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CROSS- REFERENCE TO RELATED APPLI CATIONS [001] This is

cont i nuat Workop4itigesdt of U.S. Patent Application No. 10/ ﬁ?’%@”‘“@ﬂs@d Apri |
29, 2002, which is a continuation of U S. Patent Application No.
09/416,333, filed Cctober 12, 1999, now U.S. Patent No. 6,430,605, which is
a continuation-in-part of U S. Patent Application No. 09/315,111, filed My
18, 1999, now U.S. Patent No. 6,424,998, which is a continuation-in-part of
U S. Patent Application No. 09/301, 102, filed April 28, 1999, now U.S
Patent No. 6,430,603, and clains priority to U S. Provisional Patent
Application No. 60/382,623, filed May.24, 2002, all of which are hereby
incorporated by reference in their entireties. BACKGROUND [002] The
invention relates to the display of video or still inmage content on

el ectronic display devices. Mrxe particularly, the invention relates to

| um nescent- type displays that are ultraviolet |[ight stinulated, networks
t hat i nclude such displays, such as electronic billboards or electronic
digital novie displays, and related systens that permt display of content
on sel ected displays according to custoner dictates. 1. Electronic D splay
Devices [003] Liquid crystal displays are well known, but applications of

t hese
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devices are still plagued by a variety of problens, including limted

viewi ng angle, longevity, and manufacturing cost. For exanple, Crossland et
al. U S Patent No. 6,285,345 describes a liquid crystal display that

i ncl udes W4 108#t148Burce that pr oduces activation |ight RET/HS20P4H618r ni ned
narr ow range 0 53 PCT/ US2004/ 016153
col l'i mat or # 47 paral l el in a predeterm ned
direction, a LC forned fro arra hot ol um nescent
screen on the ce[q(éﬁj am‘%ﬁg%aoqtﬁué Q'“é""\ﬁ |Lglts BBGP{)@P ﬁ?‘i’g’ﬂ Astruck by the
narr ow band excitation |igh assing through the cell, and a drive circuit
for addressiN@gWﬁé&Z@%@Bﬂ?Apﬁl& 2002 Whith iscticontintation atUst Matgntt o or ossl and
et al., the direction of light and the thickness of the ceII are chosen to
gi ve t he begipplicatipn et 08/d1633Bpfilet DxtdbendRd1 399, how U S. Fatdrdid. 614381605 0es
not address the problemof |ight source failure and illum nation

nonuni f or m WhickGE Q%nﬁrﬁlfht@ﬁfﬁ‘-ﬁgrt o&@psllpa%rhtt;quﬁcém quw@wnwtﬁréd di spl ays
are al so known. For exanple et al. U'S. Patent No. 5,851, 700 shows a

filLer hat \asiesboghoyPh! ‘%té}ﬂl\fg ALl ch i areoit.ﬁuét[j&ncm%w i ng at

| east two p ynmeri za i goners ot mbnoner ccording 'to Honda et

2?'y;t;|[wld?§9|%3§%fab}l pic 'tfst B e 2 | %%O&P%Ea?%itéﬁfiﬁ face

pl ane is dene adows due to, 0 parts he d |ce are reduced,
and a Mi re 4%838553'}1325'6!’@/5 ?rﬂr%g’%%ﬁé‘?vﬂ%\%’?%? ﬁtiﬁm al so does not
addr ess Ilght source failures that can shorten the Ilfespan of the device
nor i |1 umi nhioi BP/3AdAZH flest Mat24i RE2, allof whishers drejetyf ineePOrRted BYi ng
experience. [005] Mreover, high efficiency fluorescent | arrp devices are
known t hat refa@haeimthMrsntmeat ed=phosphor s- - F- or - exam pi e,
Arnmstrong_:et,alL_-1.S. Patent

BACKGROUND

[002] The lnventlon relates to the display of vndeo or still image content én
electronic display devnces. More particularly, the invention relates to Iummescent—
type d.isplays that are ultraviolet light stimulated, netwérks that include such displays,
such as electronic billlboards or electronic digital movie displays, and related -
systéms that permit display of content on selected displays according to customer
dictates.

1. Electronic Display Devices

[003] Liquid crystal displays are well known, but applications of these
devices are still plagued by a variety of problems, including limited viewing angle,
longevity, and manufacturing cost. For example, Crossland et al. U.S. Patent
No. 6,285,345 describes a liquid crystal display that includes a light source that

produces activation light at a predetermined narrow range of UV wavelengths, a



No. 5,502,626 shows a-lanp-that includes a. UV light source (i.e., a-nercury
are producing tube) within an encl osure that excites a phosphor coating
applied to an interior surface of the enclosure. Arnstrong at at. provides
geonet ri oybQuomtiy@Bs on the interior surface to increaPETIURBIUENICIGIe
surface area to increase the amount of -3 WO 2004/114053 PCTI US2004/ 016153

phosphor  widdiipwstorr dledtingthe kch@dbh Nght iSphatdilel ilaBrietergmifedaireci@if s not
address light, source failure and ilTum nation nonunfformties. [006] Thus,

there is areed foRnedliBhi 5 Biey o SiRbiZYa BRDEATnSEh: BEAKH UR the ol de vi ewi ng
ty, and mninal 11lu

angl e, an extended | ongevity m nation nonuniformties. 2.

Adverti sing/ Bi| . r i,sing .t S y forns,
Such as oS aP 38 BtR 5 e o PR R ShER U5 e HEERM Rl B R R,
mai | i ngs, point-qf-sa di spl ays,, outdoor bill boards, ,etc. .Using current
advertisind”ﬁﬁ@ggﬁmﬁabgV%F@é@ﬁgaék@ﬁﬁﬁCWﬁ&%ageﬁ§§@ﬁﬁh%ﬁ @3t o efficiently
use their budgets to effectively reach their geographic and denographic
targets. | oo@ﬁplszs%maﬁgebrAmednwtq;less@ad@ﬁ el shadlirectipoabight endftver ti si ng
by consuner product conpanies, it is well known that. outdoor bill boards

have tr adithickmess|of theakedharehutioban to gife Hengdsé comtsast gatialfos thealiquid oelbred  of
printed sheets.or painted surfaces containing the advertising content

adher ed t o Grobsland besikddws ndtidaressithe phubisi ef lightisdafde RMvRrdrdsilmeink®shni que
has remai ned essentially unchanged throughout the twentieth century. ~

The. hi gh coghuRforRfity Hctdi@ thé sa8ROr ting, and rmounting a nessage on a
conventional billboard has dictated that the sane nessage remain in place

| oD Sor RPN BT oo SROHERIGBRL o ekbhBR oot be

etal. U.S. Patent No. 5,851,700 shows a filter that has a light diffusing plate formed
from a film containing at least two photopofymerizable oligomérs or monomers.
According to Honda et al., “[w]hén the ﬁlter is ﬁﬁed to a light emitting sidé ofa liduid
crystal;di"splay device, an angle of view of the liquid cfystal display face plane is
widehed, sﬁadows due to opaque parts of the device ?re reduced, and a Moire
fringe is hardly formed" (Abstract). Honda ét al. also does not address light source
failures that can shorten the lifespan of the device nor illumination nongniforrﬁity that
can adversely afféct a viewing experience;

[005] Moreover, high eﬁicienCy ﬂuo'rescént lamp devices are known that
include-WUV stimulated-phosphors---For-example,-Armstrong-et-al.-L.S. .Patent
Ne. 5,502,626 shows a-lamp-thatincludes a UV li’ght source (i.e., a-mercury arc
producing tube) within an enclosure that excites a phosphor coating applied to an

interior surface of the enclosure. Armstrong et al. provides geometric formations on

the interior surface to increase the oblique surface area to increase the amount of



geographi cal area of the billboard. [009] Additionally, the content on a
conventional billboard tends to becone essentially "invisible" as. a part
of the | andscape after its content has been in place for a relatively short
peri od ofwoiom/iespeci ally to comuters and ot hers who PCTINS20804615314053
PCT/ 1152004/ 016153 regularly pass the billboard. Beyond the above probl ens
wWith cost, phatpher witikaageingeoihickboatingicltilpArmendentt sihaogenvieaddregsdight.i ty,
and the |ike, conventional outdoor billboards have cone under increasing

criticism bggassailif éﬂtﬁi”ﬂmlr%ggﬁﬁahﬁm%ﬁﬁmeﬁnd often tattered condition,
Hiyminat i i

they clutter highways w Istasteful formof visual "pollution". A
reduction in th nb f, bil.l hoar i f rance of
t hose that renaiei(r)ld,%ji f?égg'otng}ﬁ 'é %é%eaz?@g?thd(%cgg&%g%eﬁg:ea@@aﬂrﬁﬂgggverti si ng

i npact afforgded, by outdoor advertising,,K would. please virtuall ver,yone.

[ 0h0] The (4BCHHVENGERGI8n e STHEb PESV A b EUH A JHEYeaen eTurgR e, i
U S. Patent No. 5,612, 741. However, applicants lack of no electronic

bi | | board newdidvertisingfBilbeards wher eby commercial adverti-sers may directly
pl ace ads onto selected billboards at selected times through direct access

to a master net\B0#. CoSsuinenproegustadyvertisingriekésymdagifoney sacid as pelevsionl,
prom ses to overcone the nunerous disadvantages currently associated with

t he out door caiverdals inevsbBpersdridymagaine gdvriisenigifs | Mgilihgs, puatvst-sareds of
consurder products advertisers. 3. Distribution and Di splay of Myvies at

Movi e Theat&maw%&iqo'apbnmbér{dgﬁétby Uslh c@ieht Sdve eg@ %éaiﬁ%ehaéeléshe practice

of distributing novies on mreels™o novie t ers has gone

et LR e g U 05 e () RS BB R
transport edée%g?gp%rilc érr[l)a/ideemggr%%%%rta}/\!@e%r.e the nmovie will be B
[008] Focusing on the outdoof advertising component of advertising by
consumer product companies, it is well known that outdodr billboards have
traditionally taken the form of single—messége displays formed of printed sheéts.or
painted surfaces Cbntaining fthe advertising content adhered to a flat backing. This
time-honored outdoor advertising technique has remained eséenti.ally unchanged
throughout the fwentieth century. The high cost of printing, transporting, and
mounting a message on a conven'tional billboard has dictated that the same -
~message remain in place for a considerable period of time. Thus, a conventional
billboard cannot be readily be changed to reflect current events within thé
geographical area of the billboard.
[009] Additionally, the content on a conventional billboard tends to become

essentially “invisible” as-a part of the Jandscape after its content has been in place

for a relatively short period of time, especially to commuters and others who



shown. The filns are bul ky,. heavy, and expensive to reproduce and ship to
novie theaters. Filns al so show wear and eventual ly nust be renoved from
use. (Qbviously, a novie theater's ability to show a particular novie is
subj ect t&QHYIAI0P3 reel s being physically present at tRET/HFYO&PIE.
Thus, substantial lead tinme nmust -5 WO 2004/ 114053 PCT/ US2004/ 016153 be
provi ded anggviaBY Raspliedilhnasd.cBeypsitae aPovaspioplasms with copk Singlen@essager or hi s
screen(s). [012] In addition to the above problens inherent in the current
movi e di steankant.laek efctomtent chhegéovgh capsbilitysfand dine ke i comsientiariahouidedr novi e
distribution results in nost novies not going to full distribution. In this
regard, t hepillbdardsihslerddmé baderdhcreasin@uitizisng becauddin theislargé ntimbers; eei s and
their transportation) can cost four to five mllion dollars or nore. As a

related pr Oéﬂeﬁrfhtté,r%ﬁ g%ﬁ@ ioR thBFKluRter ﬁibt‘n\ﬁ}{sgﬁkhsa Qfsté’étgﬁg Bcfmvéf‘?ﬁsual

particularly non- uster™ novi es; are aval e on an ongoi ng
basis, is i Dt - Thus, ..t heat er wand .novi e goer.s e deprived of
novi e t heat &m's?gr'e}éﬁ%‘bc-[‘%rm W?e"%% romgé?sr% ij lrggéwegrﬁrgo- Vie content
because the novies ar n\% in current di st{@ipb t,'i on. My e(%ver, cqnt ent

orovi der s (@Pgarange & lhpsevaatiemaits iatrupaisheddiiednreaaaitie aVeRl he r evenue
fromthe. novies forwhich ongoing, continuous distributionis sinply too
expensi ve. JdyesisingHmpact afforded by quitisetadvertising sl pleasgivitually gveyan@y st em
that will overcone the above shortcom ngs of current novie distribution
practices. SUMIBRRY [bea4peodaectorintilladards bae baspeuggestedhior pxasplet in

i nvention, a display element for use in a display device that exhibits a
wi de vi ewi ngSaRgtent Nex5&nagd 1| dfgesiiet, \applicaings laok of nb mictroatc billboand nat i on

unitormty can be provided. The. el enent can
network in operation whereby commercial advertisers may directly place ads onto
| selected billboards at selected times through direct access to-a master network.
Such a network, propérly designed and operated, promises to overcome the
numerous disad'\(antages currently associated with the oujtdoor advertising industry,

while also meeting the above needs of consurrer products advertisers.

3. Distribution and Display of Movies at Movie Theaters

[011] For virtually the entire twentieth century the practice of distributing
movies on film reels to movie theaters has gone fundamentally unchanged. Asis
well known, movie content is stored on large reels of film, one or more copies of
which must be physically transported to each movie theater where the movie will be
shown. The films are bulky, heavy, and expensive to reproduce and ship to movie
theaters. Films also'show wear and eventually must be removed from use.
Obviously, a movie theater’s ability to show a particular movie is subject to the fiim .

reels being physically present at the proper time. Thus, substantial lead time must



include at least a first light source that emts ultraviolet light, a liquid
crystal device having a plurality of independently controllable (i.e.,

addressabwz(ﬁmgm@f s, a screening el enent between the F%&zo@%’f&% and the
liquid crystal device, "and a plurality of |um nescent elenents optically

aligned with the, ljight source ,and each of § WO 2004/,114053 PCJ/ US2004/ 016153
t he shutte&‘?,pr%é‘?égﬂyt%%ﬁ mpvig Htearqiﬁpﬁ@é%féﬁpr%?aémﬁ%g 5&5@@%‘%r S|east sone

of the, wultraviolet |ight and converts it to visible light. [015] According
to anot her Sa&§98(Y)- of the present invention, a display device can be

provi ded that can include a plurality of |ight sources that each emts,

ul traviol et i gf2] anpddditmhito thebbovedepblsdsnnhgreabintthelduaiehtmetiat ters, a
plurality of |um nescent elenents optically aligned with the |ight source

and each ofgidtisutinhdtheme, theleitetast oredhvehtiéie filrd FeSleR6 AR diRhitRIBATSsIHRN
absorb at |east sonme of the ultraviolet 1light and convert it to visible

| i ght, and iﬁgh%ﬂhﬁb@i%@‘i’xo?gérﬁﬁ% éofﬂmFHi:?{ﬂ d;R{on.S YRRy ¥é%er{?°t%rfug Egtrfbpﬁ%r\ bt

source. The devi ce can I'nc e.a screen Wween ght source
and the liquid erysgal device. 16 ccordi ng, t.o yet anqgther ct. of the
present i nveRts geng g‘%s‘iPéﬁB#ﬁ@a(ﬁ[?%@éldﬁﬁ?}(/ﬁﬁ'&?ﬁ?i{m e fﬂ?rstﬁﬁggﬁy%ﬂﬁent
(e.g., video,or still imge content) to be i spl.ayed on selected aones of
mul tiple, SOIRSOREW R AStaTsiated aradsimyiae éPStéglr@%‘%"é@%“‘B reRle 059!@%&*&9\4@81 0
dictates of the custoners of the system [017] According to one embodi nent
of the i nveatticglary semmbloskiusterdwaviass whish arg ayailaide oo asueRgoing: kasiss is
conpani es and the advertising agents that represent them can directly
access a nerotobitveof T, thezter, owrsarg end mayle gaeys lave deprivddecft movie theatiérspl ays
located in high traffic areas and directly send their own advertisenents
el ectroni cakleening fot the vt majofity 6f Heilshis Plavieebrtbnt I9sciusenke fiddickian@s

sel ected by the ‘ '
not in current distribution. Moreqver, content providers (e.g., Disney, Warner
Brothers, etc.) are deprived of the revenue from the. movies for which ongoing,
continuous distribution is simply too expensive.

[013] ThiJs, there is a need for a new movie distribution system that will

overcome the above shortcomings of current movie distribution practices.

SUMMARY

[014] Consistent with one aspect of the present invention, a display element
foruse in a displéy device that exhibits a wide viewing angle, extended IQngevity, |
ana which improves Hllumination unitormity can be provided. The element can |
include at least a first light source tﬁat emi'ts ultravioiet light, a liquid crystal device
having a plurality of independently controlléble (i.e., addressable) shutters, a |
screening element between the light sourcé and the liquid crystal device, and a

plurality of luminescent elements optically aligned with the light source and each of



advertisers. In one particular enbodi ment, the invention can include a
central information processing center that permts custoners to review a

schedul e“(;(g &)i H‘@@ and el ectronic display |ocations thapcpagimyeidigd! e for
pl acenent # 4 ﬁiserrents, and permts custoners to purchase avail abl e

time slots at ected el ectroni.c display -7 WO 2004/114033 )

T Us2004/B3 BREETS, GRerBircrachi e Pirbisiiet demen absamiersast sgmelihe . A
custoner can then transmt advertising content to the processing center
where the diifavqiet ljabt padicenyedtstitde V'%@ﬂ@ﬁri ateness and transmitted to one or
nore custoner-selected electronic displays. [018] In sone enbodi nents, the
el ectroni ¢ di sp{Ghb] dAscardingdo enbthegaspecbotthe p?&sext 8R%&ntion,)a display deviceli spl ay
devices that are driven by dedicated video or image servers. Verification

that the adweAre ewBsd shdtean afkiudedeplrhiinass it §artéd ikt edch byviten i nfor mation
storage nodule or by a digital camera or series of digital caneras. A

traffic Coqua;ﬁc%lg@ghpea b&amm i xgh&éﬂﬁnqdﬁgghééﬁ%hﬁﬁérgﬁé gﬁﬁélft?gf by the

di splay whi advertis t s ru S an ports cont ai ni ng
mar ket and, . | c_anal ysi n: pbe.generated and sent,t omner.
Tots] 1 n aldPREST R Te BE BoboR sBB ek BRIGRL o Gon s iR, ™
digital novie theaters have ongoi ng,.conti nuous access to tens pof fhqusands
of Strovi es. cHisTeInGaah 0% s ENECRN AkTieiis Lon abse ot e soie ofins uievilsd
"screens" at their theaters at selected tines. The novi e theater operator
i s a cust orfight @1d eonygetitie visikle lighty and 8 regwated powemsbpply TeSURPYINGDRAVER t hat
are available in digital formand thereafter schedule and purchase a novie
for di spl ayo the lighé sourget dihemevice cao figrthes inahude @ dereen beiween tedight saureevi e
theater. [020] The novies can be transmitted by the systemto the novie
t heat er and the liquid crystal device.
[016] According to yet another aspect of the present invention, a system can

be provided that permits display content (e.g., video or still image content) to be

displayed onselected ones of multiple, networked electronic displéys at selected

times according to dictates of thé customers of the system.

[017] According to one embodiment of the invention, commercial advertisers,

such as consumer product companies and the advertising agents that represent

them, can directly access a network of multiple, large, high resolution electronic

displays located in high traffic areas and directly send their own advertisements

electronically to the network to be displayed at locations and times selected by the

advertisers. |n one particular embodiment, the invention can include a central

information processing center that bermits customers to review a schedule of times

and electronic display locations that are available for placement of adverti_sements, '

and permits customers to purchase available time slots at selected electronic display



operators by a nunber of transm ssion nodes, including a satellite
upl i nk/ downlink systemthat transmts novie content in non-real tine

(al I owi ngwfpsbhEi14hgs@ns ssion speeds) in encoded digi taﬂ,%ggm}lom\{g?} h a

decoder "at the novie theater to protect against piracy. system can

i ncl ude ne : tl L ; o) - 3
pcnus20047@%?%§'?3f°9§%§5?‘8¥"§,§ﬂ@F’ﬁ&aﬁf@“@??‘?@g%r@éﬁ.‘){“ 6\§§gnn”e¥%é{r%]#§q§yst em
may al so inglude nmeans for enerating royalty. pa nt .information for use
" bayt ng. GG EARIept Guiha dracessht SHaerHhels wh tontam i ViR’ ar
DESCRI PTI ON OF THE DRAW NGS [ 021] The above and ot her advantages of the

i nventi on APPIOPHatenpparatransipdigd doors oenare eustomer-pelecied| alrGtivgicdet ai | ed
description, taken in conjunction with the acconpanying draw ngs, in which
| i ke referdisplaysharacters refer to |ike parts throughout, and in which:

[022] FIG 1 shows an illustrative display elenent consistent with this
i nvention; [023p18] Gn sdnfembBodimehis| thetdlddtions: aisplay Aevidey beelaggmnsi stent with
this invention; [024] FIG 3 shows an illustrative block di agram show ng

the. princi @fxgég]s%ggqef@t@@toad@mé S&iéé%_rthéﬂé{r%r&riv%h’l%n@@téd gidkowrth this

I nventi on; OWS a perspective view o other 1llustrative

eheCt T o el s VA S eI A o b TR BRI LY
ot e A S e TRl ChT R B P et L Lo
A traffic counter may be used to determine the traffic that paésed by the display
while the advertisement was running. Bills and reborts containing market and
demographic énalysis can be generated and sent to the customer.
[019] In another illustrative embodiment of the invention, operators of digftal
movie theaters have ongoing, continuous access to tens of thousands of movies that
can be ordefed in digital fo;'m for display on selected “screens” at their theaters at
selected times. The movie theater Operatqr is a customer of »a system that permits
the customer to review movies that are avéi]able in digital forrﬁ and thereafter
schedule and purchase a movie for display on the digital movie screens located at
the customer’'s movie théater. |
[020] The movies can be transmitted by the system to the movie theater
operators by a number of transmission modes, including a satellite uplink/downlink
system that transmits movie content in non-real time (allowing faster transmission

speeds) in encoded digital format, with a decoder at the movie theater to protect

against piracy. The system can include means for generating bills to the customers



provided to munpie consistent with this invention; [028] FIG 7 shows a

bl ock diagram wi th principal conponents of an illustrative systemfor
distributing digital novie content, including to novie theatres, consistent
wi th thi sypryRAties; -9 WO 2004/ 114053 PCTI US2004/ 016153CT[US2040F1S3 8 shows

a block diagramof another illustrative systemfor advertising consistent
wth this idhes i $6ing 108 Bis Fdr@enR ;2ORERL ahd SO ALY ¥Ro TRAAAeAR R eNt
el ectronic |sp V|ce an advertiser can place advert|senents

EBrSE?,QBaaE@%?Pa@??a%@ZD meﬁ?mi?fﬁ@ﬁ?é@‘s%eé Beyipa e Bhieh nBliderot M

whi ch an agvertl gan | ace advertisenents that are rel at ed to the ones
di spl ayed dhe disp 8é’é3f OVIESFIG 9, for exanple, consistent with this
invention. DETAILED DESCRI PTION OF THE I NVENTION [032] FIG | shows an

illustrative display el ement 10 consistent with this invention for use in
an el ectro@&ﬁ&ﬁ@@éﬂ&i@ﬂﬂ:@iﬂﬁm&@ipprem ated that the physical

di mrensions shown in FIG 1 are not to scale and are in some cases-

exagger at ed for (03] ushe abp¥aard aihet gdvantaass ditherinvention wildrarrpareM | east . a
first light source 15 that emts wultraviolet light 20, a liquid crystal
devi ce 25 hmeonrgnsidptationlof the folowing eptaiiee desgriptionntakeh limbdrgurfdtion.with the
addressabl e) shutters 30 and 35, a screening elenment 40 between |ight

source 15 aamdompbnﬂu%dras«mugé ah weRYilike refbrenab@harddhats akfet Yo Kie pars nescent
el ements 45 and 50 at are optically aligned with shutters 30 and 35,

respect i velgoughMit 88d PRFRigh on. each of elenments 45 and 50 absorbs at |east
sone of ultraviolet :

