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LIQUID CRYSTAL DISPLAY TIMEKEEPING APPARATUS BACKGROUND OF THE INVENTION I
The present invention generally relates to an 5 electranic timekeeping
apparatus and, more particularly, relates to an electronic timekeeping
apparatus with a . dynamically changing liquid crystal display that allows
electronically controlled color change of the liquid crystal display
elements. Moreover; the present la invention also allows electronic control
of multi-colored liquid crysta1 display images) such images being generally
independent of the time of day or alternatively provide a multi.-colored
indication of the time of day in an analog representation. 1~ A wide
variety of electronic timepieces utilizing liquid crystal display elements
for time indication have been developed with great commerical success. Mast
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. Mote 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 crystal display elements that dynamically change to indicate the
time-of-day. For example, United States Patent No. 3 g69,887 issued to
Fukumata 3o (July 20) 1976) shaves 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 farm.   wo mss  ~ ~ o c-r zao~
PGTI089~61p3Q07 Another example is United States patent No. 4,21Z,159
issued to Nobel et al. (July 15, 1980) which discloses an electronic
timepiece with a liquid crystal display simulating a conventional
mechanical analog 5 timepiece. The liquid crystal material in Nobel et al.
disclosure is activated in selected areas to change the appearance of the
display to simulate movement of hands in an analog timepiece. United States
Patent No. 4,213,294 issued tee x0 Freeman (July 22) 1980) is one of many
United States patents which disclose an electronic timepiece composed of
many liquid crystal display elements that when activated simulate the
positions of the hour and minute hands in an analog timepiece. Freeman
utilizes z4 or 60 



15 individual minute display elements shaped to combine With 12 or 24 hour
display elements which are selectively activated to represent the indicated
time in analog form. Other related art includes United States Patent No
4,385,842 issued to Wiesner (May 31 1983 which 20 disclases an electranic
watch which has a liquid crystal display that presents an analog indication
of time 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 Nishirnura ., 25 (March 6, l984) that utilizes an
analog display . comprising conventional mechanical hour and minute hands
together with a liquid Crystal display wherein the activated segments of
the liquid Crystal. display are isolated or separated from the analog
display area. 30 Still other designs have introduced color changing schemes
fox providing indication of time as is shown .in United States Patent Nos.
4,647,217 (March 3) i987); and 4,707,141 (November 17, 1987) bath issued to
Hovel) which show variable color digital and 35 analog timepieces,
respectively. 'See also United States Patent No. 5,228,Q13 issued to Bik
(July 13, 1993) which    I _~_ ~ 5 o c r zoo2 utilises multiple liquid
crystal display elements that change color to indicate time in b
non-conventionax farm. Many existing liquid crystal displays used in
timepieces utilize conventional twisted-nematfc (TN) 5 displays that
generally have a black on grey appearance. In addition) polarizing films,
both external and reflective are typically incorporated within such devices
which tends to diminish the brightness of the display and limit the viewing
angles at which the display is clearly 10 visible. Color appearance of the
liquid crystal display is introduced through the use of collared filters,
colored backgraund lighting, and the like However, when the appearance of
color is incorporated with such timekeeping devices, the colors are often
preselected and static. 15 The above-described and related references
typically employ liquid crystal displays that include static background
display elements coupled with active or dynamic time indicating display
elements. As such, the aesthetic presentation of the liquid crystal display
is 20 limited by the functional aspect of the device. Mare recent
advancements in liquid crystal displays have disclosed the use of west dyes
within the liquid crystal material to provide color modulation. See far
example, United States Patent Ho. 5,289,301 issued to 25 inventor-applicant
Donald Brewer (February 22, 1994) which suggests the broad concept of using
color modulation liquid crystal displays in a wristwatch in some
non-enabled manner. SUMMARY OF THE INVENTION 30 The present invention is a
dynamically changing, multi-color liquid crystal display for electronic
