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utiIize31§4 or 60 A wide variety of electronic timepieces
utilizing liquid crystal display elements for time
indication have been developed with great commercial
success. Most of these electronic timepieces indicate
the time in the form of numerals or in what is often
20 referred to as a digital time display. More recently,
the related art have fashioned liquid crystal displays
for electronic watches that represent time in an analog

or conventional type form.
Much of this related art in the field of

25 electronic timekeeping devices with liquid crystal
displays offers a variety of designs and configurations
of the liquid erystal display elements that dynamically
change to indicate the time-of-day. For example, United
States Patent No. 3,969,887 issued to Fukumoto

30 (July 20, 1976) shows an electronic timepiece composed of
many liquid crystal display elements arranged in hour and
minute indicating sections which are selectively
activated in various display patterns so that the time is
indicated in an analog form.
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transparent ~5 @ieplapdsbadi presentsn amhanakas jind Hoatdprpfof Heime "in a
conventional presentation of hour, minute and second

hands that circulate around the watch face. Also, United
States Patent No. 4,435,046 issued to Nishimura

25 (March 6, 1984) that utilizes an analog display
comprising conventional mechanical heour and minute hands
together with a liquid crystal display wherein the
activated segments of the liguid erystal display are
isolated or separated from the andlog display area,

30 Still other designs have introduced color
changing schemes for providing indication of time as is
shown in United States Patent Nos. 4,647,217
(March 3, 1987); and 4,707,141 (November 17, 1987) both
issued to Havel, which shoew variable color digital and

35 analog timepieces, respectively. ©See also United States
Patent No. 5,228,013 issued to Bik (July 13, 1993) which
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typically employ liguid crystal displays that include
static background display elements coupled with active or
dynamic time indicating display elements. As such, the
aesthetic presentation of the liquig crystal display is
20 limited by the functional aspect of the device.

More recent advancements in liquid crystal
displays have disclosed the use of buest dyes within the
ligquid crystal material to provide color modulation. See
for example, United States Patent No. 5,289,301 issued to

25 inventor-applicant Donald Brewer (February 22, 1994)
which suggests the breoad concept of using color
medulation liquid crystal displays in a wristwatch in

some hon-enabled manner.

SUMMARY OF THE INVENTION
30 The present invention is a dynamically
changing, multi-coler liguid crystal display for
electronic timepieces and other designer apparel items
comprising two generally parallel substrates having
interior facing surfaces and a plurality of transparent
35 electrodes dispesed on the interier faces of the
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BRI EF DESCRI PTI O; _THE VW N ln the fol low d | d ripti
reference will© 8“5&@3Hnﬁ%i%??é%iﬁ%e%‘%?bﬁdﬁﬁgsﬁgé @%?é%ggs'ggsFP%:h%gd
shows an enbodiwitht aofccrniverdyiunm L anylohawytely, havioy- tamel Andarelifndvi ng
a single chambghnlisduitdyc ol el SPLGYid Nty Svapmcapl uyshapees from a
first color to ,a second color in accoifdance Wwth the

20 independent of the time of day.

Accordingly, it is an object of the invention
to provide a multi-color, dynamically changing liquid
crystal display for use in watches and similar such
designer apparel items.

25 Another object of the invention is to provide a
dynamically changing liquid crystal display watch dial or
other designer apparel item that provides electronic
control of the color appearance of one or more liguid
crystal displays as well as electrionic control of multi-

30 colored liquid crystal display images, such images being
generally independent of the time of day.

An important advantage of the present invention
ie that the liquid crystal displays incorporated within
the watch dial or designer apparel item provides colored

35 segments on colored backgrounds or alternatively provides

color variation from one color to another color. Such



present invention; 3g FIG 2 shows a expl oded pernspective view of the watch
,of FIG 1 having a dynam cally changing nulti-Color liquid crystal display

in accordance with the present invention.; Wo as~e~~ ~ ~ 0
3 shows anot her enbodi ment of the present invention ill ustratﬁng fof'Zdaéa
Convent“ﬂ%3$éﬁﬁ&fg wat ch havi ng single chanber |iquid cryspefmgésnab@y that

dynam cal a presel ected valor custom zed i mage on a color 5
background when activated; FIG 4 is a block diagram of the enbodi nent
illustrated rn FIG 3 generally depicting the plurality of electrical
connections arid driving neans associated wth the dynam cally changi.ng,
multi-color liquid crystal 1~ display; FIG_ 5 illustrates an electronic
wat ch having a single chanber liquid crysfér di splay and a plurality of

