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their entireties. BACKGROUND  [002] The invention
relates to the display of video or still image content
on  electronic display devices. More particularly, the
invention relates to luminescent- type displays that
are ultraviolet light stimulated, networks that
include such displays,  such as electronic billboards
or electronic digital movie displays, and related
systems 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 -2 WO 2004/114053 PCT/US2004/016153
collimator for-directing the activation light in
parallel in a predetermined direction, a  LC cell
formed from an array of pixels, a photoluminescent
screen on the cell arranged to emit a visible output
when struck by the narrow-band excitation light
passing through the cell, and a drive circuit for
addressing the LC cell in a  multiplexed manner.
According to Crossland et al., the direction of light
and the  thickness of the cell are chosen to give the
best contrast ratio for the liquid cell..  Crossland
et al. does not address the problem of light source
failure and illumination  nonuniformity across the
screen. [004] Filters for liquid crystal displays are
also known. For example, Honda  et al. U.S. Patent No.
5,851,700 shows a filter that has a light diffusing
plate formed  from a film containing at least two
photopolymerizable oligomers or monomers. According to
Honda et al., "[w]hen the filter is fitted to a light
emitting side of a liquid  crystal display device, an
angle of view of the liquid crystal display face plane
is  widened, shadows due to opaque parts of the device
are reduced, and a Moire  fringe is hardly formed"
(Abstract). Honda et al. also does not address light
source  failures that can shorten the lifespan of the
device nor illumination nonuniformity that  can
adversely affect a viewing experience. [005] Moreover,
high efficiency fluorescent lamp devices are known
that  



include-UV stimulated-phosphors:---F-or-example;
Arms.tr.ong..et..aLlJ-,S-. -Patent No. 5,502,626 shows
a-lamp-that-includes a UV light source (Le., 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 -3 WO
2004/114053 PCT/US2004/016153  phosphor without using
a thick coating. Still, Armstrong et al. does not
address light.  source-failure and illumination
nonuniformities. [006] Thus, there is a need for
electronic display devices that provide a  wide
viewing angle, an extended longevity, and minimal
illumination nonuniformities.  2.
Advertising/Billboards [007] Consumer product
advertising takes many forms, such as television
commercials, newspaper and magazine advertisements,
mailings, point-of-sale  displays, outdoor billboards,
etc. Using current advertising media, advertisers
engage in a constant struggle to efficiently use their
budgets to effectively reach their  geographic and
demographic targets. [008] Focusing on the outdoor
advertising component of advertising by  consumer
product companies, it is well known that outdoor
billboards have  traditionally taken the form of
single-message displays formed of printed sheets.or
painted surfaces containing the advertising content
adhered to a flat backing. This  time-honored outdoor
advertising technique has remained essentially
unchanged  throughout the twentieth century. The high
cost of printing, transporting, and  mounting a
message on a conventional 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
the  geographical area of the billboard. [009]
Additionally, the content on a conventional billboard
tends to become  essentially "invisible" as. a part of
the landscape after its content has been in place  for
a relatively short period of time, especially to
commuters and others who -4 WO 2004/114053
PCT/US2004/016153  regularly pass the billboard.
Beyond the above problems with cost, single-message
content, lack of content changeover capability, and
the like, conventional outdoor  billboards have come
under increasing criticism because in their large
numbers, and  often tattered condition, they clutter
highways with a distasteful form of visual
"pollution". A reduction in the number of billboards
and improvement of the.  appearance of those that
remain, if accomplished while increasing the overall
advertising impact afforded by outdoor advertising,
would please virtually everyone. [010] The use of
electronic billboards has been suggested, for example,
in  U.S. Patent No. 5,612,741. However, applicants
lack of no electronic billboard  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,
properly designed and operated, promises to overcome
the  numerous disadvantages currently associated with
the outdoor advertising industry,  while also meeting
the above needs of consumer 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. As is  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 film  reels being physically present at
the proper time. Thus, substantial lead time must -5
WO 2004/114053 PCT/US2004/016153  be provided anytime
a movie theater operator is preparing the. schedule
for his  screen(s). [012] In addition to the above
problems inherent in the current movie  distribution
scheme, the high cost of conventional film reel movie
distribution results  in most movies not going to full
distribution. In this regard, the full distribution of
a  movie (e.g., the cost of film reels and their
transportation) can cost four to five million  dollars
or more. As a related problem, the cost of making film
reels of older movies,  particularly non-"blockbuster"
movies, which are available on an ongoing basis, is
prohibitive. Thus, theater owners and movie goers are
deprived of movie theater  screening for the vast
majority of available movie' content because the
movies are  not in current distribution. Moreover,
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) Thus, there is a need for a new movie
distribution system that will  overcome the above
shortcomings of current movie distribution practices.



SUMMARY [01 4] Consistent with one aspect of the
present invention, a display element  for use in a
display device that exhibits a wide viewing angle,
extended longevity,  ana wnicn improves mumination
unitormity can be provided. The element can  include
at least a first light source that emits ultraviolet
light, a liquid crystal device  having a plurality of
independently controllable (i.e., addressable)
shutters, a  screening element between the light
source and the liquid crystal device, and a  plurality
of luminescent elements optically aligned with the
light source and each of -6 WO 2004/114053
PCT/US2004/016153  the shutters, wherein each of the
luminescent elements absorbs at least some of the,
ultraviolet light and converts it to visible light.
[015] According to another aspect of the present
invention, a display device  can be provided that can
include a plurality of light sources that each emits.
ultraviolet light', a plurality of independently
controllable shutters, a plurality of  luminescent
elements optically aligned with the light source and
each of the shutters,  wherein each of the luminescent
elements can absorb at least some of the ultraviolet
light and convert it to visible light, and a regulated
power supply for supplying power  to the light source.
The device can further include a screen between' the
light source  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 on-selected ones of multiple,
networked electronic displays at selected  times
according to dictates of the 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 th.e.network to be,
displayed at locations and times selected by the
advertisers. In one particular embodiment, the
invention can include a central  information
processing center that permits customers to review a
schedule of times  and electronic display locations
that are available for placement of advertisements,
and permits customers to purchase available time slots
at selected electronic display -7 WO 2004/114053
PCT/US2004/016153  locations for placement of their
advertising content. A customer can then transmit
advertising content to the processing center where the
content is reviewed for  appropriateness and
transmitted to one or more customer-selected
electronic  displays. [018] In some embodiments, the
electronic display devices are large- (e.g., 23 X 33'/
ft.) flat LED display devices that are driven by
dedicated video or  image servers. Verification that
the advertisements run as ordered can be facilitated
by an information storage module or by a digital
camera or series of digital cameras.  A traffic
counter may be used to determine the traffic that
passed by the display  while the advertisement was
running. Bills and reports containing market and
demographic analysis can be generated and sent to the
customer. [019] In another illustrative embodiment of
the invention, operators of digital  movie theaters
have ongoing, continuous access to tens of thousands
of movies that  



can be ordered in digital form for display on selected
"screens" at their theaters at  selected times. The
movie theater operator is a customer of a system that
permits  the customer to review movies that are
available in digital form and thereafter  schedule and
purchase a movie for display on the digital movie
screens located at  the customer's movie theater.
[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 -8 WO 2004/114053 PCT/US2004/016153  and
forwarding the bills for debit payment. The system may
also include means for  generating royalty payment
information for use in paying the content providers
for  the display of their movies. BRIEF DESCRIPTION OF
THE DRAWINGS [021] The above and other advantages of
the invention will be apparent  upon consideration of
the following detailed description, taken in
conjunction with the  accompanying drawings, in which
like reference characters refer to like parts
throughout, and in which: [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 illustrative block diagram
showing the principal  components of a system for
advertising consistent with this invention; [025] FIG.
4 shows a perspective view of another illustrative
electronic  display that can be used, as shown in FIG.
1, consistent with this invention;  [026] FIG. 5 shows
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  proviaea to
multiple consistent with this invention; [028] FIG. 7
shows a block diagram with principal components of an
illustrative system for distributing digital movie
content, including to movie'theatres,  consistent with
this invention; -9 WO 2004/114053 PCT/US2004/016153
[029] FIG. 8 shows a block diagram of another
illustrative system for advertising consistent with
this invention; [030] FIG. 9 shows an illustrative
roadway-adjacent electronic display device  on which
an advertiser can place advertisements through a
networked system  consistent with this invention; and
[031] FIG. 10 shows an illustrative point-of-purchase
electronic display,  device on which an advertiser can
place advertisements that are related to the ones
displayed on device shown in FIG. 9, for example,
consistent with this invention.  DETAILED DESCRIPTION
OF THE INVENTION [032] FIG. I shows an illustrative
display element 10 consistent-with this  invention for
use in an electronic display device. It will be
appreciated that the  



physical dimensions shown in FIG. 1 are not to scale
and are in some cases  exaggerated for illustrative
clarity. [033] Element 10 includes at least a first
light source 15 that emits  ultraviolet light 20, a
liquid crystal device 25 having a plurality of
independently  controllable (i.e., addressable)
shutters 30 and 35, a screening element 40 between
light 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 -10 WO 2004/114053
PCT/US2004/016153  from a material, such as a
semiconductor, having a band gap that is greater than
about 2 eV. As described more fully below, examples of
materials that have such a  band gap include gallium
nitride, aluminum nitride, gallium indium nitride, and
other  such alloys (such as one sold under the
trademark MEGABRIGHTTM, available as  part no.
C395-MB290-E400 from Cree, Inc., of Durham, North
Carolina). [035] Although any ultraviolet
light-emitting solid-state material can be used  in
accordance with this invention, there are two primary
classes of ultraviolet light- emitting solid-state'
materials, including nitrides (In1,yAl;,GayN
compounds) and zinc  chalcogenides (ZnSj_),Se,,;-other
cations, such as cadmium, can also be  incorporated). 