[022] FIG. 1 shows an illustrative display element consistent with this
invention;

[023] FIG. 2 shows an illustrative display device consistent with this
invention; |

[024] FIG. 3 shows an i!l'ustrativé block diagram showing the principal
componen{s of z‘al system for advertising consiétent with this invention;

[025]) FIG.4 showé a pérspectivé view'of anéthef illlustrative electronic
display that can be used, as shown in FIG. 1, co‘nsistent with this invenﬁon; |

[026]' FIG.5 showé an illustrative simplified report for an advertisement
provided to a single display consistent with this invention;

[027] FIG. 6 shows an illustrative simplified report for an advertisement
provided to multiple consistent with this invention;

[028] FIG. 7 shows a b(ock diagram with principal corhponents of an |
iilustrative system for distributing digital movie content, including to movie theatres,

consistent with this invention;



light 20 and converts it to visible light 60. [034] Light source 15 can be,
for exanple, any ultraviolet light emtting diode (hereinafter, "LED").
Typical ly i.s a device that emts optical radiati igsed in
t he forvva?vé?%wgg é|3(S)n. I n one enbodi ment, the LED can beﬁfr:rafgge%%(gm

2004/ 114053 PCT/[082004G0 86hews & bloek diagraneef anothetidhstsative systenefiduct or,
havi ng a band gap that is greater than about 2 eV. As described nore fully
bel ow, exanpdwestisiig nonssteat with thig inkemonsuch a  band gap i nclude gal lium
nitride, alumnumnitride, galliumindiumnitride, and other such alloys

(such as one sol{d30Nd8G. bhdoive JpanmtiatiV-teRiR S-HdIAG ot \e3e dt Il edigglay BaYice NO.
C395- MB290- E400 from-Cree, Inc., of Durham North Carolina). [035] Although

any ul travi s o it i i i
accordance g\nr!‘%'c{hh?gé?ﬁﬂe'%étricgﬁ,@ﬁeﬁégggﬁ}% g{rdl)%ahryg/%% asggégg?temqt ravi ol et
light- emty] |j.6- | erials, including nitrides (Ini_, YA XGyN
conpounds) édn%%ééﬁcw'%cﬁiﬁa@g%rgﬁ#déé&l( ZnS1 xSex;'other cations, such as

cadm um can al e incarporat ed), 036] The nitrides can be.formulated to
enit at any desﬁgéﬁ \Fééeﬁéﬁgf’w,s anti’lé{s\?é]é‘(? é‘PJBEPf'QWGF'ﬁﬁ? 8%’8?}85'8&3”% nm by
adjusting the values of x and y appropriately. The zinc chal cogeni des can

al so be for @eMich @ Whirhean advartisgiganpageragyediseamasite st mre ealaled A0 roeress50 nm
and about 450 nmrange by adjusting the value of x and depending on the
subst i t ut eddigpieyethon Tesicaishowdds FE3 .60, Somaxainmms,. consistemrwithuthissidvertiosxci t e
phosphors that have maxi num absorption in the shorter wavel ength range; the
zi nc chal cogeni des are. sonetines better suited for phosphors that absorb
at | onger ¢ ) y{red h gadolinium (i.e., ZnF2: &),

whi ch. has a narrow emi ssion band at 311 nm can al so be used
[032] FIG. 1 shows an illustrative display element 10 consistent with this

invention for use in an electronic display device. It will be appreciated that the
physical dimensidns shown in FIG. 1 are not to scale and are in some cases
exaggerated fér ustrative c!arity;

[033] Element 10 includes at least a first light source 15 that emits
uItraviblet light 20, a liquid cryétal device 25 having a plurality of independently
controllable (i.e., addressable) shutters 30 and 35, a screening element 40 between
)ight source 15 and a liquid crystal device 25, and a plurality of luminescent
elements 45 and 50 that are optically aligned with shutters 30 and 35, respectively.
During operation, each of elements 45 and 50 absorbs at least some of ultraviolet
light 20 and converts it to visible light 60.

[034] Light source 15 can be, for example, any ultraviolet light emitting
diode (hereinafter, "LED"). Typically, an LED is a device that emits optical radiation

when biased in the forward direction. In one embodiment, the LED can be made
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consistent with this invention to produce relatively short-wavel ength |ight
that is well nmatched to the absorption bands of a nunber of phosphors.

[037] Gengbbhbyriad3 appropriate solid-state. ultraviol etpdygidhoFRk{ss€ can be
chosen to stinulate previpusly selected |um.nescent el ts, qr phosphor-
“12V 20041914 283 epRl RlieB 56 s e on AGE BERG oipihetis cipfipeBAR: od t hat
the ultraviolet light source should be chosen such that its peak wavel ength
i s near theahsthR Sbsd® pesdivefdiuedulytheiow. examplehebmaieriale b have syeed a
single source is used to illumnate nultiple color phosphor conpounds, each
of the phodpdrgardnplodagallivamnitigee alaminumminitride, gallivaw iradiwm nitrigat apdather
absorption wavel ength. [038] In one enbodi nent, |ight source 15 is operated
at subst antdughlafiope({sueh dstener suicedndeative tragemarkeMESKBRIGHT ™, etvailable bs
particul ar, the power supplied to light source 15 can be |ess than 30% of

i ts nom nalpRON&ICITBIMBREUEYD. frdrid Crdéd, In€.28EDurhaWp NUrtHBafoliRERs can be
aggregated to supply a desired ultraviolet ‘light intensity at” shutters 30

d 35. The Ii ; | ‘ :
and e || 38 0URGRSUAREN n@pggg{eggaﬁﬁégﬁmﬁ@gﬂﬁa.Cgtét%%ﬂaf%*ﬁ%vsan & used

. . : S
di stributed uni y or n sources are arranged to

emt |ight . MR .k . plLi to_each of . .| d.ght
sources can" %é%rgﬁ't’%e?r‘g. Erz'i' Imﬁggg‘jsﬂg?éérg\gﬁéihﬁgBg;”@ﬁﬁ%‘@%?%§gmﬁ8¥'é%§(u,¢<ﬁtgcherre
to provide a .. substantially uniformintensity prqfile, over shutters 30 and
b s sttt SR ate s G Mg bR0es flaboihaa N Gt s 567 88 Pip
or the em té}ed ultraviolet or visible light intensity, can be nonitored and
used as a feHaleRgeRIdes LAIP1-S6r ofbgrrafiongy SUCh@sSaHBIUBLERT AIS® B one or nore
LEDs. [039] For exanple, when an LED fails, its electrical resistance may
abruptly dhregiperatad)t he intensity of ultraviolet light enitted may fall

bel ow an accept abl e : _ ‘
- [036] The nitrides can be formulated to emit at any desired wavelength.

—

between about 200 nm and about 400 nm by adjusting the values of x and y
appropriately. T he zinc chalcogenides can also be formulated to erﬁit at any
desirat?le'wévelength between about 350 nm and about 450 nm range by adjusting
the yalue of xand debending on the substituted cétidn. Thejnitrides are sometimes:
better suited to excite phosphors that h‘a.v‘e.maximum absorption in'the shbrfer
wavelength-range;‘the zinc chalcoéénides are sometimes better suited for
phosphors that absorb at longer wavelengths. Zinc fluoride d.oped with gadolinium -
(i.e., ZnF'zz,Gd‘), which has a narrow emission band at 311 nm,.can also be uéed
consistent with this invention to produce relatively short-wavelength light that is well |
matched to the absorption bands of a number of phosphors.-

[037] Generally, an appropriate solid-state ultraviolet light source can be

chosen to stimulate previously selected luminescent elements, or phosphor
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threshold level. If the power supplied to one or nore LEDs is continuously
or periodically nonitored, the power can be increased or shifted to another
LED to ageongmedadoszfor the failed |ight source. In anotpg%/ HR%@}H%Pt" one
or nore light sourc n be turned on when other source ﬁ§% I't"ed or no
| onger meet CUBPPYR qi!’ﬁ% %ﬁ?'i@%@@ tb@?ﬁ@!&@i}g@iﬁ‘i‘{’ﬁe SHPH ﬁiﬁﬁg’?ﬁﬁ?y"ati ng
criteria. For exanple, in one control schene, when a first light source is
det er ni ned Sérhihabits peakewaveleogh isneaidghepeak abserptiepwayelengthwfitheel | a

second |ight source can be automatically turned on to conpensate for the
first |ightphdsphoy cainpbondhWiehya simgle sbutceds ss¢@ taillumirate reulipl8@obond 35) are

shown in FIG 1, it will be appreciated that any number of shutters can be
associ at ed phddphadr coinpelisdd, iedblh ofthe phesphdt ddMpdundt @an HaNE aSdiflaper t he
| i ght source the nore shutters it can illumnate. [041] Preferably,

el ectrol um pesceldt ,@l, t s§@)ti@ﬁ%a§@leﬁ & di sposed on the-viewer side of
addressabl e shutters 30 anag) 33, re;pectpvél y. This arrangement has the
e 2 A o skt e SRl IR ARGy

el enents 45 and eneh are I'NCrease
useful lifeti ._Thus, each of .shutters 30 and, 35 should ha ari abl e
FFansr ssi it (PG panqtty to FRERd NS g, bipaRiu R i el ippleia fadr e 15
I'n one enbodinent,_ at least three shutters and at |east three |un nescent
el enent s t h#RUFGAP 88 ke Iass ihapeld% of it raraingl povereapisements; da thigcaas, and
blue) are associated with a single LED. If the LED is strong enough, two or
nore sets ofwaerreere-EReean braggemgeatasdersupaly Bdesigshultraviplet figltjatensifeaket s
of lum nescent elenents. [042] Consistent with this invention, a visible"
col or can bshujtenedaired 35y The lightsnatceéncprabs aggtegatadyiasatasertedaboremor or by
form ng a .conposite-color by ~ - .

distributed uniformly or non-uniformly. When light sources are arranged to emit light

over a common area, the power supplied to each of the light sources can be -

automatically adjusted using a closed-loop feedback scheme to provide a

substantially uniform intensity profile over'shutters.30 and 35. Thus, one or more: -

metrics, such as an electrical resistance of ah LED or the emitted ultraviolet or

visible light intensity, can be monitored and used as a feedback signal for adjusting

the power supplied to one or more LEDs.

[039] For example, when an LED fails, its electrical resistance may abruptly

change or the intensity of ultraviolet light emitted may fgll below an acceptable

threshold level. If the power supplied to one or more LEDs is continuously or

periodically monitored, the power can be increased or shifted to another LED to

accommodate for the failed light source. In another embodiment, one or more light

sources can be turned on when other sources have failed or no longer meet certain
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illumnating two or nore-adjacent.. |um nescent elenents. Two or nore

visible colors can be m xed by simultaneously or sequentially illum nating
the |um Wé%&‘}'nms@' enents. Wien a conposite color is fgj 290’ 016153
illumnatin or e escent el.enments nt| a f1

i |1 uninati dﬂ”é’@ﬁﬂ'é?&eéaﬁ‘ﬂ%‘fnt%réa pe? W%ﬁaw&erl'?\‘)W@OV&?% & light

PCT/ 1JS2004/ 016153, a sufficiently short period of time such t hat .t he human
eye cannot S9UEeS isgletermingdin haveailed eranssatingrat an eracsep@bly lowlewe), 8han about
1/ 30th of a second, however this depends on the anount of tenporal

conpr essi orgecbnalightssiuired ¢3n beaetomatiFally taxedpdreto cdpperapte faritlé figst light.
illTumnating a blue elenent and a red elenent . for 1160th of a second each,

a medi um magent Jo4@n Rdthbaghesly Wb theterse.ghatete@f30@uE85 pareahodlnsia be
formed by illumnating blue and red el ements with varying intensities of

ul traviol etFleJ thwxpﬂse @bgrfeera?éu thetsammﬁnsér dfisHRHERs Shn bé laééﬁ&élé@ Wie bl ue

| um nescent el enent for first period of time and.a red | um nescent

corl oo | o LS ARSISS RS Bl e ron e EAFhalPE s ol shORrbH |,

be appreci at %d t hat bot h ultraviolet il I um nation intensity and period can
be varied t% d@HB'lng e a w de range of colors. Mireover, the nunber of
cent elenents and

potential col or h .t he nunber of | um nes
Phe “nunber “of _pdpllti BremfatbiveloaliolmineseahSpriele ¢4 AYSU:ATE dypeepan od
intervals. k044] Screeni ng el eperit 40 of di sgl ay elenent 10 can be arranged
bet ween | i gRe Viey(@r sklerdf adpsgablecshuliers:3) and $hgespeativali oifis arrageement bef or e
it is incident on device 25. Screening el enment cah be used to diffuse
ul t r avi ol ethastthe advanthge that sitirayiclettight Wil omiy lee insidemt ondeminescemte surface of
device 25. Preferably, screening elenent 40 can also collimte, or
redi rect, ulémanisalbedand S@Wheﬁﬂ:dseMerdentdeme reusth which inaretises their Usefub
its.constituent shutters. to i ncrease the intensity of

lifetimes. Thus, each of shutters 30 and-35 should have a variable transmlssmty at

the ultraviolet wavelengths emitted by light source 15. In one embodiment, at least

three shutters and at least three luminescent elements that fuminesce at three-

different colors (e.g., red, green, and blue) are associated with a single LED. If the -

LED is strong enough, two or more sets of three or more shutters each can be used

with respective sets of luminescent elements.

[042] Consistent with this invention, a visible color can be generated by

illuminating-a-single-luminescent.element or by forming a compossite.color by -

illuminating‘ two or more-adjacent.luminescent elements. Two or more visible colors

can be mixed by simultaneously or sequentially illuminating the luminescent

elements. When a composite color is formed by illuminating.two or more

luminescent elements sequentially, that illumination sequence must be performed in
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ultraviolet Iight at each shutter., It will be appreciated that if the
screening elenent both diffuses and collimtes, the screening el enment coul d
include at | east two portions that performeach of the respective
functiongyoz&ﬂ“ym%2004/114053 PCT/ US2004/ 016153 [045] PoTAISR00a/00@8s nent ,

| m nescent QeI sheri@ifiod Of 6/ St MatRe R’ QR cahrpRaRIiygYeT i de of

the liquid crystal Lum nescent elenents c erent

:sﬂL“ﬁ?SﬁfFQT r%é@r@w%?&v SHEMSIEE l%s&ﬂéﬁsﬁéﬁ?i{ﬁg‘ﬁ?ﬁ%&%cs*\@ P el e

[ in Du P 294, 8

that the nacaends onfisemiital Hrihural Ginmeseishc e o Ele. deor Sgrple, ©
exanpl e, a sem conductor, a phosphor, a gas, | asma, an organi c pi gnent,
an i nor gani 8Y sgrgeriially ilngnating a:bl#a@*ﬁﬁerﬁran@r@r@@elerrmqurﬂm"ﬁofrm@m s

wi |l be described nore fully below wth respect to display devices that can

be built. ceashst medium trfagehiascani bedenhedn Diffeddiel shEdes,of stagentscart alsb e,
green, and red light at each pixel can be conposite devices that include an

ul travi ol et fdrfdedt halluit@tihg dlue dndf?eﬂ%‘ﬁéiﬁéﬁtsannﬁ?yln?tlﬂﬂéhsitié@ot ulfraviotoduces
| ight of a selected spectrum As described nore fully bel ow, the

ul'traviol et h%ﬁ[&r%‘%r@ J%é?fo@?@f E)r'h@r(%%, il i étlr‘r?ﬁl‘bﬁ%‘ﬂﬁr‘nﬁéél%n?g

sapphire wt w t ho sul tabl e @GN or cont al ni ng

conpound 0 ﬂrs%'pgno@ 6?&@5 %Lﬂﬁ P%Htllpmﬁ\e% %li)elgﬁea?t% %éij#é%ﬁl{ %erf&rd ey tuBﬁ

Al N- cont ai ni ng

su table i over gl B TR R, o
espectively. | nUaahot HUTMEGRE St bS SRorey ﬁE' ot B iminaton
intensity and period can be varied'to generate a wide range of colors. - Moreover, the
number ef potential colors will increase With the number of luminescent elements
and the number of potential illumination intensity settings and time period intervals.
[044] SCreening element 40 of display element 10 can be arranged
between light source.15 and device 25 to diffuse ultraviolet light 20 before it is
incident on device 25. Screening element ean be used to diffuse ultraviolet 20 to
make it substantially more uniform across the surface of cjevice 25. Preferably,
screehing element 40 can also collimate, or redirect, ultraviolet light 22 toward

device 25, and particularly to its constituent shutters._tg__i_r)_c_[eg,_s_e_tbe_i_n;t_eﬁsjty of

ultraviolet ight at each shutter._ It will be appreciated that if the screening element
both diffuses and collimates, the screening element could include at least two-

portions that perform each of the reépective functions.
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(e.g., a phosphor) can be selected to produce white light and a desired
color is produced by passing the white Iight through a band pass filter.

Accor di ngwg(} §dNi5essWhi te-light embodiment, filters of bla¢gyy@ndiersand red
may be use % cg(fz e TlS VWO 50%4/1 ?05.3 PCT/ U@ZO%ﬁ/ [91%615 di slgr ete
conposi te device at TpPRSTRROPMGAL Ipingscent sipmenys A CaLRe i xel .
The use of white |Light with appropriate band pass filters has the advant age
of produci &pgsﬁgldg?@&’ on gMEWEr sieh thadiquid erystahdewce e hyMneBCERt i but i on
that will not change appreciably over tine, a desirable property for color
bal anci ng. elemerys sandncludeditiprenhlomingscent matedialsathaf lindnesdeatidiftesertnt

el enments to directly produce blue, green, and red wthout a filter -has the
advant age otolorg lieciudihg iaciubsiaytidliyoshiteecdiorgbée,lesg., tiad matdrizts estdiot pro@atd
approaches have the advantage of excellent persistence which, as known in

the art, iswhitdgight mb}@g{aeétt. dl. €. 8 'PdtehENE.S294,800Y It WAPKé appretiated Hap
applications, particularly digital novie theater applications that are

di scussed 1 fhdaoriaflBbéd Lo Bfh 818 LhfidkeliOoMARAALEE RsmBE, RNOSPhOT

conmpounds that can be use consi sten I's Tnvention. (1)
rare-earth- L . ides.. . hor. h and

i1 cates asanrtRRAReR A PRBHS, telp s EE R ArOSHE il PR ena (2)
nmetal -activated zi nc, conpounds,.(e.d., .zing.chal cogenj des, dpped with silver,
copper, or B|gﬂ?ﬁrﬁu‘mq a%"@O‘P%'P%UO&EPEWOécf\B@QP%% B B{W@bﬁ ,C”Q‘%%r BRRer
absorption in the short-wavel ength range (typically.< 350 nm, and thus are
wel | mat cheHJ“\X,ibteﬁ’VﬁY“EtPirwwoé?ﬁﬁl@bid%w?%se ahedn g buitheonsigtentayth Wisact i vat ed
conpounds al so tend to have a narrow range of em ssion wavel engths, since
the emnissitwendomy the rare-earth ion. I'n nmany cases, the netal -activated

zinc conpounds absorb well at |onger .wavel engths (> 300 nn) and thus are
wel | [046] Thus, sources of blue, green, and red light at each pixel can be

composite devices that include an uitraViolet LED that excites a luminescent element
that, in turn, produces light of é selected spectrum. As described more fully below,
the ultraviolet LED can be forred from a GaN or GaN-containing compound on
sapphire with or without suitable bﬁffer layer, or a GaN or GaN-containing combouﬁd
on SiC, preferably with a suftable buffer layer, or an AIN or AIN-containing
compound on AIN, sapphire, SiC or G'aN, withl or without a suitable buffer layer.
[047] In one'embodiment, ‘Ultraviolet LEDs can be incorporated i'nt'o three
different composite devices, each with a different luminescent element for producing -
blue, green, and red, respectively. In another embodiment, a luminescent element
(e.g., a phosphor) can be selected to produce white light and a desired color is
produced by passing the white light through a band pass filter. According to this

white-light embodiment, filters of blue, green, and red may be used to create
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matched with netal -activated zinc UV emtters. It will be appreciated,
however, that either type of phosphor conpound can be matched;with either
type of 16 WO 2004/ 114053 PCT/ U82004/016153.P {(iggz% 4bfslddstrative

i ﬁieﬁfsﬁfeﬁﬁ§9p%§%?eﬁé%“€éﬁe‘§af5@§€%@®s ePa i R e "

phosphors that em h incl ud 3: 03: Eu Y,.&d) PO3: Eu,
YVO4: Eu, gﬁ?ﬁ?%i E)Whgﬁ "ghﬁf’ ity #PRIARG e@?&ﬁrﬂa&ﬁ thaét @ﬁdgght@gg Har r ow

vi si bl e bands bet ween about 590 nm and about 620 nm es rare-

eart h-act i vRIRWCHRFprlBred lighhwitla anexgelieah wavg Hﬁngﬂhelsérdwoo\thw'é@@ Tb,

LaP04: ( Ce, Tg(z1 (Ce, TH) MJAI 1i A g, (Gd, Ce, Tb) MyBsA OY3AI 5012: Ce. The Tb-doped
conpounds effiange apnrediablyaver tneya desitable prgpertyforatator baiamcingn Ondhe ither
Ce-doped conpounds emt a narrow band at about 550 nm Exanpl es of

rar e- eart h- hahd \thé ade obﬂme@biﬂfeaerﬁ hahinesaent klamerts @hdireatlgl prdéucedife06: Ce,

BaMjAl 10017: Eu, Sr5(PO) 3C: and LaPO4: Tm The Ce-doped conpounds have
peak em ssi gfbelﬁehﬁ@%ﬁ WRoLt a4f9fér hBgtRNsthaRete SFHigHeRefiidiéndstodiemes lightds
Tm doped conpounds have a peak em ssion at about 450 nm [050] IIIustratl ve

exanpl es of ngpfire it "B’aétﬁ% mPl‘?)%%%@fné*vét’%tao‘ilﬁﬁﬁaB@ o‘f‘%ﬁ@'elle%‘?ﬂéhs?ét@ﬁée with this

i nvention are provided es of netal “activated osphors that

o gt h’“?&‘e%ﬁ“ﬁ ﬁut‘f" §§%“Fﬁ% ?%83'%%@%@8 fhé‘m&%ﬁ%&%’%r@b@% b vl 1 1
o osi on | paRR CaTOnGBaciriAtd i e Eetsr ARpiqeintn el e Sl e

phosphor, sl ec\t}&ef chromaticity shoul d be consi dered to ensure that the
di splay dev etel\ela-a wi de col or range.

