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MULTILAYERED FLUORESCENT SCREENS FOR SCANNING BEAM DISPLAY
SYSTEMS
[0001] This application claims the benefit of U.S. Patent
Application No. 11/514,720 entitled “Multilayered Fluorescent
Screens for Scanning Beam Display Systems” and filed August
31, 2006. The Application No. 11/514,720 in turn claims the
benefits of U.S. Provisional Application No. 60/800,870
entitled “Display Systems Using Fluorescent Screens Including
Fluorescent Screens With Prismatic Layer” and filed May 15,
2006, and PCT Patent Application No. PCT/US2006/11757 entitled
“Display Systems Having Screens With Optical Fluorescent
Materials” and filed March 31, 200¢6.
[0002] This application also claims the benefits of (1)
U.S. Provisional Application No. 60/800,870 entitled “Display
Systems Using Fluorescent Screens Including Fluorescent
Screens With Prismatic Layer” and filed May 15, 2006, (2) U.S.
Provisional Application No. 60/896,483 entitled “Scanning Beam
Display Systems Using Fluorescent Screens With Reflective
Features” and filed March 22, 2007, and (3) U.S. Provisional
Application No. 60/910,797 entitled “Fluorescent Screens With
Metalized Stripe Dividers For Scanning Beam Display Systems”
and filed April 9, 2007.
[0003] The entire disclosures of the above applications are
incorporated by reference as part of the specification of this
application.
BACKGROUND

[0004] This application relates to display systems that use
screens with fluorescent materials to emit colored light under
optical excitation, such as laser-based image and video
displays and screen designs for such displays.
[0005] Many image and video displays are designed to directly
produce color images in different colors, such as red, green
and blue and then project the color images on a screen. Such
systems are often referred to as “projection displays” where

the screen is simply a surface to make the color images
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visible to a viewer. Such projection displays may use white
light sources where white beams are filtered and modulated to
produce images in red, green and blue colors. Alternatively,
three light sources in red, green and blue may be used to
directly produce three beams in red, green and blue colors and
the three beams are modulated to produce images in red, green
and blue. Examples of such projection displays include
digital light processing (DLP) displays, liquid crystal on
silicon (LCoS) displays, and grating light wvalve (GLV)
displays. Notably, GLV displays use three grating light
valves to modulate red, green and blue laser beams,
respectively, and use a beam scanner to produce the color
images on a screen. Another example of laser-based projection
displays is described in U.S. Patent No. 5,920,361 entitled
“Methods and apparatus for image projection.” Projection
displays use optical lens systems to image and project the
color images on the screen.

[0006] Some other image and video displays use a “direct”
configuration where the screen itself includes light-producing
color pixels to directly form color images in the screen.

Such direct displays eliminate the optical lens systems for
projecting the images and therefore can be made relatively
smaller than projection displays with the same screen sizes.
Examples of direct display systems include plasma displays,
liquid crystal displays (LCDs), light-emitting-diode (LED)
displays (e.g., organic LED displays), and field-emission
displays (FEDs). Each color pixel in such direct displays
includes three adjacent color pixels which produce light in
red, green and blue, respectively, by either directly emit
colored light as in LED displays and FEDs or by filtering
white light such as the LCDs.

[0007] These and other displays are replacing cathode-ray tube
(CRT) displays which dominated the display markets for decades
since its inception. CRT displays use scanning electron beams

in a vacuum tube to excite color phosphors in red, green and
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blue colors on the screen to emit colored light to produce
color images. Although CRT displays can produce vivid colors
and bright images with high resolutions, the use of cathode-
ray tubes places severe technical limitations on the CRT
displays and leads to dramatic decline in demand for CRT
displays in recent years.

SUMMARY
[0008] The specification of this application describes,
among others, fluorescent screens, and display systems and
devices based on such screens using at least one excitation
optical beam to excite one or more fluorescent materials on a
screen which emit light to form images. The fluorescent
materials may include phosphor materials and non-phosphor
materials such as guantum dots.
[0009] In one example, a display screen includes parallel
screen layers which are engaged to form a planar stack and
include a fluorescent layer absorbing excitation light at an
excitation wavelength to emit visible light at a different
visible wavelength, and a prismatic layer including a
plurality of prism elements which receive and couple the
excitation light to the fluorescent layer.
[0010] In another example, a display screen includes screen
layers which are engaged to form a planar stack and include a
fluorescent layer including parallel fluorescent stripes and
absorbing excitation light at an excitation wavelength to emit
visible light at a different and visible wavelength. The
screen layers also include parallel stripe dividers each
located between two adjacent fluorescent stripes. Each strip
divider includes side walls that are reflective and opagque to
the emitted visible light to optically isolate two adjacent
fluorescent stripes. A dielectric layer is included to be in
contact with the stripe dividers and spaced from the
fluorescent layer to form a gap between the dielectric layer

and each fluorescent stripe.
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[0011] In another example, a display screen includes a screen
substrate, and a fluorescent layer formed over the screen
substrate to include parallel fluorescent stripes which absorb
excitation light to emit visible light. The excitation light
and the visible light are at different wavelengths. The
display screen also include parallel stripe dividers each
located between two adjacent fluorescent stripes, and a
dichroic layer formed over the screen substrate to receive the
excitation light. The dichroic layer transmits the excitation
light and reflects the visible light.

[0012] In another example, a display screen includes a
fluorescent layer which includes parallel fluorescent stripes
that absorb excitation light to emit wvisible light. The
excitation light and the visible light are at different
wavelengths. An entrance layer is formed on a first side of
the fluorescent layer to receive the excitation light and to
direct the excitation light to the fluorescent layer. A
filter layer is also formed a second side of the fluorescent
layer opposing the first side. This filter layer is formed of
a material that transmits the visible light with an
attenuation uniform over a spectral range of the visible
light.

[0013] In another example, a display screen includes a
fluorescent layer that absorbs excitation light to emit
visible light; and a first layer on a first side of the
fluorescent layer operable to transmit the excitation light
and to reflect the visible light. The first layer includes a
prismatic layer which comprises prism elements.

[0014] In another example, a display screen includes a
fluorescent layer that absorbs excitation light to emit white
light, and an array of color filters adjacent to the
fluorescent layer to receive the emitted white light and to
filter the white light to transmit colored light. Each color
filter transmits a designated color and absorbs light of other

colors. Each designated color for one color filter is
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different from a designated color transmitted by a neighboring
color filter.

[0015] In yet another example, a display screen includes
screen layers which are engaged to form a planar stack. The
planar stack includes a fluorescent layer comprising parallel
fluorescent stripes, parallel stripe dividers each located
between two adjacent fluorescent stripes, a dielectric layer
in contact with the fluorescent stripes and the stripe
dividers to couple the excitation light into the fluorescent
stripes, a filter layer comprising parallel filter stripes
each aligned to a corresponding fluorescent stripe along a
direction perpendicular to the screen layers and positioned to
place the fluorescent layer between the dielectric layer and
the filter layer, a second dielectric layer between the
fluorescent layer and the filter layer, and second parallel
stripe dividers each located between two adjacent filter
stripes and in contact with the second dielectric layer. The
fluorescent layer absorbs excitation light at an excitation
wavelength to emit visible light at wavelengths different from
the excitation wavelength. Each stripe divider are reflective
and opaque to the emitted visible light to optically isolate
two adjacent fluorescent stripes. In the filter layer, at
least three adjacent filter stripes are respectively made of a
first filter material to transmit first visible light of a
first color while absorbing light of other colors including a
second color and a third color, a second filter material to
transmit second visible light of the second color while
absorbing light of other colors including the first and the
third colors, and a third filter material to transmit third
visible light of the third color while absorbing light of the
other colors including the first and the second colors.

[0016] In yet another example, a display screen includes a
first dielectric layer that transmits excitation light at an
excitation wavelength; a fluorescent layer having parallel

fluorescent stripes and absorbing the excitation light to emit
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visible light at a different and visible wavelength; and a
second dielectric layer spaced from the fluorescent stripes by
an air gap. The second dielectric layer at least partially
transmits the visible light. The fluorescent layer is
positioned between the first and second dielectric layers.
[0017] In yet another example, a display screen includes a
fluorescent layer comprising parallel fluorescent stripes, and
parallel stripe dividers each located between two adjacent
fluorescent stripes to separate the two adjacent fluorescent
stripes. Each fluorescent stripe emits visible light under
illumination of excitation light that optically excites the
fluorescent stripe and each stripe divider includes beads that
reflect the excitation light as feedback light.

[0018] In yet another example, a display screen includes a
fluorescent layer comprising parallel fluorescent stripes,
parallel stripe dividers each located between two adjacent
fluorescent stripes to separate the two adjacent fluorescent
stripes, parallel prism stripes formed over and in alignment
with the parallel stripe dividers, respectively. Each
fluorescent stripe emits visible light under illumination of
excitation light that optically excites the fluorescent
stripes. Each prism stripe is structured to reflect the
excitation light as feedback light.

[0019] In yet another example, a display screen includes a
substrate having a flat surface, parallel fluorescent stripes
formed on the flat surface and separated from one another by a
gap between two adjacent fluorescent stripes, and a metal
coating covering peripheral portions of each of the
fluorescent stripes and the gaps over the flat surface between
the fluorescent stripes to expose a central portion of each
fluorescent stripe.

[0020] Methods of fabricating display screens are disclosed.
For example, a method for making a display screen includes
forming a plurality of parallel fluorescent stripes on a flat

surface of a substrate where the stripes are separated from
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one another by a gap between two adjacent fluorescent stripes.
A metal coating is deposited to completely cover the
fluorescent stripes and to cover the gaps between the
fluorescent stripes over the flat surface. A layer of the
metal coating and a portion of each fluorescent stripe are
removed to expose a central portion of each fluorescent stripe
while maintaining at least the metal coating at peripheral
portions of each fluorescent stripe.
[0021] These and other examples and implementations are
described in detail in the drawings, the detailed description,
and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG. 1 shows an example scanning laser display system
having a fluorescent screen made of laser-excitable
fluorescent materials (e.g., phosphors) emitting colored
lights under excitation of a scanning laser beam that carries
the image information to be displayed.
[0023] FIGS. 2A and 2B show one example screen structure and
the structure of color pixels on the screen in FIG. 1.
[0024] FIG. 3A shows an example implementation of the laser
module in FIG. 1 having multiple lasers that direct multiple
laser beams on the screen.
[0025] FIG. 3B shows an example implementation of a post-
objective scanning beam display system.
[0026] FIG. 4 illustrates an example screen having a
fluorescent stripe layer with fluorescent stripes for emitting
red, green and blue colors under optical excitation of the
scanning excitation light.
[0027] FIG. 5 shows an example fluorescent layer with
fluorescent stripes formed on a supporting substrate.
[0028] FIG. 6 shows an example of a fluorescent screen with
two dichroic layers.
[0029] FIGS. 7A and 7B illustrate two screen examples based on

the screen design in FIG. 6.
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[0030] FIG. 8 shows a fluorescent screen design with a
contrast enhancement layer.

[0031] FIG. 9 shows a fluorescent screen design with a
contrast enhancement material composition in each fluorescent
stripe.

[0032] FIG. 10 illustrates an example of a fluorescent screen
design that has a contiguous and uniform layer of mixed
phosphors that emits white light.

[0033] FIGS. 11 and 12 show a fluorescent screen design with a
Fresnel lens layer to direct scanning input excitation light
to the fluorescent screen.

[0034] FIG. 13 shows a prismatic layer as an entrance layer
for scanning excitation light in a fluorescent screen.

[0035] FIG. 13A illustrates an operation of the prismatic
layer in FIG. 13.

[0036] FIG. 14 shows a high-index layer as an entrance layer
for scanning excitation light in a fluorescent screen.

[0037] FIGS. 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 and 25
show various screen designs.

[0038] FIG. 26 shows an implementation of a low-index
dielectric layer such as an air gap on the viewer side of the
fluorescent layer in a fluorescent screen to improve the image
quality of the fluorescent screen.

[0039] FIG. 27 illustrates one example of a fluorescent screen
having optically reflective stripe dividers that provide servo
feedback light.

[0040] FIG. 28 illustrates one example of reflective stripe
dividers for various screen designs in this application.

[0041] FIGS. 29A and 29B illustrate two examples of bead
designs for the beads used in the stripe dividers 3720 in FIG.
28.

[0042] FIG. 30 illustrates one example of reflective stripe
dividers in FIG. 27 where a prism stripe is placed on top of
the dielectric layer over each stripe divider to overlap with

the underlying stripe divider.
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[0043] FIGS. 31A, 31B and 31C illustrate an example of a
screen design with metalized stripe dividers and the
fabrication process.
[0044] FIGS. 32 and 33 shows examples of screens having
metalized stripe dividers based on the design in FIGS. 31A,
31B and 31C.
[0045] FIG. 34 shows an example of a screen with metalized
stripe dividers containing reflective beads.