[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. The zinc chalcogenides can also be
formulated to emit at any  desirable wavelength
between about 350 nm and about 450 nm range by
adjusting  the value of x and depending on the
substituted cation. The nitrides are sometimes.
better suited to excite phosphors that have maximum
absorption in the shorter  wavelength range; the zinc
chalcogenides are. sometimes better suited for
phosphors that absorb at longer wavelengths. Zinc
fluoride doped with gadolinium  (i.e., ZnF2:Gd), which
has a narrow emission band at 311 nm, can also be used
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 -11 WO
2004/114053 PCT/US2004/016153  compounds. It will be
appreciated that the ultraviolet light source should
be chosen  such that its peak wavelength is near the
peak absorption wavelength of the  phosphor compound.
When a single source is used to illuminate multiple
color  phosphor compounds, each of the phosphor
compounds can have a similar  ultraviolet light peak
absorption wavelength. [038] In one embodiment, light
source 15 is operated at substantially below  its
rated capacity to extend its lifetime. In particular,
the power supplied to light  source 15 can be less
than 30% of its nominal power requirements. In this
case,  two or more LEDs can be aggregated to supply a
desired ultraviolet light intensity at  



shutters 30 and 35. The light sources can be
aggregated, as described above, or  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 an 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 fall 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 -12 WO 2004/114053 PCT/US2004/016153  minimum
operating criteria. For example, in one control
scheme, when a first light  source is determined to
have failed or operating at an unacceptably low level,
a  second light source can be automatically turned on
to compensate for the first light. [040] Although only
two shutters (e.g., shutters 30 and 35) are shown in
FIG. 1, it will be appreciated that any number of
shutters can be associated with a  single light
source. In particular, the stronger the light source
the more shutters it  can illuminate. [041]
Preferably, electroluminescent elements 45 and 50 are
disposed on  



the viewer side of addressable shutters 30 and 35,
respectively. This arrangement  has the advantage that
ultraviolet light will. only be incident on
luminescent elements 45 and 50 when those elements are
in use, which increases their useful  lifetimes. Thus,
each of shutters 30 and-35 should have a variable
transmissivity at  the ultraviolet wavelengths emitted
by light source 15. In one embodiment, at least  three
shutters and at least three luminescent elements that
luminesce 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 composite.. 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 -13 WO
2004/114053 PCT/US2004/016153  a sufficiently short
period of time such that the human eye cannot
distinguish  individual luminescent events (e.g., less
than about 1/30th of a second, however this  depends
on the amount of temporal compression, frame activity,
etc.). For example,  by sequentially illuminating a
blue element and a red element for 1/60th of a second
each, a medium magenta can be formed. Different shades
of magenta can also be  formed by illuminating blue
and red elements with varying intensities of
ultraviolet  light or different periods of time (e.g.,
illuminating a blue luminescent element for a  



first period of time and a red luminescent element for
a different period of time,,such  that the sum of the
two periods. is less than about 1/30th of a second).
[043] Furthermore, it will be appreciated that both
ultraviolet illumination  intensity and period can be
varied to generate a wide range of colors. - Moreover,
the  number of 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 can be used to diffuse ultraviolet 20 to  make
it substantially more uniform across the surface of
device 25. Preferably,  screening element 40 can also
collimate, or redirect, ultraviolet light 22 toward
device 25. and' particularly to its constituent
shutters. to increase the-intensity of  ultraviolet
light 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 respective
functions. -14 WO 2004/114053 PCT/US2004/016153  [045]
In one embodiment, luminescent elements 45 and 50 can
be disposed directly on a viewer side of the liquid
crystal device. Luminescent  elements can include
different luminescent materials that luminesce at
different  colors, including a substantially white
color (see, e.g., the materials used to produce  white
light in Duggal et. al. U.S. Patent No. 6,294,800). It
will be appreciated that  the material used to form
the luminescent elements can be, for example, a
semiconductor, a phosphor, a gas, a plasma, an organic
pigment, an inorganic  



pigment, and any combination thereof. Additional
materials will be described more  fully below with
respect to display devices that can be built.
consistent with this  invention. [046] Thus, sources
of blue, green, and red light at each pixel can be
composite devices that include an ultraviolet LED that
excites a luminescent element  that, in turn, produces
light of a .selected spectrum. As described more fully
below,  the ultraviolet LED can be formed from a GaN
or GaN-containing compound on  sapphire with or
without suitable buffer layer, or a GaN or
GaN-containing compound  on SiC, preferably with a
suitable buffer layer, or an AIN or AIN-containing
compound on AIN, sapphire, SiC or GaN, with or without
a suitable buffer layer.  [047] In one embodiment,
ultraviolet LEDs can be incorporated into three
A.ifFerent composite devices,. each,with_adifferent
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 -15 WO 2004/114053 PCT/US2004/016153
discrete composite devices that produce blue, green,
and red light at each pixel.  The use of white light
with appropriate band pass filters has the advantage
of  producing a colored light with an excellent wave
length distribution that will not  change appreciably
over time, a desirable property for color balancing.
On the other  hand, the use of three different
luminescent elements to directly produce blue,  green,
and red without a filter has the advantage of higher
efficiency because light is  



not filtered out. Both approaches have the advantage
of excellent persistence  which, as known in the art,
is a desirable feature that is especially important in
video  applications, particularly digital movie
theater applications that are discussed in more
detail below. [048] Two broad categories of phosphor
compounds that can be used  consistent with this
invention. are (1) rare-earth-activated compounds
(e.g., oxides,  borates, phosphates, and silicates
doped. with europium, terbium, cerium, or
gadolinium); and (2) metal-activated zinc compounds
(e.g., zinc chalcogenides  doped with silver, copper,
or aluminum). The rare-earth activated compounds have
stronger absorption in the short-wavelength range
(typically < 350 nm), and thus are  well matched with
nitride 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 matchedWth either type of UV-emitter.
-16 WO 2004/114053 PCT/US2004/016153  [049]
Illustrative examples of rare-earth-activated
phosphors that can be used consistent with this
invention are provided below. Examples of rare-earth-
activated phosphors that emit red light include:
Y203:Eu, (Y,Gd)B03:Eu,  (Y,Gd)P03:Eu, YVO4:Eu, and
Zn2SiO4:Eu. All of these examples emit a series of
narrow visible bands between about 590 nm and about
620 nm. Examples of rare- earth-activated phosphors
that emit green light include: (Y,Gd)B03:Tb,  



LaP04:(Ce,Tb), (Ce,Tb)MgA111019, (Gd,Ce,Tb)MgB5O10
Y3AI5O12:Ce. The Tb-doped  compounds emit a narrow
band of visible light at about 540 nm and the Ce-doped
compounds emit a narrow band at about 550 nm. Examples
of rare-earth-activated  phosphors that emit blue
light include: Y2SiO5:Ce, BaMgAI1oO17:Eu,
Sr5(P04)3CI:Eu,  and LaPO4:Tm. The Ce-doped compounds
have peak emission between about 400  nm and about 450
nm. The Eu-doped and Tm-doped compounds have a peak
emission at about 450 nm. [050] Illustrative examples
of metal-activated phosphors that can be used
consistent with this invention are provided below.
Examples of metal activated  phosphors that emit green
light include: ZnCdS:Ag, ZnS:Cu,AI, 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  .peek atbot: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., color coordinates),
that corresponds to a  location on the 1931 Commission
Internationale de I'Eclairage ("CIE") chromaticity -17
WO 2004/114053 PCT/US2004/016153  diagram. The
chromaticity of a display device'can be controlled
using phosphors  that are saturated, that is phosphors
that have the largest possible values of the  color
coordinates x and y. Phosphors with narrow emission
bands have more  saturated emission and, in some
cases, may be preferred. Thus, consistent with
another aspect of this invention, the emission can be
tuned in color coordinate space  