[048] Two broad categories of phosphor compounds that can be used
consistent with this invention. are (1) raré—earth-activated éompounds (e.g., oxidés, '
borates, phosphétes, and silicates doped_With europium, terbium, cerium, or
gadolinium); and (2) metal-activated zinc compounds (e.g., zinc chalcogenides
doped with silver, cobper, or aluminum). The rare-earth activated compouﬁds have:
stronger absorption in the short-wavelen‘gth range (typically < 350 nm), and thusAare
well matched v;/ith‘ hitride UV emitters (see below). The rare-earth activated
compounds also tend to have a narrow range of emission wavelengths, since the
emission is by the rare-earth ion. In many cases, the metal-activated zinc
compounds absorb well at longer wavelengths (> 300 nm) and thus are well
matched with metal-activated zinc UV emitters. It will be appreciated, however, that

either type of phosphor compound can be matched:with either type of UV-emitter.
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Each visible color has a chromaticity (i.e., color coordinates), that
corresponds to a Iocati on on the 1931 Conmi ssion International e de

| ' Ecl ai ra\gﬁ chrorrati city - 17 WO 2004/ 114053 PCT/P@%;?[%Q(%Q,}&@S

di agram e c Q { i/ f a d ag devi ﬁ g § ontr usi.n
phosphors that [?1 q exa[ sp raﬁ‘ﬁ@@% GeUvatRd P ﬁﬁ@'&orﬁ I‘@Pd@st
possi bl e val ues of the col or coordinates x and y. Phosphors wi th narrow

eni ssi on batfed tasisten math tB'ﬁﬂW'@ﬂa@@@é’ld@ﬁw Frampifs efdawseartty be
preferred. Thus, consistent with another aspect of this'invention, the
emi ssi on caavtivetedmf@@ph@rsdhﬂt@mitmdrlighhmcbldsp}ig@;;:E(lp(rY,Gdﬁ(nyEueI engt h) by
co-doping with two or nore species in the oxi'de or chal cogenide host. The

i nt eract i on(YoGd)FE;: Bo,PAVMOSES aand ZohSi®,:EDe Alof Sisdserexainililés emithesering sfnhanci ng
em ssion saturation. [052] Material processing and degradation effects

shoul d be ceiidwieRRik bAMRHIRESThbAR 500G BAA BLBNE6 P AR rEBFérh;ﬂEs df mpbay
devices consistent with this invention. Inorganic phosphors,” such as the

ones identif %rﬁ‘da&%{fg’af%rg’%ﬁﬁ&glﬂl‘é& Jﬁ{égreehgaﬁt We(uﬁbn }g@gqﬁgs and are | ess

suscepti bl e to degr I'oh, when conpare riral s such -as

| aser dyes. r in
si npl e way L%%e%ib%egg%@“@%% |(‘§8C‘?1‘% TEW@ Eﬁ‘d Q&Qéeﬁg &(ﬁ\ﬂ;{edm cron
and about 20 mcrons). in a n.a preferred odi,ment, the
ol yrer - hostomabunia gy aBrgol PahdghrEme [dfitababouftetim ana tﬁ%ﬂweé
i npervious to UV-induced degradation. Methyl, ethyl, and buty
met hacr y| atGENRQUAdS eMita Narrew Sendat abouti 560 nme Exgmleﬁpqafdarer agré*a aghiyated
deposited by suspending the particles in _a. polyner solution, spin-coating
or deposi t iphpspborsghatrainihbluedighhineludes64SiDs: 6, BeN@é\thmEu,e&ﬂafﬁ@)@ Rnd
t hen baki ng the conmpound to drive off.the solvent.

and LaPO_4‘Tm The Ce-doped compounds have peak emission between about 400 -

ﬁm and about 450 nm. The Eu-doped and Tm-doped compo‘unds have a peak

emission at about 450 nm.

[050] Iliusfrative examples of metal-activated phosphors that can be used -

consistent w'ith.‘this invention are provided below. Examples of metal activated

phosphors that emit green light include: ZnCdS:Ag, ZnS:Cu,Al, and Zn2SiO4:Mn, all

of which emit light between about 520 nm and about 560 nm. An example of a

metal-activated phosphor that emits blue light is ZnS:Ag, which has an emission-

peak at about.460 nm.

[051] During luminescent element, or phosphor, selection, chromaticity
should be considered to ensure that the display device with a wide color range.

Each visible color has a chromaticity (i.e., co'lor coofdinates), that corresgonds toa

location on the 1931 Commission Internationale de I'Eclairage ("CIE”) chromaticity
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[ 054] Anot her deposition technique involves suspending the particles in the
pol ymer precursor that can be polynerized in situ. A though this technique
is sinmple -18 WD 2004/ 114053 PCT/ US2004/016153 to inplenent, filmns
produced WOi2pY/1#158 t echni que coul d have a nunber of diPSINRMIAIESS

i ncl udi ng: &liagsem. dhewhrdroatitityyof ardisplay devige bamghe suntraltes] using phesgshor§ whi ch
can lead to significant reflection, rather than absorption, of .the incident

W |ight), thatdrasatorated,ahatds gagsstsas tien hdue tHeolatdest bassibrlvanmausitpgss of
the pol yner under UV light and chem cal attack. [055] When sel ecting

phosphor  cogpRrBESrdnatesse8nd P. PhBBbRdrs YA ERDw @‘ﬂ&%ioﬂt dsMdve rEQLeZ ul d b .

i nvention, the thickness and grain norphol ogy of the phosphors

consi der ed, | : i L DS j e ssion effici.ency. In
one. embodi nsarABh et End. SRR s8R hEbE BRARER “ThB S e G 2o
absorption of the incident .UV ligh but thin enough,to Ximze

transm ssio ngl?‘lef" ﬂ%oectﬂﬁ"fse'ﬂv?f?t&%bf@ e“i*ﬁ?'gf?i%"gl@éaﬂ%%"}ﬁ?@k@?o"éméf‘pﬁ%@ce
coatings can enh?nce uv E};orp ion at the expense of visible |ight

transm ssi okPr RGF t“fad?@“éﬁﬁ SOreRpiRg With vesor morgyapeciesin the axida eabl e because
it makes UV absorption nore likely. Scattering can be enhanced using. even
smal | er par ehalbegatideskogte The intatastion 8f theatapasis, cah redute the dmigsimswiddn,
conmpound t hi ckness appears to be between about 5 mcrons and about 15

m crons, anthemebenraetimgarhigsiabsaturdtibnn croons, or about three layers. [056]
Phosphors can al so be deposited in thin-filmformby sputtering or solution

deposi tion.. Such062] mmaterial grocémssiridist dedraation effdctosiould Beaidnsidersd nor e
i npervious to degradation due to radiation and chem cal exposure. Their

hormogeneous whbk Seledling phosphbFLandetRcting 8BRS Helitts icBhsitdHt withahiser i ng of
the incident UV light and thus the efficiency of the absorption. The
PrOCESSI NG jnvention. Inorganic phosphors, such as the ones identified above, generally have

long working lifetimes and are less susceptible to degradation, when corhpared to

organic materials such as laser dyes.

[053] Inbrgénic phosphors can be deposited in several ways. A simple way
involves embedding small particles (e.g., between about 1 micron and about 20
_ microns) in a polymer matrix. In a preferfed embodiment, the polymer host is

reasonably transparent to UV light and relatively impervious to UV-induced

degradation. Methyl, ethyl, and butyl methacrylates are suitable host materials. The

prhosphor layég can be depositéd by suspending the particles in a polymer sqlution,
spin-coating or depositing using another standard solution deposition technique, and
then baking the compound to drive off the solvent. |

[054] Another deposition technique involves suspending the particles in the

polymer precursor that can be polymerized in-situ. Although this technique is simple
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tenperatures for oxide materials are higher than those for chal cogeni des.
-19 WD 2004/ 114053 PCT/ US2004/ 016153 [057] It will be appreciated that
energy sources other than ultraviolet LEDs can be used to excite the

| um nescewb ®benmesss of the conposite devices discussed P(HMSMM/(IIGES] In the

case of | ow I fiA I; ' . theaters,
| ower pomert(flgﬁs&@%rr‘]t L'%ue’ ' g&%’\%@ ﬁmr%temgﬁ}ﬁﬁ@%gé%lgnrh e us@'@bgp 31’ provi de a

| i ght source, LCD s y creen i h anbi_ent hti ng.

condi t ons. Sea8uEeTnaABbun i B Grish reidhuphioR SHSge FlBELd pover
supply for supplying a regul ated power level to |ight source 15. Regul ated
power suppl {Whighhcan legddasigptiizant reBection. ratherthan éeﬁﬂ’rﬁi'PB’rPféh?é’iﬁlqe”?y coupl ed
to power source 70 and |ight source 15. [060] Regulation circuit 75 can

i ncl ude pholigitkaadteomograpdoiggaadation dueitodhe tacBBf rehustnaastofdhée polyoer

Phot odet ector 80 can detect a portion of the ultraviolet |light emtted from
| i ght sour cender Uintiglgeamerchemicel bittaskk. si gnal indicative of an intensity of
the portion of ultraviolet light. Conparator circuit 85 has input 87 for

receiving the fsst %Békﬁéele&ﬁi@ﬂ%ﬁ ggﬁér <§drﬁ;§dﬂan$§r @s"é‘mcdlgﬂa?%e‘&lei@s first

signal with a baseline signal an ner at e second si gnal

proport i ona%oﬁ%tgmﬁmﬁl{ f sﬁ[-.@éggi%n bﬁ%"iﬁféﬂneﬁear{d @%fn mémqﬂaﬂg% %w

signal. Con er cilrcui can have. 1 npu cou

gbrx . c
SBSL???LQBZs*aJUE&‘Psfé# U eaPE e 5 oS Rt Rl i Bt ol
et oct od ul PREGTBPErAT ghe Bresehdh Rehst S BE Utk Shoeltie BBKEE el cront 0.
absorption of the incident UV light, but thin enough to maximize transimission of the
| emitted vi>sible'. This is because thicker phosphor coatings can enhance UV - -
absorption at the expense of visible light transmission. Meltiple'scattering of the UV
light can.be deswable because it makes UV absorption more likely. Scattering can
be enhanced usmg even smaller particle sizes (e.g., about 3 microns). A preferred
phosphor compound thickness appears to be between about 5 microns and about
15 microns, and more preferably about 10 microns, or about three layers.

[056]  Phosphors can also be deposifed in thin-film form by sputtering or -
solution deposition. Such films teed to be substantially uniform, smooth, and more-
impervious to degradation due to radiation and chemical expesure. 'Thei'r
homogeneous physical structure, however, reduces the internal scattering of the
incident UV light and thus the efﬁciency of the absorption. The processing

temperatures for oxide materials are higher than those for chalcogeni'des.,
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I n anot her enbodi nent, photodetector 80 is positioned such that the portion
of -20 WD 2004/ 114053 PCT/ US2004/ 016153 detected ultraviolet light reflects

fromsonme other elenent, such as a small ultraviolet mrror that is placed
in front ¥OPOHRHOSHurce 15. In either case, photodetect BET/HEHMPKESude a

detector that dg08At & wih®eiapprtidtéd that ehbRyyWolradsi athet thahaltravi¢lebiiDs
Phot odet ect or 80 can be constructed fromany other material that has a

relatively dapweladdd t@twcﬂ@theanﬁln@é&céﬁtfé@rh@ms%f% ¥ainpBsitddelieddiédlidsadused
to designate the relative sensitivity of a detector. Cenerally, the higher

the D* val ugoyethe better the detector. For exanple, silicon carbide,
especially silicon carbide of the 4H or 6H type, can be used to construct.

a UV-sensitive odet gct or _accor di this invention.

appr eci at ed thaﬁ&% EH@\ Ct55R Of @%?WB%BBF g(}glpgic&gd?@gg,ssuchl M%'@Wov%d
other materjals used to ma hot odet ectors can be used consi stent W th
this i nventth@sters, rnqwea dirgsgdndiigheriryerddles ean badrsed tosi ti oned
such that the portion of detected light is a portion of visible |ight
enitted frgrodde adighheewce faianldds shuttartype screen im highi ambiestlighting

phot odet ector includes a detector that detects the intensity of visible
l'ight. [064:]0n6'[bine$ stent with this invention, detector 80 can be used.to
perform illumnation calibration procedures Calibration can include, for

exanpl e, suppl yiggp]a Displayrelemenito €dn feiver incRiderereyuldted oweg Blpsipsrces,
measuring one or nmore intensities of light, and adjusting the power

supplied t %ubb@u@f’t?ré?juléif@di ?oWéQl@Vel&@M{;ﬁt%urceE‘PSthebeé‘ted ﬁé@@ﬁsﬁr}blﬁééh be
measured opticall’y or electronically. There are a nunmb of optical

T e B SR B 143808 redzwéris%eﬁt%ﬁﬁ%
| ncreasi ng llght source 15.
[060] Regulation .circuit 75 can include photodetector 80, comparator
circuit 85, and cont'roller 90. Photodetector 80 can detect a pertioh of the ultraviolet
light emitted from liéht source 15 and generate a first signal indicative of an intensity
of the portiion of ultraviolet light. Comparator circuit 85 has inpht 87 for receiving the-
first signal. Comparator circuit 85 can compare the first signal with a baseline signal
and generate a second signal that is proportioeal to the difference between the first
signal and the baseline signal. Coetroller circuit 90-can have input 92 co_upled to
output.89 of comparator. 85 forreceiving.the.secaond:sig nalaﬁd_output 94 for
supplying a regulated power signal to light source 15.
[061] In one embodiment, photodetector 80 is positioned such that the

portion of detected ultraviolet light is:a portion reflected from screening element 40.

In another embodiment, photodetector 80 is positioned such that the portion of
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-21 WD 2004/ 114053 PCT/ US2004/ 016153 decreasing the power supplied to the
| i ght source until the nmeasured light intensity reaches a desired |evel.

That | evelydRya, pﬁoglxed or variable. [065] For exarrpl e, 'i"/ﬁﬁioﬁml%ﬂseve' can

be used t d |
e U2, 0 S Sl Ve SBRSE els SH EBr oloSuelt 7 RGO EPvRlsie

efficiencies by different displ g%/ elements.. Sim I arI y, lum nescent
mat eri al s ndRiFRr (At isplasedindeond ek light spurgecidn Ve eithehcass, phetosistacter GaRen

exposed to ultraviolet light for an extended period of time. Also,
ul travi ol et inchimde 8aetestarithatatatedts e inteneity ekthendteavigiet lighds. 1t will be
appreciated that calibration according to this invention can be perforned

before, during, @@62AftPhotodediorBOURAMRL doMEtrEERE ifING any btWrimatstisiahéiehas
appreci ated that optical calibration according to this invention neasures,

i some fashi Rektvalylib@ bl Slrfdhthil A RckParE DlAGL! AL aRANRIustR! Y | evel .

[066] Electrical calibration is also consistent wth this Invention by

moni tori ng, ofegfﬁngf%atﬂglré’latl sﬁﬁ%t&'o??lde[e%?éﬁtéé}fé(?al%tﬁgﬁlggépﬁ{er[b’c\%l current

supplied to or rmre (o} source he |n e’nS|ty
of ultraviol ht can be.inferred from.t e el ectri

neasur enent tﬁ%Bﬁ{t?r th? QF ec? Cf'rc F%f C¥MRIEA Siligon Céfrb'rdeeﬁﬁﬁﬁﬁ @ silicop) qarhide 8ot
controller current controlle Pr ef er abl controller circuit
hel udes. an e AH-TEHED R S foonsiris i Y eseDaINe ARSI RIaB 1 1 o1
Is cloa i [0611 Cooling- EI enum ( not shown% can _be in thermal communi cation
with any orto s invealiorydhwilkps: ﬁ@P'@@'ﬁiﬁﬁrﬁbﬁ ¥ adqidonyty sibcanserrbidg) BpAsi ght
source 15. The plenumnormally includes a cooling nmaterial, such as a gas
or fluid, anaGadnGaNcandiethen materials asédio meke phétodetectaraicanibegisede air or
fluid. ‘
consistent with this invention.
[063] In another embodiment, photodetector 80 is positioned such that the
portion of detected light is a portion of visible light emitted from one or more
luminescent elemehts.‘ In this case, the ph‘otodetector' includes a detector that
detects the intensity of visible light.
[064] Consistent with this inventvion, detector 80 can be used to perfonn
illuminatibn -calibfétion procedures. Calibration can include, for example, supplying a
known amount of power to one or more light sources, measuring one or more
‘intensities of light, and adjusting the power supplied to the one or more light sources.
Each light intensity can be measured optically or electronically. There are a number

of optical measurement techniques that may involve the use of an ultraviolet or

visible photodetector. The adjustment of the power supply can involve increasing or
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-22 WD 2004/ 114053 PCT/ US2004/ 016153 [068] D splay element 10 can al so

i nclude one or nore filters. Protective filter 98 can be placed on a viewer
side of |lum nescent elenents 45 and 50 to renove potentially harnful

ul t ravi ol W0 208di1a9530n t hat may pass through | uni nescent PEIEREMYHEONS and 50.

Thus, such Ideghdasingthe power sisplisate tieniiht SotilRatuntibtheempasretitighein®ingitgs t hat
are greater than about 2 eV. Filter 98 can be a coating disposed directly

on | um nesc‘?@écf@s@%@ﬁéve?nq}héﬂegﬂrﬁﬂ/ BE k& 6r Vdrid: such as a

wavel ength stabilizing filter 99 I's discusse e oW. Alternatlvely,

filters 98 can IS e rm for
exanpl e, of a pl gﬁSﬁi( ngéﬁé&nrﬁodlgrgb éﬁjle%%sai\% ggé/doh ?éq%ﬁﬁdﬂ?‘#%lg fllsro99 i's

al so. pl aced. on. the vi ewer frlzg q | um escent el egqents, 45 g 50 and
transmits adﬁSFet""iSB‘lg PrUnenen s \émlrieaﬁ? CQBYRIS! IHENEiREsd B Nt 5. The
purpose of stabilizing filter 99 is to conpensate for the wavel ength
dependent ef'fReMeS" f4iakS AyARENG Derdermmnparfiidesipsdpedifferany displavetiemests. Thus, a
| um nescent el enent can have a domi nant visible wavel ength that changes
with time aSimiarhbiuminesepnt matenial®domnalyrexpetiérate dedrgasing cdogérsied (e. g.
calibrated) wavel engths pass through.to a viewer. Like protective filter 98,

st abi |'i zi ng effldidriciys ViRercexpdsed do altailohg lightsfopae @xtérdedt periodrof kinmp. nlsoent
el enents 45 and 50 or on another filter, such as protective filter 98,

which is di smpssaet EdOvan éinttessdaight eVer, exteﬁfdéﬁ'deriéU§91l{f\lvﬂlltbérapp9<9cl§t@G teRd b
:di screte. [070] FIG 2 shows_a schematic view of a display device 100

that can be coialitn s&;b%?agsmmywenm Soyf ¥ Bl BLBPL ArfiEvorayel00 can

i ncl ude a plur sour ces each wh traviol et

light, anp g@lgéafpe%u SRR gL IS BRHbAE cibfondh Scr con 119

between lig sources nd shut

according to this invention measures in some fashion, a light intensity at-a known
electrical power supply level.

[066] - Electrica! calibration is also.consistent with this invention by
monitoring, for exahple, an electrical resistance or the electrical current supplied to -
one or more of the Iight sources. In this case, the intensity of ultraviolet or visible
light can be inferred from the electrical measurement. Controller circuit 90 can be,
for example, a voltage controller or a current controller. Preferably, controller
circuit 90 includes an auto-ze.roing‘ feature that minimizes dark current when a
shutterjs.closed. |

[067] Caooling.plenum (not'shown) can be in thermal communication with
any.or all heat generating components, including especially light source 15. The
plenum normally includes a cooling material, such as a gas or fluid, and can include

a circulation motor for circulating the air or fluid.
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A

-23 WD 2004/ 114053 PCT/ US2004/ 016153 a plurality of |um nescent el enents
120, and a regul ated power supply 125 for supplying power to |light sources

105. As descri bed above, each of |um nescent elenents 120 can absorb at
| east som QFOUMEON traviol et 1ight and convert it to vi BEHUS200MPHAE | n one

enbodi ment , | uni {@6& enPisplayrfiement: thcamalse inchysiei A erymare filtrss. Wiretactivshut t er s
110. ‘When plurality of independently controllable shutters 110 i ncl udes

| i qui d crysffitbs98 carhe phacet@n xviewepsite of Lddinesoenbelenseats 46 amd@0/to
appropriate electric field across each of shutters 110 to open and cl ose

i ndi vi dual sbwolepstentialy Imarpfulafitraidlbt raiation &5at heUpasihrdighlibmivestescr i bed
nore fully below, each of Iight sources 105 can be an wultraviolet |ight

em tting di efsmbhgUsHHRSSE fm}s?gb%ﬂ ug{}/g%\ébg;g i@%ﬁﬂ@ﬁap@éﬁ%ﬁgghéﬁo@r%pﬁn? Rand

gap that is greater than about 2.0 € own I n each o I ght
sources 105 ; ed. sg.antd l.anar: Qr. curyed
tructure 167ogs Bt bl BaRE Wb P 2 R O ta bB ABind iR
sources 105 can,be jnt.egrated in  such tructure. 72] In one enbodi nent,
each of lig feg%?’&k’?'ﬂ%@eEgﬁ‘eH@"&%?’iﬁ@ié.a qﬂnénogﬂ&"ﬁﬁﬁ]{wﬁﬁl&‘? a
t wo- di nensi onal array., Power, supply 125 can supply electrical power to each
of light somadféé,enﬂ%g/@@ﬁﬁng filer 5 hicht s shistiseackoaldy: Hhlteraatiyelafitte®198, ¢ he
sanme anmount of ultraviolet light"incident on it. Although FIG 2 only shows
power supplopn bexdisgieteifragn baldd eotstaldeiee 26dn the formi inexeople.ad a plateinpl be
appreciated that supply 125 can have nmultiple outputs to supply different
power- | evel shown).i ght sources 105 individually, or in groups. In this way,
power managenent schenmes can be used to periodically or continually adjust
t he anount of el @69 c@pticadetabilizingditer 89 i alse platedionl thg Mievearsidesf 105. For
exanpl e, power supplied to one or nore

luminescent elements 45 and 50 and transmits a portion of the visible light

generated by those elements. The purbose of stabilizing filter 99 is to ‘co‘mpensate

for the wavelength dependent effects that normally accompany long operating

lifetimes. Thus, a luminescent element can have a dominant visible wavelength that

changes with time and stabilizing filter 99 ensures that only the desired (e.g.,

calibrated) wavelengths pass through toa _viewer. Like protective filter 98, stabilizing

filter 99 can-be a coating disposed directly on luminescent elements 45 and 50 or on

another filter, such as protective filter 98, which is discussed below. Altérnatively,

stabilizing filter 99 can also be. discrete..