timepieces and other designer apparel items comprising two generally
parallel substrates having interior facing surfaces and a plurality of
transparent ~5 electrodes disposed an the interior faces of the 



~ ~ o ~ r ~ooz wo qsr~lba _4_ rcrros9sro~aoz substrates that define liquid
crystal display segments. The liquid crystal material used in the present
.invention incorporates a combination of colored dyes arid is generally
disposed between the two substrates. The 5 present invention also includes
a driving means for electronically controlling the liquid crystal display
segments to change between a first color and a second color and shades of
color therebetween by applying prescribed voltages across selected liquid
crystal 10 display segments. The liquid crystal displays incorporated
within the watch or designer apparel item can be further adapted to provide
various colored images such as geometric images, animation images)
customized images, and the like on colored backgrounds by properly l5
defining appropriate liquid crystal display segments. Then incorporated
within a watch, the dynamically changing, multi-color liquid crystal
displays can be used with a conventional analog watch having time
indicating hands such that the liquid crystal displays are 2o 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 watched 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 liquid crystal displays as well a$
electronic 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 is that the liquid crystal displays
incorporated within the watch dial or designer apparel. item provides
colored 35 segments an colored backgrounds alternatively provides color
varation from one color td mother color. Such   wa rs~ .. ~ 5 C~ c T Zao2
color changing capability also provides shades or the color combinations in
between the two original colors. This feature allows an individual to
customize the color appearance of the liquid crystal display. 5 Another
important advantage of the present invention is that the liquid crystal
displays incorporated within the watch dial or designer apparel item can be
segmented and properly driven such that the liquid crystal display images
can include a wide variety 



14 of mufti-colored, customized images. Witty the present invention,
mufti-colored liquid crystal displays of animation images, customized
images, designer labels, logos, and the like, are now possible. Still
another advantage of the present 15 invention embodied within a watch or
other timepiece is that it provides a multicolored) dynamically changing
liquid 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 utilises mufti-color liquid
crystal display elements which are electronically activated to represent
the indicated time in analog foam. 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 liquid crystal displays. An important
feature of the present invention ~0 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, ox a positive order parameter' dye and a zero order
parameter dye to obtain ~ ~aea.~.a+;.. effects In addition tie present
invention   15 0 C T 2Q02 wo rr~  rcrrosasro~oo~ can ba adapted far use
with conventional driving schemes used in many existing liquid crystal
displays. Still another feature of the present invention is the optional
use of a single chamber liquid crystal display or a multi-chamber liquid
crystal display to further customize the colors and images appearing can
the watch dial or other designer apparel item.- The multichamber liquid
crystal. display device offers an aesthetically pleasing appearance with a
multitude of 10 vibrant colors. Another feature found in some embodiments
of the present invention is the formation of an aperture through the
multi-colored, dynamically changing liquid crystal display to accommodate
the hour and minute hands t5 in a conventional analog watch. These and
other objects, features, arid advantages of the present invention will
become apparent to those skilled in the art upon a reading of the following
detailed description when taken in conjunction 20 with the drawings wherein
there is shown and described ~.llustrative embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS In the following detailed description,
reference will be made to the attached drawings ire which: ' ~~ FIG. 1
shows an embodiment of the dynamically changing, multi-cololr watch having
a single chamber liquid crystal display that dynamically changes from a
first color to a second color in accordance with the 



present invention; 3g FIG. 2 shows a exploded perspective view of the watch
of FIG. 1 having a dynamically changing multi-Color liquid crystal display
in accordance with the present invention.;   wo as~e~~ ~ ~ o c r ~ooz  FIG.