(or peak wavelength) by co-doping with two or more
species in the oxide or  chalcogenide host. The
interaction of the dopants can reduce the emission
width,  thereby enhancing emission saturation. [052]
Material processing and degradation effects should be
considered  when selecting phosphors and constructing
display devices consistent with'this  invention.
Inorganic phosphors, such as the ones identified
above, generally have  long working lifetimes and are
less susceptible to degradation, when compared to
organic materials such as laser dyes. [053] Inorganic
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 preferred 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  phosphor layer can be deposited by
suspending_theMparticles in a_polymer solution,
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- -18 WO
2004/114053 PCT/US2004/016153  to implement, films
produced using this technique could have a number of
disadvantages including: a lack of uniformity,
relatively high surface roughness  (which can lead to
significant reflection, rather than absorption, of the
incident UV  light), and a more rapid degradation due
to the lack of robustness of the polymer  



under UV light and'chemical attack. [055] When
selecting phosphor compounds for use in display
devices  consistent with this invention, the thickness
and grain morphology of the phosphors  should be
considered, as well as the intrinsic absorption and
emission efficiency. In  one embodiment, the phosphor
coating should be thick enough to maximize  absorption
of the incident UV light, but thin enough to maximize
transmission of the  emitted visible. This is because
thicker phosphor coatings can enhance UV  absorption
at the expense of visible light transmission. Multiple
scattering of the UV  light can.be desirable because
it makes UV absorption more likely. Scattering can  be
enhanced using 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 deposited in thin-film form by sputtering or
solution deposition. Such films tend to be
substantially uniform, smooth, and more  .impervious
to degradation due to radiation and chemical exposure.
Their  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 chalcogenides. -19 WO
2004/114053 PCT/US2004/016153  [057] It will be
appreciated that energy sources other than ultraviolet
LEDs can be used to excite the luminescent elements of
the composite devices discussed  above. [058] In the
case of low ambient lighting conditions, such as in
digital .movie  



theaters, lower power LEDs can be used. Higher power
LEDs can be used to  provide a light source for an LCD
shutter-type screen in high ambient lighting
conditions. [059] . Display element 10 can further
include a regulated power supply for  supplying a
regulated power level to light source 15. Regulated
power supply can  include power source 70 and
regulation circuit 75 coupled to power source 70 and
light source 15. [060] Regulation circuit 75 can
include photodetector 80, comparator  circuit 85., and
controller 90. Photodetector 80 can detect a portion
of the ultraviolet  light emitted from light source 15
and generate a first signal indicative of an intensity
of the portion of ultraviolet light. Comparator
circuit 85 has input 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 proportional to the difference between
the first  signal and the baseline signal. Controller
circuit 90 can have input 92 coupled to  outpu -8;
:f`cor pastor 8. _fo...r_rec i:~ing_th_e_secand_
signal-and_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 -20 WO 2004/114053 PCT/US2004/016153  detected
ultraviolet light reflects from some other element,
such as a small ultraviolet  mirror that is placed in
front of light source 15. In either case,
photodetector can  include a detector that detects the
intensity of the ultraviolet light. 



[062] Photodetector 80 can be constructed from any
other material that has  a relatively low dark current
and an acceptable D* value. D* is a value used to
designate the relative sensitivity of a detector.
Generally, the higher the D* value,  the better the
detector. For example, silicon carbide, especially
silicon carbide of  the 4H or 6H type, can be used to
construct. a UV-sensitive photodetector according  to
this invention. It will be appreciated that, in
addition to silicon carbide, GaAs,  InGaN, GaN, and
other materials used to make photodetectors can be
used  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 elements.
In this case, the photodetector includes a detector
that  detects the intensity of visible light. [064]
Consistent with this invention, detector 80 can be
used to perform  illumination calibration 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 -21 WO 2004/114053 PCT/US2004/016153  decreasing
the power supplied to the light source until the
measured light intensity  reaches a desired level.
That level may be fixed or variable. [065] For
example, a variable level can be used to accommodate
for  



decreasing or uneven LED or luminescent conversion
efficiencies. The term  "uneven" refers to varying
performance efficiencies by different display
elements..  Similarly, luminescent materials normally
experience decreasing conversion  efficiencies when
exposed to ultraviolet light for an extended period of
time. Also;  ultraviolet LEDs can emit less light over
extended periods. It will be appreciated that
calibration according to this invention can be
performed before, during, or after  regular operating
sessions. It will also be appreciated that optical
calibration  according to this invention measures, in
some fashion, a light intensity at-a known  electrical
power supply level. [066] Electrical calibration is
also consistent with this invention by  monitoring,
for example, an electrical resistance or.the
electrical current supplied to  one or more of the
light 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-zeroing feature that minimizes dark
current when a  st~utter_:ts: _cl.os ed. [.06.2].
Cooiing._pl_e.num (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. -22 WO 2004/114053
PCT/US2004/016153  [068] Display element 10 can also
include one or more filters. Protective . filter 98
can be placed on a viewer side of luminescent elements
45 and 50 to  



remove potentially harmful ultraviolet radiation that
may pass through luminescent  elements 45 and 50.
Thus, such light-could include wavelengths that
correspond to  energies that are greater than about 2
eV. Filter 98 can be a coating disposed  directly on
luminescent elements 45 and 50 or on another filter,
such as a  wavelength stabilizing filter 99, which is
discussed below. Alternatively, filters 98  can be
discrete from liquid crystal device 25 in the form,
for example, of a plate (not  shown). [069] Optical
stabilizing filter 99 is alsoplaced..on. the viewer
side of  luminescent elements 45 and 50 and transmits
a portion of the visible light  generated by those
elements. The purpose of stabilizing filter 99 is to
compensate  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 .to -a 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. Alternatively,
crete. stabilizing_fJter.99 can_"be dis [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
plurality of independently  controllable shutters 110,
a screen 115 between light sources 105 and shutters
110, -23 WO 2004/114053 PCT/US2004/016153  



a plurality of luminescent elements 120, and a
regulated power supply 125 for  supplying power to
light sources 105. As described above, each of
luminescent  elements 120 can absorb at least some of
the ultraviolet light and convert it to visible
light. In one embodiment, luminescent elements 120 can
be optically aligned with  shutters 110. When
plurality of independently controllable shutters 110
includes  liquid crystals, then shutter controller 160
can be used to apply appropriate electric  field
across each of shutters 110 to open and close
individual shutters or groups of  shutters, as
required. [071] As described more fully below, each of
light sources 105 can be an  ultraviolet light
emitting diode that uses a material having a wide band
gap (e.g., a  band gap that is greater than about 2.0
-eV). As shown in. FIG. 2, each of light  sources 105
can be surface mounted to substantially 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
embodiment, each of light sources 105 can be arranged:
in a  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
sup.ply_125 haying one output 126 for all light
sources, it will be appreciated 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 -24 



WO 2004/114053 PCT/US2004/016153  of light sources 105
can be increased upon failure of another of light
sources 105.  More generally, the power supplied to
each of light sources 105 can be regulated  such that:
k  I ,o,ot = k where I; is the intensity of light
incident on a particular shutter emitted by a
contributing light source i, T,,tl is the total.
intensity of light incident on the shutter,  and k.is
the number of light sources that contribute to
the.incident light on the  shutter. In one embodiment,
the electrical power levels supplied to the light
sources  are adjusted such that every shutter has the
same total incident ultraviolet light  intensity. In
another embodiment, the electrical power levels
supplied to the light  sources are adjusted such that
every luminescent element generates the same
intensity of visible light when its respective shutter
is opened. [073] Thus, if one or more of the light
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 power levels, substantially  the same
amount of ultraviolet light can be incident on each of
shutters 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 example the camera or cameras
utilized in.digital  



camera and traffic count recorder 320 (FIG. 3), or
other specifically dedicated -25 WO 2004/114053
PCT/US2004/016153  cameras, provides a means
permitting in situ diagnostics and calibration of the
displays. As known in the art, certain digital cameras
have a resolution of over 7,000,000 pixels -- as
compared to approximately 172,000 pixels on the above-
described 23 X 33% ft. display. Thus, by directing a
digital camera at a display, or  directing multiple
digital cameras at different discrete portions of a
display, a  correspondence can be attained where a
portion of each digital camera's image  corresponds to
a single pixel or group of pixels in the display.
Suitable means for  aligning the digital camera with
the display can be used, including optical means,
such as laser alignment marks. [075] In another
embodiment, multiple digital cameras can correspond to
the  same portion of a display (or the entire
display). In this.case, the images generated  by those
cameras can be compared and used to improve the
accuracy and precision  of the diagnostic and
calibration procedures. [076] At selected times set
aside for diagnostics and calibration, such as a  five
minute period each night, the entire display or
portions thereof can be run red,  then green, then
blue, followed by white, all at multiple power levels.
In order to  reduce interference, the LEDs can be
switched on individually fora short 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 capable of detecting  nonfunctioning or
excessively degraded LEDs for replacement. 