[070] FIG. 2 shows_ a schematic view of a display device 100 that can be
built consistent with this invention. Display device 100 can include a plurality of light.

sources 105, each of which emits ultraviolet light, a piurality of independently

controllable shutters 110, a screen 115 between light sources 105 and shutters 110,
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-24 WD 2004/ 114053 PCT/ US2004/ 016153 of |ight sources 105 can be increased
upon failure of another of |ight sources 105, Mbre generally, the power

supplied to each of |ight sources 105 can be regulated such that: where I;
is the i nMhYO#P148§3 | i ght incident on a particul ar shutt%@T/Hﬁ?"E"!/Ml%"y

contri buti ng plurglity ofdummescnent Ele@iap(ts 120,tdnd a mgalatedpewsr sypply 126dbrt | nci dent
on the shutter, and k.is the nunber of |ight sources that contribute to the

. i nci dent Ilsgbplymg dober tehght setrcek M 06N Aseldsebattabovd, RRchlofkinfinesdenpover
Ievel s supplied to the Iight sources are adjusted such t hat every shutter

has the sangdiditb 100¢hA %BEOI’B' dt rl@é§t Qbr% of 'triﬂ"ﬁltrahBFe? ﬂ?htt ahd %hv@ﬂ% 8fisible

enbodi nent, the electrical power levels supplied sources are

ad ust e sughd RLaE YA Eng ﬁ&ceﬁL&gﬁﬁhtsggétgegigg otppg%,aﬁgﬂea Qig0s ty

of visible S respe IVe'S I'f one

or nore of the,li ur ner.ates | es n,.a  d S|red ity, the
power suppl © Hﬁ%raglghe%gpeq@p@(%gf ﬁ@‘ﬁ%‘?ﬁ”d?f' ‘Eo Wlipkles E"rd Ssed. In
this way, for-a particular set of ght source power Ievels substantlally
the sane arrﬂgwé caystals tther soutiar qongﬁl:!erc@ﬁ q3a heriseddatanply appiRpBateieftier s

110, or the sanme amount of visible |light can be generated by each

| um nescent fieldearasess edebrof shulderstitlOrtoiopenpoad clase intiwiduabshlittessor gropps of zat i on
routines can be periodically or continually perforned to ensure

subst ant i al Ishuttersf as requirédimi nat i on over each of -shutters 110. [074] The
provi sion of one or nore high resolution, highly aligned digital canmeras at

each display sitm71forAcdedmibed Trﬂitﬁe(f@"]?ﬂ)"eﬁ’ow reathrgtlight sdurceg €065 taflbgidnal

camera and traffic count recorder 320 (FIG 3), or other specifically

dedi cat ed - Zfraviolet light emitting diode that uses a material having a wide band gap (e.g., a
band gap tha"c is greater than about 2.0 eV). As éhowri in FIG. 2, each of light
sources 105 can be surface mounted _to s’ubéfantially planar or curved structure 107
(e.g., electronic board). Alternatively, each of light sources 105 can be integrated in
such a structure. |

[072] in one e'mbod‘iment, each of‘light sources 105 can be arranged:ina

substantially two-dimensional array. Power supply 125 can supply electrical power |
to each of light sources 105 such that each of shutters 110 has substantially the
same amount of ultraviolet light incident on it. Although FIG. 2 only shows power
supply 125 having one output 126 for all light sources, it will be appreciat'ed that
supply 125 can have multiple outputs to supply different power levels to light
sources 105 individually, or in groups. In this way, power management schemes

can be used to periodically or continually adjust the amount of electrical power

supplied to each of light sources 105. For example, power supplied to one or more
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WO 2004/ 114053 PCT/ US2004/ 016153 caneras, provides a neans permtting in
situ diagnostics and calibration of the displays. As known in the art,
certain digital canmeras have a resolution of over 7,000,000 pixels -- as
conpar ed wo appriesssnat el y 172, 000 pi xel s on the above- REEESHSNIEBHIX 33' /2

ft. displayes IBP\‘t'%ourléléquS%‘éﬁ'b'égn&er&] Ecjjrl%n oI o aﬁ‘iotﬁerdéﬁphﬁé(ouré’és 168, ecting

mul tiple digital canmeras at different screte portions o di splay, a

oS 8l S PR 60 B AR SRR Bl ol

i mage correspo gr ou

Sui tabl e neans for aligning the digrtal canera with the display can be
used, incl udV ﬂ@ tical neans, - such as laser alignnment marks. [075] In

anot her enbodi nent, multiple digital cameras can correspond to the sane
portion of a display (or the entire,dispL In this.case, the inages
generated by those caneras can be €ompar aLd used to inprove the accuracy
and precision af the diagnostic and calibratron procedures [076] At

et e ooy | WRBSEls the ilendifof ShAAREALNGh 2 Rdlldr ShakbPEmiit £ 2 11Ve

m nut e perr eac ire I ons can be run

{Sger s;“el”l grrﬁeﬁurr@:%?\a%%ﬁer%élr? rqi’aé i r'rasét‘io@%e%elaﬁ'c%‘é P h
LS od. ]

st bas, ¢ HNAGib LR Lok it soudies Ba S b i bnMeracleapldty Shdhe un -
red/ green/ bl ue, the carrera s), nounted at a selected distance fromthe

di spl ay such huttersircene pewpdiaen), tharelectigah prwenievalstseppiiag to Herliohheeurses ng or

excessi vely degraded LEDs for replacenent. [077] Beyond replacing defective
LEDs, each afegadjustbe sygisthabrevery shattecnas thesiame total mld@ntaﬂiﬂamlet lights in the
drsplay, as descri bed above. To this end, -26

mtensrty In another embodiment, the electrical power levels supplred to the light

sources are adjusted such that every Iumlnescent element generates the same

intensity of yisible Irght when its r.espe'qtive shutter is opened. |

| [073]) Thus, if one or more of the l'r'g‘ht sources generates less than a

desired intensity, the power supplied to one or more different light sources can be

increased. In this_'way, for a particular set of light source p,ower. levels, substantially

thé same amount of ultraviolet light can be incident on 'eacll1 of shuttérs 110, or the

same amount of visible light can be generated by each luminescent element when a

shutter is open. In one embodiment, optimization routines can be periodically or

continually performed to ensure substantially uniform illumination over each of

shutters 110.

[074] The provision of one or more high resolution, highly aligned digital

cameras at each display site, for exa'mple the camera or cameras utilized in digital

camera and traffic count recorder 320 (FIG. 3), or other specifically dedicated
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WD 2004/ 114053 PCT/ U52004/ 016153 the display is run red/green/blue at
several iterative power levels (e.g., 20% 40% 60% 80% 100% and the opti cal

power output of each LED is sensed for each power |level, with the goal
being to WA 10BHE#853% he system so that each red, green ofCHPHOMEONas t he

sane opti calapRYSY, pRitidil a ﬁ%eaﬁ@?b'érrﬁ{?tlﬂ’dgpls%%'iag%sl aﬁd“é‘algiré‘ﬁfn &fakg of the

sane color. Electronic calibration i SO0 possible according to this

cof tar o (e OPVPote KPR TS Bt o BiZO R Gl BB 8 RERTLORRE L Rt

shown) that a ] pendent|ly in conjunctian wth vi.deo

converter/ 58¥?§'ag¢'6§§@' wasppm io ﬁ%%mﬁﬁéé%ﬂ?%q%?@i R?Fé%@ﬁlﬂé‘? apoye-
receive information fromthe diagnostic equipnent indicating the optical
power out pudessribedd? X BBYalt dispaysaf hus Sy slifgplinga digiaheamees af a digalgy. ©hr ough
an associ ated automatic calibration LED | ook-up table, accounts for daily
vari ance i ndretingunyitiple(digitpl sdmerasatatifféract discrete noyrtions abaidisplayha power
curve by which the LED will be driven the next day. This periodic (e.qg.

dai ly) in sbtrespondahcdeat bentthined werd aniridn cffeaghefidital capdug’s gage site
mai nt enance since LEDs that have degraded can be run harder to conpensate

for the dege@ﬁ@éoddhﬂs(téa%ing@é)pmebor @bupongikeRan tHeedigay. SuitableaAsSms for
repl acenent [079] As an alternative to using digital canmeras for the

di agnosti c g in§ el dgitd) icamherd! Wth 8 dis .aghz%hlﬂe%s%mn%ﬁﬁﬁﬁ%b caf s, Wi th or
may be

wi t hout band Ppass fi I?ers, ocat I'n cl ose proxi y to each LED in

t he displ ay S LI light output during diagnostic/calibration
spahaRRet Al Mg

oper ati ons. alternative, a progranmable chip may be | ocated
o each B X o O s R S R 8
same portion of a display (or the eﬁtire display). In this,case, the images generated
by those cameras can be compared and used to improve the accuracy aﬁd prec‘ision"
of the diagnostic and calibration procec}urés.
[076]. At selécted times set aside for diagnostics and.calibration, such asa
five minute périod eéch night, the entire disblay or portfons thereof can be run red,
then green, then blue, followed-by white, él_l at multiple power levels. In order to
reduce interferencé, the LEDs can be switched on individually for'a shoﬁ period, for
example one millisecond each. In the most basic diagnostic operation carried out
| when the display is run red/green/blue, the camera(s), mounted at a selected
distance from the display such as sixty feet away, are éapab’le of detecting
nonfunctioning or excessively degraded LEDs for replacemenf.
[077] Beyond replacing defective LEDs, each night the system may

automatically re-calibrate all LEDs in the display, as described above. To this end,
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calibration sequence to raise or |lower the effective |ight output of the
LEDs contained in the pixel. [081] As an alternative to performng daily in

situ calibration by |ooking at every pixel in sequence and ad%) usting the
scal i ng VWORE04/HA08ach pixel, a statistical nodeling affffideA04¥918e used.

According t'ghd areﬁlaﬁmma@a/gré@i/mé@tﬂsédé% ifeFativeMRT I&jeld EDS may be run in
iterative power cycles in order to opt| m ze the overall screen color

through, st ajd 5t bRak A0 ROY MRk P IRe RpREN 6 o3 U pEpRgEn LED or

group of LE stic tion operates Wlt

and col | sct ?éaﬁiﬂ*ﬁaé%ﬁ?@ﬁ%ﬁ’v%@%&%‘%ﬁwg Tkl e B paleped

spectrum an@{gnount b ht ThrougI a di agnostic/cali bratl|
sof tware pafia et “1"1"1{— %§36‘Gt°p5’dﬁaaﬁ‘i’d’edé’h’¢mﬁrﬂt eagh pevehigval 3dDonse

for each red/green/blue LED at a pixel to the desired white_|ight response,
an i terativihecethebkERs ohthempmescalernd drlectkanic ealibsatiom ipiatest pessibleljagserdingdo

val ues contained in the diode recalibration scalar software or to reprogram
progr ammabl thi$ pyentionhi @alibrétadn prefeeabty meadeedrbywhodel recatibrdtion sealahLED

| ocated in a specific pixel. [083] Calibration can involve conparing

f eedback nmessttwaeEBigs 166K up tabie)ilhtecani felastociated Wi, scafarghét showrfthn_of e
di $. play scr_een,: gr3hg oen re.di |. sp ay I screen-Thus, as -

ment i oned. aa@tgende@eﬁe@m@rm%@ﬁ,uﬁefbd WW{h\éewd’ecP%FR@rr’deﬂ%alQ%W (FIBe4pr nore
f eedback neasurenents and one or nore baselines. I n another enbodlnent one

(F:’ féfl‘_/ PJESSOZ}J:)ELIGE' @7@]‘3?519@& ke dBRB2Y6R SBALScA rebBfe ?ﬁ’fgﬁ"nat' &P A8 %gl’l]oé@cs 3

equipment indicating the optical power output of each LED at the various supphed
power levels and, through an associated automatic calibration LED look-up table,
accounts for daily variance in LEb odtput (degradation or increase) by adjusﬁng the
power curve by which the LED will be driven the next day. Thfs periodic (e.g. daily)
in situ recalibratibn.has the benefit of greatly reducing on site maintenance. since
LEDs that.have' degraded can be run harde.r to compensaté for the degradation (see
above), eliminating the need for frequent replacement . '

[079] As an alternative to using digital dameras for fhe diagnostic and
calibration function, miniature photodetector chips, with or without band pass filters,
may be located in close proximity to each LED in the display for measuriﬁg LED light -
output during diagnostic/calibration operations.

[080] As another alternative, a programmable chip may be located at each

pixel so that each individual chip can be reprogrammed as necessary during each
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el ement, portion, or display, and performance trends can be identified for
maki ng predictions regarding remaining light source lifetinmes. [084]

Al ternatiyel j,bration can involve conparing feedba nts for
di fferent o%?‘f@ﬁébof a di splay screen. For exanple, ifclgt%@gﬁ%ztg/lg{ggcreen IS

di vi ded i nt ealibsationFgatpaesto risteerdoventbateliestivedishtautput of t sof the

portions. If one of the portions has an illumnation that is |ess than the
ot her port cantsined firethequieel. supplied to the under performng |ight sources
that contribute to that portion can be increased. If the power |evel can

not be increased06# As ambernatiVitonssMIming dalily eReitt BEIEralicieR) looking ghower
supplied to the other portions can be reduced, such that the illum nation

of each por i 9y id) MUWRRLEAL ah{ﬂédmﬁrg@t@%cﬁgﬁf@ummmﬁs isfidght

sources 105 can emt desired ultravi Irntensiti'es on shutters.

110.. Each of .sf | i ncl yde a. li.qui rystal tha ‘vari abl e
i el d- dopentioiEmy A dadteh R Asda WiEpRine BlbR dbbleaddy crbRlee)ine br

enbodi ment, the p l;slit of - shutters can include at |east three shuthers
and the pl %OHPF L &50 sﬂlﬁ}%%%‘e’ﬁt'te@twﬁé’ﬁ’t’@f E¥ries Prdaetopptinaize the Ayera

| um nescent elenments that |umnesce at different colors when the

ul t ravi ol et s¢regheolpsthroughuetatisticahanalysisterprowas edneve sealindvalye for giach J-E6X
shutters can include nultiple sets 112 of shutters 110 and |um nescent

el ements 1260r grabpotilhDeach of sets 112 includes at |east three | 1ut e and
cnrre gpndi nZ(s, mne entgJ_enmer 12Q ...wbbrei tech set of | um nescent

el ements. 120. i f682Jud¥¥her tHeadiagndsiic @perdtiomopestenivith laer@nihite djiéplaKJ thgi nesce
at different colors. [086] Screen 115 (shown in FIG 2) perfornms the sane

function asthreel ERSENEad SiRBIthaf Be @valubfed iAdividuBRIEAY cofsctioan td &8sl f uses
ultraviolet |light before -29 . .
that the pixel is contributing the proper spectrum and amount of white light. Through
a diagnostic/calibration software package that interrelates butput and dorﬁinant |
‘wavelength réesponse for each‘red'/greevn/blué LED at a pixel to the desired white
light response, ah iterative calibration may be undertaken at each pixel to adjust the
values contained ,in't'h'e di'\ode recalibration séalar software or to feprogram
p}ogrammable logic chips that de.termihé fhe drive current for each LED located in a
spéciﬁc pixel. | o
[083] Calibration can involve comparing feedback measurements for a
single.display. element,.a single.portion of a display.screen,.orthe entire. display -
screen. .Thus, as mentioned.above, a comparison can involve a comparison

between one or more feedback measurements and one or more baselines. In

another embodiment, one can make multiple feedback measurements of the same
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WO 2004/ 114053 PCT/ US20041016153 it is incident on shutters 110 and may
collimte and direct the ultraviolet |ight toward the shutters. Lum nescent
el enent s- 120 can be di sposed directly on the viewer's side of shutters 110
and i n nOWO 2088pdeI3s are |i ke | um nescent el enents 45 amCBOS208400tP3i n FI G

L. Lum nescopmahams, o i ahliRbalicanRrad an ddehiiifor FRMIRE o1 de

of shutters enent wou uce the lifetimes of the

Lo the ui tr BHBRERS odaitmS Ko AT IcH: RBEE dRAR s o o not i m use. (087]

Regul at ed power ly 125 can include a power source 135 and a regulation
circuit 140 coupfoégjO t OAIEFFB%WQIY %mré%om@s\ BMeIve cgmpasipgferdPatis.  Regul at i on
circuit 140 can include one or nore photodetectors 108, a conparator

circui t 145 measdrementsiordiferent partionssd .a mspiaynsmenpr’r‘cur@etetr@ta, drasdispigy det ect
portions of ultraviolet light emtted fromat |east one of |ight sources 105
and gener asereehiis dividet gnialfsurt fatiory, @ meabiueahemecadl be riaelesot each offthe he
portions of the wultraviolet light. It will be appreciated, however, that

phot odet ect gbﬁnoﬁgnﬁa:lnécafm«fe g@@i@hé hasad llmmrﬁél%n\’chﬁt’\i%']e& fiaflahObttermi nescent
el ements 120 to detect visi light converted by |um nescent el enents 120.

Al so, as d' BHBEEC{h?gg@]eF%Oéf%leﬁt}B‘fﬁe unéﬁr%bffﬁﬂéﬁrfﬁhﬁ%ﬁgé %tﬂéﬁ’t‘i’ib&t%tﬁon' tf’r

:cl ght intenSities f arator circul east one : npu

i 4
wtn a1 eabtetBREoncel e Bt 8RR 1 Bl e BB TRERE TN E‘ﬁa%da (5. PR o
bne. basel | nnFRIETS Srrady %Bﬁnﬁaza@“ﬁééoé%iauém&tta%%8 &ﬁ-és*é% B4y ehovs
a single input from photodetectors 108 for illustrative clarity,

each of phof%@?@&%ﬁé %tdbe Hk’é‘?'@?%ﬂ of &368 partieaga subetantially hR&AMQuppl i es the
-30
[085]  When calibrated, light sources 105 can emit desired ultravnolet light

intensities on shutters 110. Each of shﬁtters 110 can include a liquid cryétal tha;c has
a variable field-dependent transmissivity at ultraviolet wavelengths. Inone
embodimeht, the pidrality 6f shutters can include at least three sHutiers and the’
plurality of Iuminesceht elements can include at least three luminescent elements
that luminesce at different colors when tﬁle_ultraviolet light is incident. In another
embodiment, the plurality of shutters can includ‘e multiple sets 112 of éhutters 110
and luminescent elements 120, wherein each of sets 112 includes at least three
shutters 110 gncl_,c_gma_ggogidjgg,Lu,miugsggm_el.em.emsmlzoﬂ-.).Ml:.czrgm_e.agh set of
luminescent elements. 120 includes at least three luminescent elements that
luminesce at different colors.

[086] Screen 115 (shown in FIG. 2) performs the same function as

screening element 40 of FIG. 1 -- namely, screen 115 diffuses ultraviolet light before
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WO 2004/ 114053 PCT/ US2004/ 016153 corresponding first signals to conparator
circuit 145. It wll also be appreciated that circuit 145 can I ncl ude

mul ti pl e conparator subcircuits, each of which perforns a arate
conpar i SOMOf28¢4/1 34058 of the first signals. These subci rCt}’CtTéUSiz H/BeISd t her

central i zed jigg irdident bl shadednd 0adha@ariytcofiftite ahd piretogiet geavslst lighd towdraal | y;
each conparlson can use a common baseline signal or a different base |ine

signal , F?ﬁcf‘@hd’rﬂar@“LEr"r‘lﬁ\e%é‘ér?t' &éﬁ]@ﬁtsqga%sﬁ b¥%. dlé}k{?é%rdlre%ﬂg oh¥Revielver's -

cont ri but | ng li1ght sources | scussed ‘above wth respect to

di splay el e’}',ﬁdcéhofjsﬁ F(er% too%ﬁ ﬁ%gét?eél;%% SOJrF(ﬂhé mrﬁ%{ag?&tce‘?eﬂ'lg&s%na

positioned s Ion o S aportiron re ected
from screeni el.e her nt ach ot odet ectors
108 can be EBEYV |"6EE3 1slchH'“l"ﬁ§?er{ "E)%F? 5?2(2 ‘FBBSGFJB‘E{}‘%'@%I ects from
sone ot her elenent, such as mrror pl aced |n front of 1ight source.
105, In ei t FEHCERIde@RhUdgEL10) @&&ﬁ“‘&‘faW&r&?@?%t"&l&d terbice; the lifglimes of
detector that detects the intensity of the ultraviolet light. In another
embodi ment , ttpmtummmotdemmbmus@&q@ealem@mémmbetdmtmmmlspwmsads of
detected Ilght are portion of visible light emtted fromone or nore

| um nescent to thealleawoietlighAsevinowhesthdsh eleenents titeeset idefsect ors can be used to
performillum nation calibration procedures, if desired.

[0901. ___LED. nnnfgan | eRdgdiftedi gohner Buppip 329 eamimludea p@a@hsaﬁﬂcbgﬂﬂs arficalr ces
105. LED. contrEc?IBI ]er é% canlrfiﬂjm ng’%g | i ght sources 105 sinul taneously or

sequent i al | YequiRictifcanaqy obbletTh BYdR salircb 19BarR At 8BRS 18l ows each

part|C| patl ng |g ht source to operate at a reduc power ecause two or

T SRR RA! M P ol AT AR08 T0TH Sorkp o
circuit 145, and an LED controller 150. As shown, photodetectors 108 detect
portions of ultraviolet light emittéd from at least one of Iigh;t sources 105 and
generates first signals that are indicative of intensities of the portions of the
ultraviolet light. It will be appreciated, however, that photodetéétors can also be
positionéd on the viewer's side of luminescent elements 120 to detect visible light
converted by luminescent elements 120. Also, as ,discussed_ more fully above,
digital cameras can be used to monitof Iigl?t intensities.

[088) Comparator circuit .145 includes at least dne input for receiving the
first signals. Circuit 145 compares the first éignals with r;lt least one baséline signal
and generates second signals that are proportional to the difference between the
first signals and the at least one baseline signal. It will be appreciated that although

FIG. 2 only shows a single input from all of photodetectors 108 for illdstra_tive clarity,

each of photodetectors 108 preferably has a separéte line that supplies the
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WD 2004/ 114053 PCT/ US2004/ 016153 |ight sources 105 can be used to mnim ze
the anobunt of tinme that each |ight source is active. In both cases, |ight

source | op@exbdVie6aan be extended, depending on the charﬁpf/@gmﬁdlggwf t he
| i ght sources thensel ves. [091] Accordingly,. consistent with anagt her aspect

of the curreqwreﬁam'ﬂg Hrst signalgde semPREAOTRisEY g Mokl rlsadbegppreciated that
ultraviolet-stimulated display device is provided. The display device can

i ncl ude nul tdinsuié 149 camnahiiae mbitiglet cosmarates submircults)| eachiaf tdyicnprsforng a
control |l able shutters, a |um nescent elenent optically aligned with each of

t he shutt er separate aonnpgtikcat fod epcinef the ipglIsignBts:  Ehaxel subeicyitsvenn beceithee | i ght
source. As described above, a screen can be | ocated between the |ight source

and the |i @enttalidedsdralistfiBited @nd HafacBRE Uit of phbtiRIe 66108, MndIly! @admt i on
that identifies a set of |um nescent el ements, determining which of the

light sources, ﬂ%ﬁcgﬁgsgg"&?ﬁﬁoﬁ Baé hé'éqghﬂ @%Bﬁféré’rﬂ@a‘sfe'lﬁg I,?:QQ] nescent

el ements duri 3 a perto |ng power to t det er m ned

'rr;%y“tt??r.‘é?iﬂieegif@bﬁ%" e (o OB RERRERL R, By SPona

[092] The SteB receiving information can .i hvol ve receiving a set of
desired vi siSPMECF; ght intensities (e.g. intensity information) for each of
the identified |um nescent elenents. The step of determ ning can include,
for exanple, sLelG89l11A8 digsugsedahave w1t5y@ﬁp¢q5|toésﬁp|layo¢lemfnb1 it
sourcesasd_/ordeteim mk&q{d set of shutter openings for, each of the

th Ot

shutters comhetdetasiarg sméaysdavicer100i easrhe positionashsunbtbatthe gostianefs. The

step of determ ning can also include determ ning a power distribution
scheme t hat detedtet kijid is a lpottongeflected fromteeresying elemeattd 16| ghansthar ces
si mul t aneously or sequentially. Alternatively, a single -32
embodiment, each of photodetectors 108 can be positioned such that the portion of
detected light reflects from some other element, such as a small mirror placed iﬁ
- front of light sodrcé. 1-05. In either of'fhese cases, .eaych‘ of photodetectors 108
includes a detector that detects the intensity of the ultraviolet Iigh{. In another
.embodiment photodetectors 108 (:an be posifionéd such that the portions of
detected Ilght are portlon of visible light emltted from one or more Iumlnescent
elements As dlscussed herein, these detectors can be used to perform illumination
cahbratlon procedures, if desired. .
[090].__LED contraller 150 distributes power.to each of light sources 105.
LED_controller 150 cap jlluminate light sources 105 simultaneously or sequentially.
Simultaneous illumination of light sources 105 allows each participating light source

to operate at a reduced power because two or more sources can share the burden

of illuminating one or more luminescent elements 120. Sequential illumination of
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WD 2004/ 114053 PCTI US2004/ 016153 schenme coul d invol ve distributing power to
one portion of the screen in a sinultaneous manner and anot her portion of
the screen in a sequential manner. [093) If a sequential power distribution
schene i sWOS894/Ed053t he power |evel supplied to a first AGTFRRZOUAIPIOR can be
di fferent flighthsbhreepdd8rcahdeaisesupphinietzd theaamswtafidins that ea@uhgtﬂsdurceng a
rel evant period of tine, even though both |ight sources <could illumnate

the same | ugideaes.ei bath@aBsd, lighiogoueeelBngsvity cainltRy ettBaded AWpehdiig drivtel i ght
sources sinul taneously, power could be supplied to a first |ight source