3 shows another embodiment of the present invention illustrating a
conventional analog watch having single chamber liquid crystal display that
dynamically forms a preselected valor customized image on a color 5
background when activated; FIG. 4 is a block diagram of the embodiment
illustrated in FIG. 3 generally depicting the plurality of electrical
connections arid driving means associated with the dynamically changing,
multi-color liquid crystal 1~ display; FIG. 5 illustrates an electronic
watch having a single chamber liquid crystal display and a plurality of
electrode segments that dynamically simulates the indicated time in analog
form in accordance with the 15 present invention; and FIG. 6 shows an
embodiment of the present invention illustrating a conventional analog
watch having a multi-chamber liquid crystal display wherein each chamber
dynamically changes from one solar to another 2a valor.  C (7N 0 R E E~
ENTS The following description is of the best mode presently contemplated
for carrying out the invention. This description is not to be taken in a
limiting sense, but is made merely for the purpose f describinq 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 liquid crystal, display watch 10 that includes a
watch case 12, a watch cover plate 13, a liquid crystal display watch dial
15 adapted far use ire a conventional analog watch format) with the
dynamically changing multi-color watch dial serving as the novel and    _$_
~ 5 ocr zooz rcrrt~s~s~a~o~ distinguishing fashion element. The watch to
further includes timekeeping control electronics 24 which control the
analog movement of conventional mechanical timekeeping hands 16 as a
function of the time of day, as 5 is generally known in the art) The
mechanical hands 16 will be attached to the movement through a
seal-protected hole 18 in the liquid crystal display 15. The liquid crystal
display control electranics comprise a microprocessor 25 disposed an a
printed circuit board 26 14 dimension to be placed immediately below the
liquid crystal display 15 and in electricsal connection therewith. A common
power source ouch as a battery 27 will be used for both the timekeeping
function (i.e. hand movement) aid controlling the microprocessor 25 for the
15 liquid crystal display 15. While several different Color changing liquid
crystal displays axe contemplated far use with the invention, a guest-host
liquid crystal display system utilizing a combination of a negative order
parameter dye 20 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 is preferred. Order parameter indicates
where the polarization axis of the dye lies with respect to 25 incident
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 liquid crystal display disclosed
therein is the among the best Currently 30 available methods of achieving
color Change due to its superior brightness, and the inherent 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   wo 9sna~ss -g ~. ~ 5
0 C T ZOOZ minimum threshold voltage. conversely, a guest dye with a
negative order parameter in a guest~host mixture ih a liquid crystal
display exhibits a change in color from relatively colorless to color when
the voltaga applied .5 across the d~.spl.ay ~.s ra~.sed f7~om a minimum
threshold voltage. Finally, a guest dye with a zexo order parameter does
not exhibit any change in color when the voltage applied across the display
is varied, but rathex wild. remai.r~ constant fn color regardless trf
variations in 10 applied voltage. 



A large range of different color variations are possible depending on the
particular combination of dyes used. A preferred dye combination utrilixes
2~ red positive azo dye such as Mitsui SI-426 and a yellow 15 negative
anthraquinone dya: 1.8
his-I4-butylbenzamidol-4,5-Bist4-butylbenzoyioxy)-3-methylanthraquinone
which produces yellow colored displa~r in the "on" state and a Bred colored
background in the 'off" state. Some of the preferred dyes are discus$ed in
tietaxl i.ri United 20 States Patent No. 4,933,1o4 also incorporated by
reference herein. For light shutter applications) the selected dye
Gombinatian can produce d Color variation from one cc~lar to the other,
while $~.sC~ producing solar combil~ations of the two. for example) a
liquid Crystal 25 display u$ing the preferred dyes changes from $ red color
t~o a yellow oalor and varia~s shades of orange iri between. ether
contemplated examples utilize blue and yellow dyes which produce shades of
green) ar ti combination of a red and blue dye prdducing either color 30 or
various shades of purple. This embodiment of the invention offers the
ability to custom color~coordinate the watch dial with spec~.fic outfits or
customize the. color depending on a variety Qf other criteria. For example,
the owner of a 35 blue-to-red liquid Crystal display w~tch could custpmize
the color of the watch dial from blue to various shades   wo ~s _lo i 15 a
c T zoaz of purple to red via an accessible voltage regul$ting dial.
similarly) a blua-to-yellow watch can be customized or controlled by th~a
customer to display blue, yellow, or various shades of green.