[077] Beyond replacing defective LEDs, each night the
system may  automatically re-calibrate all LEDs in the
display, as described above. To this end,  -26 WO
2004/114053 PCT/US2004/016153  the display is run
red/green/blue at several iterative power levels
(e.g., 20%140%/60%/80%/100%) and the optical power
output of each LED is  sensed for each power level,
with the goal being to calibrate the system so that
each  red, green or blue LED has the same optical
power output at each power level as do  the other LEDs
of the same color. Electronic calibration is also
possible according to  this invention. Calibration
preferably is achieved by diode recalibration scalar
software (e.g., look up table) that can be associated
with a scalar (not shown) that  acts independently in
conjunction with the video converter/scalar at 280
(FIG. 4).  [078] Diode recalibration scalar can
receive information from the diagnostic equipment
indicating the optical power output of each LED at the
various supplied  power levels and, through an
associated automatic calibration LED look-up table,
accounts for daily variance in LED output (degradation
or increase) by adjusting the  power curve by which
the LED will be driven the next day. This periodic
(e.g. daily)  in situ recalibration has the benefit of
greatly reducing on site maintenance. since  LEDs that
have degraded can be run harder to compensate for the
degradation (see  above), eliminating the need for
frequent replacement . [079] As an alternative to
using digital cameras for the 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
measuring 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  -27 WO
2004/114053 PCT/US2004/016153  calibration sequence to
raise or lower the effective light output of the LEDs
contained in the pixel. [081] As an alternative to
performing daily in situ calibration by looking at
every pixel in sequence and adjusting the scaling
value for each pixel, a statistical  modeling approach
may be used. According to this approach, selected LEDs
or  groups of LEDs may be run in iterative power
cycles in order to optimize the overall  screen color
through statistical analysis to provide a new scaling
value for each LED  or group of LEDs. [082] When the
diagnostic operation operates with an all white
display, the  three LEDs at each pixel may be
evaluated individually and collectively to assure
that the pixel is contributing the proper spectrum and
amount of white light. Through  a
diagnostic/calibration software package that
interrelates output and dominant  wavelength response
for each red/green/blue LED at a pixel to the desired
white:  light response, an iterative calibration may
be undertaken at each pixel to adjust the  values
contained in the diode recalibration scalar software
or to reprogram  programmable logic chips that
determine the drive current for each 'LED located in a
specific pixel. [083] Calibration can involve
comparing feedback measurements for a
s.in:gle-.d.ispJ-a.y..:.ei.ement,=asj.ng.L.e=po_ctlo.n
:_of..:.adisp ay_s_cr_ee.. -o.rfhe..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 -28 WO
2004/114053 PCT/US2004/016153  element, portion, or
display, and performance trends can be identified for
making  predictions regarding remaining light source
lifetimes. [084] Alternatively, calibration can
involve comparing feedback  measurements for different
portions of a display screen. For example, if a
display  screen is divided into four portions, a
measurement can be made for each. of the  portions. If
one of the portions has.an illumination that is less
than the other  portions, the power supplied to the
under performing light sources that contribute to
that portion can be increased. If the power level can
not be increased (e.g., when  the power is already
maximized), the power supplied to the other portions
can be  reduced, such that the illumination of each
portion is substantially the same. [085] When
calibrated, light sources 105 can emit desired
ultraviolet light  intensities on shutters 110.. Each
of shutters 110 can include a liquid crystal that has
a variable field-dependent tray smissivity at
ultraviolet wavelengths. In one  embodiment, the
plurality of shutters can include at least three
shutters and the'  plurality of luminescent elements
can include at least three luminescent elements  that
luminesce at different colors when the ultraviolet
light is incident. In another  embodiment, the
plurality of shutters can include multiple sets 112 of
shutters 110  and luminescent elements 120, wherein
each of sets 112 includes at least three
shutte.r_s119 =and.:car__r_ep9ricli_ngluminecr~t
el_ements_ 12QwheJreir_e_ach set of  luminescent
elements.120.i dudes at least three.fuminescent
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  -29 WO 2004/114053
PCT/US2004/016153 it is incident on shutters 110 and
may collimate and direct the ultraviolet light toward
the shutters. Luminescent elements-120 can be disposed
directly on the viewer's  side of shutters 110 and in
most respects are like luminescent elements 45 and 50
shown in FIG. 1. Luminescent elements 120 can also be
disposed on the light- source side of shutters 110,
but such an arrangement would reduce the lifetimes of
the luminescent elements because those elements would
be continuously exposed  to the ultraviolet light,
even when those elements are not in use. [087]
Regulated power supply 125 can include a power source
135 and a  regulation circuit 140 coupled to a power
source 135 and light sources 105.  Regulation circuit
140 can include one or more photodetectors 108, a
comparator  circuit 145, and an LED controller 150. As
shown, photodetectors 108 detect  portions of
ultraviolet light emitted from at least one of light
sources 105 and  generates first signals that are
indicative of intensities of the portions of the
ultraviolet light. It will be appreciated, however,
that photodetectors can also be  positioned 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 monitor light intensities. [088]
Comparator circuit 145 includes at least one input for
receiving the  first signals. Circuit 145 compares the
first signals with at least one baseline 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 illustrative clarity,  each of
photodetectors 108 preferably has a separate line that
supplies the -30 WO 2004/114053 PCT/US2004/016153
corresponding first signals to comparator circuit 145.
It will also be appreciated that  circuit 145 can
include multiple comparator subcircuits, each of which
performs a  separate comparison for each of the first
signals. These subcircuits can be either  centralized
or-distributed and adjacent each of photodetectors
108. Finally; each  comparison can use a common
baseline signal or a different base line signal,
depending on the particular geometry, number, and type
of contributing light  sources. [089] As discussed
above with respect to display element 10,
photodetectors 108 of display device 100 can be
positioned such that the portion of  detected light is
a portion reflected from screening element 115. -In
another  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 in  front of light source. 105. In
either of-these cases, .each of photodetectors 108
includes a detector that detects the intensity of the
ultraviolet light. In another.  embodiment,
photodetectors 108 can be positioned such that the
portions of  detected light are portion of visible
light emitted from one or more luminescent.  elements.
As discussed herein, these detectors can be used to
perform illumination  calibration procedures, 'if
desired. 



[091J.].____LED
-cDntrQller_1.50-disfrihutes._power..to each
.9f_l.ight_sources 105.  LED, controller 150
canilluminate. 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
-31 WO 2004/114053 PCT/US2004/016153  light sources
105 can be used to minimize the amount of time that
each light source  is active. In both cases, light
source longevity can be extended, depending on the
characteristics of the light sources themselves. [091]
Accordingly, consistent with another aspect of the
current invention; a  method for managing power to an
ultraviolet-stimulated display device is provided.
The display device can include multiple ultraviolet
light sources, multiple  independently controllable
shutters, a luminescent element optically aligned with
each of the shutters, and a regulated power supply for
supplying power to the light  source. As described
above, a screen can be located between the light
source and  the liquid crystal device. The method
includes receiving information that identifies a  set
of luminescent elements, determining which of the
light sources should be  powered to illuminate the
identified luminescent elements during a period of
time,  and distributing power to the determined light
sources during that period of time..  This sequence
can be repeated many times according to a stream of
information,  such as a video signal. [092] The step
of receiving information can involve receiving a set
of  desired visible light intensities (e.g. intensity
information) for each of the identified  