DETAILED DESCRIPTION
[0046] This application describes scanning beam display
systems that use screens with fluorescent materials to emit
light under optical excitation to produce images, including
laser video display systems. Various examples of screen
designs with fluorescent materials are described. Screens
with phosphor materials under excitation of one or more
scanning excitation laser beams are described in detail and
are used as specific implementation examples of optically
excited fluorescent materials in various system and device
examples in this application.
[0047] In one implementation, for example, three different
color phosphors that are optically excitable by the laser beam
to respectively produce light in red, green, and blue colors
suitable for forming color images may be formed on the screen
as pixel dots or repetitive red, green and blue phosphor
stripes in parallel. Various examples described in this
application use screens with parallel color phosphor stripes
for emitting light in red, green, and blue to illustrate
various features of the laser-based displays.
[0048] Phosphor materials are one type of fluorescent
materials. Various described systems, devices and features in
the examples that use phosphors as the fluorescent materials
are applicable to displays with screens made of other
optically excitable, light-emitting, non-phosphor fluorescent
materials. For example, quantum dot materials emit light

under proper optical excitation and thus can be used as the
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fluorescent materials for systems and devices in this
application. More specifically, semiconductor compounds such
as, among others, CdSe and PbS, can be fabricated in form of
particles with a diameter on the order of the exciton Bohr
radius of the compounds as guantum dot materials to emit
light. To produce light of different colors, different
quantum dot materials with different energy band gap
structures may be used to emit different colors under the same
excitation light. Some quantum dots are between 2 and 10
nanometers in size and include approximately tens of atoms
such between 10 to 50 atoms. Quantum dots may be dispersed
and mixed in various materials to form liquid solutions,
powders, jelly-like matrix materials and solids (e.g., solid
solutions). Quantum dot films or film stripes may be formed
on a substrate as a screen for a system or device in this
application. 1In one implementation, for example, three
different gquantum dot materials can be designed and engineered
to be optically excited by the scanning laser beam as the
optical pump to produce light in red, green, and blue colors
suitable for forming color images. Such guantum dots may be
formed on the screen as pixel dots arranged in parallel lines
(e.g., repetitive sequential red pixel dot line, green pixel
dot line and blue pixel dot line).

[0049] Examples of scanning beam display systems described
here use at least one scanning laser beam to excite color
light-emitting materials deposited on a screen to produce
color images. The scanning laser beam is modulated to carry
images in red, green and blue colors or in other visible
colors and is controlled in such a way that the laser beam
excites the color light-emitting materials in red, green and
blue colors with images in red, green and blue colors,
respectively. Hence, the scanning laser beam carries the
images but does not directly produce the visible light seen by
a viewer. Instead, the color light-emitting fluorescent

materials on the screen absorb the energy of the scanning
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laser beam and emit visible light in red, green and blue or
other colors to generate actual color images seen by the
viewer.

[0050] Laser excitation of the fluorescent materials using one
or more laser beams with energy sufficient to cause the
fluorescent materials to emit light or to luminesce is one of
various forms of optical excitation. In other
implementations, the optical excitation may be generated by a
non-laser light source that is sufficiently energetic to
excite the fluorescent materials used in the screen. Examples
of non-laser excitation light sources include wvarious light-
emitting diodes (LEDs), light lamps and other light sources
that produce light at a wavelength or a spectral band to
excite a fluorescent material that converts the light of a
higher energy into light of lower energy in the visible range.
The excitation optical beam that excites a fluorescent
material on the screen can be at a frequency or in a spectral
range that is higher in frequency than the frequency of the
emitted visible light by the fluorescent material.
Accordingly, the excitation optical beam may be in the violet
spectral range and the ultra violet (UV) spectral range, e.g.,
wavelengths under 420 nm. In the examples described below, UV
light or a UV laser beam is used as an example of the
excitation light for a phosphor material or other fluorescent
material and may be light at other wavelength.

[0051] FIG. 1 illustrates an example of a laser-based display
system using a screen having color phosphor stripes.
Alternatively, color phosphor dots may also be used to define
the image pixels on the screen. The system includes a laser
module 110 to produce and project at least one scanning laser
beam 120 onto a screen 101. The screen 101 has parallel color
phosphor stripes in the vertical direction where red phosphor
absorbs the laser light to emit light in red, green phosphor
absorbs the laser light to emit light in green and blue
phosphor absorbs the laser light to emit light in blue.
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Adjacent three color phosphor stripes are in three different
colors. One particular spatial color sequence of the stripes
is shown in FIG. 1 as red, green and blue. Other color
sequences may also be used. The laser beam 120 is at the
wavelength within the optical absorption bandwidth of the
color phosphors and is usually at a wavelength shorter than
the visible blue and the green and red colors for the color
images. As an example, the color phosphors may be phosphors
that absorb UV light in the spectral range from about 380 nm
to about 420 nm to produce desired red, green and blue light.
The laser module 110 can include one or more lasers such as UV
diode lasers to produce the beam 120, a beam scanning
mechanism to scan the beam 120 horizontally and vertically to
render one image frame at a time on the screen 101, and a
signal modulation mechanism to modulate the beam 120 to carry
the information for image channels for red, green and blue
colors. Such display systems may be configured as rear
projection systems where the viewer and the laser module 110
are on the opposite sides of the screen 101. Alternatively,
such display systems may be configured as front projection
systems where the viewer and laser module 110 are on the same
side of the screen 101.

[0052] FIG. 2A shows an exemplary design of the screen 101 in
FIG. 1. The screen 101 may include a rear substrate 201 which
is transparent to the scanning laser beam 120 and faces the
laser module 110 to receive the scanning laser beam 120. A
second front substrate 202, is fixed relative to the rear
substrate 201 and faces the viewer in a rear projection
configuration. A color phosphor stripe layer 203 is placed
between the substrates 201 and 202 and includes phosphor
stripes. The color phosphor stripes for emitting red, green
and blue colors are represented by “R”, “G” and “B,”
respectively. The front substrate 202 is transparent to the
red, green and blue colors emitted by the phosphor stripes.

The substrates 201 and 202 may be made of various materials,
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including glass or plastic panels. Each color pixel includes
portions of three adjacent color phosphor stripes in the
horizontal direction and its vertical dimension is defined by
the beam spread of the laser beam 120 in the vertical
direction. As such, each color pixel includes three subpixels
of three different colors (e.g., the red, green and blue).

The laser module 110 scans the laser beam 120 one horizontal
line at a time, e.g., from left to right and from top to
bottom to fill the screen 101. The laser module 110 is fixed
in position relative to the screen 101 so that the scanning of
the beam 120 can be controlled in a predetermined manner to
ensure proper alignment between the laser beam 120 and each
pixel position on the screen 101.

[0053] In FIG. 2A, the scanning laser beam 120 is directed at
the green phosphor stripe within a pixel to produce green
light for that pixel. FIG. 2B further shows the operation of
the screen 101 in a view along the direction B-B perpendicular
to the surface of the screen 101. Since each color stripe is
longitudinal in shape, the cross section of the beam 120 may
be shaped to be elongated along the direction of the stripe to
maximize the fill factor of the beam within each color stripe
for a pixel. This may be achieved by using a beam shaping
optical element in the laser module 110. A laser source that
is used to produce a scanning laser beam that excites a
phosphor material on the screen may be a single mode laser or
a multimode laser. The laser may also be a single mode along
the direction perpendicular to the elongated direction
phosphor stripes to have a small beam spread that is confined
by the width of each phosphor stripe. Along the elongated
direction of the phosphor stripes, this laser beam may have
multiple modes to spread over a larger area than the beam
spread in the direction across the phosphor stripe. This use
of a laser beam with a single mode in one direction to have a
small beam footprint on the screen and multiple modes in the

perpendicular direction to have a larger footprint on the
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screen allows the beam to be shaped to fit the elongated color
subpixel on the screen and to provide sufficient laser power
in the beam via the multimodes to ensure sufficient brightness
of the screen.

[0054] Each of the fluorescent stripes in the fluorescent
screen 101 in various examples described in this application
is a fluorescent stripe that emits a designated color under
optical excitation and can be a fluorescent stripe formed of a
particular fluorescent material that emits the designed color
as shown in the example in FIG. 2A. Alternatively, a
fluorescent stripe can be constructed by a combination of a
stripe color filter over a contiguous and uniform white
fluorescent layer that is made of mixed phosphors that emit
white light under optical excitation of the excitation light
120. Hence, a filter layer of color filters, such as stripes
of red-transmitting, green-transmitting and blue-transmitting
filters, is placed on the viewer side of the mixed phosphor
layer to filter the white light and to produce colored output
light. The details of the construction of the fluorescent
stripes are described in a later section of this specification
with reference to FIG. 10. In this context, a fluorescent
layer has a composite structure with a filter layer and a
contiguous fluorescent layer that emits white light.

[0055] Referring now to FIG. 3A, an example implementation of
the laser module 110 in FIG. 1 is illustrated. A laser array
310 with multiple lasers is used to generate multiple laser
beams 312 to simultaneously scan the screen 101 for enhanced
display brightness. A signal modulation controller 320 is
provided to control and modulate the lasers in the laser array
310 so that the laser beams 312 are modulated to carry the
image to be displayed on the screen 101. The signal
modulation controller 320 can include a digital image
processor that generates digital image signals for the three
different color channels and laser driver circuits that

produce laser control signals carrying the digital image
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signals. The laser control signals are then applied to
modulate the lasers, e.g., the currents for laser diodes, in
the laser array 310.

[0056] The beam scanning can be achieved by using a scanning
mirror 340 such as a galvo mirror for the vertical scanning
and a multi-facet polygon scanner 350 for the horizontal
scanning. A scan lens 360 can be used to project the scanning
beams form the polygon scanner 350 onto the screen 101. The
scan lens 360 is designed to image each laser in the laser
array 310 onto the screen 101. Each of the different
reflective facets of the polygon scanner 350 simultaneously
scans N horizontal lines where N is the number of lasers. 1In
the illustrated example, the laser beams are first directed to
the galvo mirror 340 and then from the galvo mirror 340 to the
polygon scanner 350. The output scanning beams 120 are then
projected onto the screen 101. A relay optics module 330 is
placed in the optical path of the laser beams 312 to modify
the spatial property of the laser beams 312 and to produce a
closely packed bundle of beams 332 for scanning by the galvo
mirror 340 and the polygon scanner 350 as the scanning beams
120 projected onto the screen 101 to excite the phosphors and
to generate the images by colored light emitted by the
phosphors.

[0057] The laser beams 120 are scanned spatially across the
screen 101 to hit different color pixels at different times.
Accordingly, each of the modulated beams 120 carries the image
signals for the red, green and blue colors for each pixel at
different times and for different pixels at different times.
Hence, the beams 120 are coded with image information for
different pixels at different times by the signal modulation
controller 320. The beam scanning thus maps the time-domain
coded image signals in the beams 120 onto the spatial pixels
on the screen 101. For example, the modulated laser beams 120
can have each color pixel time equally divided into three

sequential time slots for the three color subpixels for the
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three different color channels. The modulation of the beams
120 may use pulse modulation techniques to produce desired
grey scales in each color, a proper color combination in each
pixel, and desired image brightness.

[0058] In one implementation, the multiple beams 120 are
directed onto the screen 101 at different and adjacent
vertical positions with two adjacent beams being spaced from
each other on the screen 101 by one horizontal line of the
screen 101 along the wvertical direction. For a given position
of the galvo mirror 340 and a given position of the polygon
scanner 350, the beams 120 may not be aligned with each other
along the vertical direction on the screen 101 and may be at
different positions on the screen 101 along the horizontal
direction. The beams 120 can only cover one portion of the
screen 101. At a fixed angular position of the galvo mirror
340, the spinning of the polygon scanner 350 causes the beams
120 from N lasers in the laser array 310 to scan one screen
segment of N adjacent horizontal lines on the screen 101. At
end of each horizontal scan over one screen segment, the galvo
mirror 340 is adjusted to a different fixed angular position
so that the vertical positions of all N beams 120 are adjusted
to scan the next adjacent screen segment of N horizontal
lines. This process iterates until the entire screen 101 is
scanned to produce a full screen display.

[0059] In the above example of a scanning beam display
system shown in FIG. 3A, the scan lens 360 is located
downstream from the beam scanning devices 340 and 350 and
focuses the one or more scanning excitation beams 120 onto the
screen 101. This optical configuration is referred to as a
“pre-objective” scanning system. In such a pre-objective
design, a scanning beam directed into the scan lens 360 is
scanned along two orthogonal directions. Therefore, the scan
lens 360 is designed to focus the scanning beam onto the
screen 101 along two orthogonal directions. In order to

achieve the proper focusing in both orthogonal directions, the
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scan lens 360 can be complex and, often, are made of multiples
lens elements. In one implementation, for example, the scan
lens 360 can be a two-dimensional f-theta lens that is
designed to have a linear relation between the location of the
focal spot on the screen and the input scan angle (theta) when
the input beam is scanned around each of two orthogonal axes
perpendicular to the optic axis of the scan lens. In such a
f-theta lens, the location of the focal spot on the screen is
a proportional to the input scan angle (theta).

[0060] The two-dimensional scan lens 360 such as a f-theta
lens in the pre-objective configuration can exhibit optical
distortions along the two orthogonal scanning directions which
cause beam positions on the screen 101 to trace a curved line.
Hence, an intended straight horizontal scanning line on the
screen 101 becomes a curved line. The distortions caused by
the 2-dimensional scan lens 360 can be visible on the screen
101 and thus degrade the displayed image quality. One way to
mitigate the bow distortion problem is to design the scan lens
360 with a complex lens configuration with multiple lens
elements to reduce the bow distortions. The complex multiple
lens elements can cause the final lens assembly to depart from
desired f-theta conditions and thus can compromise the optical
scanning performance. The number of lens elements in the
assembly usually increases as the tolerance for the
distortions decreases. However, such a scan lens with complex
multiple lens elements can be expensive to fabricate.