Alternatively, the 5 present two color liquid crystal:dispiay watch could
be customized or controlled by the user to oscillate at s predetermined
freguency between the two co~,ors. . As described above, the watch 10 of
FZG. 1 and FIG. 2 includes a watch case 12 and a mufti-solar liquid 10
crystal display 15. The illustrated embodiment also has a hole or aperture
18 drilled through the liquid cry$tal display 15 through which mechanical
hour and minute hands 16 extend to present an indication of time in an
analog form. ~'he hole or ~xperture 18 c&n be drilled 15 through a small
amount of epoxy ~Z that is placed iri oehter of the liquid crystal di$p~,ay
15 or, preferably, the hole lb is drilled thro~lgh a small empty Chamber
created in the display. This small empty chamber comprising a very small
percentage of the entire display. 20 The liquid crystal display 15 would
then be placed in an analog watch to with the liquid crystal display 15
serving as the watch dial arid the hands 16 of the analog wa~tcM 10 going
through the hole 18 in the liquid crystal display 15. 25 In operating the
liguid crystal display 15 of FIGS. i and Z, the user effectively controls a
variable potentiometer which adjusts the magnitude of the voltage delivered
across the entire liquidcrystal display 15, commonly referred to as the
driving voltages or operating 3d vr~ltages. The potentiometer is aohta~,ned
within the liquid orystal control unit 29 which also is adapted to control
ether parameters Gf the liquid crystal d~.splay driver. In the illustrated
embodifient the liquid crystal material is ZLI-1840,
Commercial~.y~obtainable from E.M. 35 industries, which preferably utilites
an operating voltage between 1 volt or less (the "off" state and 2 



~ a SGT 2~~ wa 9sr~s~rss volts (tt~e on" $tato) . When the dyes in the
liquid crystal guest-host mixture are positive and n0gative order parameter
dyes, at 1 vo7.t) the negative order parameter dye is relatively oolorless
and the positive 5 artier parameter dye is at full oalvr, at 2 vo~.ts, the
negative order parameter dye is at full color and the positive order
parnmet.er dye is relatively colorless, and at voltages i.~itermediate
between 1 Yolt and 2 volts) both positive and negative order parameter dyes
are partially 10 colored (between colorless arid full color) at the same
time, and the resulting color exhibited by the liquid crystal display will
be a combination of the partially colored dyes. If) for example) one dye at
full color is blue, and the other dye at full color is yellow) various 15
shades of green will. result at voltages itttermedigte 1 volt &nd 2 volt.
When the dyes in the liquid crystal quest-host mixture are positive and
zero artier parameter dyes, at 1 volt the positive order parameter dye is
at full colpr arid the zero order dye i.s at constant full color, The
resulting color exhibited by the display cell will be a combination of the
full color of the positive order parameter dye and the constant color of
the zero order parameter dye. Thus, if the poeitive order parameter dye 25
at full color is blue, and the constant color of the zero order parameter
dye is yellow) at 1 volt or less applied voltage, the color exhibited will
be a combination of blue and yellow) namely green. As the applied voltage
across the display cell is raised, the green color will 30 become lighter,
namely mere yellowish) and at full voltage across the display cell, the
color thereof will be yellow. When the dyes in the liquid crystal
guest-ho$t mixture axe negative and zero order parameter dyes, at 1 35 volt
the negative order parameter dye is relatively colorless and the zero order
parametdr dye is $t constant   ~ ~ o cT zaoZ wa 6s pGT/a896103007 full
value. The resulting color exh~.bit~ed by the display cell will be the
color of the zero order parametex dye. When the voltage applied across
display cell is raised to 'foil operating value, the resulting color
exhibited kry i 5 the display Gell will be a aombinat~.on of the full color
of the negative order paramstGr dye and the constant color of the zero
order parameter dye. Thus, if the negative order parameter dye at full
color is blue, and the con$tant color of the positive order parameter dye
is 1.0 yellow, at i volt applied voltage; the color exhibited will be
yellow. As the applied voltage acr~ass the display cell is raised to full
voltage, the yellow color will change to increasing deeper shades of green.
The u$er Can also selec~ the frequer~ay of i5 voltage oscillations to the
voltage delivered across the liquid crystal display 15 by adjusting another
variable potentiometer also contained within the liquid crystal control
unit ~~. Osciilat~.ons in voltage across the display cell between the 1.
