 =

20 nxP
Since right-twisted cholesteric liquid crystal polymer having n as 1.65, P
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.

25 Now, when a voltage is applied between the first transparent

electrodes 3 of the TN liquid crystal cell 7 and the second transparent



sheet 10, light conponents in a scattering bandw dth AX around a
scattering center wavelength [err]c are reflected due to the selective

scattering phenomenon, and |ight cbfponents transmitted through
wavel engt h regions, other than the scattering bandw dth [err], is
absorbed by the 15 translucent |ight absorbing film 15, whereupon a
reflected color in a bright netallic tone can be obtained.

I one def eletrdileds4 ! GF theishafd, dlediley off the abRlAAR! llgﬁlﬁ% idgy'sﬁw & at@!

polymer, and P as the twist pitch of the cholestric Ii ystal polynmer,

the scattecafiedaNtige %?\tﬁbqrgmm&)ﬁ tlgbpéﬂ:y% xRS R Tied, QiR HIRy

[err]c = 20 nxP nce right-tw sted cholesteric |iquid crystal

pol yner hapohaizeddight6poldtized inathe3dlignmdrt difetawad7bnof hippe@”ﬁgﬂi&eht :
the scattering center wavel engt h XC beconmes 610 nm theréby obtaining

a gol den refystal exbleculws falls ohnthe TN diquid ¢rgseal ¢l 7, it passed@w, itvigen a
voltage is applied between the first transparent el eCtrodes 3 of the

TN liqd d doeerdingly) the lamarlyhpokarizedi lighe rfabliigron the second polarizing

16 el ectrodes 4 of the sanme, nolecules of the nematic l'iquid
crystals 6filme 18 afterapassingothd SENuliquidectystilt celdt At isopobardpesd tin tise
extingui shed. Then, linearly pol arized |ight polarized in the

al i gnnent  direetibnaimt&iseofingpiher transmission axisriiat thereof et vight dmgles so t he
TN liquid crystal cell 7, it passed as it is. 5 Accordingly, the linearly
pol ari zed thaghall fcsithponents of dight fatling wmtheisegond polarizmng Silai t1& apassi ng
the TN liquid crystal cell 7 is polarized in the direction

i nt er sect i Absenbed:thenchy sndicating blackadisplayeof at right angles, so

that all conponents_of |ight falling on the second polarizing film18 are
absor HéY t her ebyIn i Kig.cddi, nthev|teansmaittamicey of 1the cholestericn liqujd crystahe
transmttance of the cholesteric_liquid crystal pol ynmer sheet 10

adopt ed i npohamer r sheesn@diadoptedt in hthes diiestt pmbodiment at the selective

scattering state (no voltage is applied between the first transparent

electrodes 3 and the second transparent electrodes 4) is shown by a solid

curve 53, whereas the transmittance of the same when indicating black

15 display (é voltage is applied between the first transparent electrodes 3 and

the second transparent electrodes 4) is shown by a solid curve 52. At the

selective scattering state, it is found from the curve 53 that right-handed

circularly polarized light in the range from 560 nm to 670 nm around the

scattering center wavelength of Ac= 610 nm is reflected, but light out of

20  the scattering bandwidth transmits as itis. Accordingly, if the transmitted

light is restrained from returning to the visible side by absorbing that by

the translucent light absorbing film 15, thereby a bright golden color can

be performéd by the reflected light due to the selective scaftering

phenomenon. When indicating a black display, as shown by the curve 52,

25 light transmitted through the first polarizing film 17 are almost absorbed
by the second polarizing film 18, thereby indicating a black display.



scattering state (no voltage is applied between the first transparent

el ectrodes 3 and the second transparent_ el ectrodes 4) is shown by a solid
curve 53, whereas the transnmittance of Yhe same when i ndi cating black 15
display (a voltage is applied between the first transparent el ectrodes 3
and the second transparent electrodes 4) is shown by a solid curve 52.
At the selective scattering state, it is found fromthe curve 53 that
ri ght-handed Negt,” dperativnp@farthé ebatklpht i 16t e Faggel fisorddzefibed t o
670 nm around the scattering center wavel ength of [err]Jc= 610 nmis
reflect ed, héreinaftent Aowdottdd 2he ‘chevec4 tier Fiyg Danibviadispettrans shosviag it

Is. Accordingly, if the transmtted light is restrained fromreturning
to the visidiagvsilightoymatirgy dengity hoft they EL platehshdwings bmitted liglghin a
absorbing film 15, thereby a bright golden color can be perfornmed by

t he refl ecbhidshigreendealor aisedefarethecbasidightal 6eof the liquid mrgstabedisplayWhen

I ndi cating a bl ack display, as shown by the curve 52, 25 |light transmtted
t hr ougt$ t hpafielr 40, pwhich zindicites nermitted elightrdat aabdwishedreen colgr tine asecond
pol arizing film 18, thereby indicating a black display.

17 luminescehles centarewaveloengthf Allve Sifcin. ght 16 in Fig. 1 is

descri bed hereinafter. A dotted line curve 54 in Fig. 11 is a spectrum
show ng r el With ethbilix{[uidemystalﬂﬁsplﬂ)spaueb‘m,t lightdops atot tedrsmitdn
emtted light in a bl ui sh green col or used for the backlight 16 of the

li qui d cryahdNdstape andicatinganblackodisphay whemla valtagedsiappdrtd agshown a

bl ui sh green color in a l'um nescence center wavel ength [err]L = 510
nm in the cutvé Sesd thatiitl remasnsidadk syeayifthecbackdighti bnts ddasp.not
transmt in an ON-state indicating a black display when a voltage is

appl i dd asHsiveewer, goldém reflectedraalos s indicatest in & staseavheradne vodtage isf t he
St at o whapBlind 4ol gt Raving ot more than 560 nm gan transmit as shown i@ -
the curve 53. |
Light emitted by the backlight 16 having luminescence center
Wavelength AL = 510 nm that is smaller than the selective scattering center
15 wavelength Ac = 610 nm of the cholesteric liquid crystal polymer sheet
10 by 100 nm substantially completely transmits through the cholesteric
liquid crystal polymer sheet 10, thereby illuminating brightly, so that an
excellent visibility can be obtained even at night.
If the translucent light é.bsorbing member 15 and the backlight 16
20 are provided without installing the second polarizing film 18 in Fig. 1, the
liquid crystal display panel capable of indicating monochromatic color in a
metallic 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
25  display light outgoing from the retardation film 9 for circularly polarized

light is turned into left-handed state of circularly polarized light, and it



applied, and light having not nore than 560 nmcan transmt as shown in
the curve 53. Light emtted by the backlight 16 having

| um nescence center wavel ength [d8]L = 510 nmthat is smaller than
the selective scattering center 15 wavelength [err]c = 610 nmof the
cholesteric liquid crystal polymer sheet 10 by 100 nm substantially
conpletely transmts through the cholesteric | iquid crystal polyner

heet 10, ' ' - b | 1y
shee tEAYTRITY thfd%gﬂn ggé g’ggxtlﬁmgﬂéﬁ dholeSetieafi q@id Cryslt?lwhth%hﬁeﬁcent

visibility can be obt n at night. | _
|'i ght absor(Pk8ahaeTP abSorbed b?&h@%ﬂlﬂ&ntlﬁéﬁp %bg?lﬁaéﬁg%bﬁﬂiéms hgut

installing the second polarizing film18 in Fig. l'iquid crystal

di spl ay pdpdicdieralaekdolofndi cati ng nonochromatic color in a - metallic
tone can be obtained. In this case, the operation of displaying col or

is the same as (Jfighel BadklipHt 16ts ¢ lifiahis isthté,?%_gﬁﬁ@ﬁn@ﬁﬁ%&ﬁﬁ@ﬁgh

I ndi cating a gol den di splay, but in t'he case of state indicating a bl ack

25 di §pl ahel traméluesho dighy dbsorbingeniephioed 15 iblunhinate biight Gecaube thy
pol ari zed light is turned into | eft-handed state of circularly

pol ari zed tragthittaoe irt the black display part in the ON-state is high, while light 18
transmts through the right-tw sted cholesteric liquid crystal polyner

sheet illi@nimatehdark becasusebthe tradsiyttamee in godderc patt in tie ORBetdieng
menber 15 to i ndicate a bl ack col or. | f the backlight 16

is lit upisnlow sherebyeindicagtingtamriavetsien displayin fmonotheomearedatiornt
| i ght absorbi ng nmenber 15 illum nates bright because the . transm ttance
in the bl amntidiryptatheaeflected IstatONigingt an ietérmab, light. | dnl thystcase, the
iIlum nates dark because the transmittance in golden part in the OFF-state
is | oW thtiffergncadincat anwuant ofrtransittantiespf aybaoklightdhdtmeen ON-stdten
contrary to the reflected state using an external light. In this case, the
and OFF-state is small, thereby lowering a contrast.
Further, if the backlight 16 of the liquid crystal display panel 40 is
lit up in a dim environment, the golden portion in the OFF display reflects
the external light and illuminates, while the black portion in the ON state
15 transmits the backlight therethrough and illuminates, so that the contrast
between the characters and a background scarcely presents, thereby
markedly lowering the visibility.
However, with the liquid crystal display panel 40, it is the same
display in a monochrome relation viewing in a reflected state using an
20 external light and viewing in a transmittance state using a backlight,
thereby improving the visibility when lighting up the backlight in a dim
environment.
With the construction comprising the first polarizing film 17, the
TN liquid crystal cell 7, the second polarizing film 18, the retardation film
25 9 for circularly polarized light, the cholesteric liquid crystal polymer sheet

10, the translucent light absorbing member 15 and the backlight 16, a



10 difference in an amobunt of transm ttance of a backlight between
ON-state and OFF-state is small, thereby |owering a contrast.

Further, if the backlight 16 of the |igl®?d crystal display panel 40 is

lit up in a dimenvironnent, the golden portion in the OFF display reflects
the external light and illum nates, while the black portion in the ON state
15 transmts the backlight therethrough and illum nates, so that the

contrast displ®¢lofistight fefléited Wolbp vl higlh 20kttt i¢l obedihed! indrAsent s,
t her eby mar kedl y"l owering the visibility. However, wth

the |iqui dbecymies! adicoptery beneersidh éven sby hilhedifation byl backlighting,
nmonochrone relation viewwng in a reflected state using an 20 ext er nal

light and theaebydobtaiming' ties liquidveestal Aisplayi panel dgedble BTt indicating her eby
improving the visibility when lighting up the backlight in a dim
envi r onneninonochromatic coldei_?_RIIdyeim@ maétallid tome andof etendinhg Visibility

polarizing film17, the I'i quid crystal cell 7, the second
pol ari Z3 nge¥eh ax bght. he retardation film 25 9 for circularly polarized
light, the cholesteric liquid crystal polyner sheet 10, the
transl ucent |ight absorbing nenber 15 and the backlight 16, a
19 di splay of bright reflected color with high contrast is obtained,
and al so i Modificatemof First EmbedimenthofLxjuid EmygstalopisplayRanel i on by
backl i ghti ng, thereby obtaining the liquid crystal display panel
capabl e of indi clnithg foregoingréirst embadimentptthe seleqtivey scatteringtedrter t one
and of enhancing visibility 5 even at night. Modi fication of First
Enbodi ment wavelengthdACrofsthed cholgstenjc Requid crystal polymer shedtel ® aneythieng
first enbodi ment, the selective scattering center wavel ength [err]c of
t he chi) eslwminescenve centys wavepengthel Lsof die backlight laee deviated by 100
nm, but if they are deviated by 50 nm, the brightness of illumination of the
backlight is somewhat lowered, which however does not cause any
problem.
Although the cholesteric liquid crystal polymer having a pitch P =
15 370 nm is used as the cholesteric liquid crystal polymer sheet 10 to form
the liquid crystal display panel indicating golden and black displays in the
first embodiment, it is possible to change a color tone in a reflecting state
by optionally changing a pitch P of the cholesteric liquid crystal polymer.
For example, it is possible to obtain a liquid crystal display panel
20 indicating blue and black displays supposing that P = 300 nm (Ac = 490
nm). In this case, an EL plate having a luminescence center wavelength
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
25 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,



10 | uninescence center wavel ength [err]L of the backlight are deviated by

100 nm but if they are deviated 50 nm the brightness of

illum nation of the backlight is mewhat | ower ed, whi ch however does
not cause any probl em Al t hough the chol esteric liquid
crystal polyner having a pitch P =15 370 nmis used as the cholesteric
liquid crystal polyner sheet 10 to form the liquid crystal display
panel i ndilabtight dblsénateon whiehks ¢he phaiesas thetfogegoing ddr be obrdigddment, it
IS possible to change a color tone in a reflecting state by optionally

changi ng a pi t cFuRthet, 4hkoagh! thetfrst erhbodinterstr irelicatepal yokred dis%lalflor
exanple, it is possible to obtain a liquid crystal display panel 20

i ndi cat i nin histateawmtetd nokaltage Byappligdoasd adlatkdishlayING statd fdreréa = 490
nm. In this case, an EL plate having a | um nescence center wavel ength
[err]L of vbRAgers applieshafiithe tearisnission ais 172 of the firge podarzingsfiémp! oyed.
Al t hough the an EL plate showing emtted light in a bluish green col or
i s endl oydd issratatedolby 90°gtat be Griented dnf thestameddhrbotion as ¢healighme®s si de
| ight consisting of a light emtting diode (LED) showing emtted |ight

in a greedireotion Vhaiafhlaweniiguid exrystal anplesuié,citlisgpossibiedto phdicaté s

enpl oyed, . . .. 20 the

bri ght i | bladkndispday whiacstate wiltere snolage he appliedsindyindinateea ciolareded.
Further, although the first enbodi ment indicates a col ored display i n
a stat e wlispdayianaditategehere apysiltagse iamppdiedl ack display in a state where a
voltage is applied, if the transnmission axis 17a of the first polarizing
film 5 17 isAlteraatively; ovewrrif] the trnssrissione @Xin 13 ofatke gsacead on as

the al i gnnmenpt . . irection 7a of lower Jliquid crystal nplecule it is
possik e pelarmngaﬁgmal 18 1'9@&@8 by SH%ayiti s possible %E&BC%@ \%bk’é’&e is
applied and indi.cate a colored display.in a state where a,voltage is
appl i od. display in a statg WheFam0, ¥plage Jempptied-and capolared; display 1 % of
t-he second . .
state where a voltage is applied.
Although the retardation film 9 for circularly polarized light is
disposed between the second polarizing film 18 and the cholesteric liquid
15  crystal polymer sheet 10 in the first embodiment, the retardation film 9 for
circularly polarized light can be removed although the reflecting efficiency

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

a metallic color becomes somewhat dark.

20 Second Embodiment of Liquid Crystal Display Panel: Fig. 3 and Fig.4
A liquid crystal display panel used in a timepiece according to a
second embodiment of the invention is now described with reference to
Figs. 3 and 4.
The liquid crystal display panel of this embodiment is the same as
25 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



10 polarizing film18 is rotated by 90[err], it is possible to indicate a

bl ack display in a state where no voltage is applied and a col ored
display in a state where a vol tag@lis applied. Al t hough
the retardation film9 for circularly polarized light is di sposed

bet ween the second polarizing film18 and the cholesteric liquid 15
crystal polyner sheet 10 in the first enbodinent, the retardation film?9
for Gigeglul arly pol arized light can be renoved al t hough the reflecting
ef ficiency of the cholesteric liquid crystal polyner sheet 10 is
sonewhat | ower ed5jgdnd and 4 ate WRéwS Ifof eﬁglaﬁfﬁr%emmmﬂ%fqﬁé Hiq4uid20
Second Enmbodi ment “of Liquid Crystal Display Panel: Fig. 3 and Fig.