luminescent elements. The step of determining can
include, for example,  determining a set of power
levels for each of the light sources_and/or
determining 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 -32 WO 2004/114053 PCT/US2004/016153  scheme
could involve distributing power to one portion of the
screen in a  simultaneous manner and another portion
of the screen in d 'sequential manner. [093] If a
sequential power distribution scheme is desired, the
power level  supplied to a first light source can be
different from the power level supplied to a  second
light source during 'a relevant period of time, even
though both light sources  could illuminate the same
luminescent element. For example, rather than powering
two light sources simultaneously, power could be
supplied to a first light source  during the first
period and a second light source during the second
period, where the  sum of both the first and second
periods is less than about 1/30th of a second. This
type of illumination scheme could involve supplying
power to two light sources in an  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'  controller 150
and shutter controller 160. By coordinating
controllers 150 and .160,  LED controller 150 only
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 portion of a display screen is
programmed to be dark (i.e., off), then the  light
sources that supply ultraviolet light to that portion,
as well as the shutters  associated
with-that_portiori,_can...be..turned.off...By__selecti
vely..turnin.g 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 used to coordinate LED controller 150 and
shutter controller 160. In an alternative embodiment,
LED  controller 150 and shutter controller 160 can be
connected directly together. In this  -33 WO
2004/114053 PCT/US2004/016153  case, shutter
controller 160 can supply LED controller 150 the
information it'needs to  determine which light sources
should be turned off. [095] Also, device 100 can
include a cooling plenum that can be in thermal
communication with any or all heat generating
components, including especially light  sources 105.
The plenum can include a cooling material, such as a
gas or fluid, and  can include a circulation motor for
circulating the air or fluid. [096] Like display
element 10, display device 100 can include one or more
filters 130. For example, a protective filter can be
placed on a viewer side of  luminescent elements
120.to remove potentially harmful ultraviolet
radiation that  may pass through the luminescent
elements. Filter 130 can be a coating disposed
directly on luminescent elements 120 (as shown) or it
can be disposed on another  filter, such as a
wavelength stabilizing. filter, as discussed above.
Alternatively,  filters 130 can be separate from
luminescent elements 120, that is a gap may be  formed
between filters 130 and luminescent elements 120.
[097] In addition to using ultraviolet-stimulated
el'ectroluminescent  



elements, a display device can be constructed that
includes multiple LEDs that.emit  the same color (or
different colors) for one pixel location to produce
the desired light  output. For example, three 1.5
milliwatt blue LEDs. can be used to produce a 4.5
:milli.wa.tt=bl.ue..ligb_Loutp_Ld,..[r-_o e
.embod.ime.nt,_,each_red:, g_reen.ran.d-bJue_emi_tter
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 -34 WO 2004/114053 PCT/US2004/016153 a
display device. Thus, the greater the number 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 by approximately 172,000 pixels at
an optical power that is  easily viewable in bright
sunlight. Suitable display modules for displays 30 are
under  sold under model No. LV50 by Lighthouse
Technologies of Hong Kong, China that  use, for blue
and green light, InGaN LEDs fabricated on single
crystalline A1203 ...  (sapphire) substrates with a
suitable buffer layer, such as AIN. For red light,
super  bright AlInGaP LEDs fabricated on a suitable
substrate such as GaP, can 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-based, 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
satisfactory cooling. Displays 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
AIInGaP 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 AIN -35 WO 2004/114053 PCT/US2004/016153  2.
(Blue/green) InGaN'on GaN 3. (Blue/green) InGaN on
AIN, preferably with a suitable buffer layer such  as
AIN. 4. (Blue/green) AIN or AIN-containing compound on
AIN, sapphire or SiC.  It will be appreciated that the
InGaN/sapphire combination and other solid state LED
combinations described above can have substrates with
high optical transmissivity  and produce high optical
powers. These properties can be important for a number
of reasons, including providing electronic display
designers the ability to create very  wide viewing
angles up to approximately 160 degrees, and increasing
display visibility for viewers in oncoming traffic.
[0101] Illustrative examples-of metal-activated
phosphors that can be used  consistent with 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.
Display of Commercial Advertising and Other Content
,[Oa 02-1_E.I.G- skt2wss_a_b14El-diagram of,
s_yslem.2OQfor dire-cLplaccement of  ..commercial
advertisemens,..public. service announcements and
other content on  electronic displays. System 200
includes a network comprising 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, -36 WO 2004/114053 PCT/US2004/016153  and
also at indoor and outdoor locations of high
pedestrian traffic, as well as in  movie theaters,
restaurants, sports arenas, casinos or other suitable
locations.  Thousands of displays, up to 10,000 or
more displays worldwide, may be networked  according
to the present invention. In one embodiment, each
display is a large  (e.g., 23 feet by 33% feet), high
resolution, full color display that provides brilliant
light emission from a flat panel screen, such as a
display device described above  consistent with this
invention. [0103] A customer ofisystem 200, such as an
in-house content provider or an  agent of a consumer
products company, may access a central information
processing station of the system via the Internet
through customer interface web  server 240. Server 240
may have a commerce 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 interface comprising a
high speed dedicated connection to  



module 250. [0104] Following access, the customer can
review. options concerning his  order by reviewing
available advertising time/locations through review
schedule and  purchase time module 260, which permits
the customer to see what time is available
on.ar_y_d[aplay.in a_geograph cal_.reg
on.(_e,_g..,..throughout the world) 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 image review and
input -37 WO 2004/114053 PCT/US2004/016153  module
270. In parallel, the system operator may provide
public service  announcements and other content to
module 270. The content, whether still image  or
video, can be formatted in NTSC, PAL, SECAM, YUV, YC,
VGA or any other  suitable format. In one preferred
embodiment, the format is VGA, while all other
formats, including but not limited to NTSC, PAL and
SECAM, can be run through the  video converter 280.
[0105] Video & still image review and input module 270
can permit a system  security employee to conduct a
content review to assure that all content meets the'
security and appropriateness standards established by
the system, prior to the  content being read to server
300 associated with each 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 locations  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 cellular network, PCS or other
data transmission at  available frequencies, an
Internet connection, a radio/radio pulse transmission,
a -38 WO 2004/114053 PCT/US2004/016153  high speed
optical fiber, and a physical delivery of digitally
stored information  medium. [0107].The video
converter/scalar and video controller functions
provided by  module 280 may be utilized in connection
with servers 300 and associated  displays 230 that
require them, according to data transmission and
required  reformatting practices well known in the
art. [0108] Verification that advertisements do, in
fact, run at the intended time at  the intended
displays may be provided by an information storage
module (not  shown) linked to each display. Another
form of verification may be achieved by  digital
camera and traffic count recorder 320 that
continuously records the content  appearing at its
respective display 230 and digitally transmits 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
verification archives module 350. [0109] Information
from verification archives module 350' can be used by
demographic analysis module 360 and market analysis
module 370 to generate  information for reports for
customers 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 the
advertisement,  the content of the advertisement, the
traffic count and residence/median income  information
about those who saw the advertisement. -39 WO
2004/114053 PCT/US2004/016153  [0110] A
representative, simplified report for an advertisement
provided to a.  single display is shown in FIG. 5. A
representative, simplified report for an advertisement
provided to multiple displays (e.g., 100 displays) is
shown in FIG. 6:  [0111] Module 390 can also produce
bills that may be transmitted by phone  lines for a
debit payment such as a direct bank draft, or other
suitable payment  mode. [0112] FIG. 4 shows a
perspective view of one preferred form for electronic
display device 230 of FIG. 3. In this embodiment,
display 230 takes the form of a 23  feet by 33'/2 feet
seamless flat screen display including multiple flat
panel display  modules. The panels can use advanced
semiconductor technology, as described  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] It-will be appreciated that split screen images
may be displayed on  displays 230. In a simple
application, a still image advertisement can be one
half  corporate logo and one half scenery. Beyond this
application, split screen capability  can be used to
present a portion of the image as a corporate logo, or
the like, and  the remainder either real time (or near
real time) video or still frame. For example, a
.previously .qualif ed. customer with. acceptable
internal content review procedures  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 the like, in conjunction with
the  customer's corporate logo. This display may be
achieved by utilizing high speed  servers 300 or by
bypassing the servers altogether. High speed still
image or video -40 WO 2004/114053 PCT/US2004/016153
transfer may be facilitated by compression techniques
such as JPEG and MPEG II,  known in the art. [0114]
While advertising scheduling and purchasing may take
place as  described above where customers directly
purchase time from available slots  according to a
fixed fee schedule, it will be appreciated that
alternative modes may be used. For example, an auction
system, such as the one offered by eBay Inc., of  San
Jose, California may be used where all previously
purchased slots and all  unsold slots are auctioned
through a bid process (a "total" auction).
Additionally, a  limited auction can be used where
time may be purchased and booked for a set  price, but
all time not purchased at the set price becomes
available through auction  at a fixed time before the
run time, for example, one month before run time.
[0115] As another alternative for a portion of the
available 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 display of the
customer's advertisements at "best available rate"
pricing. This could take  advantage of last minute
availability of time slots and other 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 -41  WO 2004/114053
PCT/US2004/016153  RAM. This approach may be utilized
to transmit information to displays at any  desired
location, for example, to remote locations, to movie
theaters, etc. Distribution of Movies in Digital Form
to Movie Theaters [0117] FIG. 7 shows a block diagram
of illustrative system 420 for distribution  of movie
content in digital form to movie theaters. System 420
includes a network  connecting plurality of electronic
movie display devices 430, which may be located in
movie theaters of customers of system 420. The movie
theaters may be "single  screen" theaters, which have
only one display device 430, such as small art houses.
The theaters may also be smaller theaters with only
two or three screens up to large  mega-theaters having
twenty or more display devices 430. Electronic movie
display  devices 430 may take several forms, each of
which is fully capable of displaying  