volt and ~ volts will result 



20 in oscillations of color between ~he full color of one dye and the full
color of the oth~r dye and across blended colors between the two extreme
full colors. In this manner, the user can select the frequency of color
changes in the liquid crystal display 15 to attain the 25 desired aesthetic
effect. Another feature of this ;and other embodiments i$ the liquid
crystal di$play response times. Although i response times for conventional
liquid crystals vary significantly depending on the apexating temperature,
the 30 typical response times of the liquid crystal display de$cribed
herein are preferably between about l.0-40 cosec to turn the liguid crystal
display to the "on" state and between about 20-50 cosec to turn the liquid
crystal display to the "off" state. 35 Referring now tv FIB. 3, there is
shown another embodiment of the present invention illustrating a   wa
9sr~rss -13 ~ 5 t~ C T 20pZ PCf~1S96N~009 conventional analog watch 10 that
dynamioahly forms apreselected color customized image, such as
theillustrated concentric circles, on a solar backgroundwhen activated. The
watch 10 inclu~GS a watch case 1~, a5liquid crystal watch dial 15)
mechahicai hands xs) ananalog watch aantrol button 1'7) and~$ liquid
crystaldisplay mode aantrai button 19 and control unit z9. Thewatch dial in
this embodiment is a jingle chamber liguidcrystal display 15 that includes
8 ~t~mbination of a ' l0i positive order parameter dye and a hegati.ve
orderparameter dye that preferably changes from a red color toa yellow
color when activated in the manner describedabove. The watch 10 of FIG. 3,
has eight identicalsegments A,H,G,D,E,F,G,H ~,~n each of the three
concentric15rings 30,40,50. Each of the eight segments A through H ofthe
concentric rings 30,40,50 representing a f~rrty fivedegree arc of the
cix~cuXar watch dial.In this illustrated embad~ment, the
preferredcombination of dyes are used to produce, fox
example,z0sequentially activated yellow segments (Segments ~QAthrough 30H
followed by segments 40A through 40H and 50Athrough 50H) on a red colored
backg7~aund. Alternativelyany of the concentric rings 30,40,54 can be
changed froma red color to a yellow aalar if all segments~5(A through H)
within the concentric ring aresimultaneously activated. Zn the
illustratedembodiments, as well as ether described embodiments ofthe
present invention, the liquid c~tystal displays eachhave a transparent
substrate which is preferably glassand one ar more transparent electrodes
which arepreferably films of indium-tin-oxide (ITC) the~t aredeposited in
prescribed arientations~ an the interiorsurfaces of the substrates.8y
virtue of its ability ~a effect simultaneous~Simage and solar change, the
liquid crystal display watchface provides a practical and inexpansi.ve
format for   i ~ ~ ~c~ ~~oz wa use -14~ generating a wide variety of
pleasing and eye-catching dynamic images. These could include kaleidoscopic
effects, animated images, geometric ~.mages, designer logos, ox other
recognizak~le imbc~as or characters. 5 The preferred liquid crxsctai
material is a conrrenti.onal twisted-nematic liquid crystal material with
positive dielectric anisotropy such as the aforementiahed ZL=-ls4o. The
liquid crystal displays preferab~.y change from a non-scattering color to a
different non-Scattering 10 solar for typical twisted-nematic:li,quid
crystal display app~.icatfons. The present invention also contemplates the
use of guest-host. polymer dispersed liquid crystal (PDLC) displays or
encapsulated lf;quid crystal (NCAP) displ$ys as more fully disclosed i.n
co~-pending United 



15 States patent Application Serial No) 08/033,494 filed on March 1B, 1993,
the disclosure of t~hich is incorporated by reference herein. Hareov$r) the
liquid crystal displays of the all the illustrated embodiments cap be
operated in 20 reflective made, traps-reflective, or transmissive modes
with or without a backlight. A reflective display system is preferred for
most timepiece appl.icatidns such as watches or clacks. The
xefleetive~ldisplay system preferably incorporates a reflective surface an
the 25 underlying substrate of the di$playr, The highly reflective surface
typically consists of a thin film of aluminum, Silver, gold or other highly
ref lective m$terial. Alternatively, a traps-ri~flective displgy &ystem
with a baclciight means such hs an 3Q electraluminescent display offers
sbme very appealing aesthetic effect. FIB. a is a~ block diagram of the
emDadiment illu$trated in FiG. 3 generally rep~eesenting the plurality of
electrical oonnections~and the driving means 3a associated with the liquid
crystal display. In the illustrated embodiment there are ~kw~knty-four
e~.ectrode   i ' '~ ~-a~T ~Z wa asr~r~s ~ pcrrosx~n~oa~ segments
corr~aspanding to the desired image or images to be displayed are placed on
the upper substrate of the liquid' crystal display. In additiai~ there is
rrne common electrode conforming generally to trie shape of the watch 5