[0061] To avoid the above distortion issues associated with
a two-dimensional scan lens in a pre-objective scanning beam
system, the following sections describe examples of a post-
objective scanning beam display system, which can be
implemented to replace the two-dimensional scan lens 360 with
a simpler, less expensive l-dimensional scan lens. U.S.
Patent Application No. 11/742,014 entitled “POST-OBJECTIVE
SCANNING BEAM SYSTEMS” and filed on April 30, 2007 (U.S.

Patent Publication No. ) describes examples of
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post-objective scanning beam systems suitable for use with
phosphor screens described in this application and is
incorporated by reference as part of the specification of this
application. The screen designs described in this application
can be used in both post-objective and pre-objective scanning
beam display systems.

[0062] FIG. 3B shows an example implementation of a post-
objective scanning beam display system based on the system
design in FIG. 1. A laser array 310 with multiple lasers is
used to generate multiple laser beams 312 to simultaneously
scan a screen 101 for enhanced display brightness. A signal
modulation controller 320 is provided to control and modulate
the lasers in the laser array 310 so that the laser beams 312
are modulated to carry the image to be displayed on the screen
101. The beam scanning is based on a two-scanner design with
a horizontal scanner such as a polygon scanner 350 and a
vertical scanner such as a galvanometer scanner 340. Each of
the different reflective facets of the polygon scanner 350
simultaneously scans N horizontal lines where N is the number
of lasers. A relay optics module 330 reduces the spacing of
laser beams 312 to form a compact set of laser beams 332 that
spread within the facet dimension of the polygon scanner 350
for the horizontal scanning. Downstream from the polygon
scanner 350, there is a 1-D horizontal scan lens 380 followed
by a vertical scanner 340 (e.g., a galvo mirror) that receives
each horizontally scanned beam 332 from the polygon scanner
350 through the 1-D scan lens 380 and provides the vertical
scan on each horizontally scanned beam 332 at the end of each
horizontal scan prior to the next horizontal scan by the next
facet of the polygon scanner 350. The vertical scanner 340
directs the 2-D scanning beams 390 to the screen 101.

[0063] Under this optical design of the horizontal and
vertical scanning, the 1-D scan lens 380 is placed downstream
from the polygon scanner 140 and upstream from the vertical

scanner 340 to focus each horizontal scanned beam on the
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screen 101 and minimizes the horizontal bow distortion to
displayed images on the screen 101 within an acceptable range,
thus producing a visually “straight” horizontal scan line on
the screen 101. Such a 1-D scan lens 380 capable of producing
a straight horizontal scan line is relatively simpler and less
expensive than a 2-D scan lens of similar performance.
Downstream from the scan lens 380, the vertical scanner 340 is
a flat reflector and simply reflects the beam to the screen
101 and scans vertically to place each horizontally scanned
beam at different vertical positions on the screen 101 for
scanning different horizontal lines. The dimension of the
reflector on the vertical scanner 340 along the horizontal
direction is sufficiently large to cover the spatial extent of
each scanning beam coming from the polygon scanner 350 and the
scan lens 380. The system in FIG. 3B is a post-objective
design because the 1-D scan lens 380 is upstream from the
vertical scanner 340. 1In this particular example, there is no
lens or other focusing element downstream from the vertical
scanner 340.

[0064] Notably, in the post-objective system in FIG. 3B,
the distance from the scan lens to a location on the screen
101 for a particular beam varies with the vertical scanning
position of the vertical scanner 340. Therefore, when the 1-D
scan lens 380 is designed to have a fixed focal distance along
the straight horizontal line across the center of the
elongated 1-D scan lens, the focal properties of each beam
must change with the wvertical scanning position of the
vertical scanner 380 to maintain consistent beam focusing on
the screen 101. 1In this regard, a dynamic focusing mechanism
can be implemented to adjust convergence of the beam going
into the 1-D scan lens 380 based on the vertical scanning
position of the vertical scanner 340.

[0065] For example, in the optical path of the one or more
laser beams from the lasers to the polygon scanner 350, a

stationary lens and a dynamic refocus lens can be used as the
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dynamic focusing mechanism. Each beam is focused by the
dynamic focus lens at a location upstream from the stationary
lens. When the focal point of the lens coincides with the
focal point of the lens, the output light from the lens is
collimated. Depending on the direction and amount of the
deviation between the focal points of the lenses, the output
light from the collimator lens toward the polygon scanner 350
can be either divergent or convergent. Hence, as the relative
positions of the two lenses along their optic axis are
adjusted, the focus of the scanned light on the screen 101 can
be adjusted. A refocusing lens actuator can be used to adjust
the relative position between the lenses in response to a
control signal. 1In this particular example, the refocusing
lens actuator is used to adjust the convergence of the beam
directed into the 1-D scan lens 380 along the optical path
from the polygon scanner 350 in synchronization with the
vertical scanning of the wvertical scanner 340. The vertical
scanner 340 in FIG. 3B scans at a much smaller rate than the
scan rate of the first horizontal scanner 350 and thus a
focusing variation caused by the vertical scanning on the
screen 101 varies with time at the slower vertical scanning
rate. This allows a focusing adjustment mechanism to be
implemented in the system of FIG. 1 with the lower limit of a
response speed at the slower vertical scanning rate rather
than the high horizontal scanning rate.

[0066] The stripe design in FIG. 2B for the fluorescent
screen 101 in FIGS. 1, 3A and 3B can be implemented in various
configurations. FIG. 2A shows one example which places the
fluorescent layer 203 such as a color phosphor stripe layer
between two substrates 201 and 202. In a rear projection
system, it is desirable that the screen 101 couple as much
light as possible in the incident scanning excitation beam 120
into the fluorescent layer with while maximizing the amount of
the emitted light from the fluorescent layer that is directed

towards the viewer side. A number of screen mechanisms can be
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implemented, either individually or in combination, in the
screen 101 to enhance the screen performance, including
efficient collection of the excitation light, maximization of
fluorescent light directed towards the viewer side,
enhancement of the screen contrast and reduction the screen
glare. The structure and materials of the screen 101 can be
designed and selected to meet constraints on cost and other
requirements for specific applications.

[0067] FIG. 4 illustrates an example screen 101 having a
fluorescent stripe layer with fluorescent stripes for emitting
red, green and blue colors under optical excitation of the
scanning excitation light. A number of screen features are
illustrated as examples and can be selectively implemented in
specific screens. Hence, a particular fluorescent screen
having only some of the features illustrated in FIG. 4 may be
sufficient for a particular display application.

[0068] The fluorescent screen 101 in FIG. 4 includes at
least one substrate layer 424 to provide a rigid structural
support for various screen components including a fluorescent
layer 400. This substrate layer 424 can be a thin substrate
or a rigid sheet. When placed on the viewer side of the
fluorescent layer 400 as illustrated in FIG. 4, the substrate
layer 424 can be made of a material transparent or partially
transparent to the visible colored light emitted by the
fluorescent stripes 401, 402, 403. A partial transparent
material can have a uniform attenuation to the visible light
including the three colors emitted by the fluorescent stripes
to operate like an optical neutral density filter. The
substrate layer 424 can be made of a plastic material, a glass
material, or other suitable dielectric material. For example,
the substrate layer 424 may be made of an acrylic rigid sheet.
The thickness of the substrate layer 424 may be a few
millimeters in some designs. In addition, the substrate layer
424 may be made reflective and opaque to the excitation light

of the excitation beam 120 to block the excitation light from
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reaching the viewer and to recycle the unabsorbed excitation
light back to the fluorescent layer 400.

[0069] The substrate layer 424 can also be located on the
other side of the fluorescent layer 400. Because the
excitation beam 120 must transmit through the substrate layer
424 to enter the fluorescent layer 400, the material for the
substrate layer 424 should be transparent to the excitation
light of the excitation beam 120. In addition, the substrate
layer 424 in this configuration may also be reflective to the
visible light emitted by the fluorescent layer 400 to direct
any emitted wvisible light coming from the fluorescent layer
400 towards the viewer side to improve the brightness of the
displayed images.

[0070] The fluorescent layer 400 includes parallel
fluorescent stripes with repetitive color patterns such as
red, green and blue phosphor stripes. The fluorescent stripes
are perpendicular to the horizontal scan direction of the
scanning excitation beam 120 shown in FIG. 1. As illustrated
in FIG. 4 and in FIG. 2B, each display pixel on the screen
includes three subpixels which are portions of adjacent red,
green and blue stripes 401, 402 and 402. The dimension of
each subpixel along the horizontal direction is defined by the
width of each stripe and the dimension along the vertical
direction is defined by the beam width along the wvertical
direction. A stripe divider 404, which can be optically
reflective and opaque, or optically absorbent, may be formed
between any two adjacent fluorescent stripes to minimize or
reduce the cross talk between two adjacent subpixels. As a
result, the smearing at a boundary between two adjacent
subpixels within one color pixel and between two adjacent
color pixels can be reduced, and the resolution and contrast
of the screen can be improved. The sidewalls of each stripe
divider 404 can be made optically reflective to improve the

brightness of each subpixel and the efficiency of the screen.
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[0071] The above basic structure of the substrate layer 424
and the fluorescent layer 400 can be used as a building block
to add one or more screen elements to enhance various
properties and the performance of the screen. The fluorescent
layer 400 is an optically active layer in the context that the
excitation light at the excitation wavelength is absorbed by
the fluorescent materials and is converted into visible
fluorescent light of different colors for displaying the
images to the viewer. In this regard, the fluorescent layer
400 is also the division between the “excitation side” and the
“viewer side” of the screen where the optical properties of
the two sides are designed very differently in order to
achieve desired optical effects in each of two sides to
enhance the screen performance. Examples of such optical
effects include, enhancing coupling of the excitation beam 120
into the fluorescent layer, recycling reflected and scattered
excitation light that is not absorbed by the fluorescent layer
400 back into the fluorescent layer 400, maximizing the amount
of the emitted visible light from the fluorescent layer 400
towards the viewer side of the screen, reducing screen glare
to the viewer caused by reflection of the ambient light,
blocking the excitation light from existing the screen towards
the viewer, and enhancing the contrast of the screen. Various
screen elements can be configured to achieve one or more of
these optical effects. Several examples of such screen
elements are illustrated in FIG. 4.

[0072] Referring to FIG. 4, at the entry side of the screen
facing the excitation beam 120, an entrance layer 411 can be
provided to couple the excitation beam 120 into the screen
101. A Fresnel lens layer can be used as this entrance layer
411 to control the incidence direction of the scanning
excitation beam 120. A prismatic layer or a high-index
dielectric layer can also be used as part of the entrance
layer 411 to recycle light back into the screen including the
excitation light and the emitted visible light by the
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fluorescent layer. To improve the brightness of the screen to
the viewer, a first dichroic layer 412 (D1l) can be placed in
the path of the excitation beam 120 upstream from the
fluorescent layer 400 to transmit light at the wavelength of
the excitation beam 120 and to reflect visible light emitted
by the fluorescent layer 400. The first dichroic layer 412
can reduce the optical loss of the fluorescent light and thus
enhances the screen brightness. On the viewer side of the
fluorescent layer 400, a second dichroic layer 421 (D2) can be
provided to transmit the visible light emitted by the
fluorescent layer 400 and to reflect light at the wavelength
of the excitation beam 120. Hence, the second dichroic layer
421 can recycle the excitation light that passes through the
fluorescent layer 400 back to the fluorescent layer 400 and
thus increases the utilization efficiency of the excitation
light and the screen brightness.

[0073] On the viewer side of the fluorescent layer 400, a
contrast enhancement layer 422 can be included to improve the
screen contrast. The contrast enhancement layer 422 can
include color-selective absorbing stripes that spatially
correspond to and align with fluorescent stripes in the
fluorescent layer 400 along the direction perpendicular to the
screen layers. The color-selective absorbing stripes
therefore transmit light in respective colors of the
fluorescent stripes and absorb light in colors of other
fluorescent stripes, respectively. Alternatively, the
contrast enhancement layer 422 can be an optical neutral
density filter layer that uniformly attenuates the visible
light to reduce the glare of the screen due to the reflection
of the ambient light. This neutral density filtering function
may also be implemented in one or more other layers on the
viewer side of the fluorescent layer 400, including the
substrate layer 424.

[0074] In addition, the screen can include a screen gain

layer 423 on the viewer side of the fluorescent layer 400 to
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optically enhance the brightness and viewing angle of the
screen. The gain layer 423 may include a lenticular layer
with lens elements, a diffractive optic layer of diffractive
elements, a holographic layer with holographic elements, or a
combination of these and other structures. The spatial
sequence of the layers 423, 422 and 421 on the viewer side of
the fluorescent layer 400 may be different from what is shown
in FIG. 4.

[0075] Furthermore, an excitation blocking layer 425 can be
placed on the viewer side of the fluorescent layer 400 to
block any excitation light from exiting the screen to the
viewer side. This layer can be implemented by a material that
transmits the visible light and absorbs the excitation light.
For example, a polyester based color filter can be used as
this layer to block the excitation light which may be
radiation from 400-415 nm. In some implementations, this
blocking filter may have transmission below 410nm less than
0.01%, while having greater than 50% transmission above 430
nm. The neutral density filtering function can also be
incorporated in this layer, e.g., having a uniform attenuation
to the visible light between 430 nm and 670 nm. This blocking
function can be incorporated into the substrate layer 424.
[0076] FIG. 5 shows an example fluorescent layer 400 formed
on a supporting substrate 501. The fluorescent layer 400 has
fluorescent stripes where adjacent three stripes are 401, 402,
403 for emitting red, green and blue colors, respectively.

The supporting substrate 501 includes parallel raised lands
502 as stripe dividers to divide the surface into parallel
channels in which the fluorescent materials are placed to form
the fluorescent stripes 401, 402, 403, etc. The sidewalls of
the raised lands 502 physically separate the different
fluorescent stripes and can be made optically reflective and
opaque to block crosstalk or color mixing between two adjacent
fluorescent stripes that emit two different colors,

respectively. The reflective sidewalls of the raised lands
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502 prevent loss of light emitted in each fluorescent stripe.
In addition, the parallel channels formed between the raided
lands 502 can be used to control the volume of the fluorescent
material deposited during the formation of the fluorescent
layer.

[0077] FIG. 6 shows an example of a fluorescent screen with
two dichroic layers 412 and 421. A fluorescent layer 610
includes different fluorescent or phosphor layers for
different colors are formed at different layers and do not
overlap with one another. As illustrated, each layer includes
patterned phosphor regions of the same phosphor for one color
and non-phosphor regions 620 with a filler material that is
transparent. The dividers 404 for reducing color crosstalk
may be physically printed with color phosphors, or contained
in separate layers. The multi-layer structure of the
fluorescent layer 610 may be implemented in different
configurations. For example, a host substrate can be used to
support different phosphors where non-overlapping phosphor
patterns are coated on either side of the substrate. This
design of the phosphor layers allows different phosphor layers
to be individually fabricated and laminated together by, e.g.,
using a suitable optical adhesive or an optical pressure-
sensitive film. A substrate or rigid sheet 630 is located on
the excitation side of the fluorescent layer 610 to support
the various layers of the screen and can be made from, e.g.,
acrylic, rigid optical plastic material, a stretched membrane,
and a glass material. An anti-reflection (AR) layer 640 can
be formed on the surface of the substrate 630 through which
the excitation beam 120 enters the screen.

[0078] Turning now specifically to the dichroic layers 412
and 421 in FIG. 4, the first dichroic layer D1 412 can prevent
loss of light emitted from the fluorescent layer 400 towards
the excitation side and reflect the emitted light towards the
viewer side. The second dichroic layer 421 (D2) is to

transmit the visible light and to reflect light at the
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wavelength of the excitation laser light 120. This screen
design with the two dichroic layers 412 and 421 can
effectively confine the excitation light such as UV light
within the fluorescent layer 400 so that the unabsorbed
excitation light, after passing through the fluorescent layer
400, is reflected back by the dichroic layer 421 (D2) to
continue interacting with the fluorescent materials in the
fluorescent layer 400 to improve the utility efficiency of the
excitation light. 1In addition, the wvisible light emitted by
the fluorescent layer 400, which originally tends to be in all
directions, is directed by the dichroic layer 412 (D1l) towards
the viewer side of the screen to be viewed by a viewer without
leaking to the excitation side of the screen. Accordingly,
the overall utility efficiency of the emitted light and the
brightness of the screen can be enhanced.

[0079] FIGS. 7A and 7B illustrate two screen examples based
on the above screen design. A substrate 701 is provided to
support the dichroic layers 412, 421 and the fluorescent layer
400. FIG. 7A shows an example where the substrate 701 is on
the side of the dichroic layer 421 so that the emitted light
exits the screen through the substrate 701. FIG. 7B shows an
example where the substrate 701 is on the side of the dichroic
layer 412 and the incident excitation beam 120 enters the
screen through the substrate 701. In one example, the
excitation beam 120 can be UV laser light around 405 nm. The
D1 layer 412 reflects visible light with a wavelength greater
than 430 nm and transmits UV light with a wavelength shorter
than 415 nm or 400 nm. In this example, the D2 layer 421
reflects UV light with a wavelength shorter than 415 nm or
even less than 400 nm and transmits visible light with a
wavelength greater than 430 nm. Anti-reflection (AR) coatings
may be used to further enhance the efficiency of the screen.
[0080] The configuration in FIG. 7A provides better
transmission properties for the excitation light such as UV

light, a minimum back reflection towards the excitation side,
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and allows the substrate 701 to act as a shield from the user

interface side. The configuration in FIG. 7B allows the
substrate 701 to be treated to form an optical diffractive
element and other optical features in the entrance layer 411
to improve the coupling and recycling of the excitation light.

A hard protective surface, a lacquer layer or

e.g.,
capsulation layer may be formed on the viewer or user side of
the screen to protect the screen from handling and

environmental conditions.

TABLE 1
CONSTRUCTION 1st 2nd layer 3" layer 4™ Layer 5th 6™
TYPE Layer Layer Layer
Surface D1 Phosphor D2 s AR
Incident
Surface L D1 Phosphor D2 s AR
Incident
Substrate AR Substrate D1 Phosphor D2 L
Incident
Substrate AR Substrate D1 Phosphor D2 AR
Incident
[0081] TABLE 1 shows four examples of 6-layer screens where

the layers are labeled 1 through 6 in the spatial order from
the excitation side to the viewer side of the screen. One or
more phosphors are used to form the fluorescent layer and a

capsulation layer such as a lacquer layer (L) is used to
protect the overall screen structure from handling and

environmental conditions. The substrate may be made of a
plastic or glass material and, when located on the viewer side
of the fluorescent layer, is capable of transmitting light in

the spectral range of the visible light, 400-800 nm.

e.g.,

Anti-reflective (AR) coating layers are also included in these
examples.

[0082] Each of the above dichroic layers D1 (412) and D2
(421) may be implemented in various configurations. For large

format displays, such a dichroic layer may be made of
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relatively inexpensive materials and be relatively easy to
manufacture. Multiple dielectric layers can be designed to
construct various wavelength-selective optical filters by
controlling the refractive indices and the physical thickness
values of the layers. For example, multiple layers of
alternating high and low index dielectric layers may be
designed to achieve desired wavelength-selective reflection
and transmission spectra. Multiple sheets of films with
different refractive indices may be laminated or fused
together to construct a composite sheet as the D1 or D2
dichroic layer. 1In some implementations, multiple layers of
two different materials with different indices may be used to
form a composite film stack as D1 or D2 by placing the two
materials in an alternating manner. In other implementations,
three or more different materials with different indices may
be stacked together to form the composite film stack as D1 or
D2. Such a composite sheet for the D1 layer is essentially an
optical interference reflector that transmits the excitation
light (e.g., UV light) and reflects the colored visible light.
The materials for the composite sheets may be organic
materials, inorganic materials or a combination of organic and
inorganic materials that can be rigid or flexible.

[0083] A flexible multi-layer composite sheet may be formed
from polymeric, non-polymeric materials, or polymeric and non-
polymeric materials. Exemplary films including a polymeric
and non-polymeric material are disclosed in U.S. Patent No.
6,010,751 entitled “Method for forming a multicolor
interference coating” and U.S. Patent No. 6,172,810 entitled
“Retroreflective articles having polymer multilayer reflective

(4

coatings,” which are incorporated by reference in their
entirety as part of the specification of this application. An
all-polymer construction for a composite sheet can offer
manufacturing and cost benefits. High temperature polymers
with high optical transmission and large index differentials

can be used to construct the interference filter that is
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environmentally stable, thin and flexible. Coextruded
multilayer interference filters as disclosed in U.S. Patent
No. 6,531,230 entitled “Color shifting film” can be used to
provide precise wavelength selection and can be made as a
filter film in a large area at a relatively low cost. The
entire disclosure of U.S. Patent No. 6,531,230 is incorporated
by reference as part of the specification of this application.
The use of polymer pairs having high index differentials
allows the construction of thin, highly reflective mirrors
that are freestanding without a substrate and can be easily
processed for constructing large screens. Such a composite
sheet is functionally a piece of a multi-layer optical film
(MOF) which can be, e.g., a stack of alternating layers of PET
and co-PMMA to exhibit a normal-incidence reflection band
suitable for screen applications. As an example, an enhanced
specular reflector (ESR) made out of a multilayer polyester-
based film from 3M Corporation may be configured to produce
the desired dichroic reflection and transmission bands for the
present application. Examples for various features of multi-
layer films are described in U.S. Patent No. 5,976,424
entitled “Method for making multilayer optical films having
thin optical layers,” U.S. Patent No. 5,080,467 entitled
“"Biphenyl derivatives for photostabilization in pulsed optical
darkening apparatus and method” and U.S. Patent No. 6,905,220
entitled “Backlight system with multilayer optical film

7

reflector,” all of which are incorporated by reference as part
of the specification of this application.

[0084] The stripe dividers shown in FIGS. 4, 5 and 6
provide physical separation and optical isolation between
different subpixels and can enhance the image contrast by
reducing crosstalk between different subpixels and different
pixels. Such crosstalks are caused by the internal structure
of the screen. Various external factors can also adversely

affect the image contrast and other performance parameters of

the screens. For example, a portion of the ambient light can
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be reflected off the screen and enter a viewer’s eyes along
with the displayed image formed by the emitted fluorescent
light. This reflection of the ambient light towards the
viewer generates a glare on the screen to the viewer and can
reduce the contrast of the image perceived by the viewer. A
contrast enhancement layer, such as the layer 422 in FIG. 4,
can be used to reduce the glare.

[0085] FIG. 8 shows one example of a screen 800 that uses a
contrast enhancement layer 810 on the viewer side of the
fluorescent layer 820. The fluorescent layer 820 such as a
phosphor layer includes parallel phosphor stripes.
Accordingly, the contrast enhancement layer 810 also includes
matching parallel stripes made of different materials. For a
red phosphor stripe 821 that emits red light in response to
excitation by the excitation light (e.g., UV or violet light),
the matching stripe 811 in the contrast enhancement layer 810
is made of a “red” material that transmits in a red spectral
band covering the red light emitted by the red phosphor stripe
821 and absorbs or otherwise blocks other visible light
including the green and blue light. Similarly, for a green
phosphor stripe that emits green light in response to
excitation by UV light, the matching stripe in the contrast
enhancement layer 810 is made of a “green” material that
transmits in a green spectral band covering the green light
emitted by the green phosphor and absorbs or otherwise blocks
other visible light including the red and blue light. For a
blue phosphor stripe that emits blue light in response to
excitation by UV light, the matching stripe in the contrast
enhancement layer 810 is made of a “blue” material that
transmits in a blue spectral band covering the blue light
emitted by the blue phosphor and absorbs or otherwise blocks
other visible light including the green and red light. These
matching parallel stripes in the contrast enhancement layer

810 are labeled as “R,” “G” and “B,” respectively.
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[0086] In this example, the contrast enhancement layer 810
includes different stripe filtering regions that spatially
align with and match respective fluorescent regions along the
direction perpendicular to the screen. Each filtering region
transmits light of a color that is emitted by a corresponding
matching fluorescent region and blocks light of other colors.
Different filtering regions in the layer 810 may be made of
materials that absorb light of other colors different from the
colors emitted by the respective matching fluorescent regions.
Examples of suitable materials include dye-based colorants and
pigment-based colorants. In addition, each filtering region
in the contrast enhancement layer 810 can be a multi-layer
structure that effectuates a band-pass interference filter
with a desired transmission band. Various designs and
techniques may be used for designing and constructing such
filters. U.S. Patent No. 5,587,818 entitled “Three color LCD
with a black matrix and red and/or blue filters on one
substrate and with green filters and red and/or blue filters
on the opposite substrate,” and U.S. Patent No. 5,684,552
entitled “Color liquid crystal display having a color filter
composed of multilayer thin films” describe examples of red,
green and blue filters that may be used in the layer 810 in
the screen 800 in FIG. 8.

[0087] In operation, the excitation light 120 (e.g., UV
light) enters the phosphor layer 820 to excite different
phosphors to emit visible light of different colors. The
emitted visible light transmits through the contrast
enhancement layer 810 to reach the viewer. The ambient 1light
801 incident to the screen 800 enters the contrast enhancement
layer 810 and a portion of the incident ambient light 801 is
reflected towards the viewer by passing through the contrast
enhancement layer 810 for the second time. Therefore, the
total optical output 802 towards the viewer includes image-
carrying colored visible light emitted by the phosphor layer
820 and the reflected ambient light. This reflected ambient
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light does not carry image and thus tends to wash out the
image produced at the phosphor layer 820. Because this
reflected ambient light towards the viewer has passed the
contrast enhancement layer 810 twice and thus has been
filtered and attenuated twice, the intensity of the reflected
ambient light is reduced by approximately two thirds of that
of the received ambient light. As an example, the green and
blue portions of the incident ambient light 801 comprise
approximately two thirds of the flux of the ambient light 801
entering a red subpixel. The green and blue portions of the
incident ambient light 801 are blocked by the contrast
enhancement layer 810. Only the red portion of the ambient
light within the transmission band of the red filter material
in the contrast enhancement layer 810 transmits through the
layer 810 and a part of the transmitted red ambient light is
reflected back to the viewer. This part of the reflected
ambient light is essentially the same color for the subpixel
generated by the underlying color phosphor stripe and thus the
color contrast is not adversely affected.

[0088] In FIG. 8, two adjacent filter stripes in the
contrast enhancement layer 810 can be separated by a stripe
divider 830 made of either an optical reflective and opaque
material or an optical absorbent material. Reflective
dividers 830, like other stripe dividers described in this
application, can be used to maximize the light output of the
screen. For example, reflective white materials such as
barium sulfate or TiO2 pigments can be used to form the stripe
dividers 830. Other lambertian white materials may also be
used to form the stripe dividers 830. The side walls of the
stripe dividers may be a metallized reflective layer. One way
to achieve a highly efficient reflective layer that is thin
for the stripe dividers 830 is to coat a sidewall with a
metallized underlayer and to further place a white pigment
filled layer over the metallized underlayer. Absorbing

dividers 830 can be used to provide color isclation and pixel
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separation but the screen output efficiency may be less than
that of the reflective dividers due to the loss o flight by
absorption of the sidewalls. In some implementations, a
stripe divider 830 can include both reflective and absorbent
portions. For example, a stripe divider 830 can have white
reflective and opaque side walls, a white reflective facet
towards the excitation side of the screen to provide optical
reflection for the servo feedback, and a blackened absorbent
facet towards the viewer side of the screen to reduce
reflection towards the viewer and to improve the contrast.
[0089] The above use of a color-selective absorbent
material in the contrast enhancement layer 810 for each
subpixel to enhance the display contrast can also be
implemented by mixing such a material with the light-emitting
fluorescent material in each subpixel without a separate
contrast enhancement layer. In one implementation, each
phosphor region in the non-overlapping multi-layer design in
FIG. 6 can be formed of a mixture of a fluorescent material
and a color-selective absorbent material that transmits light
emitted by the fluorescent material and absorbs light of other
colors. Hence, the contrast enhancing feature is built into
each subpixel to reduce the reflected ambient light to the
viewer.

[0090] FIG. 9 shows another implementation that uses a
phosphor layer 910 that uses red, green and blue phosphor
materials with built-in contrast-enhancing capability for
emitting red, green and blue light, respectively, in a common
fluorescent layer 910 of parallel fluorescent stripes.
Consider three consecutive red, green and blue phosphor
stripes 911, 912 and 913. The material for the red phosphor
stripe 911 is a mixture of a red phosphor emitting red light
and a red ink or pigment which transmits the red light and
absorbs other light including the green and blue light.
Similarly, the material for the green phosphor stripe 912 is a

mixture of a green phosphor emitting green light and a green
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ink or pigment which transmits the green light and absorbs
other light including the red and blue light; and the material
for the blue phosphor stripe 913 is a mixture of a blue
phosphor emitting blue light and a blue ink or pigment which
transmits the blue light and absorbs other light including the
red and green light. This contrast-enhancing phosphor layer
910 can be combined with various screen designs and
configurations described in this application.

[0091] In some implementations, the contrast enhancement
layer 810 in FIG. 8 can be replaced by a filter layer that
blocks transmission of the excitation light and uniformly
attenuates wvisible light at the visible colors emitted by the
fluorescent layer. Hence, to the excitation light, this
filter layer is opague and prevents any excitation light to
appear on the viewer side of the screen; to the visible 1light,
the filter layer behaves like a neutral density (ND) filter to
attenuate the visible light including the reflected ambient
light. Because ambient light that is reflected towards the
viewer passes through this filter layer twice, the attenuation
to the reflected ambient light is twice as much as the light
generated by the fluorescent layer. Therefore, the contrast
of the images displayed by emitted visible light in the
fluorescent screen is enhanced in comparison with the same
screen without the filter layer. Such an excitation light
blocking ND filter layer can be less expensive than the
contrast enhancement layer 810 formed of color filters. For
example, this excitation light blocking ND filter layer may be
a polyester layer that blocks radiation from 400 nm to 415 nm
with a transmission less than 0.01% for light below 410 nm and
a transmission of greater than 50% for light above 430 nm.

The optical attenuation of the polyester layer can be
approximately uniform for visible light between 430 nm and 670
nm. The actual amount of the attenuation of this filter layer
can be selected based on specific requirements for a

particular screen and may be above 50% in some designs and
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below 50% in other designs. The optical blocking function of
this filter layer may be separately implemented from the
neutral density filtering function. Hence, two separated
layers, one excitation light blocking layer designed to block
the excitation light and another neutral density filter layer
to uniformly attenuates the visible light, can be implemented
on the viewer side of the fluorescent layer in the screen.
[0092] The above described fluorescent screens use
different phosphor materials in different fluorescent stripes
to produce different colors under excitation of the excitation
light. Alternatively, different fluorescent stripes can be
formed by the same fluorescent material that emits white light
and can further include color filters to produce desired
different colors from the fluorescent light. The contrast
enhancement layer 810 in FIG. 8 can be used to implement such
color filters so that each color filter achieves both contrast
enhancement and generation of a designated subpixel color.
[0093] FIG. 10 illustrates an example of a fluorescent
screen design that has a contiguous and uniform layer 1000 of
mixed phosphors. This mixed phosphor layer 1000 is designed
and constructed to emit white light under optical excitation
of excitation light. The mixed phosphors in the mixed
phosphor layer 1000 can be designed in various ways and a
number of compositions for the mixed phosphors that emit white
light are known and documented. Other non-phosphor
fluorescent materials that emit white light can also e used
for the layer 1000. As illustrated, a layer 810 of color
filters, such as stripes of red-transmitting, green-
transmitting and blue-transmitting filters, is placed on the
viewer side of the mixed phosphor layer 1000 to filter the
white light and to produce colored output towards the viewer.
In this example, the layers 1000 and 810 are sandwiched
between substrates 1001 and 1002. The color filters in the
layer 810 may be implemented in various configurations,

including in designs similar to the color filters used in
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color LCD panels. In each color filter region e.g., a red-
transmitting filter, the filter transmits the red light and
absorbs light of other colors including green light and blue
light. Two adjacent color filters may be separated by a
divider 830 such as a reflective or absorbent separator 404.
[0094] The screen structure in FIG. 10 is simpler than
other screen designs with different fluorescent stripes
because the mixed phosphor layer 1000 in FIG. 10 is a
contiguous layer without striped spatial structures. This
construction avoids alignment issues associated with aligning
the filters in layer 810 with respective fluorescent stripes
in the layer 820 in FIG. 8. The substrate 1001 receives the
excitation light and thus can be made of a material
transparent to the excitation light, e.g., violet or UV light.
The substrate 1002 faces the viewer and can be made of a
material transparent to the colored light filtered by the
filters in the layer 810. 1In fabrication, the layer 810 can
be fabricated on the substrate 1002 and the layer 1000 can be
fabricated on the substrate 1001. The two substrates 1001 and
1002 can be engaged to each other to form the screen. At the
output surface of the second substrate 1002, an anti-
reflection coating (AR) may be formed to improve the light
transmission to the viewer. 1In addition, a hard protection
layer may be formed over the second substrate 102 to protect
the screen surface.

[0095] The excitation beam 120 in the above described
systems can enter the fluorescent layer of the screen at a
varying angle during a scan. The scanning causes the incident
angle of the excitation beam 120 to the screen to change
during each horizontal scan across different positions on the
screen. For some screen constructions, the efficiency of the
screens may be sensitive to the incident direction of the
excitation beam 120 and some screen designs prefer the
direction of the excitation beam 120 to be close to the normal

direction to achieve a high efficiency of coupling the
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excitation light into the fluorescent layer. In one
implementation for controlling the incident angle of the
excitation beam 120 to the fluorescent layer, an optical
mechanism may be implemented at the entry to the screen, e.g.,
the entrance layer 411 in FIG. 4, to direct the incident
excitation beam 120 to be normal or approximately normal to
the screen. One example of the entrance layer 411 is a
Fresnel lens layer.

[0096] FIG. 11 shows an example of a screen with a Fresnel
lens layer 1110 formed at the entry side of the screen to
cover the entire area of the screen that receives the
excitation beam 120. The Fresnel lens layer 1110 can be
formed in a dielectric substrate that may be made of, e.g., a
glass or a plastic material. An acrylic plastic material, for
example, may be used to form the Fresnel lens layer 1110. A
dielectric layer 1112 with a different index than the Fresnel
lens layer 1110 can be formed between the Fresnel lens layer
1110 and the remaining portion of the screen to create a
difference in the refractive index from the Fresnel lens layer
1110 to the next layer of the screen, e.g., the first dichroic
layer 412. The layer 1112 can be an air gap or a dielectric
material transparent to the excitation light. The remaining
portion of the screen includes the fluorescent layer 400 and
other layers of the screen. A dichroic filter layer (D1l) 412
on the excitation side of the fluorescent layer 400 can be
implemented. In addition, an encapsulation layer 1120, a
screen gain layer 423, a contrast enhancement layer 422, and a
second dichroic layer D2 421 (a UV blocker) may also be
provided in the screen. An anti-reflection layer 640 can be
formed on the entrance surface of the Fresnel lens layer 1110
for receiving the excitation beam 120 with a minimized loss
due to reflection.

[0097] In some implementations of the screen in FIG. 11,
the first dichroic layer 421 (D1l) can be designed to transmit

light from 405 nm to 410 nm with a transmission of about

~38~



10

15

20

25

30

35

WO 2007/134329 PCT/US2007/068989

99.75% and to reflect visible light from 440 nm to 410 nm with
a reflectivity of about 95%; the anti-reflection layer 640 can
be designed to transmit UV light at 405 nm with a transmission
of about 99.75%. The screen gain layer 423 can be designed to
optically enhance the brightness and enlarge the viewing angle
of the screen and may include a lenticular layer with lens
elements, a diffractive optic layer of diffractive elements, a
holographic layer with holographic elements, or a combination
of these and other structures. The contrast enhancing layer
422 can include a color-selective absorbing pigment or dye
supported in a base medium or matrix in each subpixel to
absorb ambient light and to transmit light in the color of
that subpixel. The spatial order of the encapsulation layer
1120, the screen gain layer 423, the contrast enhancement
layer 422 and the UV-blocking dichroic layer 421 (D2) may vary
with screen designs.

[0098] FIG. 12 illustrates the operation of the Fresnel
lens layer 1110 in FIG. 11. The Fresnel lens layer 1110 has
Fresnel rings and can be configured to redirect the incident
scanning excitation beam 120 via optical diffraction,
refraction or both as the incident excitation beam 1210 that
is approximately normal to the screen. The Fresnel lens layer
1110 can be in a telecentric configuration for the incident
scanning excitation beam 120.

[0099] The above Fresnel lens layer 1110 controls the
incident direction of the excitation beam 120 into the
remaining portion 1220 of the screen. Once the excitation
beam 120 enters the screen, the excitation light should be
fully utilized to excite the fluorescent layer and to generate
visible light for displaying images to the viewer. Inside the
screen, a portion of the excitation light can be redirected
back towards the excitation side of the screen due to
scattering and reflection by various surfaces and other screen
structures within the screen. Such scattered and reflected

excitation light should be recycled by directing it back to
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the fluorescent layer. 1In addition, a portion of the emitted
visible light from the fluorescent layer can also propagate
towards the excitation side of the screen and would cause loss
of the image brightness if not being redirected to the viewer.
[00100] The entrance layer 411 in FIG. 4 can include a
prismatic layer to reflect backward propagating excitation
light and visible light, that propagates towards the entrance
layer from the fluorescent layer, back to the fluorescent
layer. Such a prismatic layer has parallel periodic prism
stripes with apexes of a predetermined apex angle (e.g., 90
degrees) to form angled facets to direct the received
excitation beam 120 into the screen by refraction. Each apex
has two opposing angled facets that refract and reflect light
and hence parallel rays in a common incident direction are
refracted or reflected into two groups of parallel rays into
two directions away from each other. The prismatic layer
reflects light in various directions propagating from the
fluorescent layer of the screen towards the prismatic layer
back to the fluorescent layer by reflection at the angled
facets including the total internal reflection for rays at
incident angles into the angled facets greater than the
critical angle for the total internal reflection angle. The
reflected excitation light is recycled back to the fluorescent
layer to further excite the fluorescent layer and thus the
utilization of the excitation light for generating the visible
fluorescent light is enhanced. 1In addition, the fluorescent
light propagating towards the prismatic layer is also
reflected towards the fluorescent layer and the viewer to
enhance the brightness of the screen perceived by the viewer.
[00101] FIG. 13 shows one implementation of a fluorescent
screen having a prismatic layer 1310 and an adjacent screen
layer 1320 within the screen. The screen layer 1320 can be a
fluorescent layer as shown and can be another layer on the
excitation side of the fluorescent layer. The prismatic layer

1310 includes an array of prism elements 1311, e.g., an array
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of prism stripes having angled facets 1312 with an apex angle
at 90 degrees. The angled facets 1312 are used to receive the
excitation light 120. The width of each prism stripe can be
greater than the wavelength of the excitation light and can be
less than the width of each fluorescent stripe, i.e., the
width of one subpixel of the screen. A cross sectional view
is shown in FIG. 13 where the parallel prism stripes are
perpendicular to the cross section.

[00102] The prismatic layer 1310 can be aligned to place the
prism stripes parallel to the fluorescent stripes in the
fluorescent layer 1320 in a parallel configuration or
perpendicular to the fluorescent stripes in a cross
configuration. 1In each prism stripe, the two angled facets
1312, which intersect with each other at the prism apex 1313,
refract or reflect light parallel rays into two groups of
parallel rays into two different directions in a plane
perpendicular to the prism stripes. In the cross
configuration, the two split beams that are split from the
excitation beam 120 are directed to two locations within the
same fluorescent stripe and hence does not cause spatial
spreading of the excitation light along a direction
perpendicular to the fluorescent stripes. As a result, the
cross configuration can be used to prevent light of the
excitation beam 120 from entering two adjacent fluorescent
stripes at the same time. Recall that the excitation beam 120
is turned on to illuminate one fluorescent stripe to address
one subpixel at a time. When a portion of an optical pulse in
the excitation beam 120 intended to address one fluorescent
stripe is split by the prism stripe and is directed to an
adjacent fluorescent stripe, a cross talk between two adjacent
subpixel occurs and can lead to degradation in color purity
and image resolution. This can occur when the prismatic layer
1310 is in the parallel configuration where the splitting of
the excitation beam 120 by each prism stripe is along the

direction perpendicular to the fluorescent stripes. In the
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parallel configuration, the visible fluorescent light
generated in one fluorescent stripe that propagates towards
the prismatic layer 1310 can also have a higher probability of
being reflected by the angled prim facets into an adjacent
fluorescent stripe.

[00103] FIG. 13A shows operation of a prism stripe 1311 of
the prismatic layer 1310 in coupling the excitation beam 120
into the screen. The two angled facets 1312 are separated
identified as facets 1312A and 1312B which interest at the
apex 1313. 1In the xyz coordinate shown, the prism stripe is
placed to be parallel to the y direction. The excitation beam
120, shown in a normal incidence to the prismatic layer 1310,
is split by the facets 1312A and 1312B as two beams 120A and
120B, respectively. The two beams in the two different
directions arrive the fluorescent layer 400 at two different
locations x1 and x2 along the x direction. This feature of
the prism stripe creates double imaging. Hence, in the cross
configuration where the prism stripes are along the y
direction and the fluorescent stripes in the fluorescent layer
400 are in the x direction, the locations xl1 and x2 are two
different locations along the longitudinal direction of the
fluorescent stripe and thus are the same fluorescent stripe.
In the parallel configuration where the prism stripes and the
fluorescent stripes are parallel and are all along the vy
direction, the two locations x1 and x2 are separated from each
other along the direction perpendicular to the longitudinal
direction of a fluorescent stripe and thus can fall in two
adjacent fluorescent stripes. The amount of the separation
between the two beams 120A and 120B at the fluorescent layer
400 depends on the thickness of the prismatic layer 1310 and
the distance between the fluorescent layer 200 and the
prismatic layer 1310. Both alignment configurations for the
prismatic layer 1310 can be used and the cross configuration
may be preferred in some screen designs. In either

configuration, the thickness of the prismatic layer can be
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minimized to minimize the effect of the double imaging of the
prism stripe on the fluorescent layer.

[00104] The prismatic layer 1310 can be formed in a
dielectric layer that is transparent to the excitation light
120 and has a refractive index n2 greater than the refractive
index nl of the transparent material above the angled facets
1312. The material above the angled facets 1312 can be air or
a low-index transparent material. The material for the
prismatic layer 1310 is selected to have a large refractive
index n2 so that a small critical angle 6. = arcsin(n:/n;) for
the total internal reflection (TIR) is achieved at the angled
facets 1312. The angled facets 1312 is used to receive the
excitation light 120.

[00105] Depending on the screen designs, the screen layer
next to the prismatic layer 1310 can be selected from various
layers, e.g., an air gap, a low index layer with a lower
refractive index than that of the prismatic layer, or a high
index layer with a higher refractive index than that of the
prismatic layer. In the specific example illustrated in Fig.
13, behind the prismatic layer 1310 is a layer 1320 that has a
refractive index n3 that is approximately equal to the
refractive index of the prismatic layer 1310. The index
matching condition reduces undesired optical reflection at the
interface between the prismatic layer 1310 and the layer 1320
and thus reduces the optical loss of the excitation light 120.
The layer 1320 can be a dielectric layer that is transparent
to excitation light 120 and is located between the prismatic
layer 1310 and the fluorescent layer of the screen. The layer
1320 can also be the fluorescent layer which is formed by a
layer of a binder material in which the fluorescent particles
are embedded.

[00106] In operation, the scanning excitation light 120 is
refracted by the angled facets when entering the prismatic
layer 1310 and the refracted excitation light enters the
screen to excite the fluorescent layer which generates visible
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fluorescent light to display images. A portion of the
excitation light that is not absorbed and a portion of the
fluorescent light can propagate towards the prismatic layer
1310. Although such light in all angles is reflected by the
angled facets, a portion of such light can be totally
reflected back into the screen at the angled facets by the
total internal reflection (TIR) for rays with incident angles
greater than the TIR critical angle. The reflected excitation
light is thus recycled by interacting with the phosphor layer
again and causing the phosphor to radiate the fluorescent
light. The reflected fluorescent light is scattered by the
phosphor, a portion of which exits from the viewing side.
Thus, the prismatic layer 1310 improves utilization of the
excitation light and enhances the brightness on the viewing
side of the phosphor screen.

[00107] Notably, the prism apex angle and the index of the
prismatic layer 1310 can be selected so that backward
propagating light rays at or near the normal incidence to the
screen have incident angles at each angled facet 1312 that are
at or greater than the TIR critical angle for that angled
facet 1312. Light ray 1341 as shown is one example of such a
ray and is totally reflected at a respect angled facet 1312.
The normal direction for each angled facet 1312 is different
from the normal direction of the screen and forms an angle
with the normal direction of the screen by one half of the
prism apex angle. Light ray 1342 as shown is incident to an
angled facet 1312 at an angle around one half of the prism
apex angle with respect to the normal direction of the screen
plane and thus is near the normal incidence for that angled
facet 1312. This light ray 1342 thus is partially reflected
and the rest of the light transmits through the prismatic
layer. The transmitted portion of the light ray 1342 is lost
and represents the loss for the screen. As a result, the
prismatic layer 1310 can totally reflect backward propagating

light rays incident at a wide range of angles, including light
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rays at the normal incidence to the screen and large angles.
Light rays incident to the prismatic layer 1310 around the one
half of the prism apex angle, however, are not totally
reflected and are only partially reflected.

[00108] The entrance layer 411 can be implemented by using a
flat layer formed of a high-index material n2 that is
transparent to the excitation light 120 in lieu of the
prismatic layer 1310. FIG. 14 shows an example high-index
layer 1410. The substrate or rigid layer 630 in FIG. 6 is
also an example of such an entrance layer. The entrance
surface of the layer 1410 is flat and the reflection at the
entrance surface 1412 including the TIR can direct both
backward propagating excitation light and the fluorescent
light back into the screen to recycle the excitation light and
to “push” more fluorescent light to the viewer side of the
screen. This function of the flat high-index layer 1410 is
similar to the prismatic layer 1310. The index n2 of the flat
layer 1410 should be as high as possible to make the TIR
critical angle at the entrance surface 1412 as small as
possible to increase the total reflection. Different from the
prismatic layer 1310, the normal direction of the entrance
surface 1412 is the normal direction of the screen and thus
light rays incident at or near the normal incidence to the
screen with incident angles less than the TIR critical angle
at the surface 1412 are partially reflected and partially
transmitted. Light rays with incident angles with respect to
the normal incidence of the screen greater than the TIR
critical angle are totally reflected. 1In certain
implementations of the prismatic layer 1310 in FIG. 13 or the
high-index layer 1410 in FIG. 14 as an entrance layer to the
screen, the index-matched layer 1320 next to the layer 1310 or
1410 may be replaced by a low index layer with an index less
than the player 1310 or 1410, such as an air gap or a low-

index dielectric layer.
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[00109] The above prismatic layer 1310 and the high-index
layer 1410 have different TIR properties, including different
angular responses in reflecting light incident at different
angles. Hence, the prismatic layer 1310 in FIG. 13 and the
high-index layer 1410 in FIG. 14 may be combined together on
the excitation side of the fluorescent layer to increase the
optical throughput of the screen. In one implementation, the
prismatic layer 1310 in FIG. 13 and the high-index layer 1410
in FIG. 14 may be spaced from each other by an air gap or a
low-index layer as the entrance layer for the screen. The
prismatic layer 1310 reflects light at small incident angles
via the total internal reflection while the high-index layer
14109 reflects light at large incident angles via the internal
total reflection. For example, the layers 1310 and 1410 can
be used as part of the entrance layer and are spaced from each
other by a low index layer or an air gap. The prismatic layer
1310 can be the first layer to receive the excitation beam 120
which transmits through the air gap or low-index layer into
the layer 1410 or the layer 1410 can be the first layer to
receive the excitation beam 120 which transmits through the
air gap or low-index layer into the prismatic layer 1310. The
surface 1412 of the layer 1410 is designed to have an TIR
critical angle that is less than the TIR critical angle for
each angled facet 1312 of the prismatic layer 1310 so that
light rays that are partially reflected by the prismatic layer
1310 are totally reflected by the layer 1410. Under this
configuration, the light rays at or near the formal direction
of the screen that are not totally reflected by the layer 1410
are totally reflected by the prismatic layer 1310. Therefore,
this combination of the layers 1310 and 1410 effectuates the
function of the dichroic layer (Dl1) 412. The dichroic layer
(D1) 412, when implemented by a multilayer structure as an
interference filter, may be sensitive to incident angles where
the dichroic function can be performed to light rays at or

near the normal incidence or within a limited angular range
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for the incidence angles. The above combination of layers
1310 and 1410 is not sensitive to the incident angles and
reflect backward propagating light at all angles. 1In
addition, the spectral properties of a multilayer interference
dichroic filter can be limited and can vary with the incident
angles of the beams. The above combination of layers 1310 and
1410 is essentially free of such performance limitations of
the a multilayer interference dichroic filter.

[00110] Fluorescent screens can be designed to combine the
second dichroic layer 421 (D2) on the other side of the
fluorescent layer, the prismatic layer 1310 or the high-index
layer 1410 and the second dichroic layer 421 (D2) to confine a
significant amount of the excitation light to bounce back and
forth through the fluorescent layer between the prismatic
layer 1310 (or the high-index layer 1410) and the second
dichroic layer 421 (D2) to improve the utilization of the
excitation light and the amount of generated fluorescent
light.

[00111] The following sections now describe some specific
fluorescent screen designs that implement selected screen
elements described above.

[00112] FIG. 15 shows a multilayered fluorescent screen that
implements a prismatic layer 1310 to couple excitation light
into a fluorescent layer 1570. The screen includes a
transparent substrate 1510 that faces the viewer side and
transmits the colored light carrying images to the viewer. An
array of opaque subpixel stripe dividers 1520 are formed on
one surface of the transparent substrate 1510 to define the
fluorescent stripes and optically separate adjacent or
neighboring fluorescent stripes (i.e., adjacent subpixels).
The stripe dividers 1520 may be made of a solid opagque film
resist, an ink material printed on the substrate 1510, or an
optical reflective or absorbent material. Between the stripe
dividers 1520 are contrast enhancement color filters 1530

shaped as parallel stripes where three adjacent filers
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transmit three different designated colors, respectively, and
absorb light of other colors different from their designated
colors. Three adjacent filters 1531, 1532 and 1533 are
examples for the filters 1530, where the filter 1531 is a red-
transmitting filter that absorbs light of green and blue, the
filter 1532 is a green-transmitting filter that absorbs light
of red and blue, and the filter 1533 is a blue-transmitting
filter that absorbs light of green and red. The operation and
effect of the filters 1530 in combination with the fluorescent
layer 1570 having fluorescent stripes emitting different
fluorescent colors are described with reference to FIG. 8.
[00113] The screen in FIG. 15 includes a dielectric layer
1540 formed above and are supported by stripe dividers 1520
and below the fluorescent layer 1570. The dielectric layer
1540 and the filters 1530 are spaced apart by a low-index
layer or an air gap 1550 which has an index less than that of
the dielectric layer 1540. The height of the stripe dividers
1520 can be used to control the thickness of the low-index
layer or the air gap 1550 which may be 10 to 50 microns. 1In
some implementations, the dielectric layer 1540 can be a
transparent material with a refractive index less than that of
the fluorescent layer 1570 such as a clear PET plastic layer
of about 50 microns. In other implementations, the dielectric
layer 1540 can be a dichroic layer (D2) that transmits visible
light and reflects the excitation light at a UV or violet
wavelength. may be formed on top of the array of the stripe
dividers and below the fluorescent layer.

[00114] The fluorescent layer 1570 in FIG. 15 can be
repetitive different parallel fluorescent stripes for emitting
different fluorescent colors (e.g., red, green and blue) and
is formed over the layer 1540. Spatially corresponding to the
opaque subpixel stripe dividers 1520, a second array of stripe
dividers 1560 are formed on the layer 1540 to physically

separate different fluorescent stripes 1570 so that each of
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the fluorescent stripe 1570 is aligned with a respective
filter 1530.

[00115] The stripe dividers 1560 can be made from an optical
reflective or diffusive material to direct at least part of
the incident excitation light 120 as feedback light back to
the excitation side of the screen to be received by one or
more servo photodetectors for a servo control of the display
system. The power of the reflected excitation light produced
by the stripe dividers 1560 varies with the position of the
beam on a fluorescent stripe and thus can be used to determine
a relative position of the excitation beam 120 on the
fluorescent stripe and can be used to control the optical
alignment between the excitation beam 120 and respective
fluorescent stripes during a horizontal scan. In this
context, the stripe dividers 1560 function as servo marks and
are reflective at least at their facets facing the excitation
side of the screen. The stripe dividers 1560 can also be made
to include an IR-emitting fluorescent material or other
fluorescent material emitting light at a wavelength different
from the excitation light 120 and the visible light emitted by
the fluorescent layer 1570 that is excited by the same
excitation laser light 120 for the fluorescent layer 1570.
Such fluorescent stripe dividers 1560 can be used to improve
the detection signal to noise ratio at the one or more servo
photodetectors because scattered excitation light and the
visible fluorescent light generated by the fluorescent layer
1570 can be filtered out to allow only the IR light to be
detected by the one or more servo photodetectors for the servo
control operation. Details of the stripe dividers 1560 as
servo stripe marks and the servo control are described in PCT
Application No. PCT/US2007/004004 entitled “Servo-Assisted
Scanning Beam Display Systems Using Fluorescent Screens” and
filed on February 15, 2007 (published as PCT Publication No.

), which is incorporated by reference as

part of the specification of this application.
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[00116] On top of the fluorescent layer 1570 in FIG. 56, the
prismatic layer 1310 is formed to transmit the excitation
laser light in the UV or violet range and to reflect 1light,
both the excitation light and the fluorescent light, from the
fluorescent layer 1570. Hence, the prismatic layer 1310
effectuates the function of the dichroic layer 412 (D1)
described above for reducing loss of the fluorescent light to
the excitation side of the screen. 1In addition, the prismatic
layer 1310 also recycles the unabsorbed excitation light back
to the fluorescent layer 1570.

[00117] Notably, between the prismatic layer 1310 and the
fluorescent layer 1570, a low index transparent layer 1580
with an index less than that of the fluorescent layer 1570 is
formed to increase the optical throughput of the screen. A
polymer material or an air gap can be used as the second low
index transparent layer 1580. Referring to preceding
description for the prismatic layer 1310 in FIG. 13 and the
flat high-index layer 1410 in FIG. 14, the layers 1310 and
1410 can be combined to effectuate total internal reflection
to backward propagating rays at all angles. In FIG. 15, the
fluorescent layer 1570 effectively provide the function of the
high-index layer 1410 in FIG. 14. Backward propagating light
rays at incident angles to the interface between the layers
1570 and 1580 greater than the TIR critical angle at this
interface are totally reflected, including both the excitation
light and the fluorescent light generated in the layer 1570.
Backward propagating light rays with incident angles less than
the TIR critical angle at this interface are partially
reflected by the interface and partially transmit through the
layer 1580 to enter the prismatic layer 1310. This portion of
the backward propagating light is then totally reflected by
the angles facets 1312 of the prismatic layer 1310.

[00118] FIG. 16 illustrates another screen based on the
design in FIG. 15 where a fluorescent layer 1610 of identical

parallel stripes made of a single mixture of different
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phosphors that emits white light is used to replace the
fluorescent layer 1570 with fluorescent stripes made of
different fluorescent materials. The color generation is
achieved by using the color filters 1530 based on the design
in FIG. 10.

[00119] FIG. 17 shows another example of a screen design
with the prismatic layer 1310 where a single array of stripe
dividers 1710 are used to separate both the parallel stripe
color filters 1530 and parallel fluorescent stripes 1720 made
of a single white-light-emitting fluorescent material or
different fluorescent materials emitting different colors.

The separate array of stripe dividers 1560 as servo marks in
the designs in FIGS. 15 and 16 is eliminated to simply the
screen structure. The single array of stripe dividers 1710 is
used as both stripe dividers and the servo marks and can be
made of a material for the stripe dividers 1560. Different
from the designs in FIGS. 15 and 16, this example uses a low
index transparent layer 1730 formed between and in direct
contact with each color filter 1530 and the fluorescent layer
1720. The low index transparent layer 1730 has a refractive
index less than that of the fluorescent material to increase
the optical throughput into each color filter 1530 of the
screen with reduced optical loss caused by the total internal
reflection at their interface. The layer 1730 may a gel layer
that is sealed between the layers 1720 and 1730. A second low
index transparent layer 1580 with an index less than that of
the prismatic layer 1310 and the fluorescent material is
formed between the prismatic layer 1310 and the fluorescent
layer 1720 to increase the optical throughput of the screen.

A polymer material or an air gap can be used as the second low
index transparent layer 1580.

[00120] FIGS. 18 and 19 show two exemplary screens that use
the high-index flat layer 1410 in FIG. 14 as the entrance
layer for the screen. In FIG. 3B, the screen is based on the

screen structures in FIGS. 15 and 16 and uses the high index
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layer 1410 to replace the prismatic layer 1310 and the low
index layer 1580. 1In FIG. 19, the screen is based on the
screen structure in FIG. 17 and uses the high index layer 1410
to replace the prismatic layer 1310 and the low index layer
1580. layer.

[00121] FIG. 20 shows a fluorescent screen design where the
dichroic layers 412 (D1l) and 421 (D2) are formed on two sides
of the fluorescent layer 1720 based on the design in FIG. 4.

A low index transparent layer 2010 is formed between the
dichroic layer 421 and the substrate 1510 to improve the
optical throughput to the viewer. An array of stripe dividers
1560 are formed to separate adjacent fluorescent stripes and
to also operate as the servo marks for the above servo
feedback control as described in FIG. 15.

[00122] FIG. 21 shows a screen design based on the design in
FIG. 17. A dichroic layers 412 (D1l) that transmits the
excitation light 120 and reflects fluorescent light emitted by
the fluorescent layer 1720 is used to replace the prismatic
layer 1310. Parallel fluorescent stripes 1720 can be made of
a single white-light-emitting fluorescent material or
different fluorescent materials emitting different colors.

The stripe dividers 1710 are used to both physically separate
adjacent fluorescent stripes and operate as servo marks for
the above servo feedback control as described with reference
to FIG. 15.

[00123] FIG. 22 shows another screen design based on the
design in FIG. 14. A rigid support substrate 2230, such as a
transparent plastic or glass material, is used as a base to
support various screen layers with a planar screen stack 2210.
An optical grad acrylic substrate, for example, can be used to
form the substrate 2230. The planar screen stack 2210
includes a film base layer 2202 which operates as the high-
index layer 1410 shown in FIG. 14 to couple light into the
screen and to reflect light back into the screen based on

total internal reflection. A polyester film, such as the
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commercially available DuPont Teijin film and Mylar DL film,
can be used as the layer 2202. A filter support layer 2201,
such as a protective liner, may be attached to the polyester
film 2202. This support layer 2201 may be used to protect
film base layer 2202 during the fabrication and can be removed
after the screen is fully assembled. The support layer 2201
may also be retained after the fabrication as a protection
layer. A layer 1570 of fluorescent stripes is formed in
contact with the film base layer 2202 and are divided by
stripe dividers 2203. The dividers 2203 are optically
reflective at its facets or sidewalls in contact with the film
base layer 2202 and the fluorescent stripes in the fluorescent
layer 1570. A dielectric layer 1540 is formed above the
stripe dividers 2203 and to form a space between the layer
1540 and the fluorescent layer 1570. This space can be an air
gap or be filled with a low index layer 1730 with a refractive
index less than that of the fluorescent regions in the
fluorescent layer 1570. A contrast enhancement layer 1530
with different color filters is formed on the layer 1540. An
adhesive layer 2220, e.g., an optically clear laminating
adhesive, is used to adhere the planar screen stack 2210 to
the substrate 2230. At the exit surface of the substrate 2230
that faces the viewer, an anti-reflection layer 2240 can be
formed to reduce the glare of the screen due to reflection of
ambient light.

[00124] FIG. 23 shows details of the stripe dividers 2203
according to one implementation. All dimensions are in
microns and are exemplary. The body of each divider 2202 is
optically reflective and can be made of an optical reflective
material. As an option, the divider facet that faces the
viewer side of the screen can be coated with a blackened
absorptive layer 2310 to reduce any reflection towards the
viewer side, e.g., less than 10% in reflection and greater
than 80% in absorption from 400 nm to 650 nm. This feature

can enhance the resolution and contrast of the screen.
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Various optically reflective materials can be used to form the
dividers 2203. Metal materials such as aluminum can be used
to construct the dividers 2203 or as coating materials to form
a coating on a surface or facet of each divider that needs to
be reflective. 1In addition, a white paint material can also
be used to form the dividers 2203 to achieve a high
reflectivity. For example, a white paint made of a TiO2-
filled resin or a barium sulfate-filled resin can be
formulated to achieve superior reflective properties to metal
coatings, especially when reflecting back into a clear
polymer. The reflectivity of the white paint material can be
grater than 90% from 400 nm to 650 nm.

[00125] Furthermore, the stripe dividers 2203 can also be
made to include an IR-emitting fluorescent material or a
fluorescent material emitting light at a wavelength different
from the excitation light 120 and the visible light emitted by
the fluorescent layer 1570 that is excited by the same
excitation laser light 120 for the fluorescent layer 1570.
Such fluorescent stripe dividers 2203 can be used to improve
the detection signal to noise ratio at the one or more servo
photodetectors because scattered excitation light and the
visible fluorescent light generated by the fluorescent layer
1570 can be filtered out to allow only the IR light to be
detected by the one or more servo photodetectors for the servo
control operation. The facet on each divider 2203 facing the
viewer side can be coated with the absorptive layer 2310.
[00126] FIGS. 24 and 25 show two example screen designs that
replace a color filter based contract enhancement layer with a
filter layer that blocks the excitation light and uniformly
attenuates wvisible light to enhance the display contrast. 1In
FIG. 24, a planar screen stack 2410 replaces the stack 2210 in
FIG. 22. The stack 2410 includes a filter layer 2413 which
blocks excitation light (e.g., light between 400 nm and 415
nm) from transmitting to the viewer side and uniformly

attenuates the visible light, e.g., from 430 nm to 670 nm, as

~54~



10

15

20

25

30

WO 2007/134329 PCT/US2007/068989

an ND filter. A polyester film can be used as the filter
layer 2413. Two optically clear laminating adhesive layers
2411 and 2412 are used to engage the filter layer 2412 to the
stripe dividers 2203 on one side and to the substrate 2230 on
the other side.

[00127] In FIG. 25, a rigid support substrate 2520 is used
to provide the excitation blocking function and the ND
filtering function of the filter layer 2413 in FIG. 24, thus
eliminating the filter layer 2413. This simplifies the screen
construction. The planar screen stack 2510 in this example
includes a laminating adhesive layer 2511, the stripe dividers
2203, the fluorescent layer with fluorescent stripes 1570, the
low index layer 1730 between the fluorescent layer and the
laminating adhesive layer 2511 and the high-index film base
layer 2202.

[00128] In some of the screen designs, one or more layers
may be a contiguous layer across the fluorescent stripes
without being divided into stripes by the stripe dividers.

For example, the film base layer 2202 in FIGS. 22, 24 and 25,
and the dielectric layer 1540 in FIGS. 15, 16, 18 and 22, the
capsulation layer 1120, the gain layer 423 in FIGS. 4 and 11
and the high-index layer 1401 in FIGS. 14, 18, 22, 23, 24 and
25 are such a contiguous layer. In such a contiguous layer,
emitted visible light from the fluorescent light can be
reflected back and forth at the two surfaces of the contiguous
layer and thus may be reflected into an adjacent subpixel to
cause smear of images. In addition, excitation light targeted
at one subpixel may also be reflected into an adjacent
subpixel to excite a wrong color at the adjacent subpixel to
cause a undesired halo effect. One way to reduce these
adverse effects is to limit the thickness of such a contiguous
layer to a value less than a width of a subpixel, e.g., 10
times less than the width of a subpixel along the horizontal

direction that is perpendicular to the fluorescent stripes.
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[00129] In the above screen designs, the colored fluorescent
light emitted from the phosphor layer passes through various
interfaces between two different layers or materials in the
path towards the viewer. At each of such interfaces, a
difference in the refractive indices at the two sides of the
interface causes undesired reflection. In particular, the
total internal reflection can occur at an interface when the
emitted colored light propagates from a layer with an index
higher than the next layer when the incident angle is greater
than the critical angle of that interface. Therefore, in some
implementations, the optical materials may be selected to have
refractive indices as close as possible to minimize the
reflection. In other implementations, a difference in
refractive indices at an interface is intentionally created to
achieve certain effects.

[00130] For example, the fluorescent layer in some of the
fluorescent designs can have an adjacent low-index dielectric
layer with a low refractive index on the viewer side of the
fluorescent layer. The refractive index of the low-index
dielectric layer is less than the index of the fluorescent
layer and the index of another screen layer that is in contact
with the low-index dielectric layer. FIG. 26 illustrates an
example of this structure as part of a fluorescent screen.
This example shows only a part of the screen to illustrate
three consecutive screen layers of this structure: a
fluorescent layer 2600, a low-index dielectric layer 2610 and
a screen layer 2620 as the viewer-side outer layer of the
screen. Fluorescent light emitted in the fluorescent layer
2600 can transmit through the low-index dielectric layer 2610
and the screen layer 2610 to exit the screen and to reach the
viewer. The structure in FIG. 26 can use the low-index
dielectric layer 2610 to increase the throughput of the
fluorescent light from the fluorescent layer 2600 to the
viewer side of the screen and to reduce cross talk between two

adjacent fluorescent stripes in the fluorescent layer 2600
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caused by reflection of the fluorescent light on the viewer
side of the fluorescent layer 2600.

[00131] In this design, most of the fluorescent light
propagating inside the fluorescent layer 2600 towards the
layer 2610 partially transmits and is partially reflected at
the interface 2601 between the layers 2600 and 2610. Because
the index of the low-index dielectric layer 2610 is less than
the fluorescent layer 2600, a portion of the fluorescent light
that arrives at the interface an angle greater than the
critical angle for the total internal reflection (TIR) is
completely reflected back to the fluorescent layer 2600.
Hence, the TIR condition creates an angular filtering function
at the interface 2601 to allow transmission of fluorescent
light with small incident angles less than that of the TIR
critical angle and to block transmission of fluorescent light
with larger incident angles. At the interface 2611 between
the layers 2610 and 2620, there is no total internal
reflection towards the layer 2610 because the index of the
layer 2610 is less than that of the layer 2620. The
fluorescent light at all angles partially transmits through
the interface 2611 to enter the layer 2620 and is partially
reflected back to the layer 2610. Because the TIR condition
at the interface 2601 limits the angles of the fluorescent
light entering the layer 2610 to be less than the TIR critical
angle at the interface 2601, a fluorescent light ray 2632 in
the layer 2620 that is the transmission of the light ray 2631
in the layer 2631 also has a maximum angle determined by the
indices of the layers 2600, 2610 and 2620. The layer 2620 has
an exit surface 2621 that is also the screen surface to
interface the air. Accordingly, a total internal reflection
can occur to light in the layer 2620 with an incident angle
greater than the TIR critical angle at the interface 2621.
[00132] The TIR at the interface 2621, however, reduces the
amount of fluorescent light that exits the screen towards the

viewer. This reduces the screen brightness. In addition, the
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reflected light by the TIR at the interface 2621 may cause
fluorescent light in one color generated by one fluorescent
stripe to enter an adjacent fluorescent stripe of a different
color and thus lead to cross talk between two adjacent
fluorescent stripes. For example, the blue light from a blue
fluorescent stripe can excite the red and green fluorescent
stripes to emit light. When this cross talk occurs, a blue
spot on the screen can cause glowing in adjacent red and green
pixels, often known as an image halo. As a result, this TIR
at the interface 2621 can cause degradation in color purity
and the image resolution.

[00133] In recognition of at least the above, the indices of
the layers 2600, 2610 and 2620 can be selected so that a
fluorescent light ray 2630 in the fluorescent layer 2600 that
originates the light ray 2631 in the layer 2610 and the light
ray 2632 in the layer 2620, when at an incident angle equal to
the TIR critical angle at the interface 2601, leads to the
incident angle of the light ray 2632 at the exit surface 2621
of the layer 2620 to be no greater than the TIR critical angle
at the interface 2621. Under this condition, the fluorescent
light that transmits through the interface 2601 from the
fluorescent layer 2600 into the low-index layer 2610 will not
be totally reflected at the interface 2621. DNotably, the low-
index layer 2610 can be an air gap which has the lowest index
or a dielectric material with a desired low index. This
feature has been shown in some of the examples described
above, including screens in FIG. 15, le6, 18, 22, 24 and 25.
[00134] As discussed above, the feedback light generated by
servo reference marks in the fluorescent area of the screen
can be used for detecting the location of the scanning beam
120 relative to the center of an individual subpixel on the
screen. The periodic structure of the fluorescent stripes or
periodic features formed on the periodic structures of the
fluorescent stripes can be used as servo reference marks which

scatter or reflect a portion of the scanning excitation beam
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120 and the scattered or reflected light from such servo
reference marks is detected to measure the presence of the
misalignment and the direction of the misalignment. Strip
dividers between fluorescent or phosphor stripes can be made
optically reflective to the excitation light and thus produce
the feedback light for the servo control over the alignment of
optical pulses of the excitation light and individual
subpixels.

[00135] FIG. 27 illustrates one example of a fluorescent screen
having optically reflective stripe dividers that provide servo
feedback light. 1In this example, the screen includes a
support substrate layer 3760 to support other screen layers
and components. The fluorescent layer as shown includes
parallel and spaced strip dividers 3730 and fluorescent
stripes 3740 between the strip dividers 3730. Adjacent
fluorescent stripes 3740 are made of different materials that
emit light of different colors, e.g., red (Red), green (G) and
blue (B) in three consecutive stripes. An air gap 3750 or a
low-index dielectric layer can be formed between each
fluorescent strip 3740 and the support substrate layer 3760 to
enhance transmission of emitted visible light from a
fluorescent stripe 3740 to the viewer through the support
substrate layer 3760. A dielectric layer 3720 is formed over
the fluorescent stripes 3740 and may be configured to transmit
the excitation light 120 while reflecting emitted visible
light by the fluorescent stripes 740 (e.g., a dichroic
material). Because the support substrate layer 3760 is
positioned on the viewer side of the fluorescent stripes 3740,
the support substrate layer 3760 can be made of a material
transparent or partially transparent to the visible colored
light emitted by the fluorescent stripes 3740. A partial
transparent material having a uniform attenuation to the
visible light including the three colors emitted by the
fluorescent stripes can be used in the support substrate layer

3760 to operate like an optical neutral density (ND) filter.
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In addition, the support substrate layer 3760 may be made
reflective and opaque to the excitation light of the
excitation beam 120 to block the excitation light from
reaching the viewer and to recycle the unabsorbed excitation
light back to the fluorescent stripes 3740.

[00136] The excitation light 120 is directed to the screen
through a scan lens 360 and at least one servo optical
detector 3710 is provided to detect the reflected excitation
light as feedback light primarily by the stripe dividers 3730.
Two servo optical detectors 3710 are shown to be located near
the scan lens 360 in the example in FIG. 27. One or more
servo detectors can be placed on other locations to receive
the feedback light, e.g., near the screen 101.

[00137] FIG. 28 illustrates one example of reflective stripe
dividers for various screen designs in this application
including the designs in FIGS. 23 and 27. Each reflective
stripe divider 3730 is made of a mixture of beads 3821 and a
bead binder material 3822 where the bead binder material 3822
provides a matrix in which the beads 3821 are distributed and
supported. The beads 3821 can be made of a dielectric
material with a refractive index greater than the refractive
index of the bead binder material 3822 to effectuate optical
reflection. For example, the beads 3821 may be made of a
glass or other transparent material with an index of 2.0 or
greater and the bead binder material 3822 is made of a resin
or other material with an index of 1.5. The beads 3821 can be
in various sizes, e.g., from several microns to tens of
microns, or hundreds of microns. A 10-micron glass bead, for
example, can be used as the beads 3821.

[00138] In operation, each bead 3821 effectuates an optical
reflector to reflect at least a portion of the excitation
light 120 that enters the bead 3821. Because the refractive
index of the bead binder material 3922 is less than that of
the beads 3821, the excitation light incident to a bead 3821
from the bead binder material 3822 is at least partially
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refracted at the binder-bead interface to enter the bead 3821
without the total internal reflection. At least a portion of
the excitation light inside the bead 3821 is reflected back as
the feedback light 3770. The mixture of beads 3821 and a bead
binder material 3822 should also be opaque to light in order
to optically isolate two adjacent fluorescent stripes 3740 to
avoid cross talk that would otherwise degrade the image
quality of the display. The degree of the opaqueness can vary
depending on the requirement on the tolerance for the cross
talk in the display.

[00139] The properties of being both optically reflective and
optically opaque of the mixture of beads 3821 and a bead
binder material 3822 can be achieved by various designs of the
mixture. FIGS. 29A and 29B illustrate two examples of bead
designs for the beads 3821 used in the stripe dividers 3720 in
FIG. 28.

[00140] FIG. 29A shows a bead 3910 that is coated with a layer
3920 of partially transmissive and partially reflective
coating over the entire exterior surface. The partial
transmission of the coated layer 3920 permits entry of
excitation light 120 and export of light and the partial
reflection of the coated layer 3920 allows reflection of light
either inside the bead 3910 or outside the bead 2910 at the
interface with the bead binder material 3822. Such coated
beads can be used to produce the desired reflection for
producing the feedback light 3770 and to produce a desired
degree of opaqueness of the stripe dividers 3730. As an
example, a transparent glass, plastic or polymer bead can be
coated with a semi-transmissive metal layer as the coated
layer 3920.

[00141] FIG. 29B shows a bead 3910 which has a portion of the
exterior surface coated with a reflective coating 3930 while
leaving the rest of the exterior surface exposed. For
example, one hemisphere of each bead 3910 can be coated with a

reflective coating 3930. 1In one implementation, the
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reflective coating 3930 can be a totally reflective metal
coating. When such partially coated beads are mixed in a
suitable bead binder material such as a resin, the beads can
be oriented in all directions relative to each other. Hence,
in a stripe divider 3730 made of such a mixture, some beads
may be in an “ideal” orientation where the uncoated part of
the beads faces the excitation side of the screen to receive
the excitation light and to reflect back the received
excitation light while other beads may be in other
orientations with some beads with their coated part of the
beads facing the excitation side of the screen. The random
nature of the bead orientation insures that at least a portion
of light will be retro-reflected and a portion of light that
is not retro-reflected will be blocked from penetrating
through the mixture, thus providing a desired level of
opaqueness in each strip divider.

[00142] Materials of the beads and the binder material can be
selected to optimize the retro-reflection of each bead.
Referring to FIG. 29B, the focal distance f of the spherical
inner surface of the bead placed in air is 1/f = (Npeaq—1)/2r,
where nNpeaq 18 the refractive index of the bead. Hence, when
the index of the bead is 2, the focal length is 2r where the
reflected beam 3770 caused by a single reflection at the inner
surface of the bead 3910 is parallel to the incident light
beam 120 as a “retro-reflected” beam.

[00143] FIG. 30 illustrates one example of reflective stripe
dividers 3730 in FIG. 27 where a prism stripe is placed on top
of the dielectric layer 3720 over each stripe divider 3730 to
overlap with the underlying stripe divider 3730 to produce the
reflected feedback light. FIG. 30 shows three of such prism
stripes 4010, 4020 and 4030 at three different locations of
the screen: near left-hand side of the screen, at the center
of the screen and near the right-hand side of the screen,
respectively. Various prism designs may be used for such

prism stripes. In the illustrated example, each prism stripe
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is a right-angled prism one side of the right angle of the
prism is placed on the dielectric layer 3720. As illustrated
by light rays in each of the three prisms 4010, 4020 and 4030,
the reflection in each prism produces the desired reflected
feedback light 4040. When right-angled prisms are used, the
orientations of the prisms on the left and right hand sides of
the center of the screen can be in opposite directions as
shown.

[00144] Referring to FIGS. 23 and 27, a screen layer for the
screen 101 can be formed with a flat panel base 2202 and
stripe dividers 2203 on the base 2202 (FIG. 23). Phosphor
materials can be deposited in the stripes between the stripe
dividers 2203. Alternatively, a fluorescent screen 101 having
parallel fluorescent stripes made of different phosphor
materials or other light-emitting materials under optical
excitation can also be designed to allow for forming the
fluorescent stripes on a flat surface first and then forming
stripe dividers between two adjacent fluorescent stripes.
[00145] FIGS. 31A, 31B and 31C illustrate an example of a
screen design with metalized stripe dividers and the
fabrication process.

[00146] In FIG. 31A, a screen substrate or film 4110 is
provided to support phosphor stripes. The substrate for film
4110 can be made from a range of materials, e.g., a polyester
film (e.g., Mylar) or a composite film having multiple layers
of dielectric materials, a prism film having a flat surface on
which the phosphor stripes are formed and a structures surface
with prism stripes. 1In one implementation, the thickness of
the substrate or film 4110 can be around 25 microns or less.
Phosphor stripes may be printed directly onto the substrate
4110 via a printing process. Alternatively, a strip mold can
be used where the phosphor materials can be first applied to
the mold to form phosphor stripes and the molded phosphor

stripes are subsequently transferred to the substrate 4110.
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Different phosphor stripes are separated from one another by a
separation stripe gap between two adjacent stripes.

[00147] Next, a metal layer is deposited over the substrate
4101 and the phosphor stripes to completely cover the phosphor
stripes (FIG. 31B). The separate gap between two adjacent
phosphor stripes is either partially or completely filled with
the metal material for the metal layer. Subsequently, a
polishing process is performed to remove part of the metal
material on top of the phosphor stripes and part of the
phosphor stripes to expose the central portion of each
phosphor stripe (FIG. 31C). Other then the central exposed
portion, the metal material remains on the phosphor stripes.

A polished surface is formed by the exposed phosphor stripes
and the metal layer. The middle between two adjacent phosphor
stripes may have a void dip or may be filled with polished
metal. Notably, two adjacent phosphor stripes are separated
by the opaque and reflective metal material used for the metal
layer to prevent light from one stripe from entering an
adjacent stripe. FