SPECI FI CATI ON TI MEPI ECE 5 TECHNI CAL
FI ELD The invention relates to a tinmepiece such as a wi st

wat ch, a desk clock, and the like, for displaying tine information and
cal endar informati on by use of a liquid crystal display panel, and
nore particularly, to a tinmepiece provided with a backlight for

I ndi cating transm ssion type 10 displ ay. BACKGROUND TECHNOLOGY

A tinmepiece for indicating digit £l time information such as
an hour, mnute, and second, an é@? : ‘gﬁggﬁgrnation such as a year, 15
nont h, date, days of the week, has been in w despread use as a digital

Wri st wat ch, or desk clock. Such digital display is nostly executed by
use of a liquid crystal displ . ' In some of the
liquid crystal display panels, superEMAEF%gEhenatic (STN) liquid
crystals are in use, however, in nost of the liquid crystal 20 display
panels, twisted nematic (TN) liquid crystals are in use. Ei t her

in thescaTROHNKIAL t IEEI)N | iquid crystals or in the case of

The invention relates to a timepiece such as a wrist watch, a desk

clock, and the like, for displaying time information and calendar

information by use of a liquid crystal display panel, and more particularly,

to a timepiece provided with a backlight for indicating transmission type
10 display.

BACKGROUND TECHNOLOGY
~ A timepiece for indicating digital display of time information such
as an hour, minute, and second, and calendar information such as a year,
15 month, date, days of the week, has been in widespread use as a digital wrist
watch, or desk clock. Such digital display is mostly executed by use of
a liquid crystal display panel.
In some of the liquid crystal display panels, supertwisted nematic
(STN) liquid crystals are in use, however, in most of the liquid crystal
20 display panels, twisted nematic (TN) liquid crystals are in use.l
Either in the case of using the STN liquid crystals or in the case of
using the TN liquid crystals, a polarizing film.is used in combination with
the liquid crystal for providing good contrast in effecting actual display,
and the polarizing film used in the liquid crystal display panel is an
25 absorption-type polarizing film absorbing light linearly polarized in the

direction orthogonal to the transmission axis thereof.



using the TN liquid crystals, a polarizing filmis used in conbination with
the liquid crystal for providing good contrast in effecting actual display,
and the polarizing filmused in the liquid crystal display panel is an 25
absorption-type polarizing filmabsorbing light linearly polarized in the
direction orthogonal to the transm ssion axis thereof.
This type of liquid crystal display panel is used in nost of comon

conbi ned wi th a TTyHEGF HAPRE ofyil display baier bﬁ%Eacl ﬁh;%ﬁbﬁgﬁﬁﬁéf%&%ﬁ;g

o e an acxl . |
GOV ¢ “GERar fineplies” SO NQMA, Rufeal "HRIAT pARPLe TeRBetfryg
crystal dishitihe@anithsa ?H;%ﬁ;érﬁﬁtihg[&ioaé g.%pg ﬁs;? fﬁackﬁggh a?é Kdpwh gel t hat

the LEDs are too expensi 0 execute al di spFay by use of them
the cost provide 4 sénkccoffuibirredehPhAd ap@@6mmerdisligsd il Ritge Murabérs. of t he
LEDs corresponding in nunber to Segnents for use in executing all digital
10 diSplay, anThese ae titedi d sumbesl of avadims for nombitihgr tie tligquid

di spl ayed than by use of the LEDs. In the case of using

t he |i qui drystgbdisplay panes mdtleithe LEDstasnatbacklight, sush hs tthe faéDthats a
backlight thereof, a few units of the LEDs wll suffice for digital
di-spl ay akhéddEDs iarewobl expemsive o exesutef all aligitah digplay by pseofithenpar t .
Further, in terms of power consunption, use of the liquid crystal

di spl ay péhelcost afythealiqhidverystahdisplay panelrisaldwen thpn the coshofcthee of

LEDs corresponding in number to segments for use in executing all digital

10 display, and use of liquid crystals enables finer patterns to be displayed
than by use of the LED:s.

In the case of using the liquid crystal display panel in combination
with the LEDs as a backlight thereof, a few units of the LEDs will suffice
for digital display although it will depend on a surface area of a display

15 part. Further, in terms of power consumption, use of the liquid crystal
display panel is by far lower than and has an advantage over the case of
executing all digital display by the LEDs only.

Now, a conventional timepiece provided with a liquid crystal
display panel and LEDs as a backlight is described in more detail

20 hereinafter with reference to the accompanying drawings.

Fig. 7 is a schematic perspective view showing a configuration
example of a digital display portion of a conventional timepiece for
displaying time information, calendar information, and so forth.

A TN liquid crystal layer 105 having a twist angle of 90 degrees is

25 sealed in a gap formed and sandwiched between a first glass substrate 101

~and a second glass substrate 104, by a sealant (not shown), with a



“executing all digital display by the LEDs only. Now, a

conventional tinepiece provided with a liquid crystal di spl ay panel
and LEDs as a backlight is described in nore detail 20 hereinafter with
reference to the acconpanyi ng draw ngs. Fig. 7 is a schematic
per spective view show ng a configuration exanpl e of a digital display
portion of a conventional tinepiece for di splaying time information,
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2 displayPhhéPmG!ent el ectrode (omitted in the figure) formed on
respective inne surfaces thereof, facing each other, thereby making

up a liquid cryg first absorptionltgpe pulatizitgOfilm 102 is disposed du & outer

absorption-type polarizing film 102 is disposed on the outer 5 si de of
the fi§ st silench tisfisstr glass SAbstratet @1 Unsibie! wisibléesidé offthelligniddcrystalt al

di spl ay panel 100, and a second absorption-type polarizing film103 is
di sposed display panedr1680,dendfa tsecond cabsbdrptionstypebpolazizing flm 103 is
- disposed on the outer side of the second glass substrate 104.

The first and second absorption-type polarizing films 102, 103, and

the liquid crystal display panel 100 are disposed such that the transmission
10 axis 102a of the first absorption-type polarizing film 102 is parallel to the

direction of the long axes of liquid crystal molecules on the first glass

substrate 101 side of the TN liquid crystal layer 105 while the transmission

axis 103a of the second absorption-type polarizing film 103 is orthogonal

to the direction of the long axes of liquid crystal molecules on the second
15 glass substrate 104 side 6f the TN liquid crystal layer 105.

A backlight 108 comprising a light diffusing layer 106 and two
units of red LEDs 107 is disposed on a side of the second absorption-type
polarizing film 103, opposite from the visible side. For the light diffusing
layer 106, a thick plate made of polycarbonate or acrylic resin, a thick

20 paper, or an adhesive containing grains to provide light diffusibility is used,
and an embossing treatment is applied thereto as necessary in order to
enhance light diffusibility.

With a configuration wherein the liquid crystal display panel 100,
and the two absorption-type polarizing films 102, 103 are disposed as

25 above, a display mode, called normally-black display, is effected wherein
transmission display of letters indicating time, and so forth is indicated



:Thé first and second absorption-type polarizing films 102, 103, and
the liquid crystal display panel 100 are di sposed such that the
transm ssion 10 axis 102a of the first absorption-type polarizing film 102

is parallel to the direction of the long axes of |iquid crystal
nmol ecul es on the first glass substrate 101 side of the TN liquid
crystal layer 105 while the transm ssion axis 103a of the second

absor pti on-] 24 ' 3 is orthogonal to the direction of
t he | ong gggéﬁgﬁﬂ)gékéfd%dsﬁa &8t ecul es on the second 15 gl ass substrate
104 side of the | HL r Ve : : t@&a&li t 108
conprising a |i g@l %Isgpllg% %g%@éré%ﬁg%ﬁﬁt% case WHﬁlreflg tg’fe re 107
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paper, or an hesi ve contal ning grain o provide light diffusibility is

used, 5 thedireefiodpaaHeNto tHeeahfiSmission aris bf the Sevotidoalisorptionstypey i n
order to enhance light diffusibility. Wth a

confi gur atpodarizing €ilm 103, oot of dightt eiitted pfreyn theeked MVEDs 107anis t he
‘two absorption-type polarizing filnms 102, 103 are di sposed as 25 above, a
di spl ay mtrimsmittietde ¢througtel the esohddiabporption-sype f polasizing e fidim 103.
transm ssion display of letters indicating tinme, and so forth is indicated
3 Since display letters 51 shown in Fig. 8 represent portions of the liquid

crystal display panel 100, where a voltage is applied between the
10 electrodes (not shown), the linearly polarized light is transmitted through
| the TN liquid crystal layer 105 without being twisted, and then transmitted
through the first absorption-type polarizing film 102 as the light linearly
polarized in the direction parallel to the transmission axis thereof, thus |
reaching the visible side, so that display by red emitted light is effected.

15 On the other hand, in a background part 52 shown in Fig. 8,
representing a portion of the liquid crystal display panel 100, where no
voltage is applied between the electrodes, the linearly polarized light
which is transmitted through the second absorption-type polarizing film
103 is twisted by 90 degrees while being transmitted through the TN liquid

20 crystal layer 105, and turns into the light linearly polarized in the direction
orthogonal to the transmission axis of the first absorption-type polarizing
film 102, thereby being absorbed by the first absorption-type polarizing
film 102, so that display in black is effected.

Thus, in the case of the configuration shown in Fig. 7, when the red

25 LEDs 107 of the backlight 108 are lit up, the light emitted from the red
LEDs 107 is transmitted through the portions of the display letters 51 only,



agai nst the background in bl ack. Fig. 8 shows a display
condition in the case wherein the backlight is it up. Wien the red
LEDs 107 of the backlight are lit up with the configuration as shown
in Fig..7, a light conponent linearly polarized in 5 the direction
parallel to the transm ssion axis of the second absorption-type
polarizing film2103, out of light emtted fromthe red LEDs 107, is
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crystal di y panel 100, where a voltage is applied between the 10
el ectrodes (n6t shown), the linearly polarized light is transmtted through
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t hrough the fir absorption-typé polari zi as the l'rght lTinearly
pol ari zedphBkti b st i naf@pS MEES] 9NglRoN , thus
reachi ng the v?g (til)% éﬁgi lég'ﬁpggsf ?Eg‘f%%?(ggeggi by reg]fz%i t9t %lgdwliv?g%?ﬁf@%'
effect®d. cbhdition when He bavkliphtds noelidup.n a background part 52 shown in
Fig. 8, representing a portion of the liquid crystal display panel
100, where no Withvhetcgtfigwration asshowhvizeFig.(7 iflthetreddeEDst b@7 lofnear |y
pol ari zed | i ght which 1s transmtted through the second

absor pt i othe baeklightii 08 iang niot litwup, a ligliticomponent Hoearly polardipeddn thii | e
being transmtted through the TN Iliquid 20 crystal |ayer 105, and turns
into the kirgetion pazallel pol the trahsimssion dkissofi the first absdrptionsypeo t he
transm ssion axis of the first absorption-type polarizing . film 102,

t her eby bpolarizingorfilsa 102 heut jofstlights dn Flm the avisibleg side isfi| m
102, so that display in black_is effected. . Thus, in the case of
the cbifi Qtaﬂéml&ﬁds&b'mghrthﬁi frstabsenptiontype polasizingfidlm d02%f Singe
backlight 108 are lit up, the light emtted fromthe re . .LEDs 107 is
transm t t Sasplaydeters 6d showndnsFig. 9 mepresent portiens of stgslhqmﬂywystgl

display panel 100, where a voltage is applied between the electrodes, the
- linearly polarized light is transmitted through the TN liquid crystal layer
105 without being twisted, and then transmitted through the second

15 absorption-type polarizing film 103 as the light linearly polarized in the
direction parallel to the transmission axis thereof, then reaching the light
diffusing layer .106 of the backlight 108. The linearly polarized light that
is incident on the light diffusing layer 106 is simply diffused in the
direction of the red LEDs 107, and since there is not disposed a reflection

20 layer exhibiting a strong reflectivity underneath the light diffusing layer
106, display in black is effected.

In a background part 62 shown in Fig. 9, representing a portion of
the liquid crystal display panel 100, where no voltage is applied between
the electrodes, the linearly polarized light which is transmitted through the

25 first absorption-fype polarizing film 102 is twisted by 90 degrees when
transmitted through the TN liquid crystal layer 105, and turns into the light



i4 ; so that letters are displayed in red within the background

part indicated in bl ack. Next, a condition of the liquid
crystal display panel 100 when the backlight is not lit upis

descri bed hereinafter. Fig. 9 shows a display 5 condition when the
backlight is not lit up. Wth the configuration as shown in
Fig. 7, if the red LEDs 107 of t he backlight 108 are not |it up, a
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pol ari zedoffegfdd,is transmtted through the TN liquid crystal |ayer 105
wi t hout being twi sted, and then transmtted through the second 15 .
absor p§i on-t ypembedirzgppiﬂ bl stattOhefeihthe! Batklightis aidtlitdap avithatiel N the
direction parallel to the transm ssion axis thereof, then reaching the
l'i ght cofifiguation ak ahownl ip .7,ﬁ_§bthﬂhb!p<ﬂﬁbn%Qﬂ"-thEhﬁs€l etteys 62! ari zed
i ght that Is incident on the light diffusing layer 106 is sinply
di ffused handtthe portiondfi thetbackgobund parte6 aftdisplayediniblickce there is not
di sposed a reflection . . ) o

Thus, with the conventional digital timepiece by use of the liquid

crystal display panel, using the LEDs or the like as a light source for the

10  backlight, in the case of reflection 'type display by use of external light,
display of time as well is indicated in black against the background in
black as shown in Fig. 9, causing a problem that contrast can not be
provided. That is, unless the backlight is lit up, it is impossible to
visually recognize display of the time, date, and so forth.

15 This is attributable to the fact that a polarizing film used in the
conventional liquid crystal display panel is an absorption-type polarizing
film, and when the same is used in combination with the TN liquid crystals,
display is effected by switching over into black by either transmission of
light or absorption thereof by the polarizing film. More specifically, in

20 Fig. 9, the background part 62 is displayed in black through absorption of
light by the polarizing. film while the display letters 61 are displayed in
black due to the effect of the light diffusing layer 106. Accordingly,
contrast can not be provided, i'endering it difficult to visually recognize
letters. As a result, every time it becomes difficult to visually recognize

25 letters, the backlight has to be lit up to check display of time and so forth.

This will not only impair operating ease but also result in an increase of



’20' | ayer exhibiting a strong reflectivity underneath the |ight diffusing

| ayer 106, display in black is effected. In a background
part 62 shown in Fig. 9, representing a portion_of t he I|qU|d crystal
di spl ay panel 100, where no voltage is applied Bel [ e—al ectr odes,
the linearly polarized Iight which is transmtffed t i@@ﬁ A ﬁgtﬂS first

absorption-type polarizing film1102 is tmﬁsted
transmtt r t he
[ ansm Ut B i linigifor] thhdby Pofihl ¥ Riajorf YobIRpwit the éﬁﬂkﬁeﬂdﬁr@lnearl ,
pol ari zedgifRediBge di rection orthogonal to the transm ssion axis of the
second absord%loﬁ-type polarizing film 103, thereby being absorbed by the
second absorption-type polarizing film103, so that display in black is

effected. 5 Accordingly, in a state wherein the backlight is not
it up w PISCEOSURECOUF 9'/THE OINAENRTION I n Fig. 7, both the portions of
the display letters 61 and the portion of the background part 62 are
di spl aged in bl The. 1nvent10n has beei develdped fo1solverthenprioblérns descrived

ti mepi ece by use of the liquid crystal display panel, using the LEDs
or the |i ke the ferdgoihg, andiciy droobjdot ofthelinventightto provideactﬂnepm‘ce
reflection type dlsplay by use of external |ight,

using a liquid crystal display panel, whereby time information, calendar
information, and so forth can be displayed with good contrast so as to be
visually recognizable even when a back light is not lit up.

10 The timepiece according to the invention comprises a liquid crystal
display panel, made up of a liquid crystal layer sealed in a gap formed
between a first substrate and a second substrate, both transparent, with an
electrode formed on each of inner surfaces thereof, facing each other; and
capable of displaying at least either time information or calendar

15 information, a first polarizing film disposed on the outer side of the first
substrate installed on the visible side of the liquid crystal display panel, a |
second polarizing film disposed on the outer side of the second substrate,
and a backlight installed on a side of the second polarizing film, opposite
from the visible side. Further, in order to achieve the object described

20 above, the following configuration is adopted. | '

Thé first polarizing film is made up of an absorption-type
polarizing film absorbing the light linearly polarized in the direction
orthogonal to the transmission axis thereof, a reflection-type polarizing
film reflecting the light linearly polarized in the direction orthogonal to the

25 ftransmission axis thereof, or the absorption-type polaﬁzing film in

combination with the reflection-type polarizing film.

This Sheet Has Been Replaced

7 ; |




-dléplay of time as well is indicated in black against the background in
bl ack as shown in Fl@lsS@eetImammgplaeqarobl emthat contrast cgn_ not be
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20 Fig. round part” 62 i dISp |n bl ack through absorption
of Mflgbﬁdi@tﬁggé fﬁﬁﬁnWhHethe display letters 61 are
di splayed in bl d&ck due to he effect of the light diffusing | ayer 106.

Accordingly, It 1stfEfEﬁ€BIeCthatmﬁé fixst podatiziag ﬁlmnﬁ;eanrm;sbt% ohftypel t to

visual ly recogni ze letters. As a result, every tine it becones

di ffi 3l t pblaridingalfilin rabsogbinge tBe h%m tlm&rl%l Ipolarizéd i ghtthbadireetibn 1it up
to check dISp| ay of tine and so fort hi's will not only inpair

oper at i ngosthegonal taithe trapsniission axis ithereefisand the second polarizing film
power consunption, thereby posing a major problemwth the
convent i oima reflection-type polarizing film reflecting the light linearly polarized in
the direction orthogonal to the transmission axis thereof.
Further, if the liquid crystal layer sealed in the gap formed between
10 the first substrate and the second substrate is composed of twisted nematic
liquid crystals having a twist angle not greater than 90 degrees, the
absorption-type polarizing film is preferably disposed relative to the liquid
crystal display panel such that the transmission axis thereof is aligned
substantially parallel or orthogonal to the direction of the long axes of
15 liquid crystal molecules, located on the visible side of the twisted nematic
liquid crystals while the reflection-type polarizing film is preferably
disposed relative to the liquid crystal display panel such that the
transmission axis thereof is aligned substantially parallel or ofthogonal fo
the direction of the long axes of liquid crystal molecules, located on the
20 backlight side of the twisted nematic liquid crystals. |
If the liquid cryStal layer sealed in the gap formed between the first
substrate and the second substrate is composed of supertwisted nematic
liquid crystals having a twist angle ranging 180 degrees to 270 degrees, a
retardation film is preferably installed between the first substrate of the
25 liquid nrystal display panel and the absorption-type polarizing film.
In the timepieces described in the foregoing, a light diffusing layer



}inépiece. DI SCLOSURE OF THE | NVENTION 5 The invention has

been devel oped to solve the probl ens described in the foregoing, and

it is an object of the invention to provide a tinepiece using a liquid
crystal display panel, whereby tine information, cal endar i nfornmation,
and so forth can be displayed with good contrast so as to be visual l'y
recogni zabl e even when a back light is not it up. 10 The tinmepi ece

I,
made up. of SaPTRTRONC IsaledPBH IRE gy Bk g%@%manel Sidg %“e
fe: (razt I’zggsﬁd(;l’ I'TEéﬁi]%‘% iﬂ%an#;er SUF?&CGS '[a er O F@g ng eacﬂgtfher

capabl e of alhvérdeyeribed! a lcott p8ldriving il usii®a ighf Hﬁ?
information, a first polar|2|ng fI|ﬂ1%lSpO Sﬁ%n t he o&fg $|§£ 0 %ﬁe
first uged;)strate installed on the visible side of the liquid crystal

di spl ay panel, a second polarizing filmdisposed on the outer side of

t he sednd substTheQJackhghtiisl@r@febﬂﬁl&' mﬁﬂéu of al light Sourkedueh & hghe
second pol arizing film opposite romthe visible side. Furth in
order to acitting dimﬂewjmblmﬁﬁlumﬂ@bséenebdlght toretheolike\vand thenligher at i on
I s adopt ed.

g diffusing layer for diffusing light emitted by the light source.

The light diffusing layer may be made up of a coating comprised of
~ atransparent adhesive with silica grains or acrylic grains diffused therein.
10 Otherwise, a color filter may be used as the light diffﬁsing layer.

With the timepiece according to the invention, wherein the
reflection-type polarizing film is installed on the backlight side of the
liquid crystal display panel, reﬂection-type display by use of external light
can be effected with good contrast while display by transmission

15  illumination by use of the backlight can be effected as well, providing
sufficient brightness. |

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic perspective view showing a first embodiment
20 of a timepiece according to the invention. Fig. 2is a schematic
perspective view showing a display condition of the timepiece when a
backlight thereof is lit up, Fig. 3 is a schematic perspective view shoWing a
display condition of the timepiece when the backlight thereof is not lit up.
Fig. 4 is a schematic perspective view showing a second
25 embodiment of a timepiece according to the invention. Fig. 5 is a

schematic perspective view showing a display condition of the timepiece



7 The first polarizing filmis an absorption-type
polarizing film 5 absorbing the light linearly polarized in the

direction orthogonal to the transm ssion axis thereof, and the second
polarizing filmis a reflection- type polarizing filmreflecting the
light linearly polarized in the direction orthogonal to the

transm ssion axi s thereof. . Further, if the liquid crystal

| ayer seaithd B BRI thefdbids eFid06 is e séhérhti bt Riewhe
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polarizing filnTis preferably disposed rélative to the lidquid crystal
di spl ay pﬁaeﬁtwph that the transm ssion axis thereof is aligned
substantially parallel or orthogonal to the direction of the |ong axes of
15 liquid crystFig.rfDisaatsbhematiac?&specﬁwe hiew ishobling 4 cenfigutdtion of at ed
nemati c liquird crystals while the reflection-type polarizing film is
pr ef erlabl digital display pottion ef ias eonventional gmepiece hyalway ofl eyample:! such
t hat the o

Fig. 8 is a schematic perspective view showing a display condition of the

conventional timepiece when a backlight thereof is lit up, and Fig. 9 is a
schematic perspective view showing a display condition of the

conventional timepiece when the backlight thereof is not lit up.

10
BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments of a timepiece according to the invention
will be described in detail hereinafter with reference to the attached
drawings.
15

First Embodiment
First, a first embodiment of a timepiece according to the invention
will be described with reference to Figs. 1 to 3.
Fig. 1 is a schematic perspective view showing a configuration of a
20 digital display portion of the timepiece, and Fig. 2 is a view showing a
display condition of the timepiece when a backlight thereof is lit up while
Fig. 3 is a view showing a display condition thereof when the backlight is
not lit up.
As shown in Fig. 1, a first substrate 1, and a second substrate 4,
25 respectively made of glass 0.5 mm thick, are stuck with each other by
providing a sealant (not shown) around the periphery of substrates, and a .

- 10



transm ssion axis thereof is aligned substantially parallel or orthogonal
to the direction of the long axes of liquid crystal nolecules, |ocated
on the 20 backlight side of the twisted nematic liquid crystals.

If the liquid crystal |layer sealed in the gap fornmed between the first
substrate and the second substrate is conposed of supertw sted nematic
liquid crystals having a tw st angle rangi ng 180 degrees to 270 degrees, a

25 ?LSS‘T o TV e Sy 855 eI % (165, ABBIEBP 90 %g‘e%:a %“Qﬁfff;}* ?. ‘m
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made up of a |1ght source such as emtting diodes,

el ect r®- | wadecapaitce Paremrcdﬂumduvben@rfﬂm herel tegpectively fbﬁﬁeds bng | ayer
for diffusing Ilght emtted by the |ight source. The |i ght

di f f usi nginmeresurfaved of ntheefirgt substratedt and thensedomrdi sabstrate 4, facing

each other.

An absorption-type polarizing film 2 as a first polarizing film is
disposed on the outer side of the first substrate 1 installed on the visible
10 side of the liquid crystal display panel 10, and a reflection-type pblarizing
film 3 as a second polarizing film is disposed on the outer side of the
second substrate 4. | ,
The absorption-type polarizing film 2 is a sheet-like member
absdrbing the light linearly polarized in the direction orthogonal to the
15 transmission axis thereof. For example, a polarizing film composed of
dyed PVA (polyvinyl alcohol) stretched with iodine, and sandwiched
between TAC (triacetyl cellulose) films, having a transmittance at 46 % is
used. This film has relatively high transmittance among common
polarizing films.
20 The absorption-type polarizing film 2 is disposed such that the
direction of the long axes of liquid crystal molecules located on the visible
side of the TN liquid crystal layer 5 of the liquid crystal display panel 10
(on the side of the first substrate 1) is aligned parallel with the transmission
axis 2a of the absorption-type polarizing film 2. |
25 The reﬂection¥type polarizing film 3 is a sheet-like member
reflecting the light linearly polarized in the direction orthogonal to the

11



a t-ransparent adhesive with silica grains or acrylic grains diffused
therein. 10 G herwse, a color filter nay be used as the light diffusing

| ayer. Wth the tinmepiece according to the invention, wherein

t he reflection-type polarizing filmis installed on the backlight side
of the liquid crystal display panel, reflection-type display by use of
external |ight can be effected with good contrast while display by

&;f‘{‘?%fg%ﬁgsmbﬁ'é@%?ﬁ% @n?ﬂ%r. Sﬂﬁiﬁé*é?amf’m?&/@ﬁ“@& ﬁLIT.DdO%STHE -
DRAW NGS plgjg cl)]tldl ﬂ)nﬂed on?aSh iLIP or Q’iﬁfﬂr}ﬂé 3] QWEE;F)V(BIQI ea first

enbodi nen I'mepi ece accor |ng e inverttion. |

schematic et s | @sedcRidhe!

ti mepi ecen\%nerz Hirk Hz’ayﬁ tht t her ec? |it%1$§|c£3 Fig. Er@lﬂgegoigc rratic
per spect i polatiAneSiMi3g a di spl ay cond| tion of the tinmepiece when the
backl i ght thereo1g Is not lit up. Fig. 4 is a schematic
perspegtive vi eByhagendoft #esonefiébtionitgpe nepdlacizimg t ifilen edee adiphtdi ng to
the invention. Fig. 5is a schemati Cc perspective view show ng a

g' spl ay ceodventionallytdissorbe@pbycthe absorption-type polarizing film can be
reflected.
The reflection-type polarizing film 3 is disposed such that the
direction of the long axes of liquid crystal molecules located on a side of
10 the TN liquid crystal layer 5, opposite from the visible side of the liquid
crystal display panel 10 (on the side of the second substrate 4), is aligned
orthogonal to the transmission axis 3a (that is, in parallel with the
reflection axis 3b) of the reflection-type polarizing film 3.
A backlight 8 comprising 2 units of red LEDs 7 and a light
15 diffusing layer 6 for diffusing light emitted from the red LEDs 7 is
disposed on a side of the reflection-type polarizing film 3, opposite from
the visible side.
A thick plate made of polycarbonate or acrylic resin, a thick paper,
a coated film niade up of a transparent adhesive with silica grains or
20 acrylic grains diffused therein, or the like, that exhibits light-diffusibility,
is used for the light diffusing layer 6. An embossing treatment is applied
on the surface thereto as necessary in order to enhance further light
diffusibility. In this embodiment, an acrylic thick plate 3 mm in thickness
is adopted.
25 In this embodiment, if the absorption-type polarizing film 2 and the
reflection-type polarizing film 3 are disposed such that the directions of

12



when a backl i ght thereof is |it up, Fig. 6 is a schematic perspective view
showi ng a display condition of the tinepiece when the backlight thereof is

not it up. Fig. 7 is a schematic perspective view showi ng a
configuration of a 5 digital display portion of a conventional tinepiece
by way of exanpl e. Fig. 8 is a schematic perspective view show ng a
di splay condition of the conventional tinepiece when a backlight

t her eof | ebtiVR ax®s ol IS 3 T ﬁ%; g bdt48 WheMighow ng
a di spl ayfecslyﬁg}ntvleon o%rtgh% Sh%wﬁclgryvlghtlf ?Cr}g? t rr@pl ec%%eént&t he glgécﬁl i ght

h f i <] e T | ON
R N L

Preferred e a tinmeplece accor

be descri hﬁﬁch&&@ﬁ%'r&ﬁc@é@ﬂié&rgrﬁﬁﬁ& patcandée the sdiealed aabatdally
drawi ngs. 15 First Enbodi nen First, a first enbodi nent of

a timepi egsflestion ddizplay t Suchivdivplayy will bel ldesbfibédsdni beskeniderail
reference to Figs. 1 to 3. Fig. 1 is a schematic perspective
vi ew showhereinaftenfi gurati on of a 20 digital display portion of the
timepiece, and Fig. 2 is a view show ng a di splay condition of the
ti mepi ece when Kigd2khowsta displayp¢onditiont whenithe backlight s litup. is a view
show ng a di spl %condi tion thereof when the backlight is not lit up.
As shown in Fi gWhen ¢hé red LEID$ 3t ofithe backlightaareditosp, a light components
respectively made of glass 0.5 nmthick, are stuck with each ot her l%y
provi di nglincady polarlized inHberdirectiom paraldeloto the srapsorissionsaxist 38 ofand a
~ the reflection-type polarizing film 3, out of light emitted from the red
10 LEDs 7, is transmitted through the reflection-type polarizing film 3,
incident on the liquid crystal display panel 10.

Since display letters 11 shown in Fig. 2 represent portions of the
liquid crystal display panel 10, where a voltage is applied between the
electrodes (not shown), the linearly polarized light transmitted through the

15 reflection-type polarizing film 3 is transmitted through the TN liquid
crystal layer 5 without being twisted, and then transmitted through the
absorption-type polarizing film 2 as the light linearly polarized in the
direction parallel to the transmission axis 2a thereof, reaching the visible
side, so that red emitted-light display is effected. |

20 On the other hand, in the background part 12 shown in Fig. 2,

. representing a portion of the liquid crystal display panel 10 in Fig. 1,
where no voltage is applied between the electrodes, the linearly polarized
light which has been transmitted through the reflection-type polarizing
film 3 is twisted by 90 degrees when transmitted through the TN liquid

25 crystal layer 5, and consequently, turns into the light linearly polarized in

the direction orthogonal to the transmission axis 2a of the absorption-type

13



10 : TN liquid crystal layer 5 having a tw st angle of 90
degrees is sealed in a gap fornmed between the respective substrates,
and i s sandw ched t her ebet ween, thereby making up a liquid crystal
di spl ay panel 10. A di spl ay el ectrode and an opposite el ectrode (both,
not shown in the figure), 5 mnade up of a transparent conductive ITO film
are respectively forned on I nner surfaces of the first substrate 1 and

éﬁiofgf ?Bﬂql’%éhg?ﬁﬁﬁ% Lg‘#%%lgﬁggﬁ?@?ﬁ%S‘f‘%% polatized, ag @ove is

di sposed rehal 2 EHP% afigml 2 n d iR

vi sible 1882‘?12%(18:‘3}{3 httlalél 95’3@‘2"%%@% S%?sp a pfz;lglgl zioﬁﬁﬁg?ae%ch 2
reflectiops iR Y18k Zi ng film3 as a second polarizing filmis

di sposed g%lgqlﬁzlgytgéksi de of the second substrate 4. The

absor pti on- t ypeThlsawif fife EonfipardtiorPas S6Wwn! inkRigaiien the badldeghe ng t he
light linearly polarized in the direction orthogonal to the 15

transng ssigojy Htivp, teinitesd lighefremaitid eed LEDL T ig ittenshhittedcthrpaghdthef

dyed PVA (pol yvinyl al coho stretched with iodine, and sandw ched

bet ween THGrfibhs afethel displdyulerters 1l bnly, stetliatdettety ares displayed byt thes % i s
used. This filmhas relatively high transm ttance anong conmon

pol ari zi nentittedslight in red within the background part indicated in black.

Next, a condition when the backlight is not lit up is described
hereinafter.

10 Fig. 3 shows a display condition when the backlight is not lit up.
With the configuration as shown in Fig. 1, if the red LEDs 7 of the |
backlight 8 are not lit up, a light component linearly polarized in the
direction parallel to the transmission axis 2a of the absorption-type
polarizing film 2, out of external light incident from the visible side of t!Je

15 liquid crystal display panel 10, is transmitted through the absorﬁtion—type
polarizing film 2.

Since display letters 21 shown in Fig. 3 represent the portions of
the liquid crystal display panel 10 in Fig. 1, where a voltage is applied
between the electrodes, the linearly polarized light transmitted throﬁgh the

20  absorption-type polarizing film 2 is transmitted through the TN liquid

| crystal layer 5 without being twisted. Accordingly, the linearly polarized
light as described is transmitted through the reflection-type polarizing film
3 as the light linearly polarized in the direction parallel to the transmission
axis 3a of the reflection-type polarizing film 3, and reaches the light

25 diffusing layer 6 disposed over the backlight 8.

The linearly polarized light as above and incident on the light

14



h 20 The absorption-type polarizing film2 is disposed-such that the
direction of the long axes of liquid crystal nolecules |ocated on the

vi si bl e side of the TN liquid crystal layer 5 of the liquid crystal

di spl ay panel 10 (on the side of the first substrate 1) is aligned
parallel with the transm ssion axis 2a of the absorption-type
polarizing film2. 25 The reflection-type polarizing film 3 is a

sheet |1 eyeREAY layer 6" A1 cbfbred okl BA P Rt it e

direction transm SSi on axl s ereof1 and i s

conposed @hpgl hiffﬁh Xn%be'%&fﬁ ttﬁéri'ed LEds"yn&nmiﬁ& el RGd on a

base film I’ exanpl e nanme), marketed by Sumtono 3M

Co., Ltd. disposedes reflectiba 1&?& %ﬁhﬂﬁ ?’Q%trongf rmé@umy whdeirhéath. thed
By use of the reflection-Type polarizing ilm the |ight

conventi oﬂ@ﬁtmﬁmsmgotayelpﬁ ﬂﬁg)]ayagrmmlois éﬁ'acteld0| arizing filmcan be

refl ected. he reflection-type polarizing film3 is disposed

such t®at the On tﬁerotherOhand tihea | backgroandopaiti 82i shownsiml Figol 3cul es
| ocated on a side of 10 the TN liquid crystal ayer 5, opposite fromthe

'he second Bunctr oo P e i aned o drystibdisplay paiel () whers o o
axi s 3a (vodtagesis iappiredalbetweent thet ledectrodes, ethiee diniearlyapiodarizgd dighthe
Lﬁf It SCE):‘ OMmg%aélgggthL;i{snogpnon-Wpe polanzé\lgbfaﬁllilI |2%2 ttwgist%(()lnlr)))rr I980I "9 2
degrees when it is transmitted through the TN liquid crystal layer 5, and
10 consequently, turns into the light linearly polarized in the direction
orthogonal to the transmission axis 3a of the reflection-type polarizing film
3. Accordingly, the light linearly polarized as above is reflected fully by
the reflection-type polarizing film 3, and sent back towards the visible side
as it is, so that the background part 22 is displayed.in a white metallic tone.
15 Thus, in a state wherein the backlight is not lit up, the portions of
the display letters are displayed in black, and the background part is
displayed in white.
With this embodiment of the invention, as the background will be
in a display condition wherein light is reflected by the reflection-type
20 polarizing film 3, the display condition thereof becomes visually
recognizable even when the LEDs are turned off. In the conventional
case wherein the absorption-type polarizing film is used, the background is
displayed in black, however, with the embodiment of the invention, it is
possible to display the background in a white metallic tone.
25 Although, with this embodiment, the LEDs are used as a light

source of the backlight, a fluorescent tube such as a cold cathode tube, a
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15 diffusing layer 6 for diffusing light emtted fromthe red LEDs 7 is
di sposed on a side of the reflection-type polarizing film3, opposite from
t he visible side. A thick plate made of pol ycarbonate or
acrylic resin, a thick paper, a coated filmnade up of a transparent
adhesive with silica grains or 20 acrylic grains diffused therein, or the
li ke, that exhibits light-diffusibility, Is used for the |ight

di f fusi nghb@%&fhoﬁe tﬁ%eeBPﬁ?eiriRtgghﬁeﬁ%E% i'h§¥%apl i ed on the surface

thereto as necessary I h or hance Turther |ight diffusibility.

In this enbodi t .&?ﬂﬁ Vid B t N ' i
adopted. 25 " it ??}ii.sd ?ﬁ%?&?ﬁne%& tlﬁ?ﬁ)ﬂ?egbg%irﬁpﬁ ﬁ-ﬁ?ygge{)ot%hgri Zi ng
film2 ang, ess, an' sletE6LIuAfineYeéhdectight Aiayohé ubsd3 Awitds wamfaceuch
that the directions of . 12
respect i vensittng dightasdusdeumiformhiitluniinatiodicanl by providedstheiéley aetossher ei n
transm ssion display of letters such as tinme infornmation, and so forth is
i ndi caf§ edaiwheleabhﬁsoeuamﬂl%hnﬂidﬁm layetes nidyebe dispeinsed withnal | y
reflection display. Such display will be described in nore detail 5
herei nafter. Further, with this embodiment, a light diffusing layer is not

disposed between the reflection-type polarizing film 3 and the second
substrate 4, however, if the light diffusing layer is disposed therebetween,
light subjected to specular reflection by the reflection-type polarizing film
10 3 can be diffused, thereby indicating display in a softer tone, so that
dependence on a viewing angle is lessened. |

With this embodiment, a common polarizing film is used for the
absorption-type polarizing film 2, however, a color polarizing film using a
dichroic pigment may be employed instead, so that the letters can be

15 colored even at the time of viewing by use of external light.

In carrying ouf this embodiment, the red LEDs are used as the light |
source of the backlight 8, however, it is obvious that the same effect can be
obtained regardless of whether a LED color is green or blue.

Furthermore, with this embodiment, a white light diffusing layer is

20 used for the light diffusing layer 6, however, a color filter may be used
instead for the light diffusing layer 6. Further, if a color filter for
transmitting and scattering a light component having a wavelength
substantially equivalent to that of the emitted light from the LEDs is used,
light components other than that are absorbed, so that contrast at the time

25 of viewing by use of external light can be further enhanced.

In this embodiment, if the transmission axis 2a of the absorption-
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Fig. 2 shows a display condition when the backlight is lit up.
When the red LEDs 7 of the backlight are |it up, a |light conponent
linearly polarlized in the direction parallel to the transm ssion axis 3a

of the reflection-type polarizing film3, out of light emtted from
the red 10 LEDs 7, is transmtted through the reflection-type polarizing
film 3, incident on the liquid crystal display panel 10.

1 qui o or yoRs Pladiine Rl skl FRESREN o R, il dal i fhe e
e 0 o AN I R e

the 15 reflection-type p Iar-|2|ngl¥l|

liquid ider : i é\?ﬁlltlﬁ gggg] Hliﬁf] I .ed
t hr ough thselde dﬁfﬂ’;&b&?%@i{%‘g-t %tgp%)&('}(legﬁ glﬂl’tl% | md s the ?’gﬁrr}yérl y
pol ari zed fhis Wil be sufﬁbi@ﬁit | An@af mlixéé gfaﬁsmikﬁ@nt A73STH BFitAE 1@flettion-

S

t hereof, reaching the visible , So that red emtted-11ght display

i s ef f &t etype2Polarizing filf 3 e subsem parallélneo bee agd thé shown
in Fig. 2, representing a portion of fhe liquid crystal display panel
10 i n Fi g.ditection ofittheelong \adesaof Iiquithwrystdl bablestles Hecatedc omodhe, the
linearly polarized | i ght which has been transmtted through the

ref | ect i onbagklightodideiofi thg TN liqhiid orystaklayer $ oﬂtﬂb’ligﬁidi stak didplay
transmtted through the TN liquid 25 crystal |ayer and consequently,
turns i nt opaned 10,dhis willdersufficieéntci zed in the direction orthogonal to
the transm ssion_axis 2a of the absorption-type

13 When either one of the axes is disposed by rotating it by 90 degrees,

10 display can be reversed between white and black.

Second Embodiment
Next, a second embodiment of a timepiece according to the
invention will be described with reference to Figs. 4 to 6.

15 Fig. 4 is a schematic perspective view showing a configuration of a
digital display portion of the timepiece. In Fig. 4, parts corresponding to
those in Fig. 1 are denoted by the same reference numerals, and description
thereof is omitted.

In this embodiment of the invention, a STN liquid crystal layer 15,

20  baving a twist angle ranging 180 degrees to 270 degrees, is sealed in a gap
formed between a first substrate 1 and a second substrate 4, and is
sandwiched therebetween, thereby making up a liquid crystal display panel
20.

Further, a retardation film 9 is disposed on the visible side of the

25 first substratg 1 of the liquid crystal display panel 20, and an absorption-
type polarizing film 2 is disposed on top of the retardation film 9. As
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'pol arizing film2. Accordingly, the light linearly polarized as above is
absorbed by the absorption-type polarizing film2, thereby effecting

di splay in bl ack. Thus, with the configuration as shown in Fig.
1, when the backlight 5 8is lit up, emtted light fromthe red LEDs 7
Is transmtted through the portions of the display letters 11 only, so
that letters are displayed by the emtted light in red wthin the

packm| gt MEE the diSe G ff HisbAbbdiment, a reflectidfitype pfiifivig Hintper 3¢
h disnl . ) oy . L : h
zog:‘,\,isgﬁr athlﬁgn@?gegﬁ%sﬁbrﬁ?g&@si] &1 %%%2%6(%[% LEDs backl i E;h'? 8

are not | ifispifvedn A%ide 68 MO 8&Und éﬁ%?ﬂ{.tﬁ e‘l??ﬁ?’dsftﬁfﬁbm thsvisible sfdg.ect i on

parall el to"the transm ssion axis 2a orption-type pol ari zi ng

film2, out of eHerRatdAticH iltn"g !aﬁﬁ“ﬂhefmr?ﬁ@n ePcladizitey Gfind Deasl5
liquid crystal display panel 10, is transmtted through the absorption-type
pol arigi ngwéll lag the reflection-type ?bm'iziﬂ'g_sﬁhnx’» lafd tlésc}mséﬂ oh @achi sidEigf 3
represent the portions of he Iiquid crystal display panel 10 in Fig.
1, where shedliduaigk carystabpdisply paneb0yerespebtivelyscsuciiidhat tame angndar | y
polarized light transmtted through the 20 absorption-type polarizing
film2 is aligmment: trelationshiphantongrNhei §TN liquidcrcyystal layger 15, wihenout
being tw sted. Accordingly, the linearly polarized | i ght as descri bed

i s transniretardation ofilh Shandeth@ctramitsshm axisa2az ofighei absorptionstype t he
light linearly polarized in the direction parallel to the transm ssion

axi s 3a ofpolarizing fidmx 2pandythe samerbetwegnf thenSTN dignideerystal layer (ght 25
diffusing | ayer 6 di sposed over_ the backljight 8. |, The linearly
pol ar 1@ed andgthe trangmissionrakis da (om the seklection @xds 3b) of the reflection-

type polarizing film 3 are optimally arranged taking into consideration

spectral characteristic and transmittance. In this case, the reflection-type
polarizing film 3 is disposed such that, the transmission aiis 2a of the
absorption-type polarizing film 2 and the transmission axis 3a of the
15 reflection-type polarizing film 3 are aligned in the same direction on the
basis of the normally-black display condition in the case of a conventional
configuration wherein an absorption-type polarizing film is used in place
of the reflection-type polarizing film.
Now, a display condition of this embodiment will be described
20 hereinafter. Fig. 5 shows a display condition when the backlight is litup.
When the red LEDs 7 of the backlight 8 in Fig. 4 are lit up, a light
component linearly polarlized in the direction parallel to the transmission
axis 3a of the reflection-type polarizing film 3, out of light emitted from
the red LEDs 7, is transmitted through the reflection-type polarizing film 3,
25 incident on the liquid crystal display panel 20.
Since display letters 31 shown in Fig. 5 represent portions of the
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14 . diffusing layer 6 is sinply scattered in the backward

direction, that is, sinply diffused in the direction of the red LEDs
7, and since there is not di sposed a reflection |layer exhibiting a
strong reflectivity underneath the l'ight diffusing layer 6, display in
black is effected. 5 ' On the other hand, in a background part 22
shown in Fig. 3, representing the portion of the liquid crystal

di splay p id 1rvsidie voht e ﬁﬁpﬁgurodes,
the |inear % ri zegﬁﬂﬂg% panel thr ﬁgﬁgted t%?%u%hwwﬁﬁgabsor I'on-type
pol ari zi n ' ARt d
through.t%gﬁ¥be??%%?g&%$§ltgwhxgggyng ﬂgﬂﬁﬂéﬁﬂyéﬂﬂggaﬁ%%¥$§ﬁfturns&*ﬁto t he
light |i n%ﬁfd%(ﬂ’%é”ﬂeﬂ%@ubﬁ- blaAih gnfilm 3 B tdaﬁgﬁﬁﬁédtmrbﬁgh the

transm ssion Is 3a of the reflection- ype pol ari zi ng

Accor di ngISENt iGuid efysthl Tegsr Y5 PRithont dseing twiswd, idnd eﬁé@mxﬁiudw by

the reflection-type polariZing film3, and Sent back towards the visible

side 5 thﬁmgh the absorpﬁ@h-tylpe polaidging fidnp2 as the lightdimearhy pdlarived white

metal lic tone. in a state wherein the backllght I s not
lit up, tln the rdlrectmmparallel mhﬂxedtransmsshm taxis 2aref thes absorptiontypeack,
and the background part is di splayed in white.

polarizing film 2, reaching the visible side. Accordingly, the display
letters 31 are indicated in display by red emitted light

On the other hand, in a background part 32 shown in Fig. 5,

10 representing a portion of the liquid crystal display panel 20 in Fig. 4,
where no voltage is applied between the electrodes, the linearly polarized
light which is transmitted through the reflection-type polarizing film 3 is
twisted when transmitted through the STN liquid crystal layer 15, so as to
turn into the light linearly polarized in the direction orthogonal to the

15 transmission axis 2a of the absorption-type polariZing film 2, and
consequently, is absorbed by the absorption-type polarizing film 2, -thereby
effecting display in black. |

Accordingly, when the backlight 8 is lit up, emitted light from the
red LEDs 7 is transmitted through the portions of the display letters 31

20 only shown in Fig. 5, so that the letters are indicated in display by red
emitted light.

Next, a condition when the backlight is not lit up is described
hereinafter. Fig. 6 shows a display condition when the backlight is not lit
up. '

25 When the red LEDs 7 of the backlight 8 in Fig. 4 are not lit up, a
light component linearly polarized in the direction parallel to the
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Wth this enmbodi ment of the invention, as the background will be in a
di splay condition wherein light is reflected by the reflection-type 20
polarizing film 3, the display condition thereof becomes visually

recogni zabl e even when the LEDs are turned off. In the conventional _
case wherein the absorption-type polarizing filmis used, the background is
di spl ayed in bl ack, however, with the enbodi nent of the invention, it is

ible t | t bagk d,i B . 5
At hough, SrEnRsh s 22 6 B abfodbith-thd Bilatibing Hffa 2 ot gf, oo o
he backl i t :
1 ek teitemal NIRRT ord #E VIR, e Bf 8l Hi 1258l :?%g@w
. | g6 tigar o
LIi SLIt ﬁreg?(),;ﬁs el ectro-| um(g'lsgcﬁ]eﬁ:gg | %%? mayt}s@;ee| Sisbelgﬂﬁf@ [ '.ﬁnllsz’aﬂslgﬁface-
emtting |ihgiﬂe1ﬁQjﬁﬁmliqﬁid@lFY§ta'l|di 2pn be.provided thereby across

5 a whole area, so that the"light yg%am%ﬁg llayer 6 may be di spensed with.
Furthed, with ¢ Bincerdisplayeltters 41 showsi if ¥3£n6 feprseritpéiions of i Sposed
between the reflection-type polarizing film3 and the second substrate
4, howeverliquid ctystal display fpamel 20, mhereis vélegesiv appliedDbétoresh the
electrodes, the linearly polarized light transmitted through the absorption-
type polarizing film 2 is transmitted through the STN liquid crystal layer

15 without being twisted. Accordingly, the linearly polarized light as

10 described is transmitted through the reflection-type polarizing film 3 and
reaches the light diffusing layer 6 disposed over the backlight 8.

The linearly polarized light incident on the light diffusing layer 6 is
simply scattered in the backward direction, that is, diffused in the direction
of the red LEDs 7, and since there is not disposed a reflection layer

15 exhibiting a strong reflectivity underneath the light diffusing layer 6,
display in black is indicated.
 Ina background part 42 shown in Fig. 6, representing a portion of
the liquid crystai display panel 20 in Fig. 4, where no voltage is applied
between the electrodes, the linearly polarized ]ight which is transmitted
20 through the absorption-type polarizing film 2 is twisted when transmitted
through the STN liquid crystal layer 15, and accordingly, is turned into the
linearly polarized light in the direction orthogonal to the transmission axis
3a of the reflection-type polarizing film 3. Consequently, the linearly
polarized light as above is reflected in full by the reflection-type polarizing
25 film 3, and sent back to the visible side as it is, so that the background part
42 is displayed in a white metallic tone.
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| i ght subjected to specular reflection by the reflection-type polarizing

film10 3 can be diffused, thereby indicating display in a softer tone, so
t hat dependence on a viewi ng angle is | essened. Wth this
enbodi ment, a common polarizing filmis used for the absor ption-type
pol arizing film2, however, a color polarizing filmusing a di chroic

pi gnent may be errpl oyed |nstead, so that the letters can be 15 colored

it o by R aﬂén%éhmﬂ;ég@i&a%ewla?ﬁemkﬂet
sour e Of KAk ! SOK i wp) AHE Bicketbubd A 205 Wigilaylt AAobice

F t her nor l410 dﬁﬁ?
ugred fegr t?geﬂﬂﬁgp?mgﬁﬁgf%g%sﬁa%&ggélﬁ‘g%‘i‘giﬂ r?lter nmay be used

instead for the Atediding ftéduhis'embddiment oT%héHﬁVenth%ﬂhé’baE

transmtting and scattering a |light conponent having a wavel eng

subst abt i dklindioated h andisplay ovditiont éxhibiting adrefiegtion dliraéeeistieDehé S

used,
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| i ght components other than that are absorbed, so that contrast
at the ti rdisplayo tonditiom ghégeofsbecomes tvisudly |re0b nizabldevesr Wigh ersanced.

In this enbodinent, if the transm ssion aX|s 2a of the absorption-

LEDs are turned off. Furthermore, in the case wherein the absorption-
type polarizing film is used in the conventional way, the background is
displayed in black, however, according to the embodiment of the invention,
it is possible to indicate the background in a white color, effecting display
with good contrast.

Various modifications to the invention as previously described with
reference to the first embodiment are also applicable to the second
embodimént. |

With the two embodiments of the invention as described above, a
single absofption-type polaﬁzing film is used for the first polarizing film
disposed on the visible side of the liquid crystal display panel, and a single
reflection-type polanzmg film is used for the second polarizing film
disposed on the backlight side. However, a plurality of the respective
polarizing films may be disposed on both sides.

Further, the first polarizing film is not limited to an absorption-type
polarizing film, but may be a reflection-type polarizing film, or may be
made up of an absorption-type polarizing film in combination with a
reflection-type polarizing film. '

The second polarizing film may also be made up of a reflection-

type polarizing film in combination with an absorption-type polarizing
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type polarizing film2 is substantially parallel to or orthogonal to the
direction of the long axes of liquid crystal nolecules |ocated on the

vi si bl e side of the TN liquid crystal layer 5 of the liquid crystal

di spl ay panel 10, this will be sufficient. And if the transm ssion
axis 3a of the reflection- 5 type polarizing film3 is substantially
parallel to or orthogonal to the direction of the |long axes of liquid
crystal ules | ocated on the backl i ght side of the TN |liquid
crystal layer 5 of the liquid crystal display panel 10, this will be
sufficient. When either one of the axes is disposed by
rotating it by 90 degrees, 10 display can be reversed between white and

bl ack. INDUng”AWLrI@'ABILITY Next, a second enbodi ment of a
ti mepi ece according to the invention will be described with reference
to Figs. 4 to 6Asl8escribed in the %re?dﬂi Awitheietintepiece pecodrdiag vioethieshow ng
a configuration of a digital displray portlon of the tineprece. In Fig.
4, par§s tovestiowhgrodided with théatsorption gmlerﬂm@tﬁhn,byhé Hiquide
reference nunerals, and description thereo is omtted

In this em:bpsthhdiﬁplay pahel,ithe xeflection<typeé rpdlanmr% filps and theybacklight,20 .
having a tw st angle ranging 180 degrees to 270 degrees, is sealed in a gap

f ormed betitvie possible to diﬂpﬁay dime tinfiormation cand caléaxdar sinformation with
sandwi ched t her ebet ween, thereby making up a liquid crystal display panel
20. contrast sufficient ta Vmuai/]dareamgnﬁm ithe displays ponditiam thereofi bI e

side of the 25 first substrate 1 of the |Ighld crystal display panel
and an abdethta state wherqmpdlepbagkhghhgs Mot phit upsad HHstase whereip dre he

retar ij& : %rzllc{dllgg]t is Aﬁt up. By applying the invention to various digital
timepieces such wrist watches, desk clocks, and so forth, it is possible to
enhance considerably visibility of display, to reduce significantly
frequency at which the backlight need be put to use, and to decrease
consumption of a battery.
15
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17 W th st enbodi nent, a reflection-type

polarizing film3 conprising a light diffusing | ayer
6 and red LEDs 7 are m,iﬁm;m”ﬂﬁ Hﬂ*l de of the second substrate 4,
opposite fromthe visible The retardatlon film9 and the
absorption-type polarizing film2 as 5 wel | g '
polarizing film3 are di sposed on each side of
di spl ay panel 20, respectively, ? t an angular — “VEPi gn|
rel ati onship anong the STN |iquid Crys | ayer 15, the ar dati on

film9, and theqt of the absorption-type pol ari zi ng

1 AORRERECORPIRAR ' qui

film2, and the sane liquid crystal layer 15 10 and the
transm ssion axhSligaid fy$thP digl cgam Hihde U o a litguidet dyer
type pol ari zing f51|1§§113 £¥e optét?m? arranged ak| ng | nsi derati on

spectral gésedciehi gdp Fored between! 4 Aivse subltratd andag Secohd substrate
refl ection-type polarizing film3 is disposed such that, the

t r ansn§ ssboth aranspiaent, Wwith an elédttadetfopmedy b eabhroﬂlmnefldmfébe%nd t he
transm ssion axis 3a of the 15 reflection-type polarizing film3 are
al i gned i théreef sfavingi¢acht otherpantdheapable dfam?layingha Feastreither Hiimek
display condition in the case of a conventiona configuration wherein
an absor pinformation eptalendangnforimation;used in pl ace of the
reflection-type polarizing film Now, a display condition of
this enbodi ment awfirst ipelaszing tHilm disposed nor tthe. omter sideofidhe firsipl ay
condi tion when the backlight is |lit

substrate disposed on the visible s1d% of the liquid crystal display panel;

10 a second polarizing film disposed on the outer side of the second
substrate; and |
a backlight disposed on a side of the second polarizing film,
opposite from the visible side,
wherein the first polarizing film is made up of an absorption-type
15 polarizing film absorbing the light linearly polarized in the directi'onl
orthogonal to the transmission axis thereof, a reflection-type polarizing
film reflecting the light linearly polarized in the direction orthogonal to the
transmission axis thereof, or. the absorption-type polarizing film in
combination with the reflection-type polarizing film, and | '
20 the second polarizing film is made up of the reflection-type
| polarizing film or the absorption-type polarizing film in combination with
the reflection-type polarizing film.
2. A timepiece comprising:
a liquid crystal display panel, made up of a liquid crystal layer
25 sealed in a gap formed between a first substrate and a second substrate,

both transparent, with an electrode formed on each of inner surfaces

This Sheet Has Been R ]aced

2 1 i




Wien the red LEDs 7 of the backlight 8 in Fig. 4 are IitW’ijjht' T
conponent linearly polarlized in the direction parallel tomﬂmwm WR$i

axis 3a of the reflection-type polarizing film3, -out of | mnmn]
the red LEDs 7, is transnitted through the reflection-type pol arilzi g il m '

3, 25 incident on the liquid crystal display panel 20. Si nce
display letters 31 shown in Fig. 5 represent portions of the

18 J: i r | o84S i e atleadt cifhRrQifevol t age
is appli e(tjhereof, Ed%ge%cphéﬁiﬁéggpo%g&b ﬁ?gﬁﬁwgt%e %alﬁnearl y polarized

| i ght ”aﬁgfﬂrhm tioi| ection-type polarizing film3 is
transmtted throug %ﬁ%fehﬂ%ﬂg?ﬁﬂﬁ cﬁﬁ’{’d crystal layer 15 without being

twi sted, and thgnfirsEipoladisRg fﬁﬁMﬁga&ed hen afheoopitéroRidey Pef Ak afirst Ng
film2 as the light |inearlypolarized in the direction parallel to

t he transgubstrae disposétbonithe Misibs sidet ofothe! lvgpeid crystal@lisglaylpmei; Im 2,
reaching the visible side. Accordingly, the display etters 31 are

i ndi ca§ed in di apezpndypolulizing tfiled dispised on the outer sitte ifithetsewondand, in
a background part 32 shown in Fig. 5, 10 representing a portion of the -

| i qui d cr gabstratd; apday panel 20 in Fig. 4, where no voltage is applied

between the el ectrodes, the linearly polarized _ ..
a backlight disposed on a side of the second polarizing film,

opposite from the visible side,
wherein the first polarizing film is an absorption-type polarizing
10 film absorbing the light linearly polarized in the direction orthogonal to the
transmission axis thereof, and
the second polarizing film is a reflection-type polarizing film
reflecting the light linearly polafized in the direction orthogonal to the
transmission axis thereof.
15 3. A timepiece according to Claim 2,
wherein the liquid crystal layer sealed in the gap formed between
the first substrate and the second substrate is composed of twisted nematic
liquid crystals having a twist angle not greater than 90 degrees, and
the absorption-type polarizing film is disposed relative to the liquid
20 crystal display panel such that the transmission axis thereof is aligned
substantially parallel or orthogonal to the direction of the long axes of
liquid crystal molecules, located on the visible side of the twisted nematic
liquid crystals
~ while the reflection-type polarizing film is disposed relative to the
25 liquid crystal display panel such that the transmission axis thereof is
aligned substantially parallel or orthogonal to the direction of the long axes

24



Ilght which is transmtted through the reflection-type poI ar|2|n f||

tw sted when transmtted through the STN |iquid crystal Hmﬂum
turn into the light linearly polarized in the direction o

15 transnission axis 2a of the absorption-type polarizing f| m 2, and

consequently, is absorbed by the absorption-type polarizing film 2, thereby
effecting display in bl ack Accordi ngly, when the backl i ght 8

I h h L h
the port| SRS Erysta indlbeles focated G the Backlight GIBOFYRG Wikdboon |
letters ag gjmtl ﬁa{\},ﬁg tﬂbspl ay by red emtted Ilght

|

Next, a con the backlight is not lit up is described

herei nafter. Fi g Aﬁtl é‘aé(':(ﬁﬂl t6 CldithiQn when the backlight is not lit
up. 25 the red LEDs of the backllght 8 in Fig. 4 are not

|t i ttﬁp, a 'vﬂﬁitéuﬁﬂii@@iaﬁﬂﬂ drymrlhyelp%ﬂédZiﬁctheg%)a@&oﬁnedmetweemar al | el
(o} e :

t ransn$ ssithe first substrate ahd thes seqund subyiratepis eonzposgdf of supertwisteds
external light incident on the visible side of the liquid crystal display
panel nematic liquid crystals havmg a twist angle ranging 180 degrees to 270

degrees, and

a retardation film is disposed between the first substrate of the
liquid crystal display panel and the absorption-type polarizing film.

10 5. A timepiece according to Claim 2, wherein a light diffusing layer
is disposed on the liquid crystal display panel side of the reflection-type
polarizing film.

6. A timepiece according to Claim 3, wherein a light diffusing
layer is disposed on the liquid crystal display panel side of the reflection-

15 type polarizing film.

7. A timepiece according to Claim 4, wherein a light diffusing
layer is disposed on the liquid crystal display panel side of the reflection-
type polarizing film.

8. A timepiece according to Claim 2, wherein the absorption-type

20 polarizing film is a color polarizing film using a dichroic pigment.

9. A timepiece according to Claim 3, wherein the absorption-type
polarizing film is a color polarizing film using a dichroic pigment.

10. A timepiece according to Claim 4, wherein the absorption-type
polarizing film is. a color polarizing film using a dichroic pigment.

25 11. A timepiece according to Claim 2, wherein the backlight is
made up of a light source such as light emitting diodes; an electro-
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20, Is transmtted through the absorption-type pol ar|2|ng f||
incident on the liquid crystal display panel 20. ”MHM” H' 3H|“|
letters 41 shown in Fig. 6 represent portions of the

di spl ay panel 20, where a voltage is applied between the electrodes
the linearly polarized light transmtted through the absorption- type

polarizing film2 is transmtted through the STN liquid crystal |ayer

desor | beclWEEMBhES B ot B RER ahd, pght MREpSing RS £OF dlifihng™s 07

reaches t!l%ylt heﬁlg ﬁg?{g(yﬁrf di sposed over the backli ght 8.

The |inea ari z Incident on the light diffusing |layer 6 is

| tt t { f
diroction " eq%# ”t“%e reﬁf‘*ﬁ”‘%aﬁ@%&““% thClainl'3; Wherelt theAPfLkIpH R
ref | ecti ogylddyaip F a SRt Didios Sudh '@ dgle! bftng tdiodéﬁiehﬁeélél:tfdle i ght

di ffusing | ayer di splay in black i's indicated

bac kgrS)Uﬂﬁlmiﬁéscéﬁcéf‘!Qgﬁt igr the like, drebaclght idiffusingo mayernfmf dlffusmtghe
liquid crystal display panel 20 in Fig. 4, where no voltage is applied

bet ween t hightlepsitteddsy the light sowsvel y pol arlzed light which is transmtted
20 through the absorption-type polarizing film2 is tw sted when

transnitted 13t hrAuimepieceSadconding tocClaine 4, | wherein heabacldightr i ngl y,

Is turned into the li1nearly polarized Iight in the direction

or t hogonaimade tupe afr anlight sseurcaxsuch as lightoemitting edibdes,; an- ejqniro-

pol ari zi ng film 3. Consequently, the linearly polarized | Iﬂ{]lt as above
is reflec escence light,rer the llike, iand aylighp diffusing dayer for diffusingand
sent back to the visible side as it is, so that the background part 42

i s di ¥l ajightiemisteddby thelight sourceone.
20
14. A timepiece according to Claim 11, wherein the light

diffusing layer is made up of a coated film comprised of a transparent
adhesive with silica grains or acrylic grains diffused therein.

15. A timepiece according to Claim 12, wherein the light

15 d1ffusmg layer is made up of a coated film comprised of a transparent
adhesive with silica grains or acrylic grains diffused therein.

16. A timepiece according to Claim 13, wherein the light
diffusing layer is made up of a coated film comprised of a transparent
adhesive with silica grains or acrylic grains diffused therein.

20 17. A timepiece accoﬁﬁg to Claim 11, wherein the light
diffusing layer is a color filter.

18. A timepiece according to Claim 12, wherein the light
diffusing layer is a color filter. | |

19. A timepiece according to Claim 13, wherein the light

25 diffusing layer is a color filter.
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Thus, with the configuration shown in Fig. 4, in a state wherein the
backlight is not lit up, the background part 42 is displayed in a netallic
tone, and the portions of the display letters 41 are displayed in bl ack.
According to this enbodi nent of the invention, as the background 5 is
indicated in a display condition exhibiting a reflection characteristic,

t he di splay condition thereof becones visually recognizabl e even when
t he LEDs are turned off. Fug. Fgmsq-i n the case wherein the
absorption- type polarizing T1IT'mis used in the conventional way, the

packground 1S In a Hnfeig¥eprovidid with !aowwai%h@%ﬁggg@kg:rrgﬁamﬁﬂﬂwdi ment

of the invention,. ossible to i ndicat® the und i a“white

col or, efbHagti r(qo?,lh%a ble of di&aéslﬁ i chtC Yédst a8ither time informatidéd igrus

nodi ficatfons to e I'nvention viously described with reference

to the figalendabdsifomnition civtmdernp! dfcatiquidocriysmlsiagends) sealedmipdi ment .

15 Wth the two enbodi nents of the Tnvenfion aS descri bed above, a

si ngl €5 abgaprforaied beeveal arfirstnmbistdate i() andda second substrate 3@),amthi ng

film di sposed on the visible side of the liquid crystal display panel,

and a si ngfmm?arent; sfitlecn electsoide formed meath | of imnerssutfices thereefcond
polarizing film di sposed on the backlight side. However, a plurality

of the refacingieachoothes) and anrapsorptienstype polaizingsfitm(2) absbrisingethe

Further, the first polarizing filmis not limted to an absorption-type

pol ari zi néight lineaslyt potayized in thef disection -arthagonal doithe transonissios anisy be
TS UP O thereot 1s disposed of the outer side of the Hrst substrate (1) installed on
10 the visible side of the liquid crystal display panel (10) while a reﬂectién—
type polarizing film (3) reflecting the iight linearly polarized in the
direction orthogoﬁal to the transmission axis thereof is disposed on a side
of the second substrate (4), opposite from the visible side, and the
backlight (8) is installed on the outer side of the reflection-type polarizing
15 film (3), so that time informaﬁon and so forth are visually recognizable

with good contrast even when the backlight is not lit up.
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reflection-type polarizing film 25 . The second pol arizing fil m my

al so be nmade up of a reflection- . type polarizing filmin conbination
wi th an absorption-type pol ari zing
21 . film : | NDUSTRI AL APPLI CABI LI TY As

described in the foregoing, wth the L%nepiece according to the 5
i nvention, provided with the absorpti ehStype polarizing film the liquid
crystal display panel, the reflection-type polarizing film and the

backl i ght, it is possible to dg qug i me information and cal endar
information with - contrast sufflci . visual ly recogni ze the displ ay
condition thereof in ~both a state wherein the_backlight is not |it up
and a state wherein the 10 bag%light is lit u EW appl ying the invention
to various digital ti mepi €Ce Ch W15 tches, desk clocks, and so
forth, it is possible to enHa - lyavisibility of display,
to reduce significantly f pequency at L backl i ght need be put
to use, and to decrease : g '
I R
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consunption of a battery. 15
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CLAI VB _ 1. (cancelled) 5 2. A tinmepiece conprising:
a liquid crystal display panel, rmade up of a liquid crystal |ayer
sealed in a gap forned- between a.first substrate and a second substrate,
both transparent, with an el ectrode formed on e€ach of inner surfaces




23 ' t hereof, facing each other; and capabl e of displaying at
| east either tinme i nformati on or cal-endar information; ' a
first polarizing filmdisposed on the outer side of the first

substrate disposed on the visible side of the liquid crystal display panel;

gecpnd a secgnd pol ari zi ng filn1di§2§%ed on the outer side of the
- FIG.7
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substrate; and a backl i ght disposed on a side of the second

pol.arizing film opposite fromthe visible side, wher ei n
the first polarizing filmis an absorption-type polarizing 10 film o
absorbing the light linearly polarized in the direction orthogonal to the

transm ssion axis thereof, and " the second polarizing filmis a
reflection-type polarizing film rBf ecting the light linearly

pol arized in the direction orthogonal ¥ogthe . transmission axis
.thereof. 15 3. Atimepiece accordiing to Claim 2, :

wherein the liquid crystal |layer sealed in the gap fornmed between t he

first substrate and the second substrate is conposed of twi sted nematic
liquid crystals having a twi st angle not greater than 90 degrees, and

~ the absorption-type polarizing filmis disposed relative to the liquid 20
crystal display panel such that the transm ssion axis thereof is aligned
substantially parallel or orthogonal to the direction of the |ong axes of
liquid crystal nolecules, |ocated on the visible side of the tw sted
nemati c liquid crystals E while the reflection-type
polarizing filmis disposed relative to the 25 liquid crystal display panel
such that the transm ssion axis thereF‘ ||$ 1? ~aligned substantially
paral l el or orthogonal to the direction ol the | ong axes
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of liquid crystal nolecules, |located on the backlight side of the tw sted
nematic liquid crystals. 4. A tinepiece according to Caim 2,
wherein the liquid crystal |ayer sealed in the gap forned between 5 the
first substrate and the second substrate is conposed of supertw sted
nematic liquid crystals having a tw st angle ranging 180 degrees to 270
degrees, and a retardation filmis disposed between the first

substrate L0 U | Shl: e . gn-type
pol ari zi n88%\{#%nfgmpﬂdﬁ,%gr@)yﬂbﬁhﬁgdplﬁ@h@g@%} ﬁgﬂ{{y}tﬁ: %a@%er ein a
light di fﬁﬁéﬁgfé.ayer ' I's disposed on the liquid crystal display panel
side of the reflection-type polarizing film 6. A

ti mepi ece according to Claim3, wherein a light diffusing . layer is

di sposed on the liquid crystal display panel side of the reflection- 15
type pol aDISCROSURE OF THE INVENTIONI ece according to C aim 4,
wherein a light diffusing | ayer is disposed on the liquid crystal

di spl ay panel sifhe ifvehtion'ledd beén developed toyseiveaherprobiemsidescribed

8. A timepiece according to Caim2, wherein the absorption-type 20

pol ari zi ngn the foregoingcdnd il & objewy ofitheinvendon todiprovide a ftirgepitce

9. A tinepiece according to Caim3, wherein the absorption-type

pol ari zi nysing & liquid coystal display zpanelf whereby rtime itifotmationpicgberdar

10. A tinepiece according to Caim4, wherein the absorption-type

pol ari zi ngnfarmation, andbso fophl ean berdisplayeduwithggaodicomtrsst spi agmtmbe 25

11. A timepiece accordiarig to Aaim2, wherein the backlight is made up
of a I|i ghtvisialbrecognizableevgniwhen athack lightcissnotdit up.ect r o-
10 The timepiece according to the invention comprises a liquid crystal .

display panel, made up of a liquid crystal layer sealed in a gap formed
between a first substrate and a second substrate, both transparent, with an
electrode formed on each of inner surfaces thereof, facing each other; and
capable of displaying at least either time information or calendar
15 information, a first polarizing film disposed on the outer side of the first
substrate installed on the visible side of the liquid crystaI display panel, a
- second polarizing film disposed on the outer side of the second substrate, -
and a backlight ihstalled on a ;ide of the second polarizing film, 6ppo'sitb‘ |
‘ from the visible side. Further, in order to achieve the object describe"d’
20  above, the following configuration is adopted. E

25
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25 | um nescence light, or the like, and a light diffusi ng

| ayer for diffusing light emtted by the |ight source. 12.
A tinmepiece-according to C aim3, wherein the backlight is made up of
a light source such as light emtting diodes, an electro- 5 |um nescence
light, or the like, and a light diffusing |ayer for diffusing l'i ght
emtted by the light source. 13. A tinepiece according to Claim
4, wherein the backlight is made up of a |ight source such as |ight
emtting diodes, an el ectro- | um nescence light, or the like, and a
l'ight diffusing |layer for diffusing 10 light emtted by the |light source.
14. A tinepiece according to Caim1ll, wherein the |ight di ffusing
 ayer is nmade up of a coated filmconprised of a transparent adhesi ve
with silica grains or acrylic grains diffused therein. 15, A
timepi ece accorThegfirst Polariziby filheris' ant Absorpiivn-type pblafiggdilmyer is
made up of a coated film conprised of a transparent adhesive with

f: Hacf’vﬁ gr absorbing atheylight d'mtiall%' gioldrizzent! it theedirection orthogonallfo the
pi ece according to Claim 13, wherein the |ight
transmission axis thereof, and the second polarizing film is a reflection-
type polarizing film reflecting the light linearly polarized in the direction
orthogorial to the transmission axis thereof.
Further, if the liquid crystal layer sealed in the gap formed between
10  the first substrate and the second substrate is composed of twisted nematic
liquid crystals having a twist angle not greater than 90 degrees, the
absorption-type polarizing film is preferably disposed relative to the liquid
crystal display panel such that the transmission axis thereof is aligned
substantially parallel or orthogonal to the direction of the long' axes of
15  liquid crystal molecules, located on i:he visible side of the twisted nematic |
liquid crystals while the reflection-type polarizing film is preferably;: |
disposed relative to the liquid crystal display panel such that the |
transmission axis thereof is aligned substantially parallel or orthogonal to.
the direction of the long axes of liquid crystal molecules, located on the -
- 20 backlight side of the twisted nematic liquid crystals. -
If the liquid crystal layer sealed in the gap formed between the first
substrate and the second substrate is composed of supertwisted nematic
liquid crystals having a twist angle ranging 180 degrees to. 270 degrees, a
retardation film is preferably_iristalled between the first substrate of the
25 liquid crystal display panel and the absorption-type polarizing film.
In the timepieces described in the foregoing, a light diffusing layer



‘dlffu5| ng layer is made up of a coated fil.mconprised of a transparent
adhesive with silica grains or agrylic grains diffused therein. 20

17. A tinepiece according to Claim 11, wherein the light - diffusing
| ayer is a color filter. : 18. A tinmepiece according to Claim 12,
wherein the |ight diffusing layer is a color filter. 19. A
ti mepi ece according to Claim13, wherein the light 25 diffusing layer is
a color filter. CLAIMS 26

1. (cancelled)

5 2. A timepiece comprising:
a liquid crystal display panel, made up of a liquid crystal layer
sealed in a gap formed between a first substrate and a second substrate,

both transparent, with an electrode formed on each of inner surfaces
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