during the éHafré&teHﬁthsQﬁ g?rﬁsggﬁ;@g%émm four ce during the second period,

where the sum of Irst and second periods is | ess than about

1/30th of a sec I vl : :
suppl yi ng power O[pgﬂt V\I)H‘qcf)bcflﬁ@g %ﬁ\glgLenFW\tﬁ%% ﬁ\%{ é?ﬁ%psor@?? é@rﬁérﬁ ein%g[]’p?)l yi ng
power to three or, nore |jght sources. in cal Shl on. [094]  Anot her
Py 1o oxt cIETIANA Megasiag PouRs Lyt pltiofks SEidio diseDs ke SareTines. 150
and shutter_controller 160. By coordjnating controllers 150 and 160, LED
control | er TB®d tsnlayd%@@s:a@dn@wﬁwlt@métraw@leéhghtrﬁoué«zﬁSnmﬁb@leof l'i ght
sources 105 when those sources are needed to illumnate certain identified
shutters. Fodependently epniréliablepsinttiers; adiminescemi edgmeot epticaily aligregh witmed t o be
dark (i.e., off), then the 1light sources that supply ultraviolet light to

t hat porti ogachesf thekhuthers] dred s reguiated powesuppy fort sup plyingedwerdd thekghtcan_be
turned, of f..By-selectively turoing |light sources -off when they are

not . needed, sduied.r Ayeiebstbdd dtRiveENB ScrekR chi Be8asRed bbtwadr theighf sburbeand
appreciated that a master controller 170 can be used to coordinate LED

ot ot o ARJGER RSt o el s R bRl B efhERe! LD
together. | Qettotf"hﬁnmeg’(?ént elements, determining which of the light sources should be
powered to iluminate the identified l'ur_ni'nescent: elements during a period of time,
and distributing power to the determined light sources during that period 6f time. |
This sequence cén be repeated many times according to a stream of information,
such as a video signal.
[092] ‘The step of réceiving information can involve feceiving a set of

desired visible light intensities (e.g. intensity information) for each of the ideritified

luminescent elements. The step of determining can include, fbr example,

determining a set of power levels for each of the light sources and/or d determlmng a
set of shutter openings for each of the shutters corresponding with the set of
identified luminescent elements. The step of determining can also include

determining a power distribution scheme that could distribute power to the

appropriate light sources simultaneously or sequentially. Alternatively, a single
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WD 2004/ 114053 PCT/ US2004/ 016153 case, shutter controller 160 can supply
LED controller 150 the information it needs to determ ne which |ight
sources should be turned off. (095] Also, device 100 can include a cooling
pl enum t h&io 2&(Hr11!m53i n thermal communication with any oPCAMYSH¥AE6Igenerati ng

componentss, . ;{Bu@ineﬁl%%'is"{’ljltl%nbg%%r tostgﬁ‘é gﬁﬁoﬁ%therggr'egh'ﬁpgm can include

a cooling na er suc can i e a circulation
not or for C|rclat|n t he air or di.splay el enment 10,

i spil ay. deviredta '?ﬁ?“égPP'?'}%laGGé’“BH’@fan'ﬁﬂrogﬁ‘elW?%'Pé”a@@q‘léfa}lﬁ' Eeang-,
protective filter can be placed on a viewer side of [|umnescent el errents
120.to renmove pd?®Hti Hia seavgptiallnower distiibugpe scheme ds Hesirechdhe padsr Ip¥els

t hrough the | unmi nescent elenents. Filter 130 can be a coating di sposed
direct!y orsuppliethtose Brst lightsograescan2ee ditisreshtsom)the poier devel beppliedfosed on
another filter, such as a wavelength stabilizing filter, as discussed

above. Al t esecahd Wightysourde duripigca Askéranaperinl sftipae, avenfthough bethnightsmirces enent s
120, that is a gap may be formed between filters 130 and | um nescent

el ement s 12Guid fdrf]natethadedinid Rifnihescanit El8miaht." Pof Sdla@ipls! ﬁdmérah@rd?owenng
el "ectrolum nescent elenents, a display device can be constructed that

| ncl udes myl b h?sétﬁé@s $i itaﬁé&{? 1y, §B§’3§§‘gﬁ? gl %pﬁéH tod% Hsg §F\\tso%?&frs) for

one pi xel Ioca lon to produce t esir |gh out pu exanpl e, three

oi - ue. |1 g T ButE T RRrod Bt AT R Bl R Fnd fe gﬁ%i?%ﬁfé%ﬁﬁ M can
Eieficeéfi%“ oo Rl afd384att liont Wype PevslR Rty prakdedl, 3"
vari abl e- col or feI enent, . of a display device,  That is, a pi er |s the basi c
| ogi cal unityP&P lﬂvwaa%ﬁmeéneepwﬂ ieNessppplyintpRven ety lisht sIsees i) A 6153

alternating fashion or supplying power to three or more light sources in a cyclical
fashion. |
.[094] Another way to'extend light source longevity is to coordinate LED‘ '
controllef 150 and shuter controller 160. By coordinating controllers 150 and 1 60,
LED controller 150 ehly needs to supply poWer to a limited number of light sources
. 105 when those sources are needed to illuminate certain identified ‘shutters. For
example, if a portlon of a display screen is programmed to-be dark (i.e., off), then the
light sources that supply ultraviolet !ight to that portion, as well as the shutters
associated with.that portion, can be turned off. .By selectively.turning light sources
.off when they are not.needed, their useful lifetimes are increased. It will be further
appreciated that a master controller 170 can be usee to coordinate LED
controller 150 and shutter controller 160. In an alternative embodfment, LED

controller 150 and shutter controller 160 can be connected directly together. In this
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a display device. Thus, the greater the nunmber of pixels per unit length or
area, the greater the resolution of the display. [098] An overall display
of 23 feet by 33% feet, so constructed, has a high spatial resolution

defined b}V é}ﬁ‘i/b%f’fﬁ’ately 172,000 pixels at an optical pobelUBHAYOIOL3 easily

vi ewabl e i ncAyd %Hhttértﬂbln'trﬁh'ér wﬁlﬂatnadwp?maplcawrmmgqhé ﬂ{fo.%aiwnaf/ﬁe@d% t8re
under sold under nodel No. LV50 by Li'ght house Technol ogi es of .Hong Kong,

Chi na t hat d%%%?fquhlajxﬁ t%@grc%esﬁpulld'tﬂa%m AN LEDs fabrl cated on single

crystalline I're) substrates w a suitable buffer l.ayer, such
as AIN. For red t, ,SUp | nGaP LEDs fabri n.a,suitable
substrate such a@bg A'ﬁ rfFang 13019&3"' ‘F@@@? aﬁ%’ﬁ“ plSHH@Itﬁaf g@"ﬁ%\?(@alacan
have a useful life in excess of 50,000 hours, for examle, Whl ch may still
be | ess t hafPTRWNICIOR WD ABY 0 ab heabgaeneraling eamPeiesnts. iigluding eﬁﬁeﬁ@'mm 200.
To increase panels' useful lifetimes, panels can be cooled fromthe back of
t he di spl aysqurpe®fi@9.abhg piﬂnarracamobmg aploeliogmaterial, sughl amaigas or Stidras! |
and plenum 109 of FIG 2), that nay be a refrigerant-based, air

condi t i oni ngarsislvemd ciulatibowdtor forchcwdatirg theradest faiid. system or a t her'mal
convection or conduction system Non refrigerant-based options nmay be used

in locations wiepg] t heke msmdr@%ns@}iﬂmf aispRievRe! 100%antheiiavper iedret ent
with this invention preferably include a wide view ng angle, for exanpl e,.

160 degr eeshindr0480] ot bk, 4 Oné%ax%@ekéaf o blEBUTRNE iehef A @91 €5 Use

I nGaN on sapphire and Al h are described herein, as
1ol ons. ! 1 Miped S P R R HPhRE RP L e O
layer such m%? p'zAa‘IssN thrg’l‘?gfme%g%f'r{els%g’r%% enﬁgpl— SU%%C}A%/ 1(:%%1 3e a coating disposed
directly on luminescent elements 120 (as s.hown) or it can be diqused on another
filter, such as a wavelength stabilizing filter, as discussed above. Alterh'ativély,
filters 13Q can be separate from luminescent elements 120, that is a gap may be
formed between filters 130 and !umine'écent elerﬁents 120.
| [097] lr_l addition to using ultravio!ef-s’timulated electroluminescent
elements, a display device dan be coﬁstrﬁéted that includes fnUltipl'e LEDs that.emit |
the sarhe color (or different coloré). for oneﬁ pixel location to produce the desired light
output. For example, three 1.5 miﬁiwétt blue LEDs.can be used to produce a 4.5
milliwattgbl‘u_e;ligbmuipm,=.ln=ane,..embod.imen_Ihaach,Lad;, -green, and hine emitter can
be.accessed with a 24 bit resolution, which provides 16.7 million colors for every

pixel. As used herein, the term “pixel" refers to the smallest variable-color element

of a display device. That is, a pixel is the basic logical unit of programmable color on
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2. (Blue/green) InGaN on GaN 3. (Blue/green) InGN on AIN, preferably with a
suitable buffer layer such as AIN 4. (Blue/green) AIN or AlIN containing

conmpound on AIN, sapphire or SIC. It will be appreciate

| nGaN sap¥f! ?‘E"’é’tﬁ‘ﬂﬁpnati on and other solid state LED coﬁ%f’ﬂgiop%@gls&escri bed
above can hadsglaydeyieg.eShus,tthe bragiterdpe inoaiber phpisalissir wnityengih or prealdhee. hi gh
optical powers. These properties can be inportant for a nunber of reasons,

i ncl udi ng prgosatdr thg retctotioroofi the dispfdyay designers the ability to create very
wi de view ng angles up to approximately 160 degrees, and increasing. display,

visibility for v{oosgran boe@n%ﬁuéggoﬁz:ﬁﬁeéigysﬁmf@étl sblcbHstriGbd Masex AGAl es  of

met al -acti vated phosphors that can be use consistent wwth this invention
are provide FRER ; ' S ] een
li ght incl u%gzgﬁéiﬁéc\éc%: Ag,aé{lni '%d%éﬁwé’ﬂgﬁ%gg%gb Rﬁ?%@%%@*@ﬁ?‘éﬁ%ﬂ?fﬂ i ght
bet ween abo t AN | tal -agtiv
phosphor -t naeoBAeARERE ofidf unigt Rt GRiRRRBlesTor fRbBys 0 4 Hetks
about 460 nm  Display of, Co i al] Advertisjng and er Content 2] ~J
sho bl ock di*q %%B?IOBELNPe% QX@IQBH}O%P%C!‘B@H?'R@P&QWQ Kong, Shind that
adberti senment % . public. servi.ce. anpouncenents and ot her content on
el ectroni ¢ dsgpoablye agdareen byt inkaN.UEDs sabrisetask an sibaisr ¢rysteling AlQs al ity of
el ectronic displays 230 that that can be located in high traffic areas in
various gedsppppitersubstratasomith a Shitahle bpfferigyeragutieas At Edr rad lighdasuiper hi gh
vehi cular traffic, -36 WO 2004/114053 PCT/ US2004/ 016153 and al so at i ndoor
and out door birigbtAlirdse® bEDhkifafiriqaéstban aisaitalle afibsteate aschvals|GafR, dam be used.
[099] Such a panel display device can have a useful life in excess of 50,000
| hours, for example, which may still be less than the 150,000 hours or more

contemplated for use in network 200. To increase panels; useful lifetimes, panels

can be cooled from the back of the displays, preferably via a cooling plenum (e.g.,

plenum 91 of FIG. 1 and plenum 109 of FIG. 2), that may be a refrigerant—bésed, air

conditioning system (not shown), such as a forced air system or a thermal

convection or conduction system. Non refrigerant-based options may be used in

locations where they produce satisfactdry cool‘ing. Displayé consistent with this

invention preferably include a wide viewing angle, for example, 160 degrees.

[0100] Although displays sold by Lighthouse Technologies use InGaN on
sapphire and AlinGaP on GaP LEDs (which are described herein, as well as InGaN
on SiC), other materials may also be used to make the LEDs as follows:

1. (Blue/green) InGaN on SiC, preferably with a suitable buffer layer such

as AlIN
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novie theaters, restaurants, sports arenas, casinos or other suitable

| ocati ons. Thousands of displays, up to 10,000 or nore displays worl dw de,
may be ne cording to the present invention. In Seberhsent
each di sp%@iqﬁgﬁgo ar ge e.g., 23 feet by 33%feet), hi I(Ejﬁﬂr%gsol ution, full
col or display that prgﬂll@&esﬁ) InGaaken GeNght eni ssion froma flat panel
screen, such as a display device described above consistent with this

i nvention. [0103]3.A cyBtusvgreenf inSadt amAR) Prefstably with ansuitabledusdter &ayet suth
provi der or an agent of a consuner products conpany, may access a central
information processimgg AlNation of the systemvia the Internet through
custonmer interface web server 240. Server 240 may have a commerce engi ne

and pernmit the cugtongp ekt Al - in§ @6k litd drgiccode
information into net\/\ngr He@éguﬂ@yb%ﬁt%ﬁag@ggss %Hﬁ?gﬁlggro\l?gilpéﬁe"lrénaﬁvel Y,

hi gh usage cys: ' ébet t I f '
conpri si ng auﬁwgﬁgég%%glatt edlhggﬁ'tggﬂggﬁzsggp b%%b%@b%ﬁggﬁlagﬁeggéﬁ%ogégﬁ SLED
Fol | owi ng access. the cust. r.can review. .options,concerni his. order by
Fovi owi ng. avSTERRISTS AEBET ASH s hayermubSRateB i  SaR celr A beRismiie and
purchase tinme nodul e ﬁgg whi ch permts the custonmer to see what tine is
avai | abl e  o@Nd RFOdyCce nigh opjical ppwers.e bheseHRropaities &gndie inpagtantior @ mIaPRIut t he
worl d) and thereafter schedule and purchase the desired advertising tine
slot. Next, efeasens sektding pravising eleetraniadisplay idesiggetothecatiilitytp cieate veryough
the Internet, a direct phone line, or a high speed connection (for exanple,
| SDN, or ot heidesigwingeoglesgip to@ppbximatityr 1t degrees, el iocreaising)dismay r ecei pt
by video & still inage review and input -37 WO 2004/ 114053 PCT/ US2004/ 016153
modul e 270. Visibpity fat VieWerd ineorepatimmraifier at or may provide public service
[0101] llustrative examples.of metal-activated phosphors that can be used

consistent with this invention are prbyided below. Examples of metal acfiv_ated

phosphors that emit green light include: ZnCdS:Ag, ZnS:Cu,Al, and ZnzSiO4:Mn, all

of which emit Iight'b'etWeen about 520 nm and about 560 nm. An example of a

‘metal-activated phdéphor that emits blue light is ZnS:Ag, which has an emission

. peak at about 460 nm.

Display of Commercial Advertising and Other Content

,[Q@Zjﬂ%é&%nwgr.am_Q,iﬁysLex.n_Z,Q.O_er_dic&cl.plaaemen.t of
-commercial advertisements, public.service announcements and other content on
-electronic displays. System 200 includes a network comprisiﬁg a plurality of

electronic displays 230 that that can be located in high traffic areas in various

geographic locations. The displays may be located in areas of high vehicular traffic,
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announcenents and other content to npdule 270. The content, whether still
imge or video, can be formatted in NISC, PAL, SECAM YUV, YC, VGA or any

ot her sui g1{@E4mat. In one preferred enbodi ment, thepé&pigRRosbfs1dGA,
Shite arl WoglgEr i clyding But not 1imied to NISC PAL and SECAM

can be run EAFGRQPLIPEOr @ndut fighs olgtigh pedesiiiantratils: 8s ¥efl|as M mage
review and input nodule 270 can permt a system security enployee to
conduct a camvintheptars gastauranis sperts Reanasl tasiisra @mthersyitable lheationsecuri ty
and appropri ateness standards established by the system prior to the

cont ent bei Abousardistad displaysr uB@01@,580 or atoeel dispiays eachiwide,dhspbayetv@8Redher e
the content being transnmitted to server 300 can be displayed. Preferably,

servers 300acédrdingas #epredbnt ifgertiohe 3MeAé erbodirientagsciraidpRgtdatadehave a
backup. - An exanple of a suitable server that can be used consistent with

this invent gf)a bs & tg/ %@ﬁe’cﬂﬂ% resﬁﬂmrfulﬁglﬁp&%?lﬁgﬁ%ﬁ %@blﬁ?é B@MI rlmt ol 5o be

I nternation Busi nes nes Cor poration, o

e e O3B Bhas 0465 B 4 5L Shyralhdbated e

el ectronic oi.nt - of 5 ﬁ‘igchase. di splay device 223 and its associated server
are opti onafon§eensy! > INYeRYAn. £ or transmitting content information-to the
take a nunmber of fornms, with it being understood that

di splay | ocati 02?9 gf* |
any form or con$ilRatA gustomes pEsystemadPOpelcht3g an Byhayse, eontetPrPYidaE PR
within the network. As shown in FIG 3, the neans can include a high speed
cabl e, a saegentiaf& coasueer pepduatspiesmanyamay giscessp@ eeniraliaformation | SDN,
ADSL), a cellular network, PCS or other data transm ssion at available
f r equenci es praoess$ing statien of hengstérnia therlptdimet tadugh pusteendrintedatswebn, a - 38
WO 2004/ 114053 PCTI US2004/ 016153 hi gh speed optical fiber, and a physical
delivery of séiver 240.] 8estp240! niayfteiveRt ésrimerce engine and permit the customer to
obtain and enter security code and billing code information into network security
router/access module 250. Alternatively, high usage customers of the system may
utilize a customer ihterface comprising a high speed dedicated connection to
module 250.
[0104] Following access, the customer can review options concerning his
order by reviewing available advertising tirrie/ldcations thro'ugh review schedule and
purchase time module 260, which permits the customer to see what time is available
~ on.any display.in a geographical region (e.g., throughout the worid) and thereafter
schedule and purchase the desired-advertising time slot. Next, the customer
transmits the advertising content on-line through the Internet, a direct phone line, or

a high speed connection (for example, ISDN, or other suitable high speed

information transfer line) for receipt by video & still irhage review and input
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medi um [01071.. The video converter/scalar and video controller functions
provi ded by nodule 280 may be utilized in connection with servers 300 and

associ at egyo 5@944@%3 230 that require them according top@pgeobd/egsds SSi on
and require re

ttin racti ces well known in the art. [0108]
Verificati OWOE’WStzc}ng&%P?F%lQ gysggp OPRIAtAINAY PIRYIAR PHBIC $9TViERded tine at
t he i ntended di spl ays may be provided by an information storage nodul e (not
shown) | i nk&aUpCceRERtSAMMEST contentie madslar @ ke renteat.ivdethenstibémageai eved
by digital canera and traffic count recorder 320 that continuously records
t he cont entor g san bg fatmatied indSTRC RPAle SECGMMaYREZ Y GndGAiagiahpbthert ransni t s
video verification information to verification archives nodule 350:.

Recor der 32§Liabkoformaly ildemetpréfefred entbodmentnfherfomhatas UEA whikadipdtier 225
vehi cl es passed the display while an advertisenment ran) to verification

ar chi ves nvraﬁhsts?»@@lud[r@l@mnot mmécmlt NP8ct PAMAKA 'é%Agéﬁ ggn BRI R B agRAH! e

350 can be used b dermogr aphi ¢ anal ysi s nodul e 36 market analysis
nodul e 370 . hnformation for reports for custoners after
adverti si ng\?'gﬁgé},ﬁfegt%g?gg'i s data from nodules 360 and 370 can be

transmtted to hill ang report generatjon dyl e 0 where reports are
assenbl ed show ﬁgjl 6#]%3(&&5{54? 1234, Vie?’vn@"dowpf'ﬂglogﬁl\? 44 cargmita ?Yf‘ge'@ont ent
of the advertisenent, the traffic count and residence/ nedi an i ncome
i nf or mat i onSeAYHLYSTERIBYRE IePrdGh @ Rentaplsyienstamssre thad alheppisplnestsdhe
PCT/ US2004/ 016153 [0110] A representative, sinplified report for an
adver t i senme$ReUpANdRRPreRriaieness; signdards egrbishied byribersysienk|pdor i tha
representative, sinplified report for an advertisenment provided to nmultiple
di spl ays (ecantentbeihgdesditagsiver 806 hssavidted Wwitlbeabh of displays 230 where the
content being transmitted to server 300 can be displayed. Preferably, servers 300
are located at their respective displays'and each can have a backup. An example of
a suitable server that can be used consistent with this invention is sold under model
number RS/6000, available from International Business Machines Corporation, of
Armonk, NY. It will also be appreciated that one of servers 300 can be associated
‘with point-of-purchase display 223, although it will be appreciated that electronic
point-of-purchase display device 223 and its associated server are optional.
[0106] The means for transmitting content information to the display Ioca_tions
may take a number of forms, with it being understood that any form, or combination
thereof, may be utilized at various locations within the network. As shown in FIG. 3,
. the means can include a high speed cable, a satellite, a dedicated phone, a high

speed line (e.g., ISDN, ADSL), a cel_lular network, PCS or other data transmission at

available frequencies, an Internet connection, a radio/radio pulse transmission, a
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[0111] Mbdul e 390 can al so produce bills that nay be transmtted by phone
lines for a debit paynent such as a direct bank draft, or other suitable

paynent node. }0112] FIG 4 shows a perspective view of one fll)referred form
for el ect MAPWH11408F spl ay device 230 of FIG 3. In this RaGBESIWAAISISH| spl ay

230 takes thﬂ?rﬁ gpeadddptRalfber! % aprysidaldRlifeapbf éigaanyaaérefd mformatieen di spl ay
including nmultiple flat panel di splay nodules. The ‘panels can use advanced
sem conduct gha4igmhnol ogy, as descri bed above, to provide high resolution,

full color inmages that use LEDs capable of emitting a high optical power

array vith each B RRYRes erPei gk g kihReB bR inebrSbrovied ¥ “Le

appreci ated t hat it screen inmages may be di spl ayed on displays 230. In a
si npl e appl i"B% Li'%%,gb mayibeg Pﬁlzﬁﬂ@écmy n wihspivern0®and geseested” cor por at e

| ogo and one half scenery. Beyond this application, split screen capability
can be used dl@lw%@&ihahrqgurreiﬂaﬁmmccpwéng&a@éaggnanis@iqmrm equisgd, or the

li ke, and the remainder either real time (or near real tinme) video or still
frane. For aefompbiing practiseswetlkabwn.igth@arf.i ed. customer with. acceptable
internal content review procedures may have direct access to a display or

di splays for the[(p0Bpvssfictiofitist|styemigementealo, it falk ri® &t thesintehdad titerd)
sports event, news event, or the like, in conjunction with the custoner's

corporate | qgeintdritied dilépawsamaggié pr6VidE b M8 thiSimation! étéﬂa%@ bdlle gisted

servers 300 or by bypassing t servers altogether. H gh speed still inage

o eSS Man AR 4950 SRR T R sl |12
[0114] Wi ediga}%Yge%tiarséi A% 508 ccigtljriwtnrgcc?rggr 2 t%g? éénqgu%glytrgcl:(grdg ltr?ecgon%gnt
appearing at its respective display 230 and digitally transrﬁits video verification
information to verification archives module 350.. Recorder 320 also provides traffic
count information (for example, 225 vehicles passed the display while an
advertisement ran) to v'eriﬁcation archives module 350.