dial placed ott the lower substrate. The port~.on of the liquid crystal
material disposed between each of the transparent electrodes ari 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 thraulgh 40H, and 50A
through 50H) are individually connected to the microprocessor) as
represented by electrical connections 31-38, 41-4$, arid 51-58,
respectively. The common 15 electrode is connected to the miera~arocessr~r
by electrical Connections 55~. Input epmmands or signals to the
microprocessor originate from the liguid crystal display mode control
button 19 as w~l~. as the liquid crystal display control unit ~s. A battery
2~ is ZO preferre.d power source for both the electronic timekeeping
circuits 24 (quart2 movement) and controlling the micx~aprocessar 25 far
the liquid crystal d~.splay 15. The plurality df electrode $egrnents~70A
through 30H, 4oA through 40H, and 50A through 50H, o~ the upper sub$trate
25 and the Common eleCtrr~de segment (not shown) on the lower substrate of
the liquid crystal display 15 are sexectively activated by the
miCrapxacessor 25 to establish electric fields of varyin~ magnitudes which
effectuates changes in each liquid crystal display 30 segments between urn
active state and an inactive state. The prescribed voltages applied acrt~ss
the various electrodes may occur at predetermined sequence ar, if desired,
may occur in a more random fashion. Regardless of the driving mechanism,
each liqu~.d crystal display 35 segments produces a first color when the
liquid crystal display segment is placed in the in~ct~.ve state and a   I a
ACT Zflfl2 vvo ~s 



pcrros~sro~dm $ecarrd color when the liquid cry~otal di$play segments are
placed in the active state. Advantageously) the liquid crystal display
segments arid th'e~.images that are ' _ displayed may be independent of
t~,he time of day. 5 The,driving electronicsi is a 4 or a bat
micrt~proceasar, which has a built in liquid crystal driving mechanism, as
is generally known in the art. The embodiments ref the dynamically
changing, mufti-color liquid crystal display carp be adapted to operate in
a io static or single level multiplexing (i.e. full duty cycle)) 2 level
multip3.exing (1/2 duty cycle), 3 level multiplexing (1/3 duty cycle), or
even 4 level multiplexing (L/4 duty cycle). For more intricate displays, it
may be desiralale to produce an application 15 specific integrated circuit
taiicred to the liquid crystal display dynamics. FIG. 5 illustrates an
emkodiment of the present invention that includes s watch case 12 and a
mufti-color liquid crystal display 15 which presents time information 20 in
a substantial~,y convent~.r~naZ format. Like, the previous emlaodiments,
the watch 10 includes a watch case 12, a liquid crystal watch dial 15, an
timekeeping control button 17, and a liquid crystal display control unit
~9. 2'he mufti-cc~lar liquid crystal display 15 also 2S includes sixty
liquid crystal display elements, 2o1 through 26th, can the outer periphery
of the liquid crystal display 15 to provide an ir~dicatipn of minutes. The
liquid crystal display Z5 further includes ari inner circle of twelve
display elements, i,01 through 112, which 3o pravl.de a appropriate
indication o~ the present hour. ~n the illu~str~rted embodiment the time
presented is z:4o and is charaeteri~ed by activating the inner liquid
crystal display elements 141 and l02 (i.e. in an 'ion" state) while
maintaining 'the rest of the inner liquid 35 crystal display elements, 102
through m2, ~.n an "off" state. On the outer periphery, the display
elements 2o1   wa ~sr~rss i 5 U C T 200Z rcrnJSx~o~o~07 through 24d are
inactive while display elements Z41through Z~o are active. ay using
a:comlaination of dyes,ar described above, the active elemieltts sn
theillustrated embodiment. are displayed in a first solar,,)5preferably
rsd) while the inactive display elementsappear as a second oolor, such as
yellow.The exact number of display elements in theinner cix~ale and outer
periphery can be tailored forvarious watch designs. Fc~r example, a twenty
four10element inner display may be approp=late for individualswho regularly
use military time. Similarly, the outerperiphery may be limited to twenty
err twelve displayelements where the exact minute i$ not of
particularimportance. The present embadiment~also has appropriate15controls
accessible by the individual to control certainaspects of the liquid
crystal displ8~y such as presenttime indication, shades of the presented
colors, etc.In other embodiments, illustrated generally inFIG. 6, the use
of the guest-halt liquid crystal display2amethod offers 2w very unigue
appearance, since severaldifferent guest-host liquid crystal mixtures could
befilled into one liquid o1-ystal display having a pluralityof separate
ch2~mbers 60,70,$0. The chambers Q0,70,80 aresealed from one another with
an epd~cy material 6525disposed within the liquid crystal disp~.ay 15. Much
likethe previously discussed embodiments. this watch 10includes a watch
case 12, a liquid crystal w~rtch dial 15,mechanical hands 16, an analog
watch: control button 17,and a liquid crystal display control button 19
which are30operatively associated with internally placed
electrpnictimekeeping circuits and the liquid ~crystai
displaymicroprocessor) respectively. Each of the separatechambers 60,70,80
also has a separate fil.1 port 62,72,82at the outer periphery of each
chamber. A different35e~uest~ha$t mixture which contains dyes with
differentproperties (i.e. different colors and positive order,   ~ 5 CI
~Q~2~ wo 9srx~rrse -~~_ zero order, or negative order parameters) would
preferably fill each of the separate chambers 6o,7~,8v. The resulting
effect is b liquid crystal display 15 that .produces an aesthetically
pleaain~ appearance with a multitude of different colors changing into
other colors with the application of a voltage to the various exectrodes
within each chamber of~the liquid crystal d~isglay system. The observed
effect wau~d be for example, a l0 liguid crystal display that hays one
chamber 6ff that contains fluid that changes from flue to yellow, while
another chamber ?0 contains fluid that changes from red try blue) and
another chamber 80 contains fluid that changes form yellow to purple. The
combination ref these 



15 different mixtures within a single. liquid crystal display system)
coupled with appropriate electronic driving method results in a unique
aesthetic appearance not achievable with any other existing low cost liquid
crystal display technology. The present invention and its advantages will
lee underst~oad from the foregoing description, and it will be apparent
that vax~iaus changes may be made in the form, ct~nstruct~.on and
arrangement of the parts thereof without departing from the spirit and
scopei of the invention or z5 sacrificing all of its material advantages,
the forms hereinbefore described being merely exemplary embodiments
thereof. For example, the mufti-color, dynamically changing liquid crystal
display ~.s contemplated for use in many designer apparel items, novi~lty
items, ih$trument 30 displajrs, touchpanels, light filters color shutters,
toys, $nd other consumer products. To that end, it is not intended that the
scope of the inYentic~n be limited to the specific embodiments i~.lustrated
ahd described. Rather, it is intended that 35 the scope of this invention
be determined by the appending claims and their equivalEnts.   ~ ~ ac-r
zaaz 19 claims: 1. A dynamically changa,ng, multi-color liquid crystal
display electronic timepiece comprising: a mufti-color liquzd crystal
display including one liquid crystal. display segment and further having an
aperture; a sealing means for hermetically seal~.ng the liquid cxystal
display around the aperture; an electronic timepiece having time indicating
hands for analagically representing the time, the time indicating hands
extending from the aperture and operatively associated mth the electronic
timepiece; and a means for electronically controlling the liquid crystal
display segment to dynamically change between an active state and an
inactive state by generating prescribed voltages applied across the liquid
crystal display segment in a predetermined sequence independent of the time
of day ~.ndicated bar the electx'alzic timepiece; wherein the liquid
crystal display segment produces a fir$t 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 liquzd crystal display hereby changes in a predetermined
fashion independent of the time of day.   - 20 2. The electronic timepiece
as claimed in claim 1, wherein the means far electx~anicalZy controlling
the liquid crystal display segment i$ further adapted to change between a
fully active state, partially active states, and an inactive state, and in
response tv the prescribed voltages applied across the liquid crystal
dzsplay segment, the liquid cr~r$tal display prc~c~uces shade$ of color
between the first and second colors when the liquid crystal display segment
is placed in the partia~.~.y 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 transpaxent electrodes disposed on the interior faces of the
substrates that define a plurality of liquid crystal, disp~.ay segments;
liquid crystal material di$posed between the two substrates; and a
combination of dyes mco~porated in tkre liquid crystal material; whereby
the liquid crystal display segments exhibit selected color changes ranging
between a first colax and a second color in xespanse to prescribed voltages
applied across selected liquid crystal display segments by the contrvl7.~ng
means.   ~ 5 ACT Z~a2 -21 _ 4. The: electronic timepiece as claimed in
claim 3, wherein the combinatzQn of dyes comprises a positive order
parameter dye and a negative order parameter dye. 5, The electraniC
timepiece as c~.aimed in claim 3, wherein the combination of dyed comprises
a posit we order parameter dye and a zero order parameter dye. 6. The
electronic timepiece as claimed in claim 3, wherein the combination of dyes
comprises a negati~re order parameter dye and a zero order parameter dye.
7. The electronic timepmce as clamed in claim ~, where~.n the liquid
crystal display comprises a multicharnber liquzd crystal display 'having a
plurality of sealed chambers wherein each chamber includes: a plurality of
transparent electrodes that define liquid crystal display segments for each
chamber; a liquid crystal material; and a different combxnatian of the
colored dyes; whereby the 7.iquid crystal display segments raithm each
chamber exhibit s~lected valor changes ranging between a first color and a
second color in response to prescribed voltages applied across selected
liquid crystal displaylsegments within each, chamber by the controlling
means, 8. The electronic timepiece as claimed in claim 3, I further
comprising a means for customizing the liquid   b ~ aCT Zao~ - 22  crystal
display to a selected solar, the selected co~.or ranging between the first.
color and the second calar and shades of colors therebetween. 



The elsatronic timepiece as claimed i,n claim 3, wherein the plurality -of
transparent electrodes are arranged i.n a prescribed orientation sa as to
gresent images generally independent of the time of day. 10. The electronic
timepiece as claimed in claim 3, wherein the plurality of transparent
electrodes era ,arranged in a prescribed orientation so as to present
geamet,ric images, animation images, customized images, logos, ar ether
recognizable images. 11. A dynamically changing, mult i color liquid
cr~rstal display for designer apparel items comprising: two generally
parallel substrates having interior facing surfaces; i a plurality of
transparent electrodes disposed on the interior faces of the substrates
that define a liquid erys~.al display segment; a liqmd crystal material
disposed between the two substrates; at least one color aseac~ated with the
liquid crystal material; and a means for electxanic~lly controlling the
liquid crystal display segment to dynamically change between an active
state and an inactive state by applying prescribed voltages across the
liquid crystal   ~ ~ ocT zaaz -z~ display segment in a predetermined
fashion independent of the time of day; wherein. the liquid crystal display
exhibits s~:lected color changes between a fixst color and a second color
in response to prescribed voltages applied by the controlling means. 12.
The dynamically changing, mufti-color liquid crystal display far designer
apparel items of claim 11, wherein the liquid crystal display comprises a
mul.ti-chamber liquid crystal display having a plurality of sealed chambers
wherein each chamber includes: a p~,urality of transparent electrodes that
define liquid crystal display segments fax each chamber; a liquid crystal
material; acrd a different combination of the colored dyes; wherein the
lic;u.id crystal display segments within each chamber exhibit selected
color changes between a first colox and a second valor in response to
prescribed voltages applied across selected liquid crystal display segments
within each chamber by the controlling means, with the valor changes
occurring in a sequence unrelated to the time of day. 13. The electronic
timepiece a9 claimed in claim 1Z, turthex compr~.sing a means for
customising the liquid crystal display to a selected valor, the selected
color ranging between the first color and the second color and shades of
colors therebetween,   



~ ~ o c ~ ~ooz -24 ~.4. The eleotxonic timepiece as claimed in claim 11,
wherein the plurality of transparent electrodes are arranged in a
prescribed orientation so as to present geometric ima~gee, animation
images, customized images, I logos, or other recagnizable images.
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