movies to an audience of 50-100 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 operator,  may
access a central information processing station of the
system via the Internet  through customer interface
web server 440. 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
dedicated connection to module 450. Following access,
the 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 -42 WO 2004/114053
PCT/US2004/016153  movies are available, and
thereafter schedule and purchase a movie for display
utilizing one or more display devices 430. [0119]
Following scheduling and purchasing, the
customer-ordered movie is  transmitted to server 400,
which can be associated with the customer's movie
theater. In one embodiment, servers are located at
respective displays 430 and  each can have a-backup.
An example of a suitable server is the IBM RS/60.00
server. [0120] Means for transmitting digital movie
content to the movie theaters can  take a number of
forms, with it being understood that any form, or
combination  thereof, can be used at various
communication links of the network. - In one  



embodiment consistent with this invention associated
with the distribution of digital  movies, a satellite
uplink/downlink system can be used to transmit high
speed,  compressed, non-real time data on a plurality
of channels. Each movie theater is in  communication
via a satellite downlink 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 real time transmission  rates, so that
approximately 4000 movies per day can be transmitted
and are  -available-for.-movie th.eater--reception
The..server.(e.g..,. a storage device), which  may be
located at each movie theater, is programmed at the
time the theater owner  places an order for a movie to
receive and store the particular movie when it is
transmitted so that it can be available for screening
at the theater at the desired  time. -43 WO
2004/114053 PCT/US2004/016153  [0122] In addition to
the above described satellite transmission system,
other transmission systems (for example, those shown
in FIG. 3) may be used either with  real time or
non-real time transmission. Thus, using a proprietary
network of the  present invention, a movie theater
operator can schedule over the Internet the  movies
that operator wants to receive to his or her
server(s). [0123] Movie input470 can be any source of
digital movie content, such as a  server, a
combination of servers, or a connection` to an
off-site storage device. Input 470 can be programmed
to provide movie content to servers 400 upon receipt,
for example, of purchasing information from module
460. Verification unit 455  



verifies that movie content is either being provided
or has been provided to devices 430. Upon
verification, billing and royalty report generation
module 490 can  be used to perform various ministerial
bookkeeping and accounting functions,  including the
generation of billing and royalty reports. [0124]
Movies can be encoded so that they only play on a
proprietary  operating system.. The operating system
preferably has a modem that can be  queried by the
system's billing system on a periodic basis to bill
the account. By  continuously or periodically
providing significant content through the satellite
transmission system, movie producers, or other content
owners, always have their  -content available-for sale
.Because-the-system-can::include::its_own-receiver,.
server,  -and- proprietary software-system.that
supports the-digital-display (e.g., a digital
projection unit), the encoded content transmitted to
each theater can be protected  from piracy. -44 WO
2004/114053 PCT/US2004/016153  [0125] In addition to
the transmission techniques described above, it will
be appreciated that the system may operate utilizing a
"platter" of CD-ROM, DVD-RAM,  DVD-ROM, tapes, or the
like, on site at each server that is associated with
each  display device 430. [0126] As stated above, any
suitable type of digital movie display device can  be
used in movie theaters that are customers of system
420. Examples include: 1. A large, seamless,
substantially flat screen LED display device having
relatively low power LEDs suitable for low ambient
light conditions of a  movie theater. 



2. A high resolution, full color display device
utilizing high power LEDs  providing a light source
for an LCD shutter-type screen as described in  U.S.
Patent No. 5,724,062, which is incorporated by
reference herein. 3. A projection system based on
digital light processing ("DLPTM")  :echnology
developed by Texas Instruments Incorporated,, of
Dallas,  Texas. Complete electronic movie display
systems utilizing the DLPTM  :echnology are sold by
various manufacturers, including Runco  International
of Hayward, California, which sells, for example,
those  sold 'under the trademark ReflectionT"' DLPTM
projection systems,  ineIuding=-medel=No VX7. 4:-
A-digital, lat-panel,-full.color---movie-screen.
using- reflective _LCD  technology developed, for
example, by Hughes/JVC and Reflective  Technology
Industries Limited, of Winsford, Cheshire. -45 WO
2004/114053 PCT/US2004/016153  [0127] DLP(r)
technology is a digital display solution that is
particularly.well suited for large display devices.
During operation, a light source emits white light
that passes through a color.wheel as it travels to the
surface of a panel of micro- mirrors. Typically, the
panel includes hundreds of thousands of separately
addressable micro-mirrors that are spaced less than
one micron apart, resulting in  a 90% fill factor. The
color wheel filters (i.e., prism) the light into red,
green, and  blue, from which a single-chip DLPTM
projection system can create millions colors. [0128] A
DLPTM system is known to provide exceptional
brightness that  increases with resolution, and is
less susceptible to degradation compared with  



many other large screen display solutions.
Nonetheless, conventional DLPTM  projection systems
generally use inefficient, and therefore very hot, arc
lamps to  generate light and such lamps have limited
lifetimes and must be. replaced regularly.  Moreover,
the output spectrum of such a lamp tends to shift and
weaken over time.  Furthermore, the high temperatures
that normally occur during operation of DLPTM  systems
also tend to degrade the micro-mirror panel. [0129]
Thus, consistent with another aspect of this
invention, a DLPTM  projection system is provided that
includes a solid-state light source. The light  source
can be made using an ultraviolet-stimulated phosphor
compound that emits  substantially white light.
Alternatively, the light source can be 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 groups of semiconductor light  emitting
diodes that each emits the desired dominant and peak
wavelength. These -46 WO 2004/114053 PCT/US2004/016153
devices can optionally be-combined with a fourth
UV-stimuateld device, to form a  single white light
source. These semiconductor devices can employ
materials such  as pigments and dyes in plastic to
effectively provide a cutoff filter or more  commonly
a bandpass filter to regulate the spectral
distribution of light. In any case, the composite of
the individual light sources can be formulated to
mimic the human biological responsivity to visible
light for a given ambient light  condition. The term
"condition" can refer to the spectral distribution of
optical power  versus wavelength. For example, at high
ambient light conditions where the eye is  



less responsive (i.e., exhibits high biological
responsivity) to blue light, more blue  light can be
added to provide a proper color relative to a baseline
image that may  have been produced under lower ambient
lighting conditions. Furthermore, systems consistent
with this invention can incorporate one or  more
photodetecting devices and/or filters for monitoring
ambient conditions. In one  embodiment, the devices
can form one or more solid-state spectrophotometers
located in the viewing area to provide feedback for
adjusting the projection system  and the display
generally. Thus, in first step, a measurement of the
viewing room's  ambient light level 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..:,the.-proj.ectio:n_ ya.te.m._:Once the curve has
been identified, the light source  output-spectrum
.can..ba appropriately adjusted to optimize..the
projected image and  to obtain a more accurate color
composition, which may measured against a
predetermined standard. The advantage of this
normalization method is that -47 WO 2004/114053
PCT/US2004/016153  accurate color compositions and
brightness levels can be achieved in any room,
regardless of its ambient light. Moreover, such
projection systems is provided that includes
micro-mirrors  made from materials that are tolerant
of high temperatures and exhibit minimal  degradation
after extended exposure to high temperatures. Wide
energy band gap  materials having gaps are especially
useful for this purpose, although appropriately  doped
relatively narrow band gap materials can also be used.
For example, high-,  temperature versions of silicon
that are appropriately doped to operate repeatedly at.