| ectrod ts that d | cal L ul at the. bndi d_ti ' nal
Form i n accor SeNee \ahanaana resprelii by alafipviane ERalts sl e ©°
enbodi ment of collerpicexsinatiemsi bn betweén athegtwoconmiginadngiolarsl,.og
‘vatch havi e o . . )
dyna cal 1y cRiTeC ARG ALY, fpcliatilapa it clpeoRi2eReg RO20R"
_ENTS The fol | eppegréges iqf ithe i bignid heryetal ndtepda¥sent |y cont enpl at ed
for carryigg out the in Ly M SrESRe advantagé 8t the peekeken in a

limting sense, but is nmade nere for the purpos descri bi ng the general
princi pl es oflpwénﬁﬁﬂﬂn¥§nﬁh§%étg%o q%¥dt£€Y$ﬁ%£n%?ﬁHi§N5uld be

determ ned W §Rhcoeporated Wwithin ke Watch GHial ondd@sighest apparal
dynam cal 'y item can be segmented and properly driven such that the
liquid crystal display images can include a wide varijety
10 of multi-colored, customized images. With the present
invention, multi-colored liquid crystal displays of '
animation images, customized images, designer labels,
logos, and the like, are now possible.
S5till another advantage of the present
15 invention embodied within a watch or other timepiece, is
that it provides a multi-colored, dynamically changing
ligquid crystal display that utilizes conventional
mechanical hour and minute hands to represent the
indicated time in analog form. Alternatively, another
20 embodiment of the present invention utilizes multi-color
ligquid crystal display elements which are electronically
activated to represent the indicated time in analog form.
Another advantage of the present invention is
that unlike conventional twisted-nematic displays, the
25 present invention does not require the use of an external
polarizer. This increases the durability, allows wider
viewing angles, and enhances the brightness of the

present multi-color liguid crystal displays.
An important feature of the present invention

30 is the use of a liquid crystal guest-host mixture
comprising a negative order parameter dye and a positive
order parameter dye, or a negative order parameter dye
and a zero order parameter dye, or a positive order

parameter dye and a zero order parameter dye to obtain
AL saetrhati~ affarte Tn addition. the opresent invention
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30 changing, nmulti-color liquid crystal, display watch 10 that includes a
wat ch case 12, a watch cover plate 13, a liquid crystal display watch dial
15 adapted far use ire a conventional analog watch format) mﬂt (j@q'zogz
dynam cal ly changing nmulti-color watch dial serving as the novel and ' $
~ 5 ocr zoogowenslsss—~s—~a~o~ distinguishing fashion el enent. POFNS6/0300T 0
further includes tinekeeping control electronics 24 which control the
anal og novenent of conventional nechanical tinmekeeping hands 16 as a
function of the tinme of day, as'5 is generally known in the art) The
mechani cal hands 16 will be attached to the novenent through a

seal -protected hole 18 in the liquid crystal,display 15. The liquid crystal
di splay control electranics conprise a microprocessor 25 di sposed an a
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5, 289, 301 i ssuld@stdativadly plassing Appracincsreieh amulthituder afed by
reference forewiprdte @Alord.Ne guest-host liquid crystal display disclosed

therein is the anong the best Currently 30 avail abl e nmet hods of achieving
col or Change due to its ddathed faatguieLeundinseme nembedinanbanvfge of

nog requiri n? the m#&ht?ﬁhr@étrﬁ:rt i!a{ ioled Zﬂiﬁrmftﬁéﬁséfgﬂf %}:&P}:ﬁreositive
oraer paraneter,ln a, guest- , M ure . tn.a |1 gul crystal , dl spil ay .
exhi bits 35 a %Hﬁﬁaghiﬁggoﬂwaiﬂﬂﬁﬁ IQQ'tQYQ%ﬂ%i?ikﬁjﬁ%ﬁﬁ%&?%sglﬂﬁéﬁ t he
vol tage appl i edriteteds dilsp ldiys ftloaa dcommide filoen our vandsmingse - Bands~ 5
0 CT zOQz7 & nguR LBRGaRRidn4s! ‘a?:t%‘iﬁgcﬁﬁ‘% ely, a guest dye with a

guest ~hos

negati ve order paraneter 1n a mxture ih a liquid crysta
di spl ay exhibits a chang&hesecandr othemn rahirata fepfiuresand col or when

the vol taga appivafitagedCbeStnkhrdsett! iWentSidi wied Hecuie daphal-aHe
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not exhibit anyCcHBAGE Fkiddedr ipnshe: Rety MRS FRADINT KF et he displ ay
is varied, butfohlbeinyi Gdtaigdedi descegdpitian whurt daker egnrebehndtion

Var'at'om%dr‘JPtﬁpehEengQEEQQGWherein there is shown and described
illustrative embodiments of the invention.

R DESCR ON . DRAWIN
In the following detailed description,
reference will be made to the attached drawings in which:

25 FIG. 1 shows an embodiment of the dynamically
changing, multi-color watch having a single chamber
ligquid crystal display that dynamically changes from a
first color to a second color in accordance with the
Present invention;

30 FIG. 2 shows a exploded perspective view of the
watch of FIG. 1 having a dynamically changing multi-color
liquid crystal display in accerdance with the present
invention;



A large range of different color variations are possible depending on the
particul ar conbi nati on of dyes used. A preferred dye conbination utrilixes

‘2~ red-positive azo dye such as Mtsui SI-426 and a yellow 15 negati-ve
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f reguency gbe dye two co~,ors. . As described above, the watch 10 of
FZG 1 and FIG 2 includes a watch case 12 and_a nufti-solar liquid 10
crystal display 15. Th&¥§1 Bt3bdREtEALER; ABNELIGFEEORAS Wakshe havingert ure
18 drilled tgrigidale t&lﬁr&b&u'ﬂl@ii@t@fydtalﬂ a)tsioiayhaﬁagb muerhlm@hw cal
hour and m nut“‘er%a% 16 extend to sent . an, En | cat i g bl me in an
anal og form © %teﬁtﬂ?% 1 Y{S%}ﬁlﬁg Yi eyt aEepLF &gh a snall
anount of epdndicatddhttime plrncankleq Hetmeinodccbedéngei dlc:hyml di $p~, ay
15 or, pgefe rilled thro~Igh a small enpty Chanber
creat ed |5'§ th%(f}és%%’“}%ﬁs&gm éierrpty chanber conprising a very small
percentage of the enti &G splahpwarThembedinentr 9t thedPEpEEPt15 woul d

then be pl aceﬂm&%m&@.‘m&%ﬁhdoawséﬁvéhewhaw @lnsrlagtahtéhsawwgS
serving as the chl arid, the, hands 16 wa~t cF{I 10 goi ng
a

through the ﬁoF‘é‘ aher |1cftﬂtﬂl%r‘§/’§¥%ﬁ'abl8&%@3315‘"‘%5&1{1 5BEPating t he
l'iguid crystehathber @ynbmiefaldlySThianges fromheneiseslet f tot areklegontrol s a
vari abl e, pot SP&I Qet er whi ch adjusts the magni tude of the voltage delivered
acr oss t%e iré’liquidcrystal display 15, commonly referred to as the
driving voltages or operating 3d vr~ltages. The potentioneter is aohta~, ned
within the liquid orystal control unit 29 which also is adapted to control
ether paraneters G the liquid cr stal rlver In the ill|lustrated
enbodi fient the RESLAIEER RESCRE 'Y LERRRED RIMENTS
Commer ci al ~. y~obt ai nabmuaf rmﬁd\ﬂng%iémwﬁm ly\/rtbz:htmeﬁesebinbdutl lites

.an operating voltags betueeh b NOld” Al S ol 'tnd' BlGeRBlof.

This description is not to be taken in a limiting sense,
25 but is made merely for the purpose of describing the
general principles of the invention. The scope of the
invention should be determined with reference to the
claims.
FIGS. 1 and 2 illustrate a dynamically
30 changing, multi=-color liguid crystal display watch 10
that includes a watch case 12, a watch cover plate 13, a
liquid crystal display watch dial 18 adapted for use in a
¢conventional analog watch format, with the dynamically
changing multi-color watch dial serving as the novel and

i . _ -



~ a SGI 2~~ wa 9sr~s~rss volts (tt~e on" $tato)\ . When the dyes in the

liquid crystal guest-host mxture are positive and nQgative order paraneter
dyes, at 1 vo7.t) the negative order paraneter dye is relati ol grl ess
“and the positive 5 artier paraneter dye is at full oalvr, \gd@% QﬁﬂZt he

negative order paraneter dye is at full color and the pomh&@w
par net . erWoOP& 288 rel ati vely col orl ess, and at voltages i ernedi at e

between 1 Yoit and 2 volts) both positive and negative order paranmeter dyes
are partially 10 col ored (between colorless arid full color) at the same
time, and the resulting color exhibited by the liquid crystal display wll
be a conbination of the partially colored dyes. If) for exanple) one dye at
full color is blue, and the other dye at fy]l color is yellow) various 15
shades of green will. result at voltages itttermedigte 1 volt &nid 2 volt.
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full color of rarre e constant col or of
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at full colgr s fhhGrafiy kHEwAORA! 8Rb okor The HelARiCAY thingaraet of
dye is yellow 1 vo Ss a
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val ue. The rewrystaglc@i@plexhlsb&ndeanbylsﬁﬁrépgﬁl &pwqtmm be the

col or of the z§{& Qb £EN, Pa 8B éndiﬁSweW‘QBuE-&& QAR AP MatRkBLIIES
display cell is raised to ' foi eraHgngé thertjue l.ting, .cal or,

exhi bited kry Y1kl iR weed) 591'(%? ﬁﬁmpﬁa i e S uBR) or
of the negati \ua:xmmbaﬁtpaame&tﬂyelang the maurb@m-toc@nslsmr @S thog Adveo

order par t Th gati ve order paraneter dye at full
color is rga ef’acg%'lq e g%ﬁ%{‘ igﬁéggri‘%f the positive order paraneter dye
is 1.0 yeI low, at i volt cpiledsewerajefiffiereptocode ey iwa |1igni
ye low As UheARNld pdyyghiage &ﬁkééﬁtaﬂplﬂtaa' Forcelde g dhaiegRd (0 Tull

vol t age, the ye ncreasin eeper, shades of green.
The u$er Can ainMeRleler, Qhﬁuﬁﬁéqhéﬁta}lﬁpl%‘:@'&ﬁﬂ:géedd% LAy, SYSEE™ o t he

vol tage deli vqr&tfﬁﬁSatésmbiﬁatﬂoﬁruft a8l ndgapkisy brdey wrwdm aya her
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volt and ~ volgaramdter edydtand a zero order parameter dye, or a
positive order parameter dye and a zero order parameter
dye is preferred. Order parameter indicates where the
polarization axis of the dye lies with respect to

25 ineident light. Such a display is discussed in detail in
United States Patent No. 5,289,301 issued to inventor-
applicant Donald Brewer and incorporated by reference
herein. Moreover, the guest-host liguid crystal display
disclosed therein is the among the best currently

30 available methods of achieving color change due to its
superior brightness, and the inherant advantage of not
requiring the use of an external polarizer.

A guest dye with a positive order parameter in
a guest-host mixture in a liquid crystal display exhibits

35 a change in color from color to relatively colorless when

the voltage applied across the display is raised from a



20 in oscillations of color between ~he full coILr of one dye and the ful

- color of the oth~r dye and across bl ended col ors ' between the two extrene
full colors. In this manner, the user can select the freque f

changes in the liquid crystal display 15 to attain the 25 dgﬁfiﬁu3§22@m%tic
ef fect. <Wpidmmred cature of this ;and other enbodi ments i $ PORUSHNIOAY
crystal di$play response tines. Although i response tinmes for conventional
liquid crystals vary significantly depending on the apexating tenperature,
the 30 typical response tinmes of the liquid crystal display de$cribed
herein are preferably between about |.0-40 cosec to turn the liguid crystal
display to the "on" state and between abQ?L 20-50 cosec to turn the liquid
crystal display to the "off" state. 35 Referring nowtv FIB. 3, there is
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i1 1ustratede as we h cr| b nbodi nents oft he
present i nveﬁbgﬁﬁsn}a‘{]h%f"l'qed\i?ﬁ"({?l%g ?‘{]P b&?%"@%‘ﬁﬁaﬁ“&‘/'?m FRQNanS:
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w9 $ysstade Wbt ! AP S 98 g oh 2o PLgCLakaRRY bexpans] . ve
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recogni zak~Le i mhc~as g}aracters The refﬁiﬁr% m‘.l ui d crxsctai

material istioRofNted CB"n ° the herendth YEENGRERLPEl with
posi tive di ebmbiipniatianmss @ ahe Hwd. aFoheedmp e i B.hthLErirSéal The

di f1er ey’ noBsRiabt WRihd A iERE deself e, HYREE SRS keR gl ' °
crystal dishPag ¥eadomcaeflors anmelqmmmwhmtdi)rpmw cmterrpl at es t he
use of guespab@ekn.POlEHe: @W@cﬁé&‘%&ﬁl}’ﬂ e { )bl &PhRYS OF

encapsul at ed {;quid crystal S as nore y disc osed I.n
co~- pendi ng¥ lpwydyes which produce shades of green, ot a

combination of a red and blue dye pr¢duc1ng either color
30 or various shades of purple.

This embodiment of the invention offers the
ability to custom color-coordinate the watech dial with
specific outfits or customize the co;or depending on a
variety of other criteria. For example, the owner of a

35 blue-to-red liguid crystal display watch could custemize
the color of the watch dial from blue to various shades



15 States patent Application Serial No) 08/033,L94 filed on March 1B, 1993,
the disclosure of t~hich is incorporated by ref erence herein. Har eov$r) the

liquid crystal displays of the all the illustrated enbodi nent
"operated in 20 reflective nade, traps-reflective, or transm ﬁﬁvgwmﬂz

with or without a backlight. A reflective display systemis p&gioSég@sor of
nost ti rrepi‘& .icatidns such as watches or clacks. The

xefl eetive~l display systempreferably incorporates a reflective surface an
the 25 underlying substrate of the di$playr, The highly reflective surface
typically consists of a thin filmof alumnum Silver, gold or other highly
ref lective nbterial. Alternatively, a traps-ri~flective displgy &stem

wi th a baclciight nmeans such hs an 3Q el ectggkum nescent display offers
sbnme very appealing aesthetic effect. FIB. a is a~ block diagram of the
enDadi nent il u&frﬁﬁgglgntsi EedSVQananahb;ceBs}ihaesmma hregilataing y of
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m cropr ocessor D¥splant &5 f ERRPRHR Vhbﬁ dmeFhanarad; BPé'yaMS‘dé‘mer ol
button 19 as \AfﬁaTndélslé h@x{:éﬂ&“Elocpt‘ﬁﬁﬁhtdhﬁphﬂﬂleﬁﬁﬁ.bw ofnittimes. irA dmt tery

2~ is ZO preferr r so cefo bot h e

circuits 24 (qtﬁ???‘;ro’tvlgmnt )q{"é?\dhe %t PHI ﬂt" t’t“k ﬁhﬁ agp og?s% ?‘-% far
the |iquid XS ystiatough s®l salb. afitrenpl ufaepoyydnethatr d&e plagretkeritrs ~70A

t hrough 30H, 4q 0 g t u %Jéﬁ ate
25 and t he Con‘r%l#@é’gcfg égg s@gmnté’figegyhg\%\gghx ﬁ BF:—owg su str?':'e of
the |iquid crysthe hibbelt§ 15 drilledcthiough ﬁcﬁmﬂéﬂeemWYt Kraamber

m Cr apxacessor @eé@e@siﬁb%ﬂéhdféﬁﬁ{" c -ﬁhfédamahvaﬁwrcmgwetrudes whi ch

ef f ectuat es changes 1 n eac i:stal di sg g ?‘ gnent.s b%é in urn
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ACT ZEIT12 VWO yien 10 going through the heole 16 in the liquid crystal
display 15.
25 In eperating the liquid crystal display 15 of
FIGS. 1 and 2, the user effectively controls a variable
potentiometer which adjusts the magnitude of the voltage
delivered across the entire liguid crystal display 15§,
commonly referred to as the driving voltages or operating
30 veltages. The potentiometer is contained within the
liquid crystal contreol unit 29 which also is adapted to
control other parameters of the liguid crystal display
driver. 1In the illustrated embodiyent the liquid crystal
material is 2ZLI-1840, commercially: obtainable from E.M.
36 Industries, which preferably utilizes an operating
voltage between 1 volt or less (the “off" state and 2
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15 different m xtures within a single. liquid crkstal di splay system
coupled with appropriate electronic driving nethod results in a unique

aesthetic appearance not achievable with any other existing | C A AHH d
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conpri ses: blended colors between the two extreme full colers. In
this manner, the user can select the freguency of color
changes in the liquid crystal display 15 te attain the
25 desired aesthatic effect.
Another feature of this and other embodiments
is the liquid crystal display response times. Although
response times for conventional lxquid crystals vary
significantly depending on the operatlng temperature, the
30 typical response times of the 1iqu1d crystal display
described herein are preferably between about 10-40 msec
to turn the liguid e¢rystal display to the "on® state and
between about 20-50 msec to turn the ligquid crystal
display to the "off" state.
35 Referring now to FIG. 3, there is shown another
embodiment of the present invention illustrating a



two generally parallel substrates having interior facing surfaces; a
plurality of transpaxent el ectrodes di sposed on the interior faces of the

“substrates that define a plurality of liquid crystal, disp~. ay se nents

liquid crystal material di $posed between the two substrates; %902
conbi nat ﬁg % %es nco~porated in tkre liquid crystal materi aI V\,her

the Iiqui | display segnents exhibit selected col or Hﬁ%ﬂﬁg@@upénglng
between a first colax and a second color in xespanse to prescribed voltages
applied across selected liquid crystal display segnents by the contrvl7.~ng
means. ~ 5 ACT Z~a2 -21 _ 4. The: electronic tinepiece as clained in
claim 3, wherein the conbinatzQn of dyes conprises a positive order
paranmeter dye and a negative order par ane8@r dye. 5, The electraniC
timepiece as c~. ainmed in_cla wherein the conbination of dyed conpri ses
a posit we or<FRVeRr %?%raB%oSnHa&cEeFB Shas: dyaamisadiltkorms arhe
electronlc1npnﬂseﬂunt@dcbalaedcuatahazgu31mubgregucmhgguuﬂaruulon of dyes

conprises a ~r e, order net er ‘a zero.grder raneter dye.
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above, The watch 10 of FIG. 3, has eight identical

Segments A,B,C,D,E,F,G,H in each of the three concentric

15 rings 30,40,50. Each of the eight ségments A through H of
the concentric rings 30,40,50 representing a forty five
degree arc of the circular watch diel.

In this illustrated embodiment, the preferred
combination of dyes are used to preduce, for example,

20 seguentially activated yellow segments (Segments 30A
through 30H followed by segments 40A through 40H and S0A
through 50H) on a red colored backqéound. Alternatively
any of the concentric rings 30,40,50 can be changed from
a red color to a yellow color if all segments

25 (A through H) within the concentriec ring are
simultanecusly activated. In the illustrated
embodiments, as well as other described embodiments of
the present invention, the liguid cﬁystal displays each
have a transparent substrate which fs preferably glass

30 and one or more transparent electrodes which are
preferably films of indiur-tin-oxide (ITO) that are
deposited in prescribed orientations on the interior
surfaces of the substrates.

By virtue of its ability to effect simultaneous

35 image and color change, the liquid crystal display watch
face provides a practical and inexpensive format for
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The el satronic tinepiece as clainmed i,n claim3, wherein the plurality -of
transparent el ectrodes are arranged i.n a prescribed orientatio : o
gresent images generally independent of the time of day. 10. ]mbéT ﬂﬁgénl C
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by reference herein.

Moreover, the liguid crystal digplays of the
all the illustrated embodiments can be operated in

20 reflective mode, trans-reflective, or transmissive modes
with or without a backlight. A reflective display system
is preferred for most timepiece applications such as
watches or clocks. The reflective}display system
preferably incorporates a reflective surface on the

25 underlying substrate of the display. The highly
reflective surface typically consists of a thin film of
aluminum, silver, gold or other highly reflective
material. Alternatively, a trans-reflective display
system with a backlight means such Es an

30 electroluminescent display offers some very appealinhg
aesthetic effects,

FIG. 4 is a block diagram of the embodiment
illustrated in FIG. 3 generally representing the
plurality of electrical connecticnséand the driving means

35 associated with the liguid crystal éisplay. In the

illustrated embodiment there are twénty-four electrode
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_wherein the plurality of transparent el ectrodes are arranged in a

prescribed orientation so as to present geonetric im~gee, ' '
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segments currespondinq to the desired image or images to
be displayed are placed on the upper substrate of the
liquid crystal display. 1In aﬂditioh there is one commeon
electrode conforming generally to the shape of the watch

5 dial placed on the lower substrate. The portion of the
liguid crystal material disposed between each of the
transparent electrodes on the upper substrate and the
single electrode on the lower substrate define a
plurality of liquid crystal display segments.

10 Each of the twenty-four electrode segments
segments 30A through 30H, 40A throubh 40H, and S0A
through S50H, are individually connected to the
microprocessor, as represented by electrical connections
31-38, 41-48, and 51-58, respectively. The common

15 electrode is connected to the microprocessor by
electrical ¢onnections $9. Input cbmmands or signals to
the microprocessor eriginate from the liguid crystal
display mode control button 19 as wéll as the liguid
crystal display control unit 2%. A battery 27 is

20 preferred power source for both the electronic
timekeeping circuits 24 (quartz movement) and contrelling
the microprocessor 25 for the liquid crystal dieplay 15.
The plurality of electrode segments 30A through 30H, 40A
through 40H, and 50A through 50H, on the upper substrate

25 and the common electrode segment (neot shown) on the lower
substrate of the liguid crystal dis#lay 15 are
selectively activated by the microprocessor 25 to
establish electric fields of varyin! magnitudes which
effectuates changes in each ligquid crystal display

30 segments between an active state and an inactive state.
The prescribed voltages applied across the various
electrodes may occur at predetermined sequence or, if
desired, may occur in a more random fashion. Regardless
of the driving mechanism, each liquid crystal display

35 sagments produces a first color when the liguid crystal
display segment is placed in the inactive state and a
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through 240 are inactive while display elements 241
through 260 are active. By using a combination of dyes,
as described above, the active elements in the
illustrated embodiment are displayeh in a first color,

5 preferably red, while the inactive display elements
appear as a second color, such as yellow.

The exact number of display elements in the
inner circle and outer periphery can be tailored for
various watch designs. For example, a twenty four

10 element inner display may be appropriate for individuals
who regularly use military time. Similarly, the outer
periphery may be limited to twenty or twelve display
elements where the exact minute is not of particular
importance. The present embodiment also has appropriate

15 controls accessible by the individual to controel certain
aspects of the liguid crystal display such as present
time indication, shades of the presented colors, etc.

In other embodiments, illustrated generally in
FIG. 6, the use of the guest-host liquid crystal display

20 method offers a very unigue appearance, since several
different guest~host liguid crystal mixtures could be
filled into one liquid crystal display having a plurality
of separate chambers 60,70,80. The chambers 60,70,80 are
sealed from one another with an epoxy material &5

25 disposed within the liguid crystal display 15. Much like
the previously discussed embodiments, this watch 10
includes a watch case 12, a liquid crystal watch dial 15,
mechanical hands 16, an analog watch contrel button 17,
and a liguid crystal display contrel button 19 which are

30 operatively associated with internally placed electronic
timekeeping circuits and the liquid Erystal display
microprocessor, respectively. Each of the separate
chambers 60,70,80 also has a separate fill port 62,722,682
at the outer periphery of each chamber. A different

35 guest-host mixture which contains dyes with different
properties (i.e. different colors and positive order,
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% multitude of different colors changing into other colors
with the application of a voltage to the various
electrodes within each chamber of the ligquid crystal
display systen.
The observed effect wou;d be for example, a
10 1liquid crystal display that has one chamber 60 that
contains fluid that changes from hlue to yellow, while
another chamber 70 contains fluid that changes from red
to blue, and another chamber 80 centains fluid that
changes form yellow to purple. The combinpation of these
15 different mixtures within a single liquid crystal display
system, coupled with appropriate electronic driving
method results in a unigue aesthetic appearance not
achievable with any other existing low cost liquid

crystal display technology.
20 The present invention and its advantages will

be understood from the foregoing déscription, and it will
be apparent that various changes may be made in the form,
construction and arrangement of thé parts thereof without
departing from the spirit and scope of the invention or

25 sacrificing all of its material advantages, the forms
hereinbefore described being merely exemplary embodiments
thereof. For example, the multi-cohor, dynamically
changing liquid crystal display is Eontemplated for use
in many designer apparel items, novelty items, instrument

30 displays, touchpanels, light filters color shutters,
toys, and other consumer products.

To that end, it is not intendad that the scope
of the invention be limited to the specific embodiments
illustrated and described. Rather, it is intended that

35 the scope of this invention be determined by the
appending claims and their equivalents.
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Claims:
1. A dynamically changing, multi-color liguid crystal

display electronic timepiece comprising:

a multi-color liquid crystal display including
‘one liquid crystal display segment and further having

an aperture;

a Bealing means for hermetically sealing the

ligquid crystal display around the aperture;

an electronic timepiece having time indicating
hands for analogically representing the time, the time
indicating hands extending from the aperture and
operatively associated with the electronic timepiece;

and

a means for electronically controlling the
liquid crystal display segment to dynamically change
betwean an active state and an inactive satate by
generating prescribed voltages applied across the
liquid crystal display segment 1in a predetermined
sequence independent of the time of day indicated by

the electronic timepiece;

wherein the ligquid c¢rystal display segment
produces a firast color when the liquid crystal display
segment is placed in the inactive state and a second
color when the liquid crystal display segment is
placed in the active state, and wherein the color of
the liquid c¢rystal display thereby changes in a

predetermined fashion independen& of the time of day.
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liquid crystal display segment is further adapted to
change between a fully active state, partially active
states, and an inactive state, and in response to the
prescribed voltages applied across the ligquid crystal
diaplay segment, the liquid crystal display produces
shades of color between the first and second colors
when the liquid crystal display segment is placed in

the partially active state.

3. The electronic timepiece as claimed in claim 2,
wherein the multi-color liquid crystal display further

comprises:

two generally parallel substrates having

interior facing surfaces;

a plurality of transparent electrodes disposed
on the intericor faces of the substrates that define a

plurality of liquid crystal display segments;

liquid cryatal material digposed between the two

substratea; and

a combination of dyes incorporated in the liguid

crystal material;

whereby the liquid crystal disgplay segments
exhibit selected color changes ranging between a first
color and a second color in response to prescribed
voltages applied across selected liquid crystal
display segmenta by the c0ntrolling neans.
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wherein the liquid crystal dispiay comprises a multi-

chamber liquid crystal display having a plurality of

sealed chambers wherein each cha¢ber includes:

a plurality of transparent electrcdes that
define liquid c¢rystal display segments for each
chamber;

a liquid crystal material; and

a different combination of the colored dyes;

whereby the 1liquid crystal display segments
within each chamber exhibit 571ected color changes
ranging between a first color gnd a second coler in
responge to prescribed voltqges applied across
Selected liquid crystal display segments within each

chamber by the controlling means,

8. The electronic timepiece as claimed in c¢laim 3,
!
further comprising a means for customizing the liguid
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two generally parallel substrates having

interior facing surfaces;

|
a plurality of transparent electrodes disposed
on the interior faces of the subatrates that define a

liquid crystal display segment;

a liquid crystal material disposed between the
two substrates;

at least one color associated with the liquid

crystal material; and

a means for electronically controlling the
liquid crystal display segment to dynamically change
between an active astate and an inactive gtate by

applying prescribed voltages across the liquid crystal



940% 8" f& ()-3 n 10%8"f& ()- [ 1110%f& ()-" ° 10% f& ()-GL|[: NA4LO

%4069 S& ()- | y 310%6% S& ()-g yl0%E% S& ()- AS! 10984 & () -y

91 10%9% ~& ()- 1098% S& () - "eW(Yng/U4 10% " & () -

C U810% " & () - Y10S% S10S% S10S% S i | 410%8% S& ()- n /s10usw sk 0CT 2002
3+MLOYEYS S& ()-fnHy| [:vUs (10%"& ()- i "10%"& ()- Al110%"& ()- 2

110% " & ()- <0110%"& ()- <& 10%"& ()- K%I\/N[ | obU4 B

s$10%@ @' ()-F10_"10 _"10 " AY9!10% " & ( JY9l109%C "C& ()-y F.lO%L"&'()-
?Iéagl"g Eg [bg%l[ b4 . '10@6&f(g f '10@y"y&f() g '10@y"y&f()

1 10% " y& ()- 109 o

D100 G 1) - é@%},}g @é%{ @‘]u%; %}r%&é?é%mﬁgﬁ %&h%%@l @%@p@rrde@zt
+$10%@ @& () - f<=c>f<PN@Mﬂ1@@@dinf9l 10%"& ()- i 10%"& () “10% " & ()-y
y10%"& () - .&$10% "& () Gllo@ @0@@30 ab| [NA410@0 "10_"10 "

2Y&61 10% " & () - 1 (Lghg%éin th %%u%d cryg%gf; gl%%lay exhibits

selected color changes between a first color and a
gsecond color in response to prescribed voltages

applied by the controlling means.

12. The dynamically changing, wulti-color liquid crystal
display for designer apparel items of claim 11 wherein
the liquid crystal display comprises a multi-chamber
liquid crystal display having a plurality of sealed

chambers wherein each chamber includes:

a plurality of transparent electrodes that
define ligquid crystal display segments for each
chamber;

a liquid crystal material; and

a different combination of the colored dyes;

wherein the 1liquid crystal display segments
within each chamber exhibit gselected color changes
between a first color and a second coclor in response
to prescribed voltages applied across selected liquid
crystal display segments within each chamber by the
controlling means, with the color changes occurring in

a sequence unrelated to the time of day.

13. The electronic timepiece as claimed in claim 11,
further comprising a means for customizing the liquid
crystal display to a selected color, the selected
color ranging between the first color and the second

color and shades of c¢olors therehetween,
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wherein the plurality of transparent electrodes are
arranged in a prescribed orientation so as to present
geometric images, animation images, customized images,

{
logos, or other recognizable images.