[0109] Information from verification archives module 350‘ can be used by
demographic analysis module 360 and rﬁérket analysis module 370 to generate
information for reports for custo'me'rs after advertising. Thus, analysis ‘data from
modules 360 and 370 can be transmitted to billing and report generation module 390
where reports are assembled showing, for example, the time‘ of fhe advertisement,
the content of the advertisement, the traffic count and residence/median income

information about those who saw the advertisement.
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descri bed above where custoners directly purchase tine fromavail able slots
according to a fixed fee schedule, it will be appreciated that alternative

nodes may._ be used. For exanple, an auction system such as the one offered
by eBay |WO 2004114085, jose, California may be used wher PGPS44S y

purchased sl OtS[@iﬂ@]Alrépre@éﬁt@ti@b,%irﬁf:lﬁie&rrep@rﬂﬂiria(hrn?tﬂ/ei'ﬂftfe(m&h povided] torepcess (a
"total" auction). Additionally, a I mted auction can be used where tine

may be pur gfiaiedispRY iPSREMIn PG, 8, Sefeprd¥entitiveDsimpitibd [é B fophnPur chased at
the set pri Lﬁe@becgrrgs avai l abl e thr ough auction e?t?ﬁla ?‘%@ tipre before the

run tine, fa?iﬁleﬁ?é@ﬁ'f@hﬁ?ﬁo%@d i iﬁ?@&@ﬁ%%f (t@glt, I&e%s i%?%}?é]'s ﬁﬁt’aﬂrpﬁ’ltﬁ%r. 6:

alternative for a portion o e ‘aval usage’

custoner may es Lish .a t hly adverti si bydget , wi.t h t he system
operator that amﬂél@?ggle{% Qﬂ%@'i‘? Brodpge b@gé@{ ﬁ%b?itﬁ?@s@“&dsgwwoqﬂ spl ay
of the «custoner's advertisenents at "best available rate" pricing. This
coul d t ake ING8RLR RetymMent suGh asiBdirggthankiiraitigr eher suiablg payEnaiiid ot her
time slot placenent techniques that enable the operator to nore conpletely
utilize théed&work. These or sinmlar tinme slot placenent practices when
used for a portion of the available tine slots can be inplenented by a

sof t war e packagfMBHEIG. dkswowsd permpectivatviavinef ore deefernéd forthfot blectrasiconer and
the systemoperator. [0116] It will be appreciated that adverti-sing content

I nf or mat i onispyy devicet 23NSHTFIGE 8¢ Iih this Bmbediant,aiisslag PSP ltakesthe iferen bfacasi ons
by physically delivering a suitable information storage device such as CD

ROM  zi p dréptery J3YDXRBONESNIERYRat SrediuidPRY ARG nititlHILFEOPAMA Yisbiay RAM

Thi s approach may be utilized to transmt infornmation to displays at any

O kIR T AR R S REPALORT DY o b <t
above, to provide high resolution, full color images that use LEDs capable of emitting
a high optical power (about 1.5 - 10 milliwatts, or greater) that are aligned in an
integrated array with each pixel having a red, green and blue LED.

[0113] |t-WiI|I be appreciated that split screen images may be displayed on
displays 230. In a simple application, a stili image advertisement can be one haif
corporate logo and one half scenefy. Beyond this application, split screen capability
can be used to present a portion of the image és a corporate logo, or the like, and -
the remainder either real time (or near real time) video or still frame. For example, a
previously qualified. customer with a¢ceptable internal content review procédures
may have direct access to a display or displays for the purpose of displaying a real
time (or near real time) sports event, news event, or fhe like, in conjunction with the

customer’s corporate logo. This disblay may be achieved by utilizing high speed

servers 300 or by bypassing the servers altogether. High speed still image or video
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[0117] FIG 7 shows a block diagramof illustrative system 420 for
distribution of novie content in digital formto nmovie theaters. System 420

i ncludes @ M@ﬁd%s connecting plurality of electronic Mig0ds095RY devices
430, WhICh cated in, novie theaters of custonmers_of system 420 The

novi e theatt"é'ln§ sheRavRe Tesilitriedby sempeassionrehiniques siancas ye apdiNPBRdl.di spl ay
devi ce 430, such as small art houses. The theaters nmay al so be snaller
theaters wknawem therath or three screens up to | arge nega- t heat ers havi ng
twenty or nore display devices 430. Electronic novie display devices 430
may take sever a[01fld} nWhnleadhemSIngAscbdsdulusgfautlIpprccifamtg magftakt glat@gsng novi es
to an audi ence of 50-100 or nore novie-goers. Various types of display

devi ces 43Qea¢ribedasiionk abrd elistvmerdditsttly Purdhabe tithe RbmSElISHE 4kfls Which may
be a responsible party representing the novie theater and referred to

herein as %c&?&ﬂ!r@ tb RERR fe O RE R it willBY aﬁ’:ﬁF&ﬁaﬁe@tﬁé&%t‘éﬂl%hé‘Wﬁth

processing station of the systemV ternet hrough™ cust omer
interface r e ne, and
er m ¢ cusPeerd {5 ek 0GR L. RR UG P R B rSeBlse
informatio nto n rk security raquter{access, nodul e 0. Ater atlvely,
i gh | usagSaByiRenentoat FRY Deyisbe v Lprqv'%'yapw&b@%?@f»'o Sl
conprising a high speed dedicated connection bdul e 450. Fol | OWI ng
access, th@nﬁwétsmare at&wpe%tmﬁw%a@dcmg@%nﬁa éOtﬁl @U&*@mr Asiditionaly\a ng
avai | abl e movi es thr ough revi ew avail abl e novies anamgur chase nodul e 460
t hat per mi tigited @uetinn earehe usedwbergtine mag bapuroayet avbBosetifuszeeld/ 016153
novies are avail able, and thereafter schedul e and purchase a novie for
di spl ay uprite,zugll Gme rmt pomhased apthayseti pricebsecot3@s apailabl thFmlghomictign
schedul i ng and purchasing, the custoner-ordered novie is-

at a fixed time before the run timg, for example, one month before run time.

[0115] As another alternative for a portion of the aVaiIabIe time slots, a high

usage customer may establish a monthly advertising budget with the system -

operator that authorizes the operator to select the time slots for dis'play of the

customer's advertisements at “best available rate” pricing. This could take

advantage of last minute availability of time slots and othier time slot placement

techniques that enable the operator to more completely utilize the network. These

or similar time slot placement practices when used for a portion of the available time

slots can be implemented by a software package that takes into account the needs

of both the customer and the system operator.

[0116] It will be appreciated that advertising content information may be

transmitted to the electronic display device locations by physically delivering a

suitable information storage device such as CD ROM, zip drive, DVD ROM or DVD
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transmtted to server 400, which can be associated wth the custoner's novie
theater. In one enbodi nent, servers are |ocated at respective displays 430
and each h backup. An exanple of a suitable server is the | BM

RS/ 60. 00 “;siggb\(/)‘é/?i.ﬁ%f%lm) Means for transmitting digital Hol/P8204RIS&T to the
nmovi e t heat dfAMcdhis apikeach matberutitited tortrapsmitiinfermatiaretondjsplaykeatsamyod t hat
any form or conbination thereof, can be used at various comruni cation

| i nks of t helesetdumcktion,fooeammpaiiodemetetlocations stoendviaitiidatéets, stci nventi on
associated with the.distribution of digital novies, a satellite

upl i nk/ downl i nk  sy#ilgoRast I\}Rﬁ/iéésiﬁ(bi%}iﬁél‘lzbﬂfﬁ%TMovfé PReateged, conpressed,
non-real time data on a pluralify of channels. Each novie theater is in
communi cation via a _satellite downlink and has a decoder and a = =
conmput er - based {1 El®riagfwwies bloek diagnam pf ustrativargyistem 428 fardlistribetioray
dedi cate 100 channels to the continuous transm ssion of novies in non-real
tinme, for exdnuvie ®niemtdaldigitahfert tamoriestheatars. r@ystem 420 inblatespmebworkat el y
4000 novi es per day can be transnmitted and are available for

novi e- t heat ebnnéctibg@miraty of elBetosie e dieply devicas 280! @BRh RN & )ocatdd igh
may be | ocated at each novie theater, is programmed at the tinme the theater

owner  pl acegoitHRERS of BlistémBRVMSybRn] SRR ik ﬁgg‘ithgéferé H?ag%.”sir@\ﬁ ar novie

when it is transmtted so that it can be avai or screéening at the

theater at tpedoticnetle WhER havd Y On2Uid 14033 FETTISR00Y 04T Do, d0127]

In addition to the a escri sat ransm’'ssi on system o0

S e R R T
network of tn?eega-theaters having twenty or more display devices 430. Electronic movie display
devices 430 may take several forms, each of which is fully cabable of displaying
movies to an audience of 50100 or more movie-goers. Various types of.display
devices 430 are described below.

[0118] A customer of system 420, which may be a responsible party
representing the movie theater and referred to herein as a movie theater operatof,
may access a central informatibn processing station of the system via the Internet
through customer interface web server 44‘0. Web server 440 can have a commerce
engine and permit customers to obtain and enter security code and billing code
information into network security router/access module 450. Alternatively, high
usage customers of the system may utilize,a customer interface comprising a high
speed de‘dicéted connection to module 450. Following access, thg customer

reviews options concerning his order by reviewing available movies through review

available movies and purchase module 460 that permits the customer to see what
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present invention, a novie theater operator can schedul e over the Internet
the novies that operator wants to receive to his or her server(s). [0123]

Movi e i npwdHifdesidsPe any source of digital novie conten
server, a conbination of seryers, or a connection' to an{'% @g%‘“ﬁ&l?’or age

ST 1
device. | npupVIaygreayrilghlepanghgnealter seh %ﬂﬁ/a@r&pmhaée@dnpwﬁtfortdﬁﬁ@f vers 400
upon receipt, for exanple, of purchasing information from nodul e 460.
Verificati dﬁllla'ﬁgton&% mQIerdlenl%‘sdQVﬂmS 4%vi e content is either being provided

or has been provided to devices 430. Upon verification, billing and royalty
report generati ¢on 1r91]>60|l®/vi4@@cl¢@dulingandspecbhbeingeﬂfeowstmaei-omreﬂ miogieds i al
bookkeepi ng and accounting functions, including the generation of billing

and royal t yrarrafttddsto deet4ooMamictcapde iRociBERORRh BR LlAEMbPEMOQRI Y play on
a proprietary operating system. The operating systempreferably has a

modem t hat gt Eeln cEHéeér’nSéS’d @\éni Q@w’%)’éér"e%fat@di bt }éé%eﬁﬁf\?é Gispials @3@%58 odi ¢

basis to bi e account cont’i nuously or irodical Ty’ providing

ST N I KRS

avai |l abl e-fer-sal e Because the.systern-can::include..its=0.w.n

recei ver, . , & er - and- propri et ary softvvare system t hat
supports-the-di EI t al - di spl ay ital projection unit) t he encoded
content transni Q9] M?aé'ééfPftf%HF@F'g Q&Ha oyt soatark tff@'@ﬁi"ﬁﬂh%?“ caly wWo

2004/ 114053 PCT[ US2004/ 016153 [0125] In addition to the transm ssion
t echni ques ta&arnum@@r abras, with libeinghndarsieastihat aay fara, or kembdingtiem may
operate utilizing a "platter" of CD-ROM' DVD-RAM DVD-ROM tapes, or-the
l'i ke, on sithereaf, cendle usedat vatidLet carsmesisaiioralinkd ofithéinetwedik. - ti o ay devi ce
=0 embodiment consistent with this invent‘ion associated with the distribution of digital
movies, a satellite uplink/downlink system can be used to traﬁsmit high speed,
compressed, non-real time data on a plurality of channels. Each movie theater is in
communication via é satellite d'ownlink and has a decoder and a computer-based
data storage device. |

[0121] For example, a satellite may dedicate 100 channels to the continuous
transmission of movies in non-real time, for example 3 X reél tihe transmission
rates, so that approximatéiy 4000 movies per day can be transmitted and are
-a-v~ailable—for-mevieiheaie-n-;ecep.t-iori,.__T.h.e.. server-(e.g., a.storage device); which
may be ‘Iocated at each movie theater, is programmed at the time the theater owner
places an orde.r for a movie to receive and stdre the particular movie when it is

transmitted so that it can be available for screening at the theater at the desired

time.
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[0126] As stated above, any suitable type of digital novie display device
can be used in novie theaters that are custoners of system 420. Exanpl es
i nclude: 1woAob£11d6es3 seanl ess, substantially flat screen LED displ ay device
having relatively | ow power LEDs suitable for |ow anbi erHCWW?‘B‘Hﬁ itions

of a novie theghep2]ir adbitibh ¥ tHeefveidearibdduddte iR t?‘a'ns%i%lbﬁg)ﬁém, &fher
utilizing high power LEDs providing a light source for an L shutter-type

Screen as dﬁéﬁsr,niwi_gﬁgr? is%stgb*gﬁfor'@%%‘ie Mbse h%%/%dﬂ ey @gr}r\gg'lbieﬁfésme(ﬂﬁg%ﬁ’ﬁ ed by

ref erence herein j'ectron'system based on di processi ng

("DLPTM") : echnol vel o by. Texas, ] nstrunents | ncorporated,, of

bt 1 s, Fele2L BT BBatENarae Fratis Ry TobG Liies Piorrieled BRSNS e oLPM
- echnol ogy are sqld li)_y vari ous, manufacturers, including Runco |nternational
of Haywar d, PEAFTIBYGRNQN. dmaue Kerles opeiorseameneduleRyse thesptemetiier t he
trademark ReflectionTm DLPT'" projection.systens, - in6udi ng=rnodel =No: f X7.

4- A digi t amoVies $hatgpaeator wantsdoregeiertadia o berrsesver(®i ng-refl ective- LCD

t echnol ogy devel oped, for exanple, by Hughes/JVC and Refl ective Technol ogy

| ndustries Lim t[etR3]dMovi mplbdd) cainbs lany sourcédof dQita0MMAElcHHIéNt, suchasa™ -
PCT(US2004/ 016153 [0127] DLP(r) technology is a digital display solution

that. is pargdrosd aicbinbindioh of dekvess, lopa doRhEtiofi t5 RINFFF-SieY bopsge ddlideld
operation, a light source enmts white light that passes through a col or,

wheel as i {nbleNe) sarf 5o bRRSMIIAAE obidh PRYR! cchferlfis l@grvepé 460 on eIl |y,

t he panel includes hundreds of thousands of separate addressable mcro

mirrors thafy: af & SBAGESIkRSING GG Fofl ABAARYE0. V&HHalibREnit 485

verifies that movie content is either being provided or has been provided to

devices 430. Upon veri,ﬂcétion, billing and foyalty report generation module 490 can
be used to perform various ministerial bookkeeping and accounting functions, |
including the geﬁeration of billihg and royalty reports.

[0124] Movlieis can be encoded so that they.only play on a proprietary
operating system.. Thé operating system preféi'ably has a modem that can be
queried by the system'’s billing system ona periodic basis to bili the acpount. By
continuously or periodically providing signiﬁcant content through the satellite
transmission ;ystem, movie producers, or other content owners, always have their
content-available-for-sale-~Beeause-the-system-can-include.its-own.receiver,.server,
-and-proprietary .software—s»yste.m--th-a‘t- suppopts-the-digital-display (e.g., a digital
projection unit), the encoded content transmitted to each theater can be protected

from piracy.
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a 90%fill factor. The color wheel filters (i.e., prism the light into red,
green, and blue, fromwhich a single-chip DLPTM projection system can
create m]J)ions colors. [0128] A DLPTM systemis known to provide

except | ongJId %’P?Eﬁ%‘?ess that increases with resolution, PR04/EL53

susceptible to j r i & Ny r.larage een.displ ay
sol uti ons. Noneﬂﬁgﬁg‘g%b@g%@g%%gﬁagfmﬁfwgﬁe{gﬁée%? F%?{%égsﬁb?&é' 'S‘Z’H‘S‘Bre; ly use
inefficient, and therefore very hot, arc lanps-t n te |j such

| anps. have dAFYRE0 Thadne sudeman poe HubBiREs et of GRHSOM AR Al he
out put spectrum of such a |anp tends to shift and weaken over tine

Fur t her mor 2VPHROM; tapeserpibedikar o sitematieash seararghalds asseriated §/1Bacht i on of
DLPTM systens also tend to degrade the micro-mrror panel. [0129] Thus,
consi st ent display dexdehdB80aspect of this invention, a DLPTM projection system
is provided that includes a solid-state |ight source. The |light source can

be made using arf0126] As\statedtabsivé, natyaiutablp hgsnbiatigiesi mewadisphgtdevivetcan
substantially white light. Alternatively, the light source can be made using

mul tiple Wdgsdifhedvis tHdadatirst HEeoRbRErEOMBRII A2bh &ixafiPids tilbier ent

colors over a period of tine but when m xed form substantially white |ight.
| n anot her enbodi nent, ' jod- L erd é‘ﬁ'&i :
separate groupsq()f S'é\#}atdﬁga%ﬂ)érs% %bﬁﬁﬁtféwgttisﬁgégﬁg%g?%%%ﬂeac F'%;rln s the
desired dom nant and Mol - 0) s

PCT/ US2004/ 016153 dé@?@i%‘%ﬁﬁﬁ@@ D %inf%§'§ BRI aalRH hartoagiops of
UV-stinuatel d device, to l'%rﬁ{.ara single white |light source. These '

sem conduct or devi ceDVh oy materials such as pignents and dyesin
plastic to effecti velﬁg provide a cutoff filter or nore commonly bandpass

filter to regul & e tHthighgeselytionyifut ealerdispiay device yktizing RIgARPWEEEDS he
conposite of the individual |ight sources can be fornulated to
providing a light source for an LCD shut'ter-type screen as described in
U.S. Patent No. 5,7'24,0‘62, which is incbrporated by reference heréin.
3. Aprojection system based on digital light processing (“DLP™")
:ecﬁnblogy developed by Texas Instruments Ihcorporated,,of Dallas,
Texa's; ‘Complete ele‘c"[ronip movie display systems utilizin‘g the DLP™
.echnology are sold by various manufacturers, including .Runco
International of Hayward, California, which sells, for examplé', those
sold under the trademark Reflection™ DLP™ projection systems,
ine}ud'ing--medekN.@;_-V-x-?‘.—
4- A digital;flat-panel,-full .color-movie-screen using-reflective LLCD

technology developed, for example, by Hughes/JVC and Reflective

Technology Industries Limited, of Winsford, Cheshire.
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m m c the human bi ol ogi cal responsivity to visible light for a given anbient
light <condition. The term"condition" can refer to the spectral

di stributi cal power versus wavel ength. For exanple, at high
anbirent | i‘gﬁtz%g%gﬁi ons where the eye is |ess responsi \]/’gr%(qs.z‘é".“/,‘"@)?gi bits
hi gh bi ol ogi cal r[@s2RnOLAA@ techholoby isea digitditdisptay solbliorethat isghdrticsaribeelrdded
to provide a proper color relative to a baseline inage that may have been

produced undgiiteiq¥EargdbRaY dbiess.| DAriPosErblic % light s6MRE BRI wisiish .
consistent with this 1nvention can incorporate one or nore photodetecting

devi ces and/gp; E)%éste?rtl‘f‘rob&ﬁ a%Mrw{éepﬂ%@gF@g@Q% &%S{Uﬁaic%gﬁg réa{h%%f mfgiodi ment,

the devices can tormone“or nore sol e spectrop ers ocated in

the viewing areat rovi ge feedback for adjusting th 0j ectipon system
and the di spmggprﬁeﬂ%[ﬁﬁﬁyyﬂ‘w, 'Wcﬁ’dﬁﬁBEF&?J%BH@%%%‘Z%&?@?@% t he vi ewi ng
rooms anbient light |evel can be nmade. Then, based on that neasurenpent, a
| ook- up t abl @ddressabtenaicrerayispisitbal aie spasad leps tham one migsan apadgeskitingé an
appropriate normalization curve for-1he-projectionaystem.:Once the curve
has been i dem80%ifdldactoheThe ghior wbeelditersdue p ptismp et lightirdamed,lypeam@ndpr i at el y
adjusted to optim ze.the projected inage and .to obtain a nore accurate

col or conposilté,drom whichha siaglerstis DLEM pageotish sgstepT estetesate nillbrat eolskar d.  The
advantage of this nornmalization nethod is that -47 WD 2004/ 114053

PCT/ US2004/ 01615301 28} C ! Bt C&s@m GOKARAN tbi RENd 8 Bdcdlitiondl Bgfinéveke can be
achieved in any room regardl’ess of its ambient |ight. Mreover, such

materials tHAgeare Y5 ROR ol Bt SRS A A baloN Rom PRSP ™
deur adat | on AL ehyBH RS- B Sel ol “Nob PR Runtfae o, band,
appropri atel [Yrojection systems generally use inefﬁqient, and therefore very hot, arc lamps to
generate light and such lamps have limited Iifetimes and n'1us.t, be-replaced regularly.
Moreover, the output spectrum of such a lamp tends to shiﬂ and weaken over time.
Furthermore, the hfgh temperatures that normally occur during operation of DLP™
systems also tend to degrade the micro-mirror panéel. |
[0129] Thus, consi;sterit with another aspect of this invention»,'a DLP™
projection system is provided that includes a solid-state Iigh;t source. The light
source can be made using an ultraviolet-stimulated phosphor compound that emits
substantially white light. Alternatively, the light source can bé made using multiple
ultraviolet-stimulated phosphor compounds that emit different colors over a period of
time but when mixed form substantially white light. In another embodiment, the

solid-state light source can include three separate grdups of semiconductor light .

emitting diodes that each emits the desired dominant and peak wavelength. These
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doped rel atively narrow band gap materials can al so be used. For exanpl e,

hi gh- tenperature versions of silicon that are appropriately doped to
operate repeatedly at, high tenperatures could be used. Also, 6H SiC, 4H
Si C, Si Ow@abdhasssl al | oys, Al N-based all oys, GaAs- bas®GTAISEYE1qIBLt t hese

ey N0t be g5 dpia Be bOHBied WIRI 4Rk UMUSHL MY hevbaRoltaned 2l 1 ovs,
as€eda al l'oys. e grown using nono-

and even di anond- ese can D epl taxial or

het er o- epi t gxi,al t S it it n ,appropriate buffer |ayer.
lo130] A1 6 RGNS APt s YabBdudd i RBisa o ooy et RUEH,
invention. System 500 is simlar, to st em 200, except that system 500

i ncl udes W@UW@Fh?@@dﬂﬁUP§W§ﬂ@ﬁo?% ively\prowae sopMtef filterRrnodle a plurality
of electronic displays 530, custoner interface web server 540, network
security rotaremnpalycesandpass iter tsregulatethe gpeatal distihutimndflightthase ti me
modul e 560, video & still inmage .r-ev-iew and=i nput

modul e=S- 7- 0. , - \h deg-case,the tomposiof the frelividuallightEdurces gan bé farmulated tul
traffic-count-recorders-520, verification-archives nodul e.. 650, . denographic

anal ysi s nmgit ehéh0maRBidiedicanedpemsRity RISt feel giveR mibigRMighat.i on

nodul e 690. [0131] In addition to these network el enents, electronic novie
di spl ay. ' 5 b " [ i 0. il . -
theater. Vi Guggng The@fin ordl, 8% o et O8] il oBicapver .,
di t 7 i Y fent,. L
movi e el ar B avarapif, ob Reahbie” e afibihy R hetd the Bk i pea
b [ ti i.th the., di.ment sh in FlL.G 3 t it
cont ent i ' 855 ORPRAYS (g R iG Nt EPRaIReLRBOnE V4B B peaBe whi ch
may be located at a novie theater, via server 602. [0132] FIGS. 9 and 10
show addi t i lighhrarR8Gddae e Broyiderrropareaier isiative tousi kaseline Image that may

have been produced under lower ambient lighting conditioné.' '

Furthermore, systems consiste.nf with this invention can incorporate one ér
more photodetecting devices and/or ﬁl_ters for monitoring ambient conditions. Inone
embodimeht, the devices can form one or more solid-state épectrophotqrr;eters
located in the VieWing area to provide feedback for adjusting the brojection system
and the display generally. Thus, in first s{ep, a measurement of the viewing ‘room’s
ambient light IeQel ‘can be made. Then, based on that measurement, a look-up table
or other baseline information can be used to determine an appropriate normalization

| curve for_.ihe_;per.ectiQné:iystem,_ .Once the curve has been identified, thg light source
output:.speétrum can.be appropriately adjusted to optimize. the projected image and
to obtain a more accurate color composition, which may meas;ured against a

predetermined standard. The advantage of this normalization method is that
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el ectroni c display devices (e.g., devices 230 and 430) in the form of
electronic billboards adjacent roadways are used in conjunction V\,i t h
poi nt - of - g

gdi splay units 223 Iocat ed in, for exa{;gl 20 stores.
According to ? é 3ai |
jecording fgl L Rt s
(e.q. deV| ces nd 430 ‘éﬂ tionally at partl cul ar geographl c locations
or Wit hin eleE% él?’aé‘étd élﬁﬁl cal region, to informpotential consuners
of special values or pronotional .itens at one or nore places of business - of
the advertisers MOBFQQ%‘} swelt prejeskien systers dhpravided thatdacludeamicreanirrars
advertiser, such as "Hone Building Depot,"” can place advertisenents through

syst em 200 made Ebeanettriatsi thetaranaemnt sehigh tedpéabats and exhibitmiasnain any
nunber of roadway-adjacent electronic display devices 231 (one device

shown) . Thejepldition :feP Bkichddd eXmsufe RIMiGh KrApéaARESUTTKEe ehelg z a@on sal
of #kf,.t?ttnpanyy' ssarea slons-As sh-wn-irLFI.G-9,.vyari- ucts

and. _daily fﬁétel’@?t@'?‘g&%éj siaté %Qp&é?%lggls%gll%gtﬁlﬁvd&ﬁos’é]althgg@ §p;?r6ge§tély00

grass seed In bags 1s oro
$800 00, Q 1 4 [tisenent
roadway o;o 8@%‘#&?8@%\&%@@%‘" q%[§§§gg%%ﬁ}sﬁl/$ YS! (ﬁ E o@%ﬁhﬁ%ﬁqi& of the

conpany S Iocal tor r.eet dress, by map ., location,, or
ot untt | orlSKPEIRUR ETHBUHLY "c&ajtﬁmﬁ BprofalidoRg R ptats Tenge oM, 2 ne
advertiser, Hone Bui] di ng %B %g n use point-of-purchase di spl ay devices
at the | ocdlighstesmrasaiures Cuibe ybed ¢ AlsopPiHiGetid SidveidiGahesed ﬁH‘PYSexarrpl e,
such a tie can be nade br%a repeating the special sale itens and prices and
di recting. AllrasedsiloymGrAsobased alipys duiitkasesmansetbe neefpmblyl dus rloweoduct s
can be found. In one

thermal conductivity), InP-based alloys and even diamond- based alloys. These can

be grown using homo-epitaxial or hetero-epitaxial methods, with or without an

appropriate buffer layer.