high temperatures could be used. Also, 6H SiC, 4H SiC,
SiO, GaN-based alloys,  AIN-based alloys, GaAs-based
alloys (but these may not be preferably due to lower
thermal conductivity), InP-based alloys, and even
diamond-based alloys. 'These can  be grown using
homo-epitaxial or hete.ro-epitaxial methods,-with or
without an  appropriate buffer layer. [0130] FIG. 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
server 540, network security router/access  module
550, review schedule. and purchase time module 560,
video & still image  r-eview:-and-input
modole--5-70.,-vid.eo_conver-ter.-58.0.rservers-6.00.,
digital-camera and  traffic-count-recorders-52.0,
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  -48 WO 2004/114053
PCT/US2004/016153  image review and input module 570
can transmit advertising content (such as
movie-related advertising content) to displays 530 in
the manner described above in  connection with the
embodiment shown in FIG. 3 and transmit movie content
in a  digital format to electronic movie display
device 532, which may be located at a  movie
theater,-via server 602. [0132] FIGS. 9 and 10 show
additional embodiments of the invention in which
electronic display devices (e.g., devices 230 and 430)
in the form of electronic  



billboards adjacent roadways are used in conjunction
with point-of-purchase display  units 223 located in,
for example, retail stores. According to this
embodiment, an  advertiser, such as a chain of retail
stores, can place advertisements on selected  roadside
display devices (e.g., devices 230 and 430),
optionally at particular  geographic locations or
within a particular geographical region, to inform
potential  consumers of special values or promotional
items at one or more places of business  of the
advertisers. [0133] For example, as shown in FIGS. 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 advertisement can,
for  examp.le,~.nfczrrr_Ldonsum_ers~hat`c.~rteir~~te
ms_~a.r..e_:on.~aLe__at.,the~~m.p_an_y's_.a rea
sto.res,_sh~uvn_~n.FLG_.__9..,_uarious_pr.Qu_cts__an~.
.dai~y_.v~lues.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. -49
WO 2004/114053 PCT/US2004/016153  [0134] The
advertisement at roadway-adjacent display device can
also provide the location(s) of the company's local
stores by street address, by map  location, or both.
In conjunction with this highway-adjacent billboard
advertising  method, the advertiser, Home Building
Depot, can use point-of-purchase display  devices at
the local stores that tie into the billboard
advertisement. For example,  such a tie can be made by
repeating the special sale items and prices and
directing.  the customers to the store aisles where
the particular products can be found. In one  



embodiment, point-of-purchase display device 223 can
take the form of an electronic  display device (e.g.,
as described above), or electronic ink display devices
sold  under the trademark IMMEDIATM by E-Ink
Corporation of Cambridge,  Massachusetts. [0135]
Electronic ink display devices can hold text'for an
extended period of  time without consuming power and
the message can be changed virtually instantly  to a
new message. 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 other
stores or the company's headquarters,  other than to
assure that the point-of-purchase displays 223 are
coordinated with the  company's roadway advertisements
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 billboard
advertisements  through system-200. For example,
coordination of content between. roadway adjacent
displays 230 and point-of-purchase display device 223
or electronic movie  -50 WO 2004/114053
PCT/US2004/016153  display device 532 can be achieved
by using such display devices that have a  format and
display content that is controlled through a network
from a personal  computer. This control can be
achieved through system 200 (or system 500), in  which
case devices 223 or display device 532 can be part of
the network of  electronic display devices (e.g.,
FIGS. 3 and 8), with data transmission being carried
out as described above. 



[0137] In this regard, because of the small amount of
information needed for  communicating a simple message
for certain.types of electronic point-of-purchase
display devices 223, satellite paging communications
systems can be used to transmit data to display
devices 223. Alternatively, each retailer that uses
system 200 for its roadside sign advertising may
connect display devices 223  through the Internet, a
private intranet, or any other suitable means.
[0138]Thus it is seen that display devices; 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 liquid 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, wherein each of the
luminescent elements  absorbs at least some of the
ultraviolet light and converts it to visible light.
The
display-element=can-also-include-a.-screening--element
b.etwe- en :the-light-source 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. -51 WO
2004/114053 PCT/US2004/016153  [0140] One skilled in
the art will appreciate that the present invention can
be  practiced by other than the described embodiments,
which are presented for purposes of illustration and
not of limitation. For example, roadside or other
electronic displays 230 can take any suitable form
that provides the resolution,  brightness and other
image properties necessaryfor a particular
application, such as  



the use of the above-mentioned electronic ink
displays. The present invention is  limited only by
the claims which follow. -52 WO 2004/114053
PCT/US2004/016153  WHAT IS CLAIMED IS: 1. A display
element for use in a display device, wherein the
element  comprises: a first light source that emits
ultraviolet light; a liquid cry stal 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; 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. 2. The display element of
claim 1 wherein the first light source is a light
emitting diode. 3. The display element of claim 2
wherein the first light source is a  surface-mounted
light source. 4. The display element of claim 2
further comprising a second light  source, and wherein
the light sources emit a substantially equal intensity
of the  visible light on at least one of the
luminescent elements. -53 WO 2004/114053
PCT/US2004/016153  



5. The display element of claim 2 further comprising a
second light  source that emits ultraviolet light. 6.
The display element of claim 5 wherein the second
light source is  active only when the first light
source is inactive. 7. The display element of claim 6
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. 0 8. The display element of claim 1 wherein
the plurality of shutters have a  variable
transmissivity at energies that correspond to the
ultraviolet light. 9. The display element of claim 1
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.
10. The display element of claim 1 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 the luminescent
elements, and wherein each of the sets of the
luminescent elements comprises at least three  -54 WO
2004/114053 PCT/US2004/016153  luminescent elements
that luminesce at different colors when the light is
incident on.  the elements. 11. The display element of
claim 1 further comprising'a screening element
between the light source and the liquid crystal device
that diffuses and collimates the  



light before being incident on the liquid crystal
device. 12. The display element of claim 1 wherein the
shutter has a light source  side and a viewing side,
and wherein the luminescent elements are located on
the  viewing side. 13. The display element of claim 1
wherein the luminescent elements are  disposed on the
liquid crystal device. 14. The display element of
claim 13 wherein the luminescent elements  luminesce
at different colors. 0 15. The display element of
claim 14 wherein the plurality of luminescent
elements _comp.rises_.an _e.l.e.mer t.
that_lumi.nesces..:.su.b.stantially white light. 16.
The display element of claim 14 wherein at least one
of the  luminescent elements comprises a material
selected from a group consisting of a  -55 WO
2004/114053 PCT/US2004/016153  semiconductor, a
phosphor, a gas, a plasma, an organic pigment, an
inorganic  pigment, and any combination thereof. 17.
The display element of claim 16 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; 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. 18. The display element of claim 17
wherein.the photodetector is  positioned such that the
portion of the light is a reflected portion of the
ultraviolet  light. 19.
The._display..ele.ment_of_ol.aim..18 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. -56
WO 2004/114053 PCT/US2004/016153  20. The display
element of claim 17 wherein the controller circuit is
selected from a group consisting of a voltage
controller and a current controller. 21. The display
element of claim 17 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. 22. The display element of claim
1 wherein the regulation circuit  comprises: a
photodetector that detects a portion of the visible
light emitted from the light  source and generates a
first signal that is indicative of an intensity of the
portion of  visible 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. 23. The display element of claim 22 wherein
the photodetector comprises  at least one digital
camera. -57 WO 2004/114053 PCT/US2004/016153  24. The
display element of claim 1 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. 25. The display element of claim I further
comprising an optical protective  filter on a viewer
side of the luminescent elements that filters at least
a portion of the  ultraviolet light. 26. The display
element of claim 25 wherein the filter is selected
from a  group consisting of a coating disposed on the
liquid crystal device and a discrete  filtering
element. 27. The display element of claim I 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, and wherein the  portion
includes a peak visible wavelength of the at least one
of the plurality of.  luminescent elements. 28. A
display device comprising: a plurality of light
sources that emits ultraviolet. light;  a plurality of
independently controllable shutters;  



-58 WO 2004/114053 PCT/US2004/016153 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. 29. The display device of claim 28
wherein the plurality of light sources  comprises a
plurality of light emitting diodes. 30. The display
device of claim 29 wherein the plurality of light
sources are  surface-mounted to a substantially planar
structure. 31. The display device of claim 29 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. 32. The display device of
claim 28 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.
-59 WO 2004/114053 PCT/US2004/016153  33. The display
device of claim 32 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.  34. The display
device of claim 32 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. 35. The
display device of claim 28 wherein each of the
plurality of shutters  comprises a liquid crystal and,
has a variable field-dependent transmissivity at
energies that correspond to the ultraviolet light. 36.
The display device of claim 28 wherein the plurality
of shutters  comprises at least three shutters and
where each of the plurality of luminescent,  elements
comprises at least three luminescent elements that
luminesce at different  colors when the light is
incident on the elements. 37. The display device of
claim 28 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 -60
WO 2004/114053 PCT/US2004/016153  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. 



38. The display device of claim 28 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. 39. The display device of
claim 28 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. 40. The display device of claim 28 wherein each
of the luminescent  elements are disposed on one of
the shutters. 4:1: T.he dasplay_.d.euice:
of.._clai.m__4.0_wherein_-each. of the at least two of
the  .luminescent elements luminesce at a different
color. 42. The display device of claim 41 wherein the,
plurality of luminescent  elements comprises an
element that luminesces substantially white light. -61
WO 2004/114053 PCT/US2004/016153  43. The display
device of claim 41 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. 44.
The display device of claim 28 wherein the regulated
power supply  comprises: a power source; and a
regulation circuit coupled to the power source and the
plurality of light  sources. 



45. The display device of claim 44 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 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
th.e--co-m.r)aralor-circu.i.t-c-o.mo-are-s-th-e.--fi,r
s.t-s.i.gn.als-with-at least-one-baseline'  .signal
an_d.geDerates.second signals that are proportional to
the difference between  the first signals and the at
least one baseline. signal; and -62 WO 2004/114053
PCT/US2004/016153  a controller circuit having at
least one input for receiving the second signals and
at least one output for supplying regulated power
signals to the plurality of light  sources. 46. The
display device of claim 45 wherein the 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. 47. The display device of
claim 44 wherein the controller circuit is selected
from a group consisting of a voltage controller and a
current controller. 48. The display device of claim 28
further comprising a cooling plenum in  thermal
communication with the plurality of light sources. 49.
The display device of claim 28 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. 



50. The display device of claim 49 wherein the
protective filter is a coating  disposed on a viewer's
side of the luminescent elements. 51. The display
device of claim 28 further comprising an optical
stabilizing  filter on a viewer side of at least one
of the plurality of luminescent elements, -63 WO
2004/114053 PCT/US2004/016153  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. 52. The display device of claim
51 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. 53. A calibration method for an electronic
display device, 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
optically aligned with the light source and each of
the shutters, wherein each 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,  and wherein the method comprises:
supplying at least one known power level to at least
one of the plurality of light  sources; measuring a
light intensity that results from the supplying; and
a.djusting.the..power:
su.p.p..Iied--to.I.h.e-at,.least.-on.e_.of
the._p.l.ural:ity_.of_light_  sources. 



54. The calibration method of claim 53 wherein the
measuring comprises  measuring the intensity of light
emitted from the at least one of light sources. -64 WO
2004/114053 PCT/US2004/016153  55. The calibration
method of claim 53 wherein the measuring comprises
measuring the intensity of light emitted by at least
one of the luminescent elements.  56. The calibration
method of claim 53 wherein the at least one of the
plurality of light sources comprises a set of light
sources, and wherein the measuring  comprises
measuring a visible light intensity using a
photodetector. 57. The calibration method of claim 53
wherein the at least one of the  plurality of light
sources comprises a set of light sources, and wherein
the measuring  comprises measuring an ultraviolet
light. intensity using a photodetector. 58. The
calibration method of claim 53 wherein the at least
one of the  plurality of light sources comprises a
plurality of sets of light sources, and wherein  the
measuring comprises measuring a plurality of light
intensities corresponding to  the respective sets of
light sources, 59. The calibration method of claim 58
further comprising comparing the  plurality. of light
intensities and wherein the adjusting comprises
a~ljsting the power  levels using a feedback control
scheme such that the measured light intensities are
substantially the same. -65 WO 2004/114053
PCT/US2004/016153  60. The calibration method of claim
59 wherein the light intensities are selected from a
group consisting of ultraviolet light intensities
emitted from the sets  



of light sources and visible light intensities
generated by the sets of luminescent  elements. 61.
The calibration method of claim 53 wherein the
comparing comprises:  comparing the visible light
intensities to a threshold intensity; determining
which of the luminescent elements have visible
intensities that  are below the threshold intensity;
and storing the location of the luminescent elements
that are below the threshold  intensity. 62. The
calibration method of claim 53 wherein the measuring
and  adjusting comprises periodically adjusting and
comprising. 63. The calibration method of claim 53
wherein the measuring comprises  monitoring an
electrical metric that corresponds to the light
intensity, wherein the  metric is'selected from a
group consisting of an electrical resistance of the
light  source_r~lecta! cu[[ent sup~ljd:to.te`1ig_~t
ss~ur_cek 64. The calibration method of claim
53.wherein the measuring is  performed with at least
one digital camera directed at the display device.
-66 WO 2004/114053 PCT/US2004/016153  65. The
calibration method of claim 64 wherein the measuring
is performed with a plurality of digital cameras
directed at different por tions of the  display
device. 66. A system permitting video or still image
content to be displayed on  selected ones of multiple
electronic display devices at selected times according
to.  system customers, wherein the system comprises: 



a network connected to a plurality of electronic
display devices, wherein at  least one of the devices
comprises: 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 each 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; and  at least one
central information processing station comprising: a
customer interface permitting the system customers to
access the  system, me_ans._-for_pe.r_mittin.g.
th.e_s_ystem.customers to review options  concerning
orders, means for permitting the system customers
to'place an order for  display of visual content on at
least one of the electronic display devices, and  -67
WO 2004/114053 PCT/US2004/016153  means for
transmitting the content to the at least one of the
electronic  display devices. 67. The system of claim
66 wherein the electronic display devices are  located
in outdoor or indoor high traffic areas for
advertising purposes, wherein the  content comprises
advertising content, and wherein the central
information  processing station includes means for
receiving advertising content from the system
customers. 



68. The system of claim 66 wherein the electronic
display devices are  located in movie theaters,
wherein the content comprises movies in digital form,
and  wherein the system customers comprise movie
theater operators. 69. A system for the distribution
of movie content owned by content  providers and for
display of the movie content in digital movie theaters
according to  the dictates of movie theater operators
who are system customers; wherein the  system
comprises: a network connected to a plurality of
electronic movie display devices in  movie theaters,
wherein each of the devices comprises: a plurality of
light sources that emits ultraviolet light,  a
plurality of independently controllable shutters,  -68
WO 2004/114053 PCT/US2004/016153  a plurality of
luminescent elements optically aligned with each of
the shutters, wherein each 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; and
at least one'central information processing station
including:. a customer interface permitting system
customers to access the  system, means permitting a
system customer to review movie content available  in
digital form to the customer, means permitting the
customer to schedule and purchase movie  content for
display on at least one of the electronic movie
display devices, and  



means for transmitting the movie content to the
customer's movie theater  location. 70. The system of
claim 69 wherein the display devices are selected from
the group consisting of LED displays, LCD shutter-type
display screens, digital light  processing systems,
reflective LCD display devices, and any combination
thereof.  7.1.._. Aethod_ofowtoan
utravi,olet=stirn-ulated._display device, wherein the
display device comprises: a plurality of light sources
that emits  ultraviolet light, a plurality of
independently controllable shutters, a luminescent
element optically aligned with each of the shutters,
wherein the luminescent element  absorbs at least some
of the ultraviolet light and converts it to visible
light; and a -69 WO 2004/114053 PCT/US2004/016153
regulated power supply for supplying power to the
light source, the method  comprising: receiving
information that at least identifies a set of
luminescent elements;.  determining a plurality of
light sources that should be powered to illuminate
the set of luminescent elements during a period of
time; and distributing power to the plurality of light
sources during that period of time.  72. The method of
claim 71 wherein the receiving information comprises
receiving a set of desired visible light intensities
for each of the luminescent elements in the set. 73.
The method of claim 72, wherein the determining
comprises  determining a set of power levels for each
of the plurality of light sources. 74. The method of
claim 73 wherein the determining further comprises  



determining a set of shutter openings for each of the
shutters associated with the set  of luminescent
elements. 75.. Then el od otclaim7._3 wherein.the
determining comprises  determining a
power_distribution scheme that comprises simultaneous
distribution,  sequential distribution, and a
combination thereof. -70 WO 2004/114053
PCT/US2004/016153 76. The method of claim 75 wherein
the determining comprises  determining a sequential
power distribution scheme and wherein the distributing
comprises supplying a power level to each of the
plurality of light sources in  accordance with the
sequential power distribution scheme, such that the
power level  supplied to a first of the light sources
is different from the power level supplied to a
second of the light sources during the period of time.
77. The method of claim 76 wherein the period of time
comprises a first  period and a second period, and
wherein the distributing comprises: supplying a power
level to the first light source during the first
period; and  supplying a power level to the second
light source during the second period.  78. The method
of claim 77 wherein the period of time is less than
about 1/30th of a second. 79. The method of claim 71
wherein the device further comprises a master
controller, and wherein the determining further
comprises coordinating at least one  shutter position
using the master controller. 80. The method of claim
71 wherein the regulated power supply comprises  a
light source 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. -71  