A liquid Cc'rgfsitaqldigbl%plﬁa\hewﬁhe Yeednd enibddifRdtitonBichCae! theNGni®ad Figs.
second enbodi nent "of “the invention is now described with reference To

Figs. 3 andafid 2, wherein the cotfioheétsi whivhysdsespond ke thosnit Fags.thiaad
enbodi nent is the sane as 25 he first enbodi nent in construction except

that 235 tvasé dehbesebyIhY same refetshde uynérals andlthesexplantionitiersofst al

cell, and that a retardation filmare
21 1susnAitted. Figs. 3 and 4 are views for explaining the
construction of the liquid crystal display panel of the second

G Tt oS e eyl gy pun! 4 ety i e sssomnen
et s o aryora i apiay pancr 40 asord: ng- to the second T PIe
having a thickness of 0.7 mm on which a first transparent electrodes 3
10 made of ITO are provided, a second transparent substrate 2 made of a glass
plate 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
substrates 1 and 2 wherein 225° twist-aligned nematic liquid crystals 6 are
sealed in between the pair of transparent first and second substrates 1 and 2,
15 thereby forming a STN liquid crystal cell 12.
A retardation film 13 and a first polarizing film 17 are disposed
successively outsidé the second substrate 2 at a visible side of the STN
liquid crystal cell 12, and a second polarizing film 18, a retardation film 9
for circularly polarized light, a cholesteric liquid crystal polymer sheet 10,
20 a translucent light absorbing member 15 and a backlight 16 are disposed
successively on a side opposite from the visible side, thereby constituting a
liquid crystal display panel 40.
The first polarizing film 17, the second polarizing film 18, the
cholesteric liquid crystal polymer sheet 10, the retardation film 9 for
25 circularly polarized light, the translucent light absorbing member 15 and

the backlight 16 are the same as those employed in the first embodiment.



enbodi ment conprises a first transparent substrate 1 made of a glass plate
havi ng a thickness of 0.7 mmon which a first transparent el ectrodes 3 10
made of | TO are provided, a second trardbarent substrate 2 made of a gl ass
pl ate having a thickness of 0.7 nmon which second transparent el ectrodes

4 made of ITO are provided, and a sealant 5 for |am nating the pair of
substrates 1 and 2 wherein 225[err] twst-aligned nematic liquid crystals 6

are seal ed ANfipat ywsNtrdthel Piid s€tond PHIRAZRY fflhd 98, 30€ REAAAfion
substrates 1 and 2, 15 thereby formng a"STN liquid crystal cell 12.

A retar daifinn O bop Wirdildly polaiadpliasheiadd the retblestesicdiispeacerystal

successively outside the sécond substrate 2 at a visible si of t°/he STN

liquid cryséBméekhedi210ae respecavuelyrbbaded wiingi dinaéfyli® adbesivéahen film

9 for” circularly polarized light, a cholestéric Ii'quid crystal polymer
sheet 10, ghHbwa).t r Fagthegethe fitdfoladzhidfite I'E bR retdrdatidnafikadkd hadta 16
are di sposed successively on a side opposite fromthe visible side,

t hereb¥ cogionidsubiirate 2 are dls@Wohdedyissing adi adiiybic ddhiesivelthot shown).
The first polarizing film217, the second polarizing film18, the

cholesteric |iquSdpposesthe differsmde %hfetﬁkeﬁﬁl%éd& Mgt 8f dhé irmatic Miduidor 25
circularly polarized light, the translucent Tight absorbing nmenber 15 and

t he backl i giistdl§ Gie beheserbie0aS hndseceyapy & bdtweehethe! fifdt sebeadterdnt .

22 _ A first substrate 1, the Second polarizing film18, the
retardati ognd the séédrd SubStratel 2 $4/52000m0! AédRdinglghtheAnd Valuehst @Rt eri c
liquid crystal pol ynmer sheet 10 are respectively bonded using an

acrylic adhgaid/erysesl cell whishdwm prddiict i thel digferbhéd dfothebitéfithgéndd 17,
the retardation film13 and a 5~ second substrate 2 are al so bonded using

an ac i C Y . ' t o fe of
Ny i cCARUTEHeFerhAflt lgci\.rgpif%r%s_tals _6dand the ceff d4st81® fild.f eFanker,

bi refri ngence An of the n c’liqui crystals 6 to be used is 0.15
and a cel |aﬁﬁ[>st§)gggi Ve e hématid Bgu fw’l&%i%adjusteﬁ%hﬂ[ﬁ) afgond
S

substrate 2 i nm Accordingly, the And val Ue of the

An alignment layer (not shown) is formed, respectively, on an inner
surface of the first transparent electrodes 3, and an inner surface of the
second transparent electrodes 4, and shown in Fig. 4, an alignment
15 direction 12a of lower liquid crystal molecules points 22.5° upward to the
right when rubbing treatment in the direction of +22.5° on the basis of the
horizontal axis H is applied to the first substrate 1, while an alignment
direction 12b of upper liquid crystal molecules points 22.5° downward to
the right when rubbing treatment in the direction of -22.5° on the basis of
20 the horizontal axis H is applied to the second substrate 2, thereby forming

the left-handed 225° twist-aligned STN liquid crystal cell 12.
The first polarizing film 17 is disposed such that the transmission
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

25 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



liquid crystal cell which is a product of the difference of the
birefringence 10 An of the nematic liquid crystals 6 and the cell gap d is
810 nm Furt her, a twist pitch of 2he nematic liquid crystals 6 is
adjusted to 1100 nm An alignnent |ayer (not shown) is forned,
respectively, on an inner surface of the first transparent el ectrodes
3, and an inner surface of the second transparent el ectrodes 4, and

h Fi Hxi$q B f !
shown in Fifgm $7 sﬁ@hathhﬂﬁfiﬁﬁse](fela tinghQHe S gﬁ oriveﬁi’tﬁﬂrubtgﬁ'dirédti/(ﬁia

nol ecul es points 22.5[err] upward I'ng treat nent

in the di r@ﬁ@OGrbIPfhe*Bisﬁdirthbﬂﬁ)r%ﬁtﬁl afistie horizontal axis His
applied to the first substrate 1, while an alignnent direction 12b of

upper liquid cryYhel smmtﬁcﬂarx@m@tﬁhﬁa@[l@rms Q¥ vaxiderneath thetS'TNl ght
when rubbing treatnment in the direction of -22 on the basis of 20

hori zont al liguid ciyétal eell! 12sudle tﬁd’tethé&ﬁmsinfsuhﬁi arisel $a tﬁéiebfbsy oh@ht@d\g
the left-handed 225[err] twist-aligned STN liquid crystal cel

The first jpolthei diregtibnl of L15P solithpobgsis soff thé tsriZdifal ra@c@§fPIS%manthe
axis 17a thereof is oriented in the direction of -70 on the basis of the

hori zont al retardatibn Silen S éor eireuitattyopolarizedl Bghrde d@éapcmﬂdyml’mh@tt the esin
25 and having the thickness of 50[err] m and phase fference val ue of

?50 nm | phase diebpoarit Batherwoftiboriitediigube dirgction of30° 43 thecbatsm
~first polarizing

film 17 suof thedtorizqritak axikeHayo dhatsthe3phasedeldy asis®a €otmsl amnaﬁglle of
direction of 60[err] on the basis of the horizontal axis H.

The second4pdivaith the gransimission axidilSaostthesetondopolarizing fi 18. i quid
crystal cell 12 such that the transm ssion axis 18a thereof is oriented 5
in thel@irectionTef impsovn viewingsingles chardteristionthe retardation dilan t18
retardation film9 for circularity polarized |ight is disposed such that

t he pHaes adbiaxiahyetardatione satisfyingnthed rélatione ofli e ct imm >fmyB0 on
t he basis of the horjzontal axis H so that the phase delay axis_ 9a
forms an afgppowing that nzsiscthe)reffackivenadexdnstheshase deday disctudn,mpeisecond

olarizing film, 18,
P flractlve index in the direction of Y axis and nz is the refractive index in

the thickness direction. It is needless to say that the use of an uniaxial
15 retardation film causes no problem.

Even if the cholestric liquid crystal polymer sheet 10, the
translucent light absorbing member 15 and the backlight 16 are disposed at
whatever rotational angle within respective planes in parallel with each
other, displaying characteristic will not be affected, and therefore, in Fig. 4,

20  illustration of disposition directions is omitted.

Next, operation of displaying color of the liquid crystal display
panel 40 according to the second einbodiment of the invention is described
hereinafter. With the liquid crystal display panel 40, in a state where no
voltage is applied to the STN liquid crystal cell 12, linearly polarized light

25 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



10 To i nprove view ng angles characteristic, the retardation film
13 uses a biaxial retardation film satisfying the relation of nx > nz
> ny supposing that nx is the ref24ctive index in the phase del ay
direction, ny is refractive index in the direction of Y axis and nz is
t he refractive I ndex in the thi ckness direction. It is needless to say
that the use of an uni axi al retardation fil mcauses no problem

Even i f thﬁxﬁhﬁhﬁ%&fé}ﬁswmﬂt}féﬁ 1ﬂ>ﬁgﬁﬁﬁhﬁthﬁﬁtls éﬁnéfgﬁté?g sfate of

transl ucent |ight absorbing rrerrber 5 an cKI'l I SpOsed at

what ever elliptic pRAhri2ed t@mnatfferrtrémed ﬁﬁ'oﬁgf f eé sngt\magi'd ﬁﬂgrsg 1ty Fach

ot her, displaying characteristic wll not be cte ore,

Fig. 4, 202 in| thestcasé i whed tﬁesﬂﬁﬁtddtﬁﬁl diln®C13 d9Snb 1ﬁ?ia%fe so that
Next, operation of displaying color of the liquid crysta

panel 40 aicelatlppdlarizbé ligiorsh avedss producd étﬂenlame a | bed
hereinafter. Wth the liquid crystal display panel | ere no
vol t ag® i shapetarddtion fiim ok civcwlaglyy i£&d 11 |1iddft9£tﬁf Zed

light 25 falling thereon fromthe VISI | e side t reof pper sid

Fig. 3) timsufficient disphey.first polarizing film 17 and pol arlzed in the
direction of the 24

transni ssi on axiHow@eenfsindette retardavionr fitmnis s instdlled betweeneke iffise a
state of elliptic polarized light after transmtted through the STN

liquid crpslaiziog film 17 and 2he S TNdiquidecryieal eellnt2 ribedinkwrlypolirizedl3 is
not installed, so that circularly polarized light can not be produced

even aft eillg]b{asfallngg or thegtetaslatiorhfilmei 3uthizsugin thie First polavizing rftlwh ard y
pol ari zed_light, thereby indicating i nsufficient display.
HowevE)d | i trmedtinto atstateenf ellipticl polaﬁzed lightt alThedeBipticepolarizedf liglt
polarizing film217 and the STN Iliquid crystal cell 12, the linearly
pol ari zed1s correatedhtdurngi passaget an'oughathhatsm higiand ]Lﬁ'ySﬁaﬂ oeglh k2eis i rst
pol ar 21 ngu;nleldrrllnltg the substantially linearly polarized li.ght, then it is turned into

the linearly polarized light which is at about a 55° counterclockwise angle

with respect to the transmission axis 17a of the first polarizing film 17, and

15 outgoes.

Since the second polarizing film 18 is disposed such that the
transmission axis 18a of the second polarizing film 18 is oriented in the
direction at -15° on the basis of the horizontal axis H, the linearly
polarized light falling thereon from the first polarizing film 17 is

20 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
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

25 delay axis 9a of the retardation film 9 for circularly polarized light falls

thereon, it is turned into right-handed circularly polarized light.



10 is turned into a state of elliptic polarizedlight. The elliptic

pol ari zed | i ght Is corrected during passage through the STN i quid
crystal cell 12, is turned into thé&Ssubstantially linearly polarized
light, then it is turned into the linearly polarized Iight which is at

about a 55[err counterclockw se angle Wi th respect to the transm ssion
axis 17a of the first polarizing film17, and 15 out goes.

Since the second AROlvathZitRd chid TBfl thd it SapBedifEat Hachlstric liquid
transmssion axis 18a of the second polarizing film’18 is oriented |n t he

di recti on giystb alyhRrbasheetof 10hewhith2 0! afighittanded! ns | iepgpldyed,

polarized light falling thereon fromthe first polarizing film

Lransmi ¢t edohlequamily highecanppabar iial ﬁgsédttéﬁn%%é}ﬁiWidthsAk groeRd Lae

retardation film9 for |rcula Iy poI arized light is disposed such that the

phase del aléc%t’ééﬁn acéﬁ't%feﬁ/favbl% 8a o?ﬂh%eﬁ&e 7&5 éﬂbc?éd +d|?é[t%r ihe Wi th

respect to the tr nSW1$SIOn aXI secon ar|2|ng ' m and

o5 el ay SSRIARES salerinty Pheomeoh AfdSfIR i‘?‘?c pAERRC tuhfeihltfe® o0,
falls thfRIBL Wavdlehtl PegRNs! Ythef 'tHQﬁ tﬁ@”gceéhé;'giflﬂa?ldlv%d'ﬂ?'ﬁw igd h

l'ight.

b0l ynor - shagyomyd . (68 eehRkn AR SRRL  ploriber 15, wifidindn o

[ ght comgasdin 1aEc@ARIGE kg HhAb el lk%ﬁé AR Gbfhined. Scat (o i ng

center wav Iengt |re rrngence are re ecte ue to t% 5 selective
tt h t

navel ongt b §ogr onS o WEPH, . POlAECTROMRPIIeA ERRELA b fist, trdfhipitent

soscr oD LT e Nl BOs BINGTOBi15, tepi s e
Now, when glecdtddge4i 6f P! dansk, bpodeailes 6T the penidtRNfiR@i@ Urystals 6 are
caused to rise up, and birefringency of the STN liquid crystal cell 12
undergoes a change, so that polarization of linearly polarized light
outgoing is rotated by about 90° to be in the direction at +75° on the basis
15 of the horizontal axis H shown in Fig. 4. Accordingly, polarizing
direction of the linearly polarized light transmitted through the STN liquid
crystal cell 12 is 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 film 18 are absorbed thereby, indicating black display.
20  Accordingly, it is possible to indicate a black display with high contrast by
the use of the second polarizing film 18.
As with the case of the first embodiment, an EL plate having a
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
25 where a voltage is applied, light is not transmitted through the liquid

crystal display panel, however, in a sate where no voltage is applied and



10 electrodes 3 of the STNIliquid crystal cell 12 and the second

t ranspar ent el ectrodes 4 of the sanme, nolecules of the nematic liquid
crystals 6 are caused to rise up, 26nd birefringency of the STN |iquid
crystal cell 12 under goes a change, so that polarization of linearly

pol ari zed |i ght outgoing is rotated by about 90 to be in the direction

at +75 on the basis 15 of the horizontal axis H shown in Fig. 4.

Accor di nguys@ﬁg ol ﬁcﬂaegT eﬂ[eétécfgbn&nlsoindlbstéd rlgg?lft' aoﬁpbﬁghfseﬂabi

transmtted oug I qui crystal evi ate y 90
fromthe Wé\féiéh%ﬂis%bﬁhb?eﬂ% §B60HIA can be &ﬁﬁﬁmﬂtté@h?éﬂemlgh' I'm 18, so

that all conponents of light falling on the second polarizing film 18

are absor bed th@(@é@fdm | Ciglg leinsieteddi %ﬁl ayhe 2Chackdizghtdi 16! yhaving S
possi ble to indicate a ack display with high contrast by t he "use of

the Seconquﬂﬁhé‘sfdcﬁcég céhie‘f‘ #Wavelength )]L thaf'SisWstihlTere tieAs Ethef séleetdd r st

enbodi nent, an EL plate having a um nescent center wavelength [err]L

Che bakl | Sﬁ“%‘@y uef i lengtiie 610 3Py SHORSRAY BOLM cEFelf™ ("
light is sat t \Mqur eﬁggﬂgggﬁﬂ Qﬁbéthﬂﬂhﬁy domgl&%ﬁéfyt HanShAR, AhePaBYP! -

however , vol tage 1's app

26 1Hhﬁﬁh§ﬁng“ b%%giv;gen Fﬁﬁgépt 38 §0!ipdicates NEe Aatie

conponent s havi ng Aot nore than 560 nm can E" transmtted

therethr Oﬁlﬂ'lghtness relation asAﬂ{éOdl‘iglaD%J Yy an &&Er@dl‘liélﬁ%ﬁhohhﬁa@ﬁﬁghtlﬁ t 16

havi ng um nescence center l'ength [err]Cthat 1s snal an the
sel ected ephap6@hvigibil @ﬁi‘bér etEotph&DeVén hehigh. = 610 nm of the
chol esteric liquid crystal pol ymer sheet 10 by 100 nm substantially

- conpl ggel y transwithsthe RBhSiMction cdrhbﬁ@i the dirde P@Mﬁﬁn g filt 09! theo it
I ndi cates the sane display in bri ght ness relation as the di spl ay by an
external Iregirdation il 13icthe TN Mguid crysead el ¢2y itlse Betond prslarizing
perfornmed even at night. 10 th the construction conpri sing the

first pol #ilnzil8g the retatdatidh€ilm 9 for circularly polarized light, the cholesteric
liquid crystal polymer sheet 10, the translucent light absorbing meémber 15,

and the backlight 16, a display of bright reflected color with high contrast

15 is obtained, and it also becomes a correct conversion even by illumination

by backlighting, thereby obtaining the liquid crystal display panel capable

of indicating a monochromatic color display in a metallic tone and of

enhancing visibility even at night.

20 Modification of Second Embodiment of Liquid Crystal Display Panel
Although the 225° tWist-aligned STN liquid crystal cell was
employed as the STN liquid crystal cell 12 in the second embodiment, the
liquid crystal display panel which is the same as that in the second
embodiment can be obtained even if a 180° to 270° twist-aligned STN
25 liquid crystal cell is employed.

Although one piece of retardation film 13 is employed for returning



retardation film13, the STN liquid crystal cell 12, the second pol arizing
film18, the retardation film9 for circularly polarized light, the
chol esteric liquid crystal polymer28heet 10, the translucent |ight
absor bi ng nmenber 15, and the backlight 16, a display of bright
reflected color with high contrast 15 is obtained, and it al so becones a
correct conversion even by illum nation by backlighting, thereby
obt ai ni ng tﬁ"@sialtélWf@lﬁpﬁééﬁbolﬂlﬁﬁdaﬁgﬂﬂﬁﬁthésmﬂigui? cryﬁﬁl e8! 1284 itk @

0

~nmonochromatic color display in a netallic tone an enhanci ng

vi si bi l'i tylinearflyapolariéd lightO ilvothief iseedbnd reribodafientl Wﬂﬁgfleﬁcgﬁe%f qui d

Crystal Display Panel Al though the 225[err W st STN
liquid cryst¢tatdatidn filas are empleyed,atieatatehs aﬁcﬁiitidaﬁl'pb%ﬁié@light eghlbel2 in
t he second enbodi nent, the liquid crystal display panel which is the

sane as t hagturned fte asmrmdcompletenﬁnéaﬂ?giolaﬁﬂe@digl’ﬁt, gheebyeMrlicafing a
180[err] to 270[err] twi st-aligned STN 2 liquid crystal cell is enployed.

Al t houdgh omorei excellentblaek diisplay dnd @ ddlored display ed They phaabipiédd of

27 the state of elliptical polarized light of the STN I'i quid
crystal cerdtatdation filmns may bd insealiéd onadmy side dfl the S TNligtiel ssseictell
enbodi nent, if plural pieces of retardation filns are enpl oyed, the

state of elRj pritbay maye dirddedgnd ¢astaled on both sidesnefl the STNoliquid
conplete linearly lEol arized light, thereby indicating a 5 nore excel | ent

bl ack di spragstalneclh12ol ored di splay. The plural pieces of retardation
filme may be installed on one_ side of the STN |i glsji d crystal cell 12,
or they may be dFurthes, aldough: the agtandationhfidind&s fof citeunlaiy potarized

crystal cell 12.. Further, although the retardation film9 for
ci r cul 3 | ylight as installed betwgen the second palarizmgédm 18 andethenchglestericzi ng
film18 aniithe chol esteric . . .
1quad crystal polymer sheet 10 in the second embodiment, even if the
retardation film 9 for circularly polarized light is omitted, the liquid crystal
display panel can be practicably used, though the reflecting efficiency of
the cholesteric liquid crystal polymer sheet 10 is somewhat lowered and

15 metallic color becomes somewhat dark.

Third Embodiment of Liquid Crystal Display Panel: Fig. 5 and Fig. 6
A liquid crystal display panel used in a timepiece according to a
third embodiment of the invention is now described with reference to Figs.
20 Sand®6.
Since the liquid crystal display panel 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
retardation film is installed.
25 Figs. 5 and 6 are views for explaining the construction of the liquid

crystal display panel of the third embodiment which are the same as Figs. 1



liquid crystal polynmer sheet 10 in the second embodi ment, even if the
retardation film9 for circularly polarized light is omtted, the liquid
crystal di spl ay panel can be pract28ably used, though the reflecting
ef ficiency of the cholesteric liquid crystal polyner sheet 10 is
somewhat | owered and 15 metal lic col or becones sonewhat dark
Third Enbodi ment of Liquid Crystal Display Panel: Fig. 5 and Fig. 6
A liquid cangtRl wikddihaheRaRboHERG Which EbHTREY ¥
third errbogiﬁrren’t o? the i nven ?oﬁﬁ?’s‘&ﬁg/}vl %%ggr @lg(gt% ﬁgfierpgrlgér)icgapg %_:i gs.
20 5 and Ggre denoted by theYa8e€ réfefehédlnhtherakSand the SRbRMARRIE thétbof 4 S
enbodi nent 1s the sane as the first enpodinent in construction except
t hat 240[ ehhitted. st - al i gned STN liquid crystal cell as the liquid
crystal cell is used, and that a tw sted ~ retardation filmis
installed. 25 The liquid gérysﬁalaﬁﬂs@a?f ?%&wﬁ Oc{cc@f&ir% “td“gtﬁchgthird

al di

construction of the liquid crys spl ay panel of the thir

embodi ngnt enibadingdit ddiApFH8sE adirstitisparent substrate 1 made of a ﬁlass }})late _
28 and 2, wherein the conponents which correspond to those in Figs.

1 and 2 havirig adbicksstsof 0.Tempaion which €irsetratopirahe chtirdds $xpadati on
thereof is omtted. The liquid crystal display panel 40
accordi ng of T atd provided, arseedndepanspandrit sutsstaaté 2 gladerahg g@ds%qslate
substrate 1 nade of a glass plate - havi ng a thickness of 0.7 nm on

whi ch firshavimgspthiekhesd eft0.Gdamn omeelkich secorfd trifisparentreiectiedes at
second transparent substrate 2 nade of a glass plate havi ng a

t hi ckness ofade ofnkTOn ardriprovidedynand rarseptargnf foretdamirdgingt the pairadf of

| TO are provided, and a sealant 5 for lamnating the pair of 10 substrates

1 and POwheubstrazsal and]2 whiegeimPAghewistealigned hemaitit kiqyit erystélsao are

sealed in between the pair of transparent first and second substrates 1 and 2,
thereby forming a STN liquid crystal cell 14.

A twisted retardation film 19 and a first polarizing film 17 are
installed successively outside the second substrate 2 at a visible side of the

15 STN liquid crystal cell 14, and a second polarizing film 18, a retardation
film 9 for circularly polarized light, a cholesteric liquid crystal polymer
sheet 10, a translucent light absorbing member 15 and a backlight 16 are
disposed successively on a side opposite from the visible side, thereby
constituting a liquid crystal display panel 40.

20 The first polarizing film 17, the second polarizing film 18, the
cholesteric liquid crystal polymer sheet 10, and 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

25 film 9 for circularly polarized light and the cholesteric liquid crystal

polymer sheet 10 are respectively bonded using an acrylic adhesive (not



sealed in between the pair of transparent first and second substrates 1 and
2, thereby forming a STN liquid crystal cell 14. A tw sted
retardation film19 and a first poIariZ ng film17 are install ed
successively outside the second substrate 2 at a visible side of the 15
STN liquid crystal cell 14, and a second polarizing film18, a retardation
film9 for circularly polarized |ight, a cholesteric liquid crystal polyner

sheet 10, showrgns! Bweheér, thefirseislakizing fibaPey, e aofiied kealihgbh finar e

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

const i t ut i19gamd lai seciotdesubsstalte P a1 &Mol@dtﬁied‘lﬁsin%gan ac1éylic aditégivel (ndit

polarizing film21l7, the second polarizing film , th chol esteric
li qui d crghb&n)pol ymer sheet 10, and the retardation film9 for
circularly polarized light, the translucent |ight absorbing nenber 15 and

t he backl i ght lslﬂffﬁ)sbh@lesdiﬁfemmbhﬂﬁeoﬁme@ﬁﬁgehée tdfethe henaRE fduignt -

A first substrate the second polarizing film18, the retardation 25

il m 95forcrgitabiibaided ioklee TN lidaid caydalt bell AoieO!1e, i gnd hBEIH gapyat al

pol ymer sheet 10 are respectively bonded using an acrylic adhesiVe"(not
29 bebwesn - theu firsersubst@té i T sindaher sédord fsubBirdie 2 i 5606t 8.

retardation film 19 and a second substrate 2 are al so bonded using an
acrylic adfesirdingl¥othe And $ARODS the liqu%d crystal Slénpsgﬁfbﬁ iseager)Ea&g%e An
e

of birefringence of the nematic |iquid crystals used i

liquid cryhédiffepéncel 4f bsr&ﬁh%enee%ﬁof&hé fEdhatic liquidREy¥GES g}%gﬁlfythést

substrate 1 and the second substrate 2 is 5600 nm ccor t he

Lerr]nd vakliegab dns I840innc! Wirdhercable Whistpitch coPREUAémAlic liguidhe

di fference of “birefringence [err]n of the nematic liquid crystals and the
cell PAp erystaBi@ ioajustéd ke 100h@mt Wi st pitch of the nematic liquid 10

crystals 6 1s adjusted to 1100 nm An alignnent |ayer (not
shown) is fornmedn alignetdritvalyr (ot shown) s formed, respectively, on an inner
surface of the first transparent electrodes 3, and an inner surface of the
second transparent electrodes 4, facing each other, and shown in Fig. 6, an
alignment direction 14a of lower liquid crystal molecules points 30°
15 upward to the right when rubbing treatment in the direction of +30° on the
basis of the horizontal axis H is applied to the first substrate 1, while an
alignment direction 14b of upper liquid crystal molecules points 30°
downward to the right when rubbing treatment in the direction of -30° on
the basis of the horizontal axis H is applied to the second substrate 2,
20 thereby forming the left-handed 240° STN liquid crystal cell 14.

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
610 nm and 220° twisted clockwise is disposed between the STN liquid

25 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



surface of the first transparent electrodes 3, and an inner surface of the
second transparent el ectrodes 4, facing each other, and shown in Fig. 6, an
al i gnment direction 14a of lower |iquidOcrystal nolecules points 30[err] 15
upward to the right when rubbing treatnent in the direction of +30 on the
basis of the horizontal axis His applied to the first substrate 1, while

an alignment direction 14b of upper liquid crystal nol ecules points 30
downwar d Holebgle he e | t 0, on
(he basie of The RN 19aCther6b infrieas MRTA I SR PIPlr B0 o

thereby fappe q?l ¢ gdr?étfai hsoeedled $ibstih Jﬁﬂg}g i@ r%ﬁfs%r@ée%e' 'Ac]c%rdm(gny,

The first poI ari I'm 17 is dispose h ransm ssi

axi s 17a hheir mdleyulenixed 198 shtheiw éd Q&a?&? &iglﬂré h19ecHAgk toYe LNe

horizontal axis H and the tw sted retar atlon ving And va Se of

610 nm andridated m tHediretaol\wsegss di sposed between the STN liquid 25
crystal cell 14 and the first polarizing film17 so as to be oriented in

the 5 directThe sécondiclafizimy file P&sissdposbe ﬁﬁﬂéﬁﬁﬁ%lg'théxfﬁst“ such

that a | ower

mol ecul e substrdigal tsuehetati theetransiissite aXis A9 Herdbf Q@Tdrféhtédtinoﬂl he
upper liquid crystal nolecules substantially at right angles. Accordingly,

an upper direetioheofax85° tAbthef bagis dﬂmhétlﬁshi(ﬁitﬂ dris HY ahtd! the iR t4@a8idnt 0 be
oriented in the direction of -85. The second polarizing film

18 is di sfilmef fonddrowdatity pbéatfizedﬂhght is disppesedesech! tiatcCthet phise Hela

transm ssion axis 18a thereof is oriented in the direction of }-’85[err]
on the baskis Ba theeedbis mietntedai shéd, disectidhefr S0 dat tles basis ofith® 9 for
circularity polarized |light is disposed such that the phase del ay axi s
9a t H& echotigontaleanisdHi so tthat the phaserdelay -axis Ga fomnbdasi angle bfiet5r0

hori zontal .axis H so that the phase delay axis 9a forns an angle of 45[err]
with the Withhtha gensmissios axénl8a ofthe second potarizing filn 8. m 18.

The twisted retardation film19 is formed by applying alignnment
The twisted retardation film 19 is a triacetylcellulose (TAC) film

formed by applying alignment treatment to a base film (not shown) of 80 u
m thickness, applying liquid crystal polymer thereon, adjusting thickness
15 and twist pitch thereof at a high temperature showing a liquid crystal phase
so as to have a twist angle of 220° before cooling to not higher than the
glass-transition temperature for solidification.
Even if the cholestric liquid crystal polymer sheet 10, the
translucent light absorbing member 15, and the backlight 16 are disposed
20  at whatever rotational angle within respective planes in parallel with each
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
the liquid crystal display pénel according to the invention is described
25  hereinafter.

With the liquid crystal display panel 40, in a state where no voltage
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treatnment to a base filmwhich is a triacetylcellulose (TAC) filmof 80
[err] m t hi ckness, applying liquid crystal polyner thereon, adjusting
t hi ckness and 15 twi st pitch thereof a8la high tenperature showi ng a
liquid crystal phase so as to have a twi st angle of 220, then cooling
to not higher than the gl ass- transition tenperature for
solidification. Even if the cholestric liquid crystal polyner

sheet 10, idigpplied tbrthRs$TBENguid @tbj's_tapéléllW@Fiﬁ%ﬁepo%zﬁ‘ﬁfghh‘faﬂﬁ?g(| i ght

@S
16 are disposed 20 at whatever rotational angle wi t'hin respective planes in
paral | el wilidredadiom the 9isible sidesthepsofMthrotigh ahé dirsé potaritinle ARh PEis

affected, and therefore, in Fig. 6, illUstration of disposition .
di recti onspofardZéd tied-the direction ofNehé. traRSfAsdion akisli BT ayf nheCd8f Wi th
the third enbodi nent of the liquid crystal display panel according to

the i nvent pelarizingefilini PEhibiheiabddhten state of elliptic p¥atizedight sftee
crystal display panel 40, in a state where no voltage

31 5 uansmitteddhirougheth€TSTIN digudd aerystad| celkllY iid the icasarwhierotisg i zed

l'ight falling thereon fromthe visible side thereof through the first
pol ari zi ngtwidted teétardation filnel189risasst installed, dorthat civoukirly peldrizsblighsi on
axis 17a of the first polarizing film1l7, and is turned into a state
of ellipticapatet preduted evenf after passing ahsough d¢het fetardabionh &16T9 forjui d
crystal cell 14 in the case where the twisted retardation film19 is
not i nstal tadulary podarizéd Hghtrtherghyt mdicating igsufficient displayot pr oduced
even after passing through the retardation film9 for circularly

pol ari zed |i ght, Howeetty simet the twigted sefardatientfilda 49! isyinstalled between
However, since the twisted retardation film19 is installed between 10 the

first Wbl athe fist polarizingafilmt Kk andihei STNdliquid coystakecell 14, thedinearkar | v
pol arized light falling on the twist retardation film 19 fromthe first
pol ari zi ngpplanizedy lightt dalling ion dhe twisteresardationptfilm pt9 afronedthe girst The
polarizing film 17 is turned into a state of elliptic polarized light. The
elliptic polarized light is corrected during passage through the STN liquid
crystal cell 14, is turned into substantially linearly polarized light, and is
15 rotated clockwise by about 50° with respect to the transmission axis 17a of
the first polarizing film 17, and outgoes in the direction of polarization at
85° on the basis of the horizontal axis H shown in Fig. 6.
Since the second polarizing film 18 is disposed such that the
transmission axis 18a thereof is oriented in the direction at 85° on the basis
20 of the horizontal axis H, the linearly polarized light-falling thereon from
the first polarizing film 17 is transmitted through the second polarizing
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
direction of + 45° with respect to the second polarizing film 18, linearly

25 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



elliptic polarized light is corrected during passage through the STN liquid
crystal cell 14, is turned into substantially linearly polarized Iight, and
is 15 rotated cl ockwi se by about 50 wB2h respect to the transmission axis

17a of the first polarizing film17, and outgoes in the direction of
pol ari zati on at 85 on the basis of the horizontal axis H shown in Fig.
6. SI nce the second pol ari zi ng f| Il m 18 is disposed such that

th in the direction at
85[eerr] on the basi g{%lﬁxhén(?&ﬁﬁﬁb %)%P'Jz nt a aX| éﬁﬂ the linearly polarized
L1ght falling {NAeaich @id case dfMehé |fissk aibaiidety {id hbledific! [igAatn ! ed

through the second polarizing as It I nce t e ret

filmo forceygtalpalymerShaét I@Gkvhidlf'is nght Haﬁdégﬁgéﬁ?ﬁgﬁﬁét? "bdlgs%[qgreﬁflyphase

delay axis 9a thereof is oriented in

respect tojj % Ofe3! B b Zcaftetin é“lt)éﬁdwic}]tﬁeﬂk dﬁﬁo%ﬁd a@%hﬁghﬁﬁ érttﬁf;t at

a 45[err] ¢ angle wth respect to ase delay axis

etardag oevawélgﬁgq e el fé%%c%tééi % 25! dheCkelbibe [Rht tgn}]gggﬁeﬂom%ﬁﬂn[ s

2 turn |rcu ypo arrze

é?y\gt ;Ih tpg ymergléﬁggt é t 'S rl%@@u@eg&ﬁghgﬁ %&bﬂ%gﬁl@%{l&qﬂl Y,
vevel engt hTerrL g IR ‘%@P‘é% %%é%?% 6% Bt e R AP B reron,
fhe scart eraoge] 5%‘%@%&??9%{ 2 5I0ER SRR LS hARBHE ol bR

absorbing o JEHskedd Whereupon a golden reflected color in a bright
metallic to%relb can be obtained. 10 Now, when a voltage is

appl i egp bet ween Ny | '\K/ﬁéntﬁaoéﬁﬁgénfs agﬁ)heﬂ' %%E\%?Qﬁsth% girsgh%?%kég%d

crystal cell 14 and the second transpar ectrod

mol ecul es gfecthicieRaif thed STN ql(ﬁhﬂséﬁsﬁachéH 94 and the second transparent

electrodes 4 of the same, molecules of the nematic liquid crystals 6 are

caused to rise up, and birefringency of the STN liquid crystal cell 14

undergoes a change, so that .po-larization direction of linearly polarized
15 light outgoing is rotated by about 90° so as to be in the direction at -5° on

the basis of the horizontal axis H. Accordingly, the linearly polarized

light transmitted through the STN liquid crystal cell 14 is 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 film 18 are absorbed
20 thereby, indicating black display.

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
transmitted through the STN liquid crystal cell 14 is enhanced, so that

25 display that is brighter and higher contrast than that in the case of the

liquid crystal display panel using the retardation film 13 can be obtained.



caused to rise up, and birefringency of the STN liquid crystal cell 14
under goes a change, so that polarization direction of linearly polarized 15
|l ight outgoing is rotated by about 90[eBB3] so as to be in the direction at

-5 on the basis of the horizontal axis H Accordingly, the linearly
pol ari zed 1ight transmtted through the STN liquid crystal cell 14 is
devi ated by 90[err] fromthe transm ssion axis 18a of the second

| fil | f '
o tont poar | vl mis v tgéé‘r’%éa of the SRFPARBAUIMEh | A BT, ot Bdvidly '
di splay.  juminescent ceﬁ E{lel tﬁ‘ ressl ;0%5@&&'%@@%@ %ﬁ:ittt%ﬁl dation

film19 in place ere rdatlon use

embodi ment 5 hiélpg%&éﬂ%l%&'&s%ﬂ or the! nglgﬁpn Bffafvgh&w d?éﬁlggghfe

d
l'i near pol arlzatl aracteristics o ransm rough t he

STN Ii qui daC ﬁlg i‘éehh?ﬁéd' ?ﬁg ﬁl‘ég’trér%nﬁﬁ&td %Erouig‘ﬁ[ S %ﬁﬂabgtﬁ%l

brighter and rcont r ast at 1n the case

talsd d
crystals 'amﬁ&ypg@%l 49' ggesfé%g% ﬁéﬂemﬁsétrée n%%d&gag]é)%s %ﬁi@&?
h
o £y i Sisplhy r‘h”fw&nu. flettod RORCRIMUICALC) 1iEhEY &EEOEPH‘SSH%{#%
bllack di sphaedé s"i’ﬁﬁrrﬁore tharﬁSBG'rfrﬁ%ﬁn'b% @aRsinfited tH fighot

laﬂgb
transmtted through the liquid crystal dlsp%ay pane‘? ﬁowever |n a

sate where no VOA@ﬁﬁdi 19pp! 1 a'&ﬁnttd BySPtisy iBacklighldepsr e
color is indicated, rﬁ%%éorrp%%tents hgw ngIy \/vavedlt i%‘ht hspgotmrimr t han

560 nm Canlﬂmﬁé@éﬁﬁbt EéﬂtefrhWaQI‘élEﬁ?gtﬂhkL that is smalléi;cﬂfai'l' REEYs lEbgaﬁ]

emtted by the backlight 16 having | um nescence center vvav ]

Lig h I el t t
Lor ] ol Q. Gagh et copter, WAV CHRATA = 510 Hin il GdIBGeERORGLIAIBHRGANT' |
100 nm compby @by sqfeeﬂqro b, 100%%9&;41&%%%@ thé%bg kaxgmfs]wngby an

it becones™a correct conversion I's t sane a

external | bgfphtWenFiRBep it bdctithed @ ¢SO cohVerdion $hibhas the same as
the display by an external light when the backlight 16 is not lit up, so that
an excellent visibility can be obtained even at night.

15 With the construction comprising the first polarizing film 17, the
twisted retardation film 19, 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,
it is possible to obtain a liquid crystal display panel capable of indicating a

20 bright reflected colored display with high contrast, and the display by
illumination of backlight is not inverted, thereby indicating a
monochromatic color display in a metallic tone with high visibility even at

night.

25 Modification of Third Embodiment of Liquid Crystal Display Panel
Although the 240° twist-aligned STN liquid crystal cell was



an excellent visibility can be obtai ned even at night. 15 Wth the
construction conprising the first polarizing film?17, the tw sted
retardation film 19, the second polari34ng film 18, the retardation

film9 for circularly polarized |ight, the cholesteric liquid crystal

pol ynmer sheet 10, the translucent |ight absorbing nmenber 15, and the
backl i ght 16, it Is possible to obtain a |liquid crystal display panel

capabl e Oégi'r%ld%l@@tdsnﬂl@sm 1Rquighéryspdl et ad ﬁ?'t@é qHid 8 b@ﬂiﬁ{ehh?,t fHeph

i
contrast, he di spl ay by "I 'um nation of backlight Is no

| nverted, 1igaid eéiystdldidigplago panel whieh!oishitRERsaheC akOth4t] ! A | dhiddl

netallic tone wth highvisSibility even at ni ght . | fication of

Thi rd Enbegibodiedit ddribedobtaifieadl evdrs if ay 180Pab 270° twist-alighbd"Psh the
240[err] twist-aligned STN liquid crystal cell was

34 liguid eygstabéell ieemmployedui d crystal cell 14 in the third
enbodi nent, the liquidcrystal display panel which is the sane as that

inthéthird Furtheboditheuighc the hetadadione filay O fof dircefl§r pbldrizedi’ 0
tw st-aligned STN liquid crystal cell is enployed. 5

Further, Hghbisigistalled betwedatthersetohd polbsrimg fidm 28 landotheachalesteric
light is installed between the second polarizing film18 and the

chol est erliquid crystajupdlyangstsileepol @ nier théegird Gmbodiaent)i everenifottigrent ,
even if the retardation film9 for circularly polarized light is

onm tted, reterdatepn filnr 9<forlcircularlyipoldnzed ight is endiced] thelighid erysisl
reflecting efficiency of the cholesteric 10 Iiquid crystal polyner sheet 10
is sorrevmglsplampaml asdeasibi¢ Iwhile ¢herreflectingeefficiency wf vthat chislekteric

10 liquid crystal polymer sheet 10 is somewhat lowered and metallic color

becomes somewhat dark.

Fourth Embodiment of Liquid Crystal Display Panel: Fig. 7
A liquid crystal display panel used in a timepiece according to a
15 fourth embodiment of the invention is now described with reference to Fig.
7.

Since the liquid crystal display panel of this embodiment is the
same as the second embodiment in construction except that the translucent
light absorbing member 15 is removed, the different poi.nt alone is

20  described hereinafter.

A liQuid crystal display panel 40 in the fourth embodiment
comprises an STN liquid crystal cell 12 with about 225° twisted nematic
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

25 second polarizing film 18, a retardation film 9 for circularly polarized light,

a cholesteric liquid crystal polymer sheet 10 and a backlight 16 disposed



Fourth Enbodi nent of Liquid Crystal D splay Panel: Fig. 7 A
liquid crystal display panel used in a tinepiece according to a 15 fourth
embodi nent of the invention is now des@&J bed with reference to Fi g. 7.
Since the liquid crystal display panel of this enbodinent is the sane
as the second enbodi ment in construction except that the transl ucent

| i ght absorbing nenber 15 is renoved, the different point alone is 20
descri bed dirycesiaelyon a side opposite folr the disiblesdide (IHvwdY sideRaTg. 49, in the
fourth enbodi nment conprises an STN liquid crystal cell 12 wth” about
225 twi sted nemdThe backlighitdi6 Has rayﬁirﬁitforﬁof%@hﬂérihgqﬁ@lhﬁ,zed ligheadasi on
film1l3 and a first polarizing film 17 di sposed successively on a

vi si bl e silight spitting isteface, hamely) a sanface Gfposiectntheehsldsteri@ ligdiah 18, a
retardation film9 for circularly polarized Tight, a cholesteric

l'i qui d cryatystalpolymer sheee 010 and a backl i ght 16 di sposed

35 successively on a side opposite fromthe visible side (lower side
in Figs7). The operatidnefdradidplaying] 6otors by fthecliqoid ofystabdisplang

pol arized light at its light emtting surface, nanely, a surface
opposi t e tpandlet® imithe fouith ¢mbodiment is descxitzdd pextyneln alstate where fhio

The operation for displaying colors by the liquid crystal display

panel 40 ivoltage ﬂsmppli&b@dhﬂeﬁm tiquid criystall cedix 12 imthe diquid oystad no
voltage is applied to the STN Iliquid crystal cell 12 in the liquid crystal
di spl ay padisplasopanel dear lineadypolaridedi lyght which faHs|en ¢he rbtardatiandat i on
film13 fromthe visible side through the first polarizing film1l7 is
turned 10 film B3 £ramether visiblel sidethrough the fiest polpmizing il t1 7osstanedhr ough
t he retardation film13. The elliptic polarized light is corrected
durind0 In gasdalge afhasughlipie polarizeguilightr yehen igepasses, through the into
substantially . . linearly polarized |ight, and _outgoes havi n&; a .

pol ari zi ngetandagionofilmat h3ed The elliptic polarized light “is corrected during

passage through the STN liquid crystal cell 12, is turned into substantially

linearly polarized light, and outgoes having a polarizing direction rotated
counterclockwise by about 55° with respect to the transmission axis 17a of
15  the first polarizing film 17 shown in Fig. 4.
| Since the second polarizing film 18 is disposed so that a
transmission axis 18a of the second polarizing film 18 is oriented in the
direction of - 15° on the basis of a horizontal axis H, the linearly polarized
light falling thereon from the first polarizing film 17 passes the second
20 polarizing film 18 as it is.
Since the retardation film 9 for éircularly polarized light is
disposed at the angle of + 45° with respéct to the second polarizing film 18,
the linearly polarized light passed through the second polarizing film 18
falls so that polarization thereof is at a 45° clockwise angle with respect to
25 aphase delay axis 9a of the retardation film 9 for circularly polarized light,
and it is turned into a right-handed circularly polarized light.



countercl ockwi se by about 55[err] with respect to the transm ssion axis 17a

of 15 the first polarizing film17 shown in Fig. 4. Since the
second polarizing film18 is disposed s36that a transm ssion axis 18a
of the second polarizing film18 is oriented in the direction of -

15[ err] on the basis of a horizontal axis H, the linearly polarized
light falling thereon fromthe first polarizing film17 passes the second

20 Porarizing Sinéd hcATobtt Sembodiment emploYed©ahbenbRitide! lighid! | °

for circularly polarlze I'1 ght e ang Wi th

respect tockaPpeRffiePShaéi 10nwhicH 18 ﬂv31sted ngHt*'iﬁ dHe“@.ﬁfhéXn &régﬁﬁie light
passe roug

dth h tﬁe second polarizing fil l's so c
ol ari zati t C t ABO a
Bhase del agﬁ gt;ré‘gﬁgg(flghénﬁ hglelffg{r(ﬁh? %)gﬁll F‘W%eﬁ or CI tf at‘?‘zegd

: : gm ! reﬂé‘&eﬂt around'4 $65ttbAhg cﬁ'—:n"téﬂWav@?éHﬁﬂ X afe, E@fiééteﬁodt?er {& Bk

Since tfe H@n@ gﬁ% the chol esteric liquid crystal
polyrrer sheet Elg \el‘ﬁﬁég?% W 'S ecgi rﬂght in the same nanner as the _
first embodi ”E“tThh%ittE&”Ili’gﬂteré}tﬁef thén n’i’fxﬂg # h8 s&ifaide

refl ected around a scattering center vvave gth are ref
ot her "t han oy (IB8T AT IQSHERCRTO3CRIight 16, becausg %3’18%&%3\1 2Bt ches
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enpl oyed as manner
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the EL plate has a function ol scat
transm ttedodies on a base film, then covering the base film with a film formlng a

transparent electrode thereon. Accordingly, the light emitting surface of

the EL plate has a function of scattering polarized light so that transmitted

15 light other than the light components in the séattering band width AA and

reached the backlight 16 is disturbed its polarized state by the granular
light emitting bodies, and hence it is reflected.

In Fig. 7, the reflected light from the backlight 16 transmits through

the cholesteric liquid crystal polymer sheet 10, then transmits through the

20 retardation film 9 fot circularly polarized light again and reaches the

second polarizing film 18. However, a state of polarization is disturbed

by the backlight 16, the light can not be returned to a complete linearly

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

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

reflected gold color in a bright metallic tone even if the translucent light



15 Ilight other than the |ight conponents in the scattering band w dth
[err] and reached the backlight 16 is disturbed its polarized state by
t he granul ar light emtting bodie37 and hence it is reflected.

In Fig. 7, the reflected light fromthe backlight 16 transmts through

the cholesteric liquid crystal polyner sheet 10, then transmts through the
20 retardation film9 for circularly polarized Iight again and reaches the

ESIC?ES Bg%?%ﬁqﬂgf&éﬁﬁﬁ% e, o e eturhet 1o a bompl ot o ff‘n‘éiify
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obtain a or 1n a bright I'ic tone even If the
transl ucegge | fgcules in the nematic liquid crystals 6 are caused to rise up,3nd
absorblngrre er 15 1s omtted. Wien a voltage is applied

bet wees égnh?éﬁé Yrahk STRCH ﬁﬂFéry%tﬂf cell 12 ﬁﬂmergws Y éﬂﬂx%ec spsthat cel |

12 and sec anspar ent elect odes "4 t her eof ules in the
nemat i ¢ | polddzaions directiortb tl‘iéllllﬁl%drlfyopéla?ﬁeﬂpout@@@'ng %gmn@frbtmamy of

the STN liquid crystal cell 12 undergdes a change, so
pol ari zat abButD0eqo MNtdbetifahkidiggition a@H-aSPwﬂhqasmtrt@ thediurizentadt at ed

by about 90[err] so as to be in the direction at +75 with respect to

~ the horizeriglH. Aceotdingly,Asiireedithg| polasizaciont déreealonr iofatheorliskardgt i on
of the linearly pol ari zed light transmtted through the STN liquid
crystal ceblariZed slight teinsmaitted irGigh ribe QTN ligosdi ayistal 8slls 1284s of t he
second po ari zing film218, so that all conmponents of light falling on
t he sH¥ondepidtediby ©° from fthértral&mrssuabmuebdaatdxﬁtl@éa)secmdlpxﬂamm | ack
di spl ay. Since the liquid crystal display panel enploys the EL

pl ate havifidm 18, soathatnilheomporentsnok light \fallemgjtdn die [secopd polatigimgn and
showng eglg Tg are absorbed thereby, indicating black display.
Since the liquid crystal display panel employs the EL plate having
a luminescence center wavelength of AL = 510 nm, and showing emitted
15 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 black display state
where no voltage is applied, while light in wavelength of not more than
560 nm can be transmitted in a state where golden reflected color is
displayed when no voltage is applied, so that a brightness relation is
20 indicated in the same way as the display by external light, and .hence an
excellent visibility can be obtained.
Since the translucent light absorbing member is not provided in the
liquid crystal display panel of the fourth embodiment compared with the
second embodiment, the amount of transmitted light increases when the

25  backlight is lit up to increase display brightness, so that bright illumination

can be obtained.



15 light in a bluish green color as the backlight 16 in the sane manner as
t he first enbodi nent, the light can not be transmtted in a black

di splay state where no voltage is 38plied, while light in wavel ength
of not nore than 560 nmcan be transmtted in a state where gol den
reflected color is di spl ayed when no voltage is applied, so that a
brightness relation is 20 indicated in the sane way as the display by

Snce the trans! (s RN above, SHBF heodtiction CinfHAE B8 fubR"
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backl 1.ght. iffin 18, Wle STNNGGEESEryAtARY 12] BE'sBESHd pitatibiify RiKODS, the

i1lum nation can be tai )
38 dati noi i ol 4t t¢hdC i r: 54 t he
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pol ari zing film retardation fitm9 for ¢ ularly polarized
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16, it is possiblé to obfai'n"a iquid crystal ~display panel capable of
i ndi cati ng with Mighr&dtesstednddndicating thé sAndd ﬂi‘sp%’ﬁliﬁacﬁ‘i%lilﬁ@gs irBHitiGH | N9
the sane display in brightness relation bet ween 1|1 um nation by

backl i ght i bgtween tillandhatibaybyppaeklightiagnald thelisplay bg a0 @xtéhal dgdHty a
nonochromati ¢ color display in high netallic tone'to 1 enhance high

vi si bi | i t yandeinditatingha .monochrombticfceleri dispidy fauhigh bwtatlicasheofo
Liquid Crystal Display Panel Al t hough the STN liquid crystal
cel | 100 andnharce high wisibilityfévenm dtnight.

Modification of Fourth Embodiment of Liquid Crystal Display Panel
Although the STN liquid crystal cell 12 and the retardation film 13
are employed in the fourth embodiment, the function of scattering
15  polarized light on the light emitting surface of the backlight 16 may be
utilized while removing the translucent light absorbing member 15 in the
same manner as the liquid crystal display panel of the fourth embodiment
even in the liquid crystal display panel employing the TN liquid crystal
cell 7 used in the first embodiment, or in the liquid crystal display panel
20 employing the STN liquid crystal cell 14 and the twisted phase difference
| plate 19 used in the third embodiment. Even in such cases, a bright
display can be obtained when the backlight is lit up, compared with the
liquid crystal display panels in the first and third embodiment.
Further, although the EL plate showing emitted light in a bluish
25 green color is used as the backlight 16 in tﬁe fourth embodiment, it is

possible to use a side light provided with a light emitting diode showing



are enployed in the fourth enbodi nent, the function of scattering 15
polarized light on the light emtting surface of the backlight 16 may be
utilized while renoving the translucent39ight absorbing nenber 15 in the
same manner as the liquid crystal display panel of the fourth enbodi nent
even in the liquid crystal display panel enmploying the TN liquid crystal
cell 7 used in the first enbodinent, or in the liquid crystal display panel

20 | oy} : | 4 g tah; | t ]
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fferer | ! eht. EVen I
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embodi ment pldte, hSeflectoPREving £ rbAgHSArfact! Alethe! RePpOMisiE of thé Plastd g gt

emtting di ode show ng
em tted | i {ibhtighide dbrefie lle.or Which is attached to a plastic Iight guide

pl at e. Inthis 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

the |over PpifthiEmbotimeat pf ddguid Crystal DubplagUPaisel: Pig.tde |ike.
Fifth Enbodi nent of Liquid Crgstalcj%i spl agb/nghlél . Fi gg. 8 A

liquid crystal diAspicquid penystal udisgldynpantl weed daea airpepidicedadcdrding to 41 fth
enbodi nent of the invention is now described with reference to Fig. 10 8.
Si nce the fifthuethbodisielt of the mvemivel iohowhdesaitedlwithrefesende to Fig. sane

as theldsecond enbodi ment in construction as explained with

Since the liquid crystal display panel of this embodiment is the
same as the second embodiment in construction as explained with
reference to Figs. 3 and 4 except that the second polarizing film is a
reflection-type polarizing film, the different point alone is described

15 hereinafter with reference to Fig. 8.

A liquid crystal display panel 40 in the fourth embodiment
comprises an STN liquid crystal cell 12 with about 225° twisted nematic
liquid crystal sealed therein, a retardation film 13, and a first polarizing

- film 17 disposed successively on a visible side (upper side in Fig. 8), and a

20 reflective polarizing film 26, a retardation film 9 for circularly polarized

light, a cholesteric liquid crystal polymer sheet 10, translucent light

absorbing member 15 and a backlight 16 disposed successively on a side
opposite from the visible side (lower side in Fig. 8).

The reflection-type polarizing film 26 is first described. The first

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

employed in the first to fourth embodiments are formed of normal



reference to Figs. 3 and 4 except that the second polarizing filmis a
reflection-type polarizing film the different point alone is described 15

hereinafter with reference to Fig. 8. 40 A liquid crystal display
panel 40 in the fourth enbodi nent conprises an STN liquid crystal cell
12 with about 225[err] tw sted nematic liquid crystal sealed therein,
aretardatlonfllm13 and a first polarizing film1l7 di sposed

o T err! vEdiai MBhE fapbly ASRABH 8e RefaSrigh) SIARTHAISE ghsord
pol ari zed l%n?af{}L PariRIC RN Shaving pdlatigidy Mitetidip| wiRh SARasecd, a

transl uce I ng a backlight 16 disposed

successi v
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descri bed I thripgd n
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are fogmed 1P%B%6Pa|nzm direction which intersects a transmission axis at rightO
pol ari 2| ng nanel absorption-type polarizing filns which absorb

linearly pgidei agd iﬂcﬁbﬁtebaa“sil@emhﬁplay Mg e €ifth embédiefertpaepeadict a

transm ssi o axis at right angle, and indicates a black display. On the

ot her cdlRiilas TBEFf inaatifaituted bySumitotho BN ¢orpozationtis usedeas by
pol ari zed light 5 havi ng polar|2|ng direction which intersects a

transm ssirefledtion-8fpd palrizing filangl e, and indicates a silver display. In
the fifth enbodi nent, a pr oduct cal l ed as D BEF manufactured by

Sumi t oo 3M cor Ffph@tcbmatlsmﬁnddﬁ@laymg colart| by tthenliquitk cppdtal idisplgyf i | m
The operation for displaying colors by the liquid crystal display 10 -

Do Tage | P 1t 0 b ST Tt a crystal 2ell 12 Inthe Tiqurd eryetal
voltage is applied to the STN liquid crystal cell 12 in the 11qu13 crystal
display panel 40, a linearly polarized light which falls on the retardation
film 13 from the visible side through the first polarizing film 17 is turned
in a state of an elliptic polarized light when it passes through the

15 retardation film 13. The elliptic polarized light is corrected during
passage through the STN liquid crystal cell 12, is turned into substantially
linearly polarized light, and outgoes having a polarization direction rotated
counterclockwise by about 55° with respect to the transmission axis 17a of
the first polarizing film 17 shown in Fig. 4.

20 Since the transmission axis of the reflection-type polarizing film 26
is the same of the transmission axis 18a of the second polarizing film 18 in
the second embodiment and is disposed so that it is oriented in the
direction of 15° on the basis of a horizontal axis H. Accordingly, the
linearly polarized light which falls on from the first polarizing film 17

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

* Since a phase delay axis 9a of the retardation film 9 for circularly



di spl ay panel 40, a linearly polarized light which falls on the retardation
film1l3 fromthe visible side through the first polarizing film17 is

t urned in a state of an elliptic pdllarized |ight when it passes
through the 15 retardation film 13. The elliptic polarized light is
corrected during passage through the STN liquid crystal cell 12, is
turned into substantially linearly polarized |light, and out goes having
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and is disposed so that it is oriented | irection o [err] on

the basis elockwivel angleaivitirestbot A6Cailiate! delayieis 0a olf HRAHdOIrRIGH | 2€d

l'ight which falls on fromthe first pol-arizing passes ough
the refSectilan9 e cibulatlyi polirized Agicand itSis mrmed into rightlREfacd Phase
delay axis 9a of the retardation film?9 for circularly _

41 circudarly pbladiged lightdi sposed at an angle of + 45[err] relative to
a transm ssion axis of the reflection-type polarizing film 26, the

linearly pol ari z&in¢é dhe fifth embddistemasaplbyedr diedthdlesteiRs ligﬁid efystype

polarizing film26 falls at a 45 cl ockwi se angle with respect to a

phase del apolyiner Sheef lthevhiehasdawisted rightfinl thed sime fiangiek ais thed @irse | zed
light and it is turned into right-handed circularly polarized light.

Si nce t he enibiddisremgiighntcomponed inhe sehataabeband Widdh AX Y %Eﬂk:?ted
pol yner sheet 10 which is twisted right in the sane manner as the ftirst

enbodi I®nt ardurght scanesiigtenter vwavdlehg®y W6 Grbaaflevicd ud 6 the istldgiveect ed

scattering phenomenon, and light transmitted through wavelength regions

other than the scattering bandwidth A}, is absorbed by the translucent light
absorbing member 15, whereupon a golden reflected color in a bright
metallic tone can be obtained.

15 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
birefringency of the STN liquid crystal cell 12 undergoes a change, so that
polarization of the linearly polarized light outgoing is rotated by about 90°

20  so as to be in the direction at +75° with respect to the horizontal axis H.
Accordingly, since polarization direction of the linearly polarized light
transmitted through the STN liquid crystal cell 12 is deviated by 90° from
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

25  thereby, indicating silver display.

Since the liquid crystal display panel employs the EL plate having



10 around a scatteri ng center wavelength [err]c are reflected due to the

sel ective scattering phenonenon, and light transmtted through

wavel engt h regi ons ot her than the48cattering bandwidth [err], is
absorbed by the translucent |ight absor bi ng nmenber 15, whereupon a
gol den reflected color in a bright metallic tone can be obtained. 15

the STN 11 quigceuetal cell 12 end second fransparcat, ch ect ades 4.t her eof.
e ot cout LT b PSR ALt
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wavel ength of not nmore than O"nm can be transmt In"a state where

a gol den rhié}e&iﬁﬁﬂ@@l &Verl &t night. di spl ayed when no voltage is applied, and
further the same display in bri ghtness rel ati on between the displ ay
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crystal display panel comprising the first polarizing film 17, the retardation
film 13, the STN liquid crystal cell 12, the reflection-type polarizing film
26, the retardation film 9 for circularly polarized light, the cholesteric
liquid crystal polymer sheet 10, the translucent light absorbing member 15

15  and the backlight 16, it is possible to obtain a liquid crystal display panel
capable of indicating silver characters against background in gold with
bright reflected color, which becomes a correct conversion display in the
same manner as the display by an external light even illumination by

backlighting, and of indicating a monochromatic color display in a metallic

20 tone with high visibility even at night.

Modification of Fifth Embodiment of Liquid Crystal Display Panel
Although the STN liquid crystal cell 12 and the retardation film 13
are employed in the fifth embodiment, if a reflection-type polarizing film
25 26 is employed in place of a second polarizing film 18 even in the liquid

crystal display panel employing the TN liquid crystal cell 7 in the first



high visibility even at night. 10 As nentioned above, with the

construction conprising the liquid crystal display panel conprising
the first polarizing film17, the retaddation film13, the STN liquid
crystal cell 12, the reflection-type polarizing film 26, the

retardation film9 for circularly polarized |ight, the cholesteric
liquid crystal polynmer sheet 10, the translucent |ight absorbing nenmber 15

panel " CBSHIMEN, ahl g AARAT Sl by TAKRL Briblovie thESTRY Bl ey
G0l d Wit crystal 119D} o SHEP Rl Hior LML O B D g BB RTEALYRE S on

display in sane manner as the display by an extern 1 ght even

i1l um nati - ' ' ootk fifthd ' Jqc col or
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Modi fi cation of Hurthdr, biirfigietie diquid @yystalCdisplay pirkd! @iy e silve
Al t hough the STN liquid crystgﬁzil cglhl 1gjfgnd th?th ardatiogﬁ??l m %L3 g

are enpl oxddractet Agafrist tahb ufidrih gdlt ia théd eadodimeny,ie iPpbasiblé tg film
25 26 is enployed in place of a second polarizing film18 even in the

Itihqu;d : displaysaagoldienptharagesichg gimgt @ybackgmnﬂ\liﬂxiﬁwegsw wigtinged! 7 in
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crystal cell 14 and twisted retardation film19 in the third enbodi nent,"
t he wdse possible torobthal adiquidagrystalalisplayt pandli dapabierbf displayingan be
obt ai ned. Further, although the liquid crystal display panel
di spl ays a wvakiety of5colmsasudlr aaghluestharacterk gioanmheitalligotohe magainst a
embodi ment, it is possible to di spl ay a gol den character against a
backglOundackgsotndr iystlverst igneera characterarinnias snetalligi torie7 aagdinat far st
pol ari zi n%fi Im 17 by 90[err]. Further, it is
ackground in silver by changing twist pitch of a cholesteric liquid crystal
polymer sheet 10.
Still further, although a translucent light absorbing member 15 was
provided between the backlight 16 and the cholesteric liquid crystal
15 polymer sheet 10 in this embodiment, even if function of scattering
polarized light of the light emitting surface of the backlight 16 is utilized
while removing the translucent light absorbing member 15 as mentioned in
the fourth embodiment, the same liquid crystal display panel as the fourth

embodiment can be obtained.

20
Sixth Embodiment of Liquid Crystal Display Panel: Fig. 9 and Fig. 10
A liquid crystal display panel used in a timepiece according to a
sixth embodiment of the invention is now described with reference to Fig.
9 and Fig. 10.
25 Since the liquid crystal display panel of this embodiment is the

same as the first embodiment in construction except that two pieces



al so possible to obtain a liquid crystal display panel capable of

di spl ayi ng a variety of colors such as blue characters in a netallic
tone agai nst a 10 background in silver44green character in a metallic tone
agai nst a background in silver by changing twist pitch of a

chol esteric liquid crystal pol ymer sheet 10. Still
further, although a translucent |ight absorbing menber 15 was prOV|ded

bet veen theclapadtioaNildS #0¢! difuIaRy! PRgabEd | light due! ¥hiAbydd aﬂa'

sheet 10 in this enbodi nent, even | scatt eri‘ng |zed
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whi |l e renovi ng the transluc |gh absor bi ng ne as nen
the fourt haksogie@edcribdiEhéiBaftéfui d crystal display panel as the fourt h

enbodi nent can be obtained. 20 Si xt h Enbodi ment of Li qwid FCrystaI
Di splay Panel: Fhe Bq@iddctyiseal diSplay panel 40 cothprises! ds ShySifin 4
panel used in a ti meg(llece Iz?ccordlggyt% a SIdX n% BI ment o ﬁi
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Since the liquid crystal di spI ay panel” of this errbodl ment 1s

as the firetystabpdiymet sheetd0star segonehp @l@ﬁﬁihﬁtﬁhh 18104 Ri-Afs®ecent hg
44 retardation filns for circularly polarized ( I ght are enpfoyed

and the  absogbingtmember d5sandral tekdight! 16 dispesed sueceisiveleoh. tﬁé‘e
di fferent points al one are described hereinafter.
liquid cryyisibledisigt afupperekide inoligi s, whickshmenthe fde & the First f' rst
polarizing film 17, a TN liquid crystal cell 7, a cholesteric liquid
crystal poe;!ftmdlmeem 10, a second polarizing film18, a translucent |ight
absor bi ng nenber 15 and a backlight 16 di sposed successively on the

10 A first retardation film 27 for circularly polarized light disposed

between the TN liquid crystal cell 7 and the cholesteric liquid crystal
polymer sheet 10, and a second retardation film 28 for circularly polarized
light 28 disposed between the cholesteric liquid crystal polymer sheet 10
and the second polarizing film 18 are respectively called as a quarter-
15 wavelength plate which is the same as the retardation film 9 for circularly
polarized light (Fig. 1) as employed in the first embodiment, and which is
prepared by spreading a polycarbonate resin to a thickness of about 60 Om,
and the phase difference value is 140 nm.
A first substrate 1, the first retardation film 27 for circularly
20 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 respectively bonded using an acrylic adhesive (not shown).
Further, the first polarizing film 17 and a second substrate 2 are also
bonded to each other using an acrylic adhesive (not shown).
25 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



visible side (upper side in Fig. 9), which are the same as the first

enbodi nent. 10 Afirst retardation film27 for circularly

pol ari zed |ight disposed between #8e TN liquid crystal cell 7 and the
chol esteric liquid crystal pol ymer sheet 10, and a second retardation
film28 for circularly polarized i ght 28 di sposed between the
cholesteric liquid crystal polyner sheet 10 and the second pol ari zi ng
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5 “directi 7b of iquid crystal noleculés of the TN
liquid crystal The djirhtidn ﬁndg?s AVRSNESIrebyothe H@@dOErysial despslag

polarizing film 18 points 5[err] "upward to the right in the sane

nmanner as phell4006fEHY sikith epibedinidntds describéd@enpper liquid crystal
nol ecul es 'of the TN liquid crystal cell 7, while a 5 phase del ay axis

27a ofiQt he firstl gsaitdavhee do lvrﬂtagefi@appliedubathbmdi?ﬁaza@stal cell 7ght
and a phase delay axis 28a of the second retardation film28 for

ci rcul arl yinpthealiquéd driysfal displayeparelt 40¢kylifeapp gridatioed Aiplitaimhich is

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

thereon from a visible side through the first polarizing film 17 is polarized

in the direction same as alignment direction 7b of the upper liquid crystal

15 molecules of the TN liquid crystal cell 7 and falls thereon, and is rotated by

90° by the TN liquid crystal cell 7 and it outgoes after it is turned into a

linearly polarized light ih the alignment direction 7a of the lower liquid
crystal molecules.

The linearly polarized light outgoing from the TN liquid crystal cell

20 7 falls on the phase delay axis 27a of the first retardation film 27 for

circularly polarized light as a 45° right-handed linearly polarized light.

Accordingly, as shown in the OFF-state in Fig. 13, the light falls thereon is

turned into a right -handed circularly polarized light, and it is rotated

clockwise same as the twisting direction 10a of the cholesteric liquid

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

width AA is reflected around a scattering center wavelength Ac are



The operation for displaying colors by the Iiquid crystal display

panel 40 of the sixth enbodinent is described next. 10 In a state
where no voltage is applied to the TN I4Quid crystal cell 7 in the
liquid crystal display panel 40, a linearly polarized Iight which is
changed to the direction of the transm ssion axis 17a and which falls
thereon froma visible side through the first polarizing film17 is

pol ari zed reflected tﬂ'@editbecﬂieon?él%ﬁvés ﬁ'i,‘liait& it ﬁhﬁﬁﬁiggﬁﬁ.;ba%@@}{ﬁr upper

liquid crystal 15 nol ecul es of the TN liquid™rysta S

thereon, af@nsfittedaiglet iRywavelendPh eegiondyothbe tﬁiﬂl kﬁalb.'ééttéﬁ%g }bﬁhﬂ%h{h 7 and

It outgoes after it IS turned info a linearly polarize Ight 1n the

e T o, P Bshiitsrgugh e so¥Sid ke r;%i%é"ﬂfmﬁ??%ﬁi‘%ﬁ%ﬁ%%ﬁi 20
¥ , : . R :
7 falls onlighe BhRSE 1|§ie%§§tbrﬁéd8b§7?eeg§ﬁah§ﬁcfehf Slg%lgggsf&%hgr&nfekﬁ 2{5for

circularly ol’arizgd as a 45 right-h I neaTl’y polarizéd

LTght . 5 witieepehadhdidedretlbeti LoldrA bfight Mctallit i isobtapdeat. | gt

falls thereon is turned into arig circularly polarized
light, and it is]f gtievelage is &‘ﬂpliéﬁ"béﬁwééﬁ“fir@@&*aﬁﬁ?éf@nﬂeﬂét&r@déseﬁdrﬁﬁ 10a
of the cholesteric |iquid 25 crystal polyner sheet 10, so that |ight

conponent s sécorid EAispRIrend eledtfodes 4, Wnbldtules 'df hsnémhtieClglid @yl
scattering center wavelength [err]c are

46 nefragict Qiﬂluiduelg'stals 6here saliesd itverisecap L eRfingRid) AHB "RBht
Furt her, transmtted light in wavel ength regions othér than the

scat t er i ngrdwatidn Ptd»ﬁ:erty sql that] lineady pdlarizéd dustt fdlEngetencon gramdetid on
film28 for circularly polarized light, but it is absorbed by the
t r ans|lftenalighgientadivectiong7beobehe lappeb liduide upgstak nyoledales efansaiied

color in a bright netallic tone is obtained. If the voltage is
appl i ed bethromghf ithet TIN aligpial eorystal ecell odein 3handame diretiandist igrispar ent
ol ectr OdeSAAE:’co;'rclljilneg(i;,l tehse ﬁilegrlgeprz)eigli‘i;ecll iliqglilitOIt:raCl;53/1::1itt?el<iS through the TN liquid
crystal cell 7 falls on the first retardation film 27 for circularly polarized
light at a 45° counterclockwise angle, so that it is turned into a left-handed

15  circularly polarized light shown in the ON-state in Fig. 13. Further, the
linearly polarized light is opposite to the twisting direction 10a of the
cholesteric liquid crystal polymer sheet 10, so that light having all the
wavelengths transmits through the cholesteric liquid crystal polymer sheet
10.

20 Light which transmitted through the cholesteric liquid crystal
polymer sheet 10 is returned to linearly polarized light at the second
retardation film 28 for circularly polarized light but the oscillation
direction thereof is rotated by 90° from the direction in which light falls on
the first retardation film 27 for circularly polarized light, and becomes the

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

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



nematic liquid crystals 6 are caused to rise up to extinguish the |ight
rotation property so that linearly polarized |light falling thereon fromthe
10 alignment direction 7b of the uppd? liquid crystal nolecules transmits
through the TN liquid crystal cell 7 in the sane direction as it is.
Accordingly, the linearly polarized |ight transmtted through the TN Iiquid
crystal cell 7 falls on the first retardation film27 for circularly

ysta, cel Tl Srreta Im , wary
Porned | ntid 1s FlssBedyy fadobAiich iS el dikc 95 the SHigRlb dRBCHBRTS bf ©

L oec Lo 2 ) ! ! ! »
Co the twith; uppef Bquit crisial ipfocules, LiBRERMeiGA fibhehl 16 sefofigpos | ©
pol ymer sheefrdhfionSRlth 28 for efttulialy glalac’ﬁied nght is abwhqumggké@ﬂé mts

t hrough the cholesteric liquid cryst pol ymer” sheet

Li ght i glolafiahealiets tindars holsdelingiiay. o 1iquid crystal pol yrer
e

sheet 10 i's returned to linearly polariz 7 ght at the second

retardgtion fil ARSES gslatd havimy hylupginescemst Cemtetr wanelbhetlpsTl|dfas10n
direction thereof is rotated by 90[err] fromthe direction in which |ight
fall's on nm, andeshovwhig rephittedalighn ihi 4 B18iKhf prect £oluradd mplbgéd zgdal i ght,
and becones the 25 sane direction as an alignnent direction 7a of the

| over T qubatkdighfit #6 in the ngdrae UinadneSiasc ehe Herst reaanbodirtenn aWlenldheof the
second polarizing film _ 47

18 is di spmmokdighit 165§ ditrip \ihi £ black displagrstateswihieee al vgohtageatis dippdiid,on 7b
of the upper liquid crystal nolecules, light transmtted through the
second lightetransiaitted thiicugh?thef seconidrpolasizing fitinat 8 iedotatehbyi 30%bygor bed
by the second polarizing film18 to indicate a black display. 5

An EL1QI atthehsedomgl retardetiars didne 28 font eircutarty podatizéddight arhd 3he first nm
and showing emtted light in a bluish green color is enployed as a

backl i ght reandationefiban2’ fencincularly peldrized lightoandahis ab¢erbednby the
backlight 16 is |it up_in a black display state where a voltage is appli ed,

first polarizing film 17, and hence it does not transmit through light of the
backlight 16.

In an.OFF -state displaying golden reflected color when no voltage

15 is applied, light in a wavelength of not more than 560 nm can transmit so
that it is well illuminated, and the same display in brightness relation
between the display therein and the display by an external light without
lighting up by the backlight 16 (correct conversion display) to enhance a
good visibility even at night.

20 Accordingly, with the construction comprising the first polarizing
film 17, the TN liquid crystal cell 7, 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, the second
polarizing film 18, the translucent light absorbing member 15 and the

25 backlight 16, it is possiEle to obtain a liquid crystal display panel capable
of indicating bright reflected color display with high contrast, and



light transmtted through the second polarizing film18 is rotated by 90 by
10 the second retardation film28 for circularly polarized |ight and the

first retardation film27 for circﬂtSarIy pol arized light, and it is
absorbed by the first polarizing film17, and hence it does not
transmt through |light of the backl i ght 16. In an

OFF-state displaying golden reflected color when no voltage 15 is applied,

light in ajydivatinpahe sz{im@%ﬁspmyemt BﬁgPﬁ%%_s TelAoh bedwesh illaminationtthpt 1t

is well illumnatéed, and the saie display in brightness relation

bet ween thbadkﬁghﬁn t hedeitheadispliy Byspnakexbyrral Hxher aad lihdivatigt hout

lighting up by the backlight 16 (correct conversion-display) to enflance a
good vi si binédochresatit colatdispR in a metallic A6a@ it tigh vidibilityeven at

construction conprising the first polarizing film17, the TN liquid
crystal cehlight. the first retardation film 27 for circularly polarized
| ight, the cholesteric liquid crystal polyner sheet 10, the second

retarddfion film28 for circularly polarized light, the second
pol arizing film 18, the translucent |ight absorbing nmenber 15 and the 25
backl i ght 1Modificatiqmwefile Sixth Bimbadiment ofdiiduid Csystal DisplayyPascie!

capabl e of indicating bright reflected color display wmth high
contrast, and  Although the TN liquid crystal cell 7 is employed4i® the sixth
i ndi cating the same display in brightness rel ation between illum nation by

backl i ght i embodiment, évepl ifytheyfizsst retardation filgh?7 fordcirculiacht potarized
monochromatic color display in a netallic tone with high visibility even at
ni ght. 5 light, thetclidlestericohqeifd crystai palynierisheetd 0t the sedond retardation

Di spl af/ Panel . Al though the TN liquid crystal cell 7 is enployed
i n t hel@j xfilm 28 foseirauladptpolariged ilightrand thes secandpotarizingffilom 187ateor
circularly polarized .light, the cholesteric liquid crystal polyner
sheet 10, tmplopedria the Jignidi exystal display panel employing the STN liquid

crystal cell 12 and the retardation film 13 used in the second embodiment,
or in the liquid crystal display panel employing an STN liquid crystal cell
20, the twisted retardation film 19 used in the third embodiment, the liquid

15  crystal display panel which is the same as the sixth embodiment can be
obtained.

Further, in this modification, although the translucent light
absorbing member 15 is disposed between the backlight 16 and the second
polarizing film 18, the liquid crystal display panel similar to the sixth

20 embodiment obtained even if the translucent light absorbing member 15 is
removed as explained in the fourth embodiment.

Still further, although a normal absorption-type polarizing film is
employed as the second polarizing film 18, a reflection-type polarizing
film can be employed as explained in the polarizing film 18, a reflection-

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



10 film28 for circul arly polarized light and the second polarizing film

18 are enployed in the liquid crystal display panel enploying the STN
liquid crystal cell 12 and the ret4@dation film 13 used in the second
enbodi nent or inthe liquid crystal display panel enploying an STN
liquid crystal cell 20, the twisted retardation film 19 used in the

third enbodinent, the liquid 15 crystal display panel which is the sane as
the sixth ' : ' i ' .mEutther, in this
modi fi cat | %ﬁ%ghﬁ%’g(ﬁﬂt egﬁtorfgﬁlﬁug‘?etﬁ'ltyeﬁ‘?%’tsf’lay Panel: Fig'12 rorer 15 1

di sposed bet weenat ' ; R??ﬁ . . | Z] film 18,
the liquid cr ystlz}l Hgiuggl‘éggs%gtr%%ﬁg? aége?%&?ﬂg%swwl%é aargﬁét@?ﬂget] a

obtai ned eygyenith diBolimefit WFRE invehtioRPROAS! §Eﬁ-@? ith | rgnmoved
as explained in the fourth enbodi ment .10% ROh6Wde ‘ﬁl url’tég%rF,nCSItt%hough
a nornmal appRry®ion-type polarizing filmis enpl oyed as the second

polarizing film 18, a reflection-type pol ari zi ng filmcan be enpl oyed

as explsained in hdi ' ; I | O8)s i Zi ng
i1 m oan bo. enpl oo oe LaEId Oy SIS Play phfi ! TCHc e vetith oRSodihéti

49 thSeyané fasHiieosticomd eboldimeh ilgcbﬁkﬁ'hc@bﬁpisa&x@'i‘ﬁéd if'Mg. 32

A liquid crystal display panel used in a tinepiece according to a

sevent h endgxeptahat ah BElhlatevshowiiip émitied] i 1 %ﬁlgﬁl 0
Fig. 12. 5 Si nce(pt he liquid crystal %gglﬁsﬂlﬁgnéegogﬁgt g)gl\?teint h

enmbodi nentas s backlighte thenexphnafions @fotkk eroiRtustivn itﬁeféliﬂf_sh%ﬂ% IthR as.
e

explained in Fig. 3 except that an EL plate show ng emtt l'Tght in

a whi |l e cddectional sigwdyednitted. as a backlight, the explanation of the
construction thereof using the sectional viewis omtted. 10

The ElOpl ate shdlheleplateeshovwiniy emitted Mightdncoindiilé solurcparegakad by
coating fluorescent dye having |ight emtting wavel ength of 580 nm onh the
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
employed in the second embodiment. A light emitting spectrum of the
EL plate showing emitted light in a while color and transmittance curve of
15  the liquid crystal display panel are shown in Fig. 12.
The light emitting operation and the operation when the backlight
is lit up in the seventh embodiment of the invention are now descried with
reference to Fig. 12.
In Fig. 12, the transmittance of the liquid crystal display panel in a
20 state where no voltage is applied to the liquid cryétal display panel in the
seventh embodiment at the selective scattering state is shown by a solid
curve 53, whereas the transmittance of the same in a state where no voltage
is applied to the liquid crystal display panel at the black display state is
shown by a solid curve 52. In a state where no voltage is applied, it is

25 found from the curve 53 that right-handed circularly polarized light in the

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



surface of the EL plate showing enmitted light in a bluish green color

enpl oyed in the second enbodinent. A light emtting spectrumof the EL
pl ate showing emtted light in a while5@olor and transmttance curve of 15
the liquid crystal display panel are shown in Fig. 12. The
light emtting operation and the operation when the backli ght is it

up in the seventh enbodi nent of the invention are now descried with
reference ,t Q n_Fi 12, the tr ttance of the

| Caat d o i P i nepiis peflested. e Jighy odmpnotisdnovase (et geBlES.gbet od 1o
el ot ve tba e FrafedBe Hertiiin nspis as eB B " oirve 53, wher cas ¢ he

the 11 qui d orysrab CoreBER, if e b riligdfelis RS a dputh FrafiuCeRE o0,
found 1 r origleXigpbing Infipbie? 1% B ShE 188t End 20 iy BRThE Motk 5081 1 e
50 ¢ 5" st b ot et Bh A el Pl RS o DR SR g
hocor di nlriace o PRI GG i FRBSiBREREiEater £BTEN Blac Bty
O£ HEU TR LBt Lreg SO A AR 1 710,
T e "ot den QBB dRhct BERRIRKIBANe erd b JARRSRIBIAIAE L EGRE °
Vol t age | STOBERBIRE, 52 that light transifhdc Bl 10iEy, idladicfilp 71 © 2
transgptt 9d A1 GbsorBed | b3 the Vetbha! PalaiZifly Tin 8 it d@?g?ag;@méped by

the second polarizing film“8 to indic
display.
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The operation of the backlight 16 is described next. Since the EL
plate showing emitted light in a while color is prepared by printing
fluorescent dye having luminescence center wavelength of 580 nm on the

15  surface of the EL plate showing emitted light in a bluish green color, it has
two luminescence center wavelengths. A curve 55 denoted by broken
line in Fig. 12 shows a relative light emitting spectrum of the EL plate
showing emitted light in a while color used in the seventh embodiment.
The EL plate showing emitted light in a while color has two light

20 luminescence peaks, i.e., a first luminescence center wavelength AL1 = 490
nm and a second luminescence center wavelength AL2 = 580 nm, and it
shows whitish light emitting color.

Although the liquid crystal display panel indicates a golden
reflected color display in a state where no voltage is applied, light having a

25 wavelength of not more than 560 nm can transmit through the cholesteric

liquid crystal polymer sheet 10. Accordingly, light having the first light



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

plate showing emtted light in a while color is prepared by printing

fl uorescent dye having | um nescence cerfiler wavel ength of 580 nmon the 15
surface of the EL plate showing emtted light in a bluish green color, it

has two | um nescence center wavel engths. A curve 55 denoted by broken
line in Fig. 12 shows a relative light emtting spectrumof the EL plate

1010 SRR A i g By T s T g
a0 oo BEE6RA lwinedfehbt dentel WA R R oft T RRPRY DA
L, MRS AR SRR AR Gouen e ol
navel angt IPRICPRIRES Polih 901 340 CanTBRighily, ilhtihale ol 1B digh,

| i quidscry. 1390! hgly, light having the first |ight
5y 1 IV isbilig i hafhed ErefleE piLhe

escence pe _ aving the wavel ength which is
shorter than By! e %ﬁggﬁ\&rhéﬁl USSR CRsS St twoY Shfifibdedmer berted! the

second | i ght | um nes ce peak respectively transmt through the

chol est eriwaveletighhs as tHéYBAGKIigt YGEas SAERiibed apdveant Hsi pbidible to
illumnate so that a high 5 visibility can be obtai ned even at night.

By the enpineiometa OrighttrefReted Balort ARplaymiwias beste eopaakeand to inddvgakengt hs
as the backlight 16 as described above, it is poSsible to I ndi cate a

bri ght refthecigde displaydioshtighitngst relition betwéastheadidplay tideehad the the
sane display in brightness relation between the display therein and the 10

di spl a9 bydisplexttey mal ekierianl ightowtithddtu itlwaination ybyb dakklightingg , thusus

indicating a monochromatic color display in a metallic tone with a high

visibility even at night.

Modification of Seventh Embodiment of Liquid Crystal Display Panel
15 Although the STN liquid crystal cell 12 and the retardation film 13
are employed in the seventh embodiment, if the EL plate showing emitted
light in a while color having a plurality of luminescence center
wavelengths as the back light 16 is employed even in the liquid crystal
display panel employing the TN liquid crystal cell 7 used in the first
20 embodiment, or in the liquid crystal display panel employing the STN
liquid crystal cell 20 and the twisted retardation film 19 used in the third
embodiment, the liquid crystal display panel which is the same as the
seventh embodiment can be obtained.
Although the EL plate showing emitted light in a while color is
25 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



i ndi cating a nonochromatic color display in a netallic tone with a high

visibility even at night. Modi fi cation of Seventh Enbodi nent of
Liquid Crystal D splay Panel 15 32t hough the STN liquid crystal cell
12 and the retardation film 13 are enpl oyed in the seventh enbodi nent,
if the EL plate showing emtted light in a while color having a
plurality of |um nescence center wavel engths as the back light 16 is

| q : ¢ . . . di i t TN
TTour i cry ety I dIE sevish dimbplifthont, it J§' ORI 88 SmbTEy ﬂ#t%fﬁaeugd h
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be obt ai ned. though the EL plate showng enmtted In a
whi | e col oshbwiRf emiteiblight i £ BRISHErELRRISLOE Y MiRyd Morkici & tting

wavel engt h 580 nmon the surface of an EL plat'e showng emtte I ght

in a bl3i sintgyiekiish ﬁreen ﬁg_ht emittin% body. _ 52
color in the seventh enbodinent, it is possible to enploy the EL plate

showi ng emitted Fugilerj ralthoMpt enc ®IOrplate tirvig bwe" luthindgcéhd esaRet dye

on the lower side of a transparent electrode onthe surface of the EL plate

show ng enmwdvedengthidt nathely PiHe Rifiniie888n&OLOtite? rw@VelEhgﬂﬁglLﬂQE efLhRin dve
5 into bluish green [ ght emtting body. urther, although an

o AITRLD R0 e epEA N 55 o BEKARA Y R ot
has been usgfbotinieit, Patleashbnédight miRting“wavelength is deviated from the

10  selective scattering center wavelength Ac of the cholesteric liquid crystal
polymer sheet 10 by not less than 50 nm, bright display can be obtained
when the EL plate is lit up.

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

15  light provided with two kinds of, i.e., green and red light emitting diodes in
light emitting color which are attached to a plastic light guide plate, or a
side light provided with white florescent light in light emitting color which
is attached to a plastic light guide plate is used in this embodiment, the
same bright illumination can be obtained.

20 Still further, although the translucent light absorbing member 15 is
provided between the backlight 16 and the cholesteric liquid crystal
polymer sheet 10 in the seventh embodiment, it is needless to say that the
same liquid crystél display panel as the seventh embodiment can be
obtained even if the translucent light absorbing member 15 is removed as

25 explained in the fourth embodiment.



enbodiment, if at least one light emtting wavelength is deviated fromthe
10 selective scattering center wavel ength [err]c of the cholesteric liquid
crystal pol ymer sheet 10 by not |1&3s than 50 nm bright display can be
obt ai ned when the EL plate is it up. Still further,

al though an EL filmshowng emtted light in a wite color is used as
the backlight 16 in the seventh enbodinent, even if a side 15 [|ight
provided with two kinds of, i.e., green and red light emtting diodes in
light emtting color which are attached to a plastic |ight guide plate, or

a Si dwaltélgugmgég%qr%eglé/\m%nﬂyr{ e florescent light in light emtting
s a ap

col or which tached to astic light guide plate is used in this
enbodi nent, the Fj ' ' ' ' |

Still further, alflgholuggﬁmtaah:?%g?ﬁgldglcZ%Etwla(?fg%t %ﬁﬁgtﬁnﬁgﬂ?ei‘gawg’

provi ded w thiecetafidl WBW tHereédf! anldeFigh aues s&cticndl ViEW o P theSidthe

pol ynmer s in the seventh enmbodiment, it is needless to say that the

sane | SquiWlawhyfshémﬁjtg&ﬁbantd?ﬁapéom&?oﬁﬁvﬁebﬂ embodi ment can be
obt ai ned even if the Translucent |ight absorbing nmenber 15 is renoved as 25

expl ai ned in theAfcaget20 eftheiqirtz watch is made up of a glass plate 22 and a
53 Wat ch Enbodyi ng the I nvention Fig. 13 is a

per spect i wasgibackatoverdl 3yiihedgrallgijoaiddwithypeav@bolly 21 madelsfanetalt he
external view thereof, and Fig. 14 a sectional view of the same 5 watch,

showi ng the int él’lnmlgltam?lamﬂbnist nexdeofof a transparent mhtétigle sdGhohst he
quartz watch is nmade up of a glass plate 22 and a case back cover 23,

TS 3 poppiglan empost s, plfhcg e gl foned with e ol 2+
10  front face of the case body 21 by means-of direct bonding, or fitting therein
via a packing. The case back cover 23 is integrally joined with the back
face of the case body 21 by means of screwing therein or fitting therein
via a packing.
Thus, the case 20 has an airtight inner structure so as not to allow
15 ingress of dust or moisture therein.

Any one liquid crystal display panel 40 of said respective
embodiments to serve as a display for indicating time and so forth is
installed on the side of the glass plate 22 inside the case 20.

The liquid crystal display panel 40 comprises a time display section

20  40a for displaying hour, minute, and second, a calendar display section 40b
for displaying month, date, days of the week, and a colon mark display
section 40c for blinking every second. |

Further, the liquid crystal display panel 40 is capable of displaying
a function of time display for 12 consecutive hours or 24 consecutive

25 hours, of displaying a function of calendar display for month, date and

days of the week, an alarm function, a stopwatch function, a timer function,



sapphire gl ass, tenpered glass, or plastics, and integrally joined with the
10 front face of the case body 21 by neans of direct bonding, or fitting

therein via a packing. The case bab# cover 23 is integrally j oi ned
wi th the back face of the case body 21 by neans of screwing therein or
fitting therein via a packing. Thus, the case 20 has an

airtight inner structure so as not to allow 15 ingress of dust or npisture
therein.  andsoforth. Any one liquid crystal display panel 40 of said
respective enbodi ments to serve as a display for indicating time and

so forth is Chiifgloved BohdSuehIParibud gxg?adi@ﬁé RPLBEEHORSO e

case 20. The I'itquid crysta ay pd conprises a tine

di spl , . i : i d: endar
i spl ay segid eReeftedB3 Ihgigl 1§ﬁhg(§% pmlaﬁw; of@vg‘i‘g%lgijngaﬁﬁ'ttéﬁf% install

di spl ay section 40b di sp ng nonth, days of the week, and
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a funct§ onbetweémeadh ol the sfvﬁ'tcﬂi%gcl%&@w%\&ld”'ﬂw éas‘érbc?% 29N%PA4hbY fo 25

hours, of displaying a function of" cal endar display for nth, date and
days of thallosekngress aff dust hid ahoidturetintd eheehsd 20unction, a tiner

function, . - 54 and so
forth. As shbangao¥eg. Mptle quanz waatchuhad dficinned Strubdrec Sidtect i on
of time are executed by nmani pulating a plurality of sw tching buttons

24 instal | énat the liquid leeystati display hrared st badya primed tdiecuia$dazd 300 apacki ng

-is provided 5 between each of the switching buttons 24 and the case body
21 so as ndisposed subssantially g rpasallel witlseacindther fiside thercasé 26, aadea 20.

As shown in Fig. 14, the quartz watch has an inner structure such t hat
the |iHui dbattgsy 31l fivr sptengpena driddng pbdwemsonte bfthe printed airchiBBoard
30 is installed on the case back cover 23 side of the printed circuit board
30.
A semiconductor integrated circuit 33 comprising a crystal
oscillator 32 having an oscillation frequency of 32,768 Hz, a crystal

15 oscillation circuit for generating a predetermined signal by oscillating the
crystal oscillator 32, a counting down circuit, a driving circuit for driving
the liquid crystal display panel 40, a central processing unit (CPU) for
overall control of the quartz watch, and so forth is mounted on the printed
circuit board 30.

20 The liquid- crystal display panel 40 is electrically connected with
the printed circuit board 30 via a zebra rubber connector 34 disposed
therebetween. The zebra rubber connector 34 is disposed so as to be
compressed thicknesswise in order to ensure electrical connection between
the liquid crystal display panel 40 and the printed circuit board 30.

25 The zebra rubber connector 34 is made up of electrically

conductive layers, composed of insulating silicone rubber with carbon and



di spoSed substantially in parallel with each other inside the case 20, and
a 10 battery 31 for serving as a drivi ng power source of the printed

circuit board 30 is installed on tBhd case back cover 23 side of the
printed circuit board 30. A sem conduct or integrated
circuit 33 conprising a crystal oscillator 32 having an oscillation

frequency of 32,768 Hz, a crystal 15 oscillation circuit for generating a

quency. : ! = - . .
Count i ng dae s PASTHICS CARR eI eRein, 8Rd formefatH BredAbimiitShirc it
crystal di efecyicalyelcot@uctivecihl the pﬂﬁéﬁﬁ;@%”%ﬂmlggﬁ%?suz Efof via fy&rall

control of the quaftz watch, and so fort e printed

circuit bozespéiflive?@lectrically cIRduétiveildyérsy B! irf iasﬂjaﬁ){v%ﬁgg) ifffutated

electrically connected with the printed circuit boar via a zebra
rubber conreatitioRbetiwesnadiacent eléét?icﬁﬂ?tdﬁ?ﬂﬁcti%elaanéﬂr. a rubber connect or
34 is disposed so as to be conpresséd thicknesswmse in order to ensure

el ectrifal conned iconneetivheterminal pétern BUfcinss f and
the printed circuit board 30. 25 P The Ze%?g%ﬁ%?k%fﬂ%gﬁg?@df S

made up of ceystal displhypanel 40canduheipténtedyeifcuit HRARP S0 pfpdsiteUortadhy

silicone rubber with carbon and

55 otin¢| respectively donsecines fasbien nas avd doprdpenat 16 péﬁitecﬂ@r m ned
pitch, and electrically conductive in the direction of thickness

t hereof vi gonductive partsspectthee zebext nibber! vonnectost 3Me feed. oPuthd N a
transver sel i/ I nsul at ed condi ti on between adjacent electrically

conduct i veelegiacally conductive layer,aespectively, and ihsalatipatpatdof shé eebed on
the faces of the liquid crystal display panel 40 and the printed
ci r cui k0 bomulbbanconpeetor i34, talternately disposedyeand ie inwrisisnsy at itle Suate a
fashion as to correspond to verticall ) conductive parts of the zebra
rubber conpi€hss that fontheevericallyeconductive patts.i cal | y conductive | ayer,
respectively, and insulation parts of the zebra
In this quartz watch, the liquid crystal display panel 40 for
displaying time information and calendar information, is capable of
indicating a single reflected color display in a bright metallic tone, and is
15 capable of displaying a monochromatic color which can be visible even at
dark environment such as night by lighting up the backlight, through the
use of the time display section 40a and the calendar display section 40b,
time display and calendar display can be indicated distinctly in color
display at night . '
20
INDUSTRIAL APPLICABILITY
As is evident from the above explanation, it is possible to obtain
the timepiece, having the liquid crystal display panel for displaying time
information and calendar information capable of indicating a single
25  reflected color display in a bright metallic tone, and capable of displaying

a monochromatic color which can be visible even at dark environment



10 rubber connector 34, alternately disposed, and in dinensions at the
sane pitch as that for the vertically conductive parts.

In this quartz watch, the liquid crystdl6display panel 40 for

di splaying tine informati on and cal endar information, is capable of
indicating a single reflected color display in a bright netallic tone, and
is 15 capable of displaying a nonochromatic color which can be visible

Chrouan ¢ St 3 it b9 HEBRing 160 & 239%% ‘ﬁ?’ O*M%%* 89 titfig di8phaf naant
di |

"ndi cat ed |st|a%€te'fbfla% can Befdieate fﬂéi% g g‘ﬂ{df‘j’?gﬂ éyn{gHNlDUSTRI AL
APPLI CABI LI TY  pyrther, lf tﬁé it uf‘d"éi?@iaﬁf ag@afﬁ%ﬁmvaoem@@ y gt 1S

possi ble to obtain he timepi ec l'1quid crystal |splay

panel for &hﬁﬂh@éhﬂgh absorbing’ OfERib&r) Qﬂdls?a B5¢iBle | B OhfiBidaRE Gapabl e
of indicating a singl € 25 reflected colof display in a bright metallic

tone, &nd grRpdRheoniatid Bl diglay in & HRIMANAWIENIC t68¢ Q0. WbtAiR eabrele

vi si bl e even at dark environnent

56 sbeiphegeflecteid byldr, ahid mouﬁm&dlsgﬂ@ywﬂfnbalehﬂﬁf figplay tanbe

di splay and cal endar dlsplay can be indicated distinctly in color

di spl ay atipgliedded more luminous-whichethe bdckliphtlis ligigh. crystal di spl ay panel
does not enploy a translucent |ight absorbing menber, it is possible to
indicate a 5 nonochromatic color display in a bright netalllc tone to
obtain nore bright reflected color, and also tinme display and cal endar
di spl ay can be i ndi cated nore | um nous when the backlight is lit up.



57 VWhat is clainmed is: ' 1. Atinepiece conprising a
liquid crystal display panel capabl e of di splaying at | east either of
time information and cal endar i nfornmat i5dn, said liquid crystal display
panel conprising: 5 a TN liquid crystal cell with about 90[err]
tw sted nematic liquid crystals seal ed i n-between a pair of
transparent substrates having respective transparent el ectrodes;

a first poWHa't%s gfhifﬂédrisgi sposed on the visible side of the TN liquid
crystal cell; a second polarizing film a retardation film

f larl I Hg%%;
sgtrae'?l rgut ?;ngl %eﬁ{ﬁﬁ? lefce coﬂnbgiggn %lln e?ﬁa(h%ﬁ}élyg%&ﬁis&aﬁ bg@sposed
successi v X}S)Big']ﬂ% Satdﬁea@i difter of tin® 1'n'f8Hth16ﬁy§ﬁd*|ca‘I&lldar AP tg‘q f,r om

the visible her eof t1 mepi ece conpri sing ’quid

crystal di@@dlﬁg @ysﬁp ngﬁlgy?énépconﬂj@hgyl ng at |east either of tine
n

I nformation a cal endar information aid liquid crystal display

panel §onprising TN 11qu1d crystzﬂncefﬂ_'\{’vit'hq':ib@u?r9ﬁ’Dt "l‘hﬁ@ﬂ' %éé‘fnta cLhggr] to

270[err] twi sted nematic |iquid crystals sandw c et ween pa| r of

transpar ergryStalist s@dled Havbétveen ar?gfiﬁcéf V& hé@ap‘%ﬂﬂ §%Brﬂ?+t%§t rl%@?ﬁg 20

aretardatlonfllmdlsposed on the v | e SI I qui
crystal ceekpective transparent%lédti’édes@m arizing filmdisposed on the outer

side of the retardation film and a second pol ari zing
film a retardatd figstf polaizmg filie digidsedron #ié Iwsib?e‘Ssmel ¢19ﬂie TN @Ema estric
liquid crystal polymer sheet, a translucent |ight absor bi ng nber and

a backl i gmrygha$|ceﬂ¢dnaucce55| vely on a side of the
10 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
TN liquid crystal cell, opposite from the visible side thereof. |
2. A timepiece comprising a liquid crystal display panel capable of
15 displaying at least either of time information and calendar information,
said liquid crystal display panel comprising:
an STN liquid crystal cell with 180° to 270° twisted nematic liquid
crystals sandwiched between a pair of transparent substrates having
respective transparent electrodes;
20 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
a second polarizing film, a retardation film for circularly polarized
25 light, a cholestric liquid crystal polymer sheet, a translucent light

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

R



58 STN liquid crystal cell, opposite fromthe visible side thereof.
3. The tinepiece according to claim?2, wherein the retardation filmof
said liquid crystal display panel is a bRisted retardation film

4. A tinepiece conprising a liquid crystal display panel capable 5 of

di splaying at least either of tinme information and cal endar information,
said liquid crystal display panel conprising: a TN liquid
crystal ceSfrwliquidtvi?sta%bﬁ; bbesﬂtéffﬁﬁnﬁhﬁwisifblé isidé ehereof. crystals seal ed
i n-between a pair of transparent substrates having respective
transparent el ecBtodEse ti;ﬁeFiece according i tostlainl &, i whefeifi the sétapdaich on
the visible side of the TNTiquid crystal cell; and a
second pol flnrofigaid liquichcryst:ﬂrdiaPlay?dmélrisfapuwics'tdcttdtafda)tiqmﬁknl zed

light, a cholestric liquid crystal polynmer sheet and di sposed successively
on a side of the4TN Aitimepieceysomipristhg,a bigmod icrgstal displag pamsl idapablele 15

t her eof , ] ] wherein a face of said backlight, opposite to said
chol est¥i cofidispkiying at degsttaithqrodf) tiene sifermatiors and faalendaminformationer i ng
pol arized |ight. 5. Atinmepiece conprising a liquid crystal

di spl ay pasrald bgpubtrystal displayipamtlagomprising:east ei ther of tine
i nformation and cal endar information, 20 said liquid crystal display
panel conprisinga TN liquid crystahreefiTwithgaboutc 905t tivisted | nevnatic 1HQuédr] to
270[err] twisted nematic |iquid crystal s sandw ched between a pair of
t r anspar encrysibkst rsaaded hamibegween a epaieciofv etranspaspnt esubsttates r hdwsng
a retardation filmdisposed on the visible side of the STNIliquid 25
crystal cekgspective transparentelectradespl ari zi ng fil m di sposed on the outer
side of the retardation_ _ . . o .
10 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 polymer sheet and disposed successively
on a side of the TN liquid crystal cell, opposite from the visible side
15 thereof,
wherein a face of said backlight, opposite to said cholestric liquid
crystal polymer sheet, has a function of scattering polarized light.
5. A timepiece comprising a liquid crystal display panel capable
of displaying at least either of time information and calendar information,
20  said liquid crystal display panel comprising:
an STN liquid 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
25 crystal cell;

a first polarizing film disposed on the outer side of the retardation

R N O



59 film and a second polarizing film a retardation

filmfor circularly polarized light, a cholestric liquid crystal
pol ymer sheet and a backlight di sposed59 successively on a side of the
STN liquid crystal cell, opposite fromthe 5 visible side thereof,

wherein a face of said backlight, opposite to said cholestric liquid
crystal polyner sheet, has a function of scattering polarized |ight.
6. A tinmegjegeaggcording to claim5, wherein the retardation film of
said liquid crystal display panel is a twisted retardation film 10

7. A timepiece LoyP RB&I?Zih'gfﬁnlgﬂ, 5&&%&5&%%&&9%&%@? fl&n’zed of

di splaying at |east either of I nformati on and cal endar ormat1 on,

sai d |iqui] lﬁ[wbﬁbleséitﬁelﬁqui@peﬁﬂvst_ﬁppbyxﬁbﬁ%hcet and a backlight Tspbged d
crystal cell with about 90[err] tw sted nematic liquid crystal s seal ed

i n- bet weeguacesiveBf onr ansidaréhthe STNrRgeRl aydtab céh, opP! Recfrbie the
transparent el ectrodes; a first polarizing filmdisposed on

the vi §i blvisiblegidd thidreofN | i qui d crystal cell; and a
first retardation filmfor circularly polarized light, a cholestric

liquid crystal pohgsrein & e of aaizbbaddli%m,aipimsﬁnentd sdidh ¢lwlestric ligaidy 20
polarized light, a second polarizing film a translucent |ight absorbing
menber an(tr?isﬂaiipbﬂj'mler shest) drmsch fuctiossofvsdatteringipolatizedilighe TN i quid
crystal cell, opposite fromthe visible side thereof. 8. A
ti mepi ece conpriGi nd tinlépjece accyxling tdicdaim\b, pehetein dhalretardation dilm
displaying at |east either of tine information and cal endar information, 25
sai d |i quiaf sai¢ diquiid dirystad displaypanehis & $wisfed retardation film.an STN i quid
crystal cell with 180[err] to 270[err] twi sted nematic liquid
10 7. A timepiece comprising a liquid crystal display panel capable
of displaying at least either of time information and calendar information,
said liquid crystal display panel comprising:
a TN liquid crystal cell with about 90° twisted nematic liquid
crystals sealed in-between a pair of transparent substrates having
15 respective transparent electrodes;
a first polarizing film disposed on the visible side of the TN liquid
crystal cell; and
a first retardation film for circularly polarized light, a cholestric
liquid crystal polymer sheet, a second retardation film for circularly
20 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. A timepiece comprising a liquid crystal display panel capable
of displaying at least either of time information and calendar information,
25 said liquid crystal display panel comprising:

an STN liquid crystal cell with 180° to 270° twisted nematic liquid

AR



60 crystal s sandw ched between a pair of transparent substrates
havi ng respective transparent el ectrodes; a retardation
film di sposed on the visible side of th@0STN Ii quid crystal cell; 5
a first polarizing filmdisposed on the outer side of the retardation

film and a first retardation filmfor circularly polarized
light, a cholestric liquid crystal polynmer sheet, a second retardation

filmfor cerethR' ls¥ndwiché®! Béiv@é‘ééle L%gﬁﬁigagf gﬁ‘éggeﬁégﬁ[ klélbéigatteh' Hhvihg

transl ucent 11 ght absorbing 10 n I sposed

successi Veféspé&ﬁ@e&kﬂ?sgh&eﬁbéleéﬂi@dhkgm d crystal cell, opposite from
the visible Side thereof. 9. A tinepiece according to claimS8,

wherei n the ret agdetadatiod Hlm dispaseaa%l the CwisEbler $idbabf the BN Hgﬁﬁ s a

twisted retardation film . A timepiece conprising qui d
crystal diepystyl gglhel capable 15 of displaying at |least either of tine
I nformati on and cal endar information, said liquid crystal display

panel conpri singa first golarizing film diSposedich tHeyshdr sidk!ofiHerethRidtioPl e 1l
tw sted nematic |iqui crystal s seal ed i n-between a pair of

t ranspar enfilsyhsdr at es havi ng respective transparent el ectrodes; 20

a first polarizing filmdisposed on the visible side of the TN liquid

crystal cell; and first retardation filfi fet oirtudadgt pelarizednlight, &idteslestriey
pol arized light, a cholestric | iquid crystal polynmer sheet, a second

o o g el pobver et 5 ot cqacsgon S or oty 10,
crystal cepolarigedodight, rseconte polarizimgsifilhe ai transheepoflight absorbing
10 member and a backlight disposed successively on a side of the STN liquid
crystal cell, opposite from the visible side thereof.
9. A timepiece according to claim 8, wherein the retardation film
of said liquid crystal display panel is a twisted retardation film.
10. A timepiece comprising a liquid crystal display panel capable
15  of displaying at least either of time information and calendar information,
said liquid crystal dispiay panel comprising:
~ a TN liquid crystal cell with about 90° twisted nematic liquid
crystals sealed in-between a pair of transparent substrates having
respective transparent electrodes;
20 a first polarizing film disposed on the visible side of the TN liquid
crystal cell; and
a first retardation film for circularly polarized light, a cholestric
liquid crystal polymer sheet, a second retardation film for circularly
polarized light, a second polarizing film and a backlight disposed
25 successively on a side of the TN liquid crystal cell, opposite from the

visible side thereof,
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61 wherein a face of said backlight, opposite to said second
pol ari zi ng film has a function of scattering polarized |ight.

11. A tinepiece conprising a liquid cryéflal di splay panel capable of
di splaying at least either of time information and cal endar information, 5
said liquid crystal display panel conprising: an STN liquid
crystal cell with 180[err] to 270 twi sted nematic liquid crystals

CTanspar ent ol octTAdoay o' faeh dff aRe BACRIERE S, DAY Hoond polBRBREL Y

transparent el ectrodes; et’'arda

bolari i ng P hdsEfEIcon %?isgat%&ingﬁf(%liélggé%ﬁ%ikﬁé retardation S

polarizing fil'mdisposed on the out el . filkr?t
and fi i sk ¢ s 4Co : , a
chol estric Ilﬁduiﬁsﬁ?{/@gﬁéj%%ﬂn E‘rrlesélll% ?e%@ld?@gcé? flg?gé%?tliz(%%ap ifm 1;] ;)r
circul arl i iAs gt 9eadt & of & g | | axai’fff I g

di sposed y&%g}?g’g}g‘%ia&el 3§ onlﬂtzliersi dg&%?mﬁ?gﬁigjﬁ I ?ggi dallcrﬁst a 01?8??1,6 ’

opposi t® f xaid ligaid crystal dishley panel ¢dapei’ing: _Wherein a face of
sai d backlight, tloppo?i,te topsag}i,g secondppol agri zing film has a

function of scataar$TH Huid cEtal e witRQ80° to 270° t%%gdépﬁgﬂéﬁﬁf fiiiid

according to claim1ll, wherein the retardation f Irqul d

crystal di gpystilspaaadwichadt bebwesh r gt ﬁﬁﬁanOﬁ'ahkigﬂi*ent substrates havihg A
ti mepi ece according to claim1l1l, wherein a |um nescence center

wavel engt hredpddtivedizasparent efectiidés) i qui d crystal display panel is
devi ated by not less than 50 nmfrom a sel ected scattering center 25

Y10, Lo, sl 1 S bt Ut e SN it 14
10 crystal cell;
a first polarizing film disposed on the outer side of the retardation
film; and
a first retardation film for circularly polarized light, a cholestric
liquid crystal polymer sheet, a second retardation film for circularly
15 polarized light, a second polarizing film 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 second polarizing
film, has a function of scattering polarized light.
20 12. A timepiece according to claim 11, wherein the retardation
film of said liquid crystal display panel is a twisted retardation film.
13. A timepiece according to claim 1, wherein a luminescence
center wavelength of the backlight of said liquid crystal display pahel s
deviated by not less than 50 nm from a selected scattering center

25 wavelength of the cholestric liquid crystal polymer sheet.

14. A timepiece according to claim 4, wherein a luminescence

A



62 center wavel ength of the backlight of said liquid crystal

di spl ay panel is devi ated by not less than 50 nmfrom a sel ected
scattering center wavel ength of t8% cholestric liquid crystal polymer
sheet . 15. A timepiece according to claim7, wherein a

| um nescence 5 center wavel ength of the backlight of said liquid crystal
di spl ay panel is devi ated by not less than 50 nmfrom a sel ected

scatt eri nGceget Wavelex&gthﬁ’éf ¢h8 s dklIipht! S s&idligid icg}fénghg @%&?’é&?rﬂél aﬁo ymer

sheet . 16 ti mepi ece -according to cl

| um nescerdisviated Ioenaer 168y A0S0 ofm ToRAGK | eMitel! s8itdrihk kgl vot 2
1 | ecte

di spl ay panel is devi ated by not less than 50 nm froma's

scat t eri nowgeelegbth of theveholéytatlidqiidt W ' hqui d crystal pol yner
sheet . g 17. A tinmepi elccghacc ?%Im g oégf%glé%ql, wherein the

backl i ght of 15.sajAd timhépiiede Caoctirdinglits PElA¥mMP 7N SVhdlRsn @?%Hﬁésé&ﬁa t wo
e

| um nescence center wavel engt hs, and at | east one of um nescence

cent er Swawentegwavelendth ofiehe Baeklipht Wit sdidSHqiitPery aPﬂiiﬁlﬁg‘sqﬂfélqlseCt ed
a

scattering. center wavel ength of the cholestric 1iquid-cr pol yrmer
sheet . deviated by Iffot Aess nibraine SO am@ofHdmg a Geldded 4cattbishs! Beﬁﬂ'ﬁ

backl i ght of said liquid crystal display panel has not |ess than two

| umi nescerwavelength of the chelestrodiduid crystabpolyaet sheet. of the | uni nescence
center wavelengths is 20 deviated by not |ess than 50 nmfroma sel ected

scattering centd6. A timepicesgiccondinghto claihed(); iwhéteini Ll lemiséstenpe! ymer
sheet . 19. A tinepiece according to claim?7, wherein the

backl i ght cehter waveléngthi ofiithie dragkdight difssdidyligaiterymal displag3sariedds two
| um nescence center wavel engt hs, and at |east one of the I'um nescence
cent elOwadsivaaigdn dyt ;nats lesievthane SGynmotfromsa tsebectsd peattdriggn eeserect ed
Shoet o "havelength of the eholesic liquid crystal polymer sheet - oo POV
17. A timepiece according to claim 1, wherein the backlight of
said liquid crystal display panel has not less than two luminescence center
wavelengths, and at least one of the luminescence center wavelengths is
15 deviated by not less than 50 nm from a selected scattering center
wavelength of the cholestric liquid crystal polymer sheet.
18. A timepiece according to claim 4, wherein the backlight of
said liquid crystal display panel has not less than two luminescence center
wavelengths, and at least one of the luminescence center wavelengths is
20 deviated by not less than 50 nm from a selected scattering center
wavelength of the cholestric liquid crystal polymer sheet.
19. A timepiece according to claim 7, wherein the backlight of
said liquid crystal display panel has not less than two luminescence center
wavelengths, and at least one of the luminescencé center wavelengths is

25 deviated by not less than 50 nm from a selected scattering center

wavelength of the cholestric liquid crystal polymer sheet.
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63 20. A tinepiece according tb clai m 10, wherein the

backl i ght of said liquid crystal display panel has not |ess than two
| um nescence center wavel engt hs, a68 at | east one of the | um nescence
center wavel engths is devi ated by not Iess than 50 nmfrom a sel ected
scattering center 5 mavelength of the cholestric liquid crystal polyner
sheet . ti mepi ece according to claim 1, wherein the

ref ?2§t  on- tES'eaW' y ‘f‘ Pldke ﬁ?*?fdlﬁﬁ%dclﬁfﬁisﬁi: ‘yge?e“ih%pﬁ@%%%@ St
aud orySes h@.“i%"ﬁ{“%@ﬁ%ﬁ?’w%‘ﬂéﬁfg ST dfos YRR B0 TGiptocdicf o ditht,

23. At i zi ng
22 LR eenae 0l B0 ﬁrzéyﬁgatﬁgn%%&eﬁ% of SE68 Wayclonghl &
AsETRe gséa&

pol ari zi ngdewidted1 t i
wherein the second Sy no p(l)esgrl z?‘%gspl I'm o sal | qui cryst g.illr@dl S&}Qr

panel i5 awgidleagitrsf thedcholestri®Bhaid ehdall polmer sheet.

21. A timepiece according to claim 1, wherein the second

)

polarizing film of said liquid crystal display panel is a reflection-type
polarizing film.

22. A timepiece according to claim 4, wherein the second

10  polarizing film of said liquid crystal display panel is a reflection-type
polarizing film.

23. A timepiece according to claim 7, wherein the second
polarizing film of said liquid crystal display panel is a reflection-type
polarizing film.

15 : 24. A timepiece according to claim 10, wherein the second
polarizing film of said liquid crystal display panel is a reflection-type

polarizing film.
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