[0130]F IG. 8 shows another illustrative system 500 consistent with this

invention. System 500 is similar to system 200, except that system 500 includes

movie-related equipment. Thus, system 500 can include a plurality of electronic

displays 530, customer interface web éerver 540, network security router/access

module 550, review schedule and purchase time module 560, video & still image

frewew—and-lnput-moduleﬁ?QT-VIdeo.converter580 servers.600, dlgltal camera and

traffic-count-recorders-520, verification.archives module..650, demographic analysis

module 660, market analysis module 670, and report generation module 690.

[0131] In addition to these network elements, electronic movie display. -

device 532 can be used as a movie screen in a digital movie theater. Video & still
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enbodi nment, point-of-purchase display device 223 can take the formof an

el ectronic display device (e.g., as described above), or electronic ink

di spl ay dgwé under the trademark | MVEDI ATAL by E-Ink Corporation of
Canbr i dgeswﬁgg{slz@lﬁ%set ts. [0135] El ectronic-ink display PGEHS2U0ELS hol d
text for anireagerayiew ped inpdt ofodulei 3 cant transmitcadvetising copaiwet (suald ashe nessage
can be changed virtually instantly to a new nessage. |In sone enbodi nents,
the format anViemdtedadoértidingwoaient)dedispéay2Z30(ir tecaanec descrivetabove @ can
be controlled by each store (i.e.; system customer) wthout direct input

from the ot Bernsdtioh Mthhe ehihodr@ zYown e BISLURE A& frEnsmRMEVie tbM@Nt i Assur e
that the point-of-purchase displays 223 are coordinated with the 'conpany's

roadway adveffi i él%,' ,g[?.p ‘ ifiq FIG 10.
[0136] In agﬁthg@@%%ﬁ%#?w&ggfd?ﬁ t aﬁ%yg%%men "6}3?'3‘.9:% %%g 233 can be
controlled h .per who pl aces the roadside billboard .

adverti sene °s"§e"?’ﬁ$%gg‘ﬂg§$’§gg§§%oo. For exanpl e, coordination of content

bet ween. roadway- j nt dis s 230 .and poi nt-of -purchase displ gy device
223 or el ectroni @1%@%@@@@% ii‘gb@?' P@W%ﬁ%ﬂ&mem&%ﬂ@icmevi ce
532 can be achi eved by using such display devices that have a format and

di spl ay conglgstronipgisplay deyirasdeidediavites ?gh andrsilir therfomad einstrobigal -
conputer. This control can be achi eved through system 200 (or system 500),
in  which chilboardsiadissent®adwayls aiel usedde eoojenétish witin pbimt-whptrabase éspleyt wor k
of electronic display devices (e.g., FIGS. 3 and 8), with data transm ssion

bei ng carri edits 228 loastedds dor brampiboretail §t6rb37]Ackcordiny ® thigamboditerduse of the
smal | anmpbunt of informati on needed for '

advertiser, such as a chain of retail stores, can place advertisements on selected
roadside display devices (e.g., deviceé 230 and 430), optionally at particular
geographic locations or within a parﬁc‘ular geographical region, to inférm potential |
consumers of sbec’:ial values or promotional iterr;s at one or moré plac,eé of business
of the advertisers.

[0133] For exarhple, as shown in FlG:S'. 9 and 10, an advertiser, such as
“Home Building Depot,” can place advertisements through system 200 at selected
times and at selected locations, such as on any number of roadway;adjacent '

electronic display devices 231 (one device shown). The adveﬁisement can, for

example, inform consumers that certain items: are_on.sale at the company’s area

. stores._As_shown in FIG. 9, various:products and daily values can be listed on
display device 231: 2x4's are $5.00, grass seed in fifty-pound bags is $30.00,a Toro

riding lawn mower is $800.00, etc.
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communi cating a sinple nessage for certain types of electronic

poi nt - of - purchase display devices 223, satellite paging comruni cations
systens can be used to transmt data to display device £nativel y,
each ret QKPS yses system 200 for its roadside si ?lcg/ gé@ﬁ%ﬁng may
connect di spl ay [@E41dée a,gésrhseweat@hoamay-adjecerétd,lspiazp pvige ean glspanet , or
any other suitable neans.. [0138]'Thus it is seen that display devices; as
wel | as di gpbeye ¢heloeation(Epof the eompanyls kphbstome\iycsisset addrasspby tep. A

di splay el enent can include a first light source that emts ultraviol et

light, a lilecatibngoysotal 1dewnjasctivawithghis Highwa)-adjdcait Binskape adentibing
controllable (i.e., addressable) shutters, and a plurality of |um nescent

el ements  qpétheal e ivigiRed w&nﬁ@saﬁ*&ﬁqgépétbea@nty%gegﬁof- RIHBLE dfpfdy of the

| um nescent el enents absorbs at |east sonme o raviolet light and

converts ityd o ui-gihl gL sq&teF tl:g%gi_e;igt&t e Rle%arglag)(smsement. For example,

d+spl ay- el enmentrsan-al’so-1hclu

bet ween-the-|{ght-source an t he-|iquid crystal, device, [0139] Mre
qonerally. Swobie i bE Frbihyatpesino B Srsod RIS ndrriops ARbGHeC Tkt en
to be displayed on networked el ectronic display devices wth geographi cal
and t enpor dhe crgtomers (pthe storg gislgs wherg/the perisulacpradymimngambe foind. (lopppg) one
skilled in the art will appreciate that the present invention can be
practiced Bmbadi@ent paint-ofpuwbsss display deviedi2aavas takkthenformnef gnealeditoait f or
purposes of illustration and not of limtation. For exanple, roadside or

ot her el eclismpay dedie {d.gy 8s #8scrived abake), anglestionialinleditplagndeliees solvi des t he
resolution, brightness and other inage properties-necessary for a

particul ar \ader treatradumark UMMEDIAI By Bslak Torpdratiem e Caniidgened el ectronic

i nk di splays. The present invention is limted only by the clains which
fol I ow. Massachusetts. '

[0135] Electronic ink display devices can hold textfor an extended‘period of
time without consuming power and the message can be changed virtually instantly
to a new méssage. In some embodiments, the format and content of display
device 223 (electronic or otherwise) can be controlled by each store (i.e.; system
customer) without direct input from the o;(ﬁer stores or the company’s headqﬁarters,
other than to assure that the point-of-purchase displays 223 are coordinated with the
company’s roadway ad\‘/ertisemenfs_ implemented through system 200, as shown in
FIG. 10. |

[0136] In another embodiment, the format and content of displays 223 can be
controlled by the same person(s) who places the roadside billbﬁard advertisements

through system-200. For example, coordination of content between roadway-

adjacent displays 230 and point-of-purchase display device 223 or electronic movie
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-52 WHAT IS CLAIMED IS: |, Awdispl ay device conprising: a plurality of Iight
sources that emt ultraviolet light; a plurality of independently

controllable shutters; a plurality of |um nescent elenments, each of which is
optical | yWI200#iBd0sai t h at | east one of said shutters, WME/EIAMEHER3Of the

| um nescent ,; g [ t : r.avi ol | i ght which
passes thr oﬂlghl%?!tas%§8?’lr%zg;gg;bg’?ér?@lieg%étbtyzgﬁnsdj%bo&r']%})e?fééY'eé/% @'a?b?\éél gl e |ight,
wherein each of, the independent!|ly. control|able shutters_is positioned
botween | & <loEDrt BREORAENGoRRT el sinvbled Bie ek rigi £ St008! “and a
regul ated power supgl,y for supplying re%ul ated power to the Iight sour ces.
2. The di spPYPdETi ERiS 6pnicel sambe aghigver throngh gysiea 248/ (asmysteghe0@ellr ces
conprises a plurality of light emtting diodes. 3. The display device of
claim 2, whehighrrasédeviegrP2d etdippiay desiop B2 cas bequanf ofthe e@twarkrofgul at e t he
| evel of power supplied to the plurality of light emtting di od'es_ usi ng
measured | igbttroni¢ @izplaly\devites [@16., ICS| ayvnd 8y, with @dtaciaismidsionbeingicarricde
plurality of light sources is in a substantially two-dinmensional array, and
wher ei n thgotgcggqjesgﬁm ¥bsueppl i es an anmount of electrical power to each of
the plurality of |ight sources such that each of the plurality of shutters

has substanti al I[ghe ﬁ@?n gﬁgfer%%%)%t:aﬁ’ée o thé QaflFhodnit Qr'fnfélﬂﬁ%tﬁggieeﬂ@d by S

The display devi' _ 4_'vvhere| n the power supply 1 nclu ~a power
I I B e
S o S Ay 8ol O AN M LT Beg et the
shutters art?an%rn?i%/ égtg?o gl)éplaay de\}ices 223. Altérnatively, each retailer that uses
system 200 for its roadside sign adverﬁsing may connect display devices 223 |
through the Internet, a private intranet, or any other suitable means.
[0138] Thus it is seen that display devicés’; as well as display elements for use
in display devices, are provided. A display element can include a first light source
that emits ultraviolet light, a quuid crystal device having a plurality of independently‘
controllable (i.e., addressable) shutters, and a plurality of luminescent elements
optically aligned with each of the shutters, Whe;ein each of 'the-lumin'esc'ent elements
absorbs at least some of the ultraviolet light and converts it to visible light. The
d-i«spl-ay~.~el»er-nen-t=ear=1.—.also—inGl‘uide-a-..écneemingﬁelem.emt_betw:een.,the-lig,ht-sburce and
the-liquid crystal device,-
[0139] More generally, a system is provided that permits video or still image

content to be displayed on networked electronic display devices with geographical

and temporal restrictions.
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quuid crystal device such that eéchrof the shutters has a variable

transm ssivity at ultraviolet 53 wavel engths such that the anmpbunt of visible
light emtted fromeach | um nescent el enment nay be independently varied by
varyi ng tWe2004H4¥Bssivity of the shutter optically ali ﬁ@iﬂ”ﬁzﬂ%‘ #®h. 7.
The display devieropbne!skillet Inh Waed i édb?%dgétgrtﬁét'tm p@és?fﬂ%ﬁfi&w EspE! ses at

| east three shuttefs and where each of 't lurality of ['um nescent

el ements c j : ] l nesce at

G rorent - CraEs Byineria e BrBEaHRRs AR e pleBhiendS? 023 I oy
device of claim6 fyrther conprising.a.screen between the plurality of

li ght sour PRI Ogﬁlé‘s{}?‘ﬂﬂﬂ %f‘rzto??}sqfé{&“até%c'g?f Wé\gﬁ‘)@ﬂém?cﬂr 8" di f f uses and
collimites the ultraviolet light emtted fromthe sources and directs the
ul t ravi ol eteladtighic digplayw23 cancteke apgisudable foren tatipravides the resaiutinnspl ay
device of claim| wherein-each of the [um nescent el enents are disposed on
one of t he bsigbtnees end dtherThagel prpleaiesdecessarpforcd pamicllanagplidationt suceast one
of the lum nescent elenments conprises a material selected froma group
consi st i ng tied use skthiecxbodeshantioned pleetphialink displags. ThePrésarminvention gani ¢

pi gment, an inorganic pignent, and any conbi nation thereof. 11. The display
device of GhieBohly B @eamsheicefibat ed power supply conprises: a power
source; and a reguldation circuit coupled to the power source and the
plurality of light sources, wherein the regulation circuit conprises: a
plurality of photodetectors that detects portions of light emtted from at

| east one of the plurality of |ight sources or at |east one of the plurality
of lum nescent elenents and generates first signals that are indicative of
intensities of the portions of light;
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a conparator circuit having at | east one input for receiving the first
signals, wherein the conparator circuit conpares the first signals with a

| east one baseline signal and generates second signhals that are
proportional to the 54 difference between the first signals and the at

| east one baseline signal; and a controller circuit having at |east one

i nput for receiving the second signals and at | east one output for supplying
regul ated power to the plurality of [|ight sources. 12. The display device
of claim 11 wherein each of the photodetectors is positioned such that the
porti ons WHATHS GietIdME®RES:| i ght are portions of ultraviolet light from at

| east one of the plurality of light sources which are reflected, at | east
in part, by a screen |located between the |I|ight source and a liquid crystal
device. 13. [The dj §i ' .claiml further conprising an opti cal
protective f%lte?ugﬁﬁgydgﬁéaﬁﬁngﬁl "of the plurality of the |uni nescent

el enents that fi lapdursligtofilightourcepthat ¢roin ultfavioket lightght emitted by the |ight
sources. 14. The displ.ay device of claim/l further conprising an optical
stabilizing fil té‘rpl‘ﬁ'ﬁhﬁ’(’f\}‘? degilyeorlldhle PRSEE: ono of t he plurality of

| unmi nescent el enyisalitytENGhiteddeft Fénditd, eadhnd whid i€ bptidaligAsphddSwien or tion of
visible light, wherein the portion of visible |ight Includes a peak visible
wavel engt h dfast pre eftsaidshgttersyehessin eavd obtherlaminegeest elpmpnts alsohstat g iseme s,
wherein the ) L ZI flLter | {. .St of a
coating di spoﬁg%gllg%‘%@%gh%}}t k‘fhté%sqas%rslzﬁé g%tlﬁsgCOEr%?pt?rng{agtsg&tg# Bvﬁgn&ﬁgé%:fén

el ement s andvigible dightymereim@ich o thdiisdeperidently cont@llhble vihdtety iy posifionddvi ce. 15. A
met hod of nagi ng power tgo an ultraviol et-sinul ated di splay, wherein the

di spl ay devitBVeeaiiscraesponding lumigescest efsment gk the fehteaurceraid enits

ultravi ol et 1§ ghtyreukihakidpdl forl A0ARRRJEAAINA FARLTOMEARE UL er s, 2

plurality of |um neScent el ene nescent enents being
optically aligned with a respective shutter of the shutters, wherein the

2. The display device of claim | wherein the plurality of light sources comprises a

plurality of light emitting diodes.

3. The display device of claim 2, wherein the regulated power supply is
configured to regulate the level of power supplied to the plurality of light emitting diodes

using measured light intensity.

4. The display device of claim 1, wherein the plurality of light sources is in a
substantially two-dimensional array, and wherein the power supply supplies an amount of
electrical power to each of the plurality of light sources such that each of the plurality of

shutters has substantially the same amount of ultraviolet light incident on it.

5. The display device of claim 4 wherein the power supply includes a power
management circuit that distributes power to each of the plurality of light sources such that
each of the plurality of luminescent elements emits substantially the same amount of visible

light when illuminated with the ultraviolet light.

6. The display device of claim | wherein the plurality of shutters are provided by a

liquid crystal device such that each of the shutters has a variable transmissivity at uitraviolet

53



| um nescent el ement absorbs at |east sonme of the ultraviolet |ight and
converts it to visible light, and a regul ated power supply for supplying
power to the |Iight sources, wherein each independently controllable shutter
is positioned between at | east one of the Iight sources and at |east one of
the | um nescent el enents, the nethod conprising: receiving information that
at least identifies a set of |lum nescent elenents; determ ning which |ight
sources of the pIuraIity of light sources should be 55 powered to
illumnate the se identifi

| d
i o iayelensi8y SEB R 5 MO0 PR CeBGTaRRY ot P SEFESSTAT TGOS ha
peri od jfeptddeRuly vakfed b-yh/%r)fsﬁg% ﬂE@@raﬁ’Jmﬁshﬂ't)fo]tﬁe sHREF &iti@altl)hﬁlgﬁ% fefawtnng further

conprises determning a shutter openings for each of the shutters
associated with the set of Iunlnescent el enents. 17. The nmethod of claim15

wherein the, powe"rh? h'igﬁll d6Q0PLH 85, h I 1nttheS qu{aﬁf}' (I)fcsgﬂt&é’rgaérﬁ#]rls%p o) lge{lﬁe

di spl ay device fur nprises 2 s

det er mitirtedighuterstane rwheferaaeh 6fhe phedlily aﬁmhﬂ@sédme clehights @bmpeisdsaoleh@thrand t he

| i ght source controller 18. The displ ay device of clajm1, wherein each of
the | utiTABEYER:cluPaiipdumingss 4t ddterent SHIGE N thabghtm@cw‘re%tmnépe devi ce of
claim 18,,0aherein the phosphor is deposited on a thin film 20. The display
device of claim 19, wherein the thin filmof each |um nescent elenent 1is
appl i ed to a surface of the correspondi ng independently controll abl e

shutter. th devi ces of cl

conpri si ng § cen #H%?J lﬁyf}%‘@%es?fsféa@f% gﬁ? G STRORTE R SEEET hﬁw\fﬂ{ﬁ’ °} lﬁglft%or Kk,
wher ei RftiBiR sphrdédniditie Riuil bEys@i &Rkicy wlerinGRS scrédntliffilses @fdtuliimates e Wi th the
networ k, wherein the central processing systemis operable to receive

cont entultrayiolelilight eyitted from the seucesiage Hisscteiag bieryioket ighitopris i lsastonsfof di spl ay
devi C€3he shutters.

9. The display device of claim 1 wherein each of the luminescent elements are

disposed on one of the shutters,

10.  The display device of claim 1 wherein at least one of the luminescent elements
comprises a material selected from a group consisting of a semiconductor, a phosphor, a gas, a

plasma, an organic pigment, an inorganic pigment, and any combination thereof.

11.  The display device of claim 1, wherein the regulated power supply comprises:

a power source; and

a regulation circuit coupled to the power source and the plurality of light sources,
wherein the regulation circuit comprises:

a plurality of photodetectors that detects portions of light emitted from at
least one of the plurality of light sources or at least one of the plurality of
luminescent elements and generates first signals that are indicative of intensities
of the portions of light;

a comparator circuit having at least one input for receiving the first
signals, wherein the comparator circuit compares the first signals with a least

one baseline signal and generates second signals that are proportional to the
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wherein the central processing systemis further operable to transmt
received content to selected display devices of the plurality of display
devices via the network. 22. The display device of claim3, wherein the
regul ated power supply is configured to independently regulate the |evel of
power supplied to each of the plurality of light emtting diodes using
neasured intensity of ultraviolet light emtted by one or nore of said |light
emtting diodes. 56 23. The display device of claim3, wherein the

regul ated power supply is configured to independently regulate the |evel of
power supplied t dildeetredictwese the finstdignays antl the afHeaseorietlaselpe sitinaldend usi ng

nmeasured intensity of visible light emtted by.one.or nore of sai

| umi nescent el ements? °€2‘{f&kfalf%”§ aym&a&rlri%%to%é?puggoer et &gﬁ?cé)bgdevi ce,
wherein the el enBiinaB@APEI 1863 one duthutfei suppiFlg reQuAted pdbiatto ed dlsralitytofavi ol et
light; a liquid crystal device having a plurality of independently
control | abl e shutltBr¥uregSplurality of |umnescent el enents optically aligned
with the plurality of shutters, wherein at |east one of the |um nescent

el enents absorbs at | east sonme of the ultraviolet |[|ight and converts it to
vi si bl e |ight2, withedlisplayhdevicanf deint éhwhertemmaol of the phatpdgieserd isgpositiohed | i qui d

crystal device, ereip.the | um.nescent .el e ts.lum ce i fferent

col or o, suefiHiaf B aPent abioe I6etR ) ERES PaFHes Clv il D e fgrooe &F 2

mat er i aplusBtyesFligt Joufdt VhiclrapdR16QBE 1ab lehdiGn Pirt, By 2607eeR Nuddel GEtwedn HROSphor, a
gas, a plasma, an organic pignment, an inorganic pignment, and any

combi nalight pourerendcfliquicherygialrdeyiseat i on circuit for regulating a power supply
that supplies power to the light source, wherein the circuit is coupled to
t he power supply and the first light source, and wherein the regulation
circuit conplli. sesThealigphaytdediet e€tlaim 1 iathed edremisinganparticalgmotoétivielfdtenbh navi ol et
1 ght e\gpe\:[vgresgdeforf(t)ﬁg plurality of the luminescent elements that filters at least a portion of the light

emitted by the light sources.

14.  The display device of claim 1 further comprising an optical stabilizing filter on a
viewer side of at least one of the plurality of luminescent elements, wherein the stabilizing filter
transmits a portion of visible light, wherein the portion of visible light includes a peak visible
wavelength of the at least one of the plurality of luminescent elements, wherein the stabilizing
filter is selected from the group consisting of a coating disposed on the at least one of the

plurality of luminescent elements and an element that is discrete from a liquid crystal device.

15. A method of managing power to an ultraviolet-simulated display, wherein the
display device comprises: a plurality of light sources that emits ultraviolet light, a plurality of
independently controllable shutters, a plurality of luminescent elements, each of the luminescent
elements being optically aligned with a respective shutter of the shutters, wherein the
luminescent element absorbs at least some of the ultraviolet light and converts it to visible light,
and a regulated power supply for supplying power to the light sources, wherein each
independently controllable shutter is positioned between at least one of the light sources and at
least one of the luminescent elements, the method comprising:

receiving information that at least identifies a set of luminescent elements;

determining which light sources of the plurality of light sources should be
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the Iight source and generates a first signal that is indicative of an
intensity of the portion of light, wherein the photodetector is positioned
such that the portion of the light is a reflected portion of the
ultraviolet light, a conparator circuit having an input for receiving the
first signal, wherein the conparator circuit conpares the first signal with
a baseline signal and generates a second signal that is proportional to the
di fference between the first signal and the baseline signal, and a
controller circuit having an input for receiving the second signal and an
out put for QYT tﬂglwm@smeﬁe&ﬁ idekidied éur@lﬁaqce@tc?letmﬁénﬁ Jusine aqBlipea! G 5.

The di spl ay gliement of claim 24 wherein the first |light source is a |ight
emtting diode. 26. The display elenment of claim25 wherein the first |ight
source i s a surf aitributingpbwdr foiththdetgounaddighPFourcihduding thatgeredefreme. of cl ai m
25 further conprising a second |light source, and wherein the |light sources
emt a substantially equal intensity of the visible |ight on at | east one of

the | unm nescignt dghe R of 2fhim THewBdrsiRltiydetdriifng f@iheﬁb@mmszé further
conprising a second Haght source that emts ultraviol et ght. 29. The

di spl aydegrering a gt of phaftigr oenines ferjcach ofdhe gugiges aﬁ$ogr?@eds\tsme@8?tso active only

when t source is inactive. 30. The display el enent of claim 29
mherelﬂﬁgﬁg£§%aghggﬁlght source is adjacent the first |light source such

that the first and second |light sources emit the light over a simlar

E]P atslhﬁ![ ter sol];:(:a{/g TgS\]ﬁéertll;r(gigqu 1}?1I % wherelﬁetpogs}cer gtllp%llyr%ozrrﬁpr}lggse £ F Ighr% SE)LI;]I%e plurality

controller and the display device further comprises a shutter controller, and wherein the

determining further comprises coordinating the shutter controller and the light source controller.

18.  The display device of claim 1, wherein each of the luminescent elements

comprises a phosphor.
19.  The display device of claim 18, wherein the phosphor is deposited on a thin film.

20.  The display device of claim 19, wherein the thin film of each luminescent element

is applied to a surface of the corresponding independently controllable shutter.

21. A plurality of the display devices of claim I, further comprising a central
processing system in communication with a network, wherein the plurality of the display devices
are in communication with the network, wherein the central processing system is operable to
receive content for display on selected display devices of the plurality of display devices,
wherein the central processing system is further operable to transmit received content to selected

display devices of the plurality of display devices via the network.

22.  The display device of claim 3, wherein the regulated power supply is configured
to independently regulate the level of power supplied to each of the plurality of light emitting
diodes using measured intensity of ultraviolet light emitted by one or more of said light emitting
diodes.
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transm ssivity at energies that correspond to the ultraviolet light. 32. The
di splay elenent of claim?24 wherein the plurality of shutters conprises at

| east three shutters and wherein the plurality of |um nescent el enents
conprises at least three |um nescent elenents that |um nesce at different
colors when the light is incident on the elenents. 33. The display el enent
of claim24 wherein the plurality of shutters conprises at |east two sets
of the shutters, and wherein each of the sets of the shutters conprises at

| east three shutters, and wherein each of the plurality of |um nescent

el ements conprises at |l east two sets of 58 the | um nescent el enents, and

wher ei n eachp3of tiing dslay delick BEclhiniB R@&@@ﬂ'&he&h@ﬂﬁ@@ §o@&rme1§e§coamgude@ast
three |um nescent elenents that |uninesce at different colors when the |ight

i s i ncitdénfepedenihregulaterthpieyel @@owm%lpahwp@c@féh%muraéw @ﬁ lighgerpiftingir t her
conpri Sdlg&vﬁsﬁﬁggxﬁs%%ll gﬂﬁénﬁ 5%58 {‘emlttt*elc?b}( h%‘% :ﬁg ro?@ aid s %Qs%enl\t' qui d

crystal device s an |nates el ng incident
on t he dlementd crystal device. 35. The di spl ay elenent of cl ai m 24 wherein
the shutter has a light source side and a view ng side, and wherein the

| um nescent elenments are |ocated on the view ng side. 36. The display

el enent of clsai m@&sﬂ‘(ﬁ?éfehﬁmt faeuddi Hra%hélpla)y dafick, qﬁﬂé?éﬁ RMlerfd® @Erﬂ]bﬁses conpri ses
an el ement that [um nhesces substantially white l'ight. 37. The display

el ement of cl ai madastdight sduncet thas etnefSIUétcave(detﬂtglht,l onis reflected at least in

ruraltty of - ru RN gedRE A Ehe SEMGRE LGty ol R e 2

wher ei n the cont agli@lity@fl@hinkscest é@h@@@ﬁlcﬁllmgaed oith e lﬂmatysdﬂshgt@i a
voltage controller and a current controller. 39, The dlsplgy elenen of

clai m 24 fur¥esin ablepst pag pigthe luminescent elegpntsabparps @tHaetst the uliaviolet

light and converts it to visible light, wherein the luminescent elements are disposed on
the liquid crystal device, wherein the luminescent elements luminesce at different colors,
wherein at least one of the luminescent elements comprises a material selected from a
group consisting of a semiconductor, a phosphor, a gas, a plasma, an organic pigment, an
inorganic pigment, and any combination thereof; and

a regulation circuit for regulating a power supply that supplies power to the light
source, wherein the circuit is coupled to the power supply and the first light source, and
wherein the regulation circuit comprises:

a photodetector that detects a portion of the ultraviolet light emitted from
the light source and generates a first signal that is indicative of an intensity of the
portion of light, wherein the photodetector is positioned such that the portion of
the light is a reflected portion of the ultraviolet light,

a comparator circuit having an input for receiving the first signal, wherein
the comparator circuit compares the first signal with a baseline signal and
generates a second signal that is proportional to the difference between the first
signal and the baseline signal, and

a controller circuit having an input for receiving the second signal and an

output for supplying a regulated power signal to the light source.
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and cl oses each of the shutters, and wherein the controller circuit has an
auto-zeroing feature that mnimzes dark current when a shutter is closed.
40. The display el enent of claim 24 wherein the photodetector conprises at

| east one digital canera. 41. The display elenment of claim24 further
conprising a cooling plenumin thermal comunication with the |ight source,
wherein the plenum conprises a cooling naterial selected froma group
consisting of gas and liquid. 59 42. The dlsplay el enent of claim 24 further
conprising an optical protective filter on wer side of the | um nescent
el ements t hatd- fi | therdispiay qlemat obclgisn ¢4 yhersin tbﬁérmilshtéwwé%aMlgh(gﬁelttlae The
di spl aygighement of claim42 wherein the filter is selected froma group
conS|st|ng of a coating disposed on the liquid crystal device and a discrete
filtering el ement. 44. The display elenment of claim24 further conprising an

t | t ab | t t
oPurari ty or um ekt itk of g A aPE S ot kg Piend S Poebr *t r ansmi o
a portimeuméd e syirsé bl € 1ight, and wherein the portion includes a peak

visible wavelength of the at | east one of the plurality of |um nescent
el enments. 45. A dlsplay device conprising: a plurallty of light sources that

enits ultravjpl et l(ggbt(lﬁy erRLA HRLL fni( 2§’Fur{h@1d or?aolFéh'i %Jé?e%at?% cach of

shutters; a pIur um nescen enen

the shutheti ,the M\glﬁ‘rs@.lrﬁesairmteaﬂistaﬁﬁzﬂly@fquhlhﬁtehsjmdf@l&!:ﬂﬂlbledigﬁﬂﬁﬂhtﬂeﬁbwdfs at

| east s of the traviolet Ilight and converts it to visible light; and a
regulat Lﬁ%%?‘$or supplyi ng power to the light source, wherein the
regulated pomer supply conprises: a power source, and

28.  The display element of claim 25 further comprising a second light source that

emits ultraviolet light.

29.  The display element of claim 28 wherein the second light source is active only

when the first light source is inactive.

30.  The display element of claim 29 wherein the second light source is adjacent the
first light source such that the first and second light sources emit the light over a similar spatial

profile.

31.  The display element of claim 24 wherein the plurality of shutters have a variable

transmissivity at energies that correspond to the ultraviolet light.

32.  The display element of claim 24 wherein the plurality of shutters comprises at
least three shutters and wherein the plurality of luminescent elements comprises at least three
luminescent elements that luminesce at different colors when the light is incident on the

elements.
33.  The display element of claim 24 wherein the plurality of shutters comprises at

least two sets of the shutters, and wherein each of the sets of the shutters comprises at least three

shutters, and wherein each of the plurality of luminescent elements comprises at least two sets of
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a regulation circuit coupled to the power source and the plurality of |ight
sources, wherein the regulation circuit conprises: a plurality of
phot odet ectors that detects portions of light emitted fromat |east one of
the plurality of |light sources and generates first signals that are
indicative of intensities of the portions of light, wherein the plurality
of photodetectors is positioned such that the portions of the ultraviolet
light are portions reflected, at least in part, by a screen |ocated between

the light source and the |jquid cryst device, a.co rator circuit having
a1 eache bRe e sty b bitlg Seaieo e S o SR hi SSERR s Rarhsha P salr ot of
Circui tles®BRed Bmiddd€ent bleflenitlehd Alrgin¥ick bt @ffereflcdl @8 She@ iR IpAsRIihdI@nsbgnal and
generates second signals that are proportional to the difference between

the fireelgnal s and the at | east one baseline signal, and a controller

circuit having at | east one input for receiving the second signals and at
| east one output for supplying regulated power signals to the plurality of
| i ght sourcell. 46TheTisplaicdghay oflelwinc®4 fifrthel @ntprémgvhsercening teleenept betebént y  of

i ght r.ces conprises. a. lurality of light emtting diodes.. 47. . The
d: §p| ajtggégb%eur&g‘g@%ﬁh@ q%%%l HC%[ that ﬁfflagea@fl? §o! f“an%&Pﬁ“E’g‘éE?fB@sbe&}ge

sur f acejpciaBuh Rk Qi@ cSMapiaRt! al |y planar structure. 48. The display device
of claim46 wherein thé plurality of light sources conprises at |east a

first light source and a second |ight source, wherein the first |ight source

i s adj acent e econd |ight seurce,such t bot h, squr emt.light over
a simlar sp%?i al " pr (l)sfp?a}yee,l‘g%?{l& Ogﬁg'rnélz %wg?rﬁgqg‘%%l?ters}ﬁaﬁﬁlqiﬁ%ga uflcesslljdﬁ?p nlggs power
to one vtwingside| arltwisddéin SiRCiamihdsécpbtlements aRJo@teddort the®iewing side.

36.  The display element of claim 24 wherein the plurality of luminescent elements

comprises an element that luminesces substantially white light.

37.  The display element of claim 24 wherein the reflected portion is reflected at least
in part by a screening element located between the first light source and the plurality of

luminescent elements.

38.  The display element of claim 24 wherein the controller circuit is selected from a

group consisting of a voltage controller and a current controller.

39.  The display element of claim 24 further comprising a shutter controller that opens
and closes each of the shutters, and wherein the controller circuit has an auto-zeroing feature that

minimizes dark current when a shutter is closed.

40.  The display element of claim 24 wherein the photodetector comprises at least one

digital camera.
41.  The display element of claim 24 further comprising a cooling plenum in thermal

communication with the light source, wherein the plenum comprises a cooling material selected

from a group consisting of gas and liquid.
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49. The di splay device of claim45 wherein the plurality of Iight sources is
in a substantially two-dinmensional array, and wherein the power supply
supplies an anmount of electrical power to each of the plurality of |ight
sources such that each of the plurality of shutters has substantially the
same anount of ultraviolet light incident on it. 50. The display device of
claim49 wherein the plurality of |ight sources conprises: a first |ight
source; and a second |ight source, and wherein the power supply adjusts the
anount of electrical power to at | east the second |ight source when the
first light source fails. 51. The display device of claim49 wherein the

pover suppl y2i nchugasph ReARAC magpzmmhh&lcbmphfsmgfaabpdwadt&ub@ﬁltwr to

each of the pIurallty o] ght sources such that each 61 of the plurality
of | umiadewessideaf éhﬁelnmsneé@ﬁnt elemgnys than filters pyleashe porivn o thsuttravapletlightbl e | i ght
when illumnated with the ultraviolet light. 52. The display device of claim

45 wherein each of the plurality of shutters conprises a liquid crystal and
has a vari abiBe fimhdrsﬁapeltd&mt oft dlains4d whdrvin tthe ﬂlteré:ﬂ&ﬂ@'wﬂ&'rdrﬂﬂatgrdlmrI’espond to
the ultraviol et 53. The displ.ay device of aim wherei n the

pl ural .WSImHgsq#atCP frgg  dishapsd %@eaﬂuw%ta?dw%@ e STaRE SFBRE oach of
the plurality of |um nescent elenents conprises at |east three |um nescent
el ements that |umnesce at different colors when the light is incident on
the el enmentdd, SEheﬂiseladietqmeayOH@wiimM ’@ﬁh@rlcahmrmgWh@pMahs&ah@Zpglfﬂtat oty of
shutters .conpr the shutters rein each of
The seravigtoie At Bhu B8 s PIBUEY b 1 ind Py AR GT Srorftudh Bl °ang

wher ei rfileaeBnsitsta@ridrisfahe Vigibesf lidhtnd ket the beARAtiscI¢dRpegesisidle | east two
sets of the Iunlnescent el enents, and wherein each of the sets of the

| umi nestaistength@fiea leagtomsof e lurelity @ d4minpscert elamanfescent el ement s t hat
correspond to the at |least three shutters, and

45. A display device comprising:

a plurality of light sources that emits ultraviolet light; a plurality of independently
controllable shutters;

a plurality of luminescent elements optically aligned with each of the shutters,
wherein at least one of the luminescent elements absorbs at least some of the ultraviolet
light and converts it to visible light; and

a regulated power supply for supplying power to the light source, wherein the
regulated power supply comprises:

a power source, and
a regulation circuit coupled to the power source and the plurality of light
sources, wherein the regulation circuit comprises:

a plurality of photodetectors that detects portions of light emitted
from at least one of the plurality of light sources and generates first signals
that are indicative of intensities of the portions of light, wherein the
plurality of photodetectors is positioned such that the portions of the
ultraviolet light are portions reflected, at least in part, by a screen located
between the light source and the liquid crystal device,

a comparator circuit having at least one input for receiving the first

signals, wherein the comparator circuit compares the first signals with at
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wherein the |um nescent elenents |um nesce at different colors when the
ultraviolet light is incident thereon. 55. The display device of claim45
further conprising a screen between the light source and the liquid crystal
device, wherein the screen diffuses and collimates the ultraviolet [|ight
emtted fromthe sources and directs the ultraviolet |ight toward at | east
one of the shutters. 56. The display device of claimd45 wherein each of the
shutters has a light source side and a view ng side, and wherein each of
the lum nescent elenents are | qcated on the viewing .side. 57. The display
devi ce of claim 45 whefast We@&é‘f{m&ﬁ‘gpﬁ‘eﬁ“p@ﬁ?%@%%@ﬁ?“%?‘@??gﬁhét oy Bropaﬁt@b%lsed on

one of the shutters. Q@t}é&hffgrgﬁceqieﬁweﬂ)fhedﬁr\ﬂ sqgna%fangltﬁé AP1abt S aGdlhe€aCh Of

the at least two of the |lum nescent elenments |umnesce at a different
color. 59. The displ ayigneviank of claim58 wherein the plurality of
| um nescent el enments conpri se S subst%ntlally

white light. 60. The d|sp|£f°889?55“%Fﬂ§W55é¥%@“ﬁ%@?@ﬁﬁﬁﬁfﬂﬁa“%% 6ne of "the

| um nescent el ements- se&NANsIgHEIS aAd BEESL bﬁé opli €6t RPplymgregulgedpdweonsi st i ng
of a sem conductor, a phosphor, a gas, pl asma, an organic pignment, an

i norgani ¢ pi gnent, andigial t%&%‘?ﬁﬂ‘i‘f&‘t‘W@ﬁhglﬁéP@@Fs 61. The display device of
claim45 wherein the controller circuit is selected froma group consisting
of a voltage controller and a current controller. 62. The display device of
cl aim 45 fur4ther ’ﬂmn#inpil@i degica of cleinh AT whkreimuhe plurdlie ofight sowpesooimpaisésan wi t h
t he pIuraI ht saurces. 63. The display device of claim45 further
conpr i sPIHgl Qy(’fg‘ﬁp gg'lt inggiedsStive filter on a viewer side of the plurality
of the lum nescent elenents that filters at |east a portion of the

ultraviolet light emtted by the plurality of the |I9ht sources.
47. The display device of claim 46 wherein the plurality ot light sources are surface-

mounted to a substantially planar structure.

48.  The display device of claim 46 wherein the plurality of light sources comprises at
least a first light source and a second light source, wherein the first light source is adjacent the
second light source such that both sources emit light over a similar spatial profile, and wherein

the power supply only supplies power to one of the first and second light sources at a time.

49.  The display device of claim 45 wherein the plurality of light sources is in a
substantially two-dimensional array, and wherein the power supply supplies an amount of
electrical power to each of the plurality of light sources such that each of the plurality of shutters

has substantially the same amount of ultraviolet light incident on it.

50.  The display device of claim 49 wherein the plurality of light sources comprises:
a first light source; and
a second light source, and wherein the power supply adjusts the amount of

electrical power to at least the second light source when the first light source fails.

51.  Thedisplay device of claim 49 wherein the power supply includes a power

management circuit that distributes power to each of the plurality of light sources such that each
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64. The display device of claim®63 wherein the protective filter is a
coating disposed on a viewer's side of the |um nescent el enents. 65. The
di spl ay device of claim45 further conprising an optical stabilizing filter
on a viewer side of at |east one of the plurality of |um nescent elenents,
wherein the stabilizing filter transmts a portion of the visible |ight,
wherein each of the portions includes a peak visible wavelength of the at
| east one of the plurality of |um nescent elenents. 66. The display device

of cla 65 wherein the stahilizin ter.i el ected from. consi sting
of ac f?%@“ﬁfgﬁgggﬂ”ﬁﬁwPﬂgmﬂ?“T@ﬂgﬁmﬁﬂ@mﬁ¥§? S%ﬂﬁﬁ%ﬁ%?QPBgBFH%TEescent

el ement\ShenaNénmate@ haIMBAE ukfdfoldt Sighti screte fromthe liquid crystal device. 63
67. A display elenment for use in a di spl ay device, wherein the el ement

conprises: a first light source that emts ultraviolet light; a liquid

crystal devige h%k’&%g lyQil mé‘hf{l%moist{azﬂgrﬁﬂee'& Pichy ﬁx?aﬂ&%i?{%ﬁ%r@cé& {?rzli

plurality of "Tumnesc S optica y a |gne ura
shutt erasl,lquld\h@sten amndaibs h eaddblofield-dkpdndentlttansmissicienit eabgimsnha caﬂmpoﬂnstoat | east
some of the ul violet |ight and converts it to visible light, wherein the
Iun1ne§%%H¥m%P Bt's are disposed on the liquid crystal device, wherein the
| um nescent elenments |um nesce at different colors, wherein at |east one of
the | um nescent el enents conprises a nateri al sel ected froma group
consi sting dB.a sTélmdtsphdui@mc of daiphdSspherein the plarlitpofshatiera comprisss glndst
pi gment nor ion there
Fequr a5 bR Pisfe BT ey B et PR a B lsr o the
l'ight lamiHeS@nt sBRERE that Renifdsce i différBnteolps Rbert hie light @Wensupmby and the
first Ilght source, and wherein the regulation circuit conprises: a
phot odetl€Beé: t hat detects a portion of the ultraviolet |ight emitted from
the light source and generates a first signal that is indicative of an
intensity of the

54.  The display device of claim 45 wherein the plurality of shutters comprises at least

two sets of the shutters, and wherein each of the sets of the shutters comprises at least three of
the shutters, and wherein each of the plurality of luminescent elements comprises at least two
sets of the luminescent elements, and wherein each of the sets of the luminescent elements
comprises at least three luminescent elements that correspond to the at least three shutters, and
wherein the luminescent elements luminesce at different colors when the ultraviolet light is

incident thereon.

55.  The display device of claim 45 further comprising a screen between the light
source and the liquid crystal device, wherein the screen diffuses and collimates the ultraviolet

light emitted from the sources and directs the ultraviolet light toward at least one of the shutters.
56.  The display device of claim 45 wherein each of the shutters has a light source side
and a viewing side, and wherein each of the luminescent elements are located on the viewing

side.

57.  The display device of claim 45 wherein each of the luminescent elements are

disposed on one of the shutters.
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portion of light, wherein the photodetector is positioned such that the
portion of the light is a reflected portion of the ultraviolet |ight,
wherein the reflected portion is reflected at least in part by a screening
el ement | ocated between the first light source and the plurality of

| um nescent el enments, a conparator circuit having an input for receiving the
first signal, wherein the conparator circuit conpares the first signal with
a baseline signal and generates a second signal that is proportional to the
di fference between the first signal and the baseline signal, and a

control |l er &g8r CUiThe dapiagdedide bNEbiin $DWhéreiaiadh Hthé BElese 00N the Umsihesaerd an

out put for supplying a regul ated power signal to the |light source. 64
elements luminesce at a different color.

59.  The display device of claim 58 wherein the plurality of luminescent elements

comprises an element that luminesces substantially white light.

60.  The display device of claim 58 wherein at least one of the luminescent elements-
comprises a material selected from a group consisting of a semiconductor, a phosphor, a gas, a

plasma, an organic pigment, an inorganic pigment, and any combination thereof.

61.  The display device of claim 45 wherein the controller circuit is selected from a

group consisting of a voltage controller and a current controller.

62.  The display device of claim 45 further comprising a cooling plenum in thermal

communication with the plurality of light sources.

63.  The display device of claim 45 further comprising an optical protective filter on a
viewer side of the plurality of the luminescent elements that filters at least a portion of the

ultraviolet light emitted by the plurality of the light sources.

64.  The display device of claim 63 wherein the protective filter is a coating disposed

on a viewer's side of the luminescent elements.

65.  The display device of claim 45 further comprising an optical stabilizing filter on a
viewer side of at least one of the plurality of luminescent elements, wherein the stabilizing filter
transmits a portion of the visible light, wherein each of the portions includes a peak visible

wavelength of the at least one of the plurality of luminescent elements.
66.  The display device of claim 65 wherein the stabilizing filter is selected from

group consisting of a coating disposed on the at least one of the plurality of luminescent elements

and an element that is discrete from the liquid crystal device.
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67.

A display element for use in a display device, wherein the element comprises:
a first light source that emits ultraviolet light;
a liquid crystal device having a plurality of independently controllable shutters;

a plurality of luminescent elements optically aligned with the plurality of shutters,

wherein at least one of the luminescent elements absorbs at least some of the ultraviolet

light and converts it to visible light, wherein the luminescent elements are disposed on

the liquid crystal device, wherein the luminescent elements luminesce at different colors,

wherein at least one of the luminescent elements comprises a material selected from a

group consisting of a semiconductor, a phosphor, a gas, a plasma, an organic pigment, an

inorganic pigment, and any combination thereof; and

a regulation circuit for regulating a power supply that supplies power to the light

source, wherein the circuit is coupled to the power supply and the first light source, and

wherein the regulation circuit comprises:

a photodetector that detects a portion of the ultraviolet light emitted from
the light source and generates a first signal that is indicative of an intensity of the
portion of light, wherein the photodetector is positioned such that the portion of
the light is a reflected portion of the ultraviolet light, wherein the reflected portion
is reflected at least in part by a screening element located between the first light
source and the plurality of luminescent elements,

a comparator circuit having an input for receiving the first signal, wherein
the comparator circuit compares the first signal with a baseline signal and
generates a second signal that is proportional to the difference between the first
signal and the baseline signal, and

a controller circuit having an input for receiving the second signal and an

output for supplying a regulated power signal to the light source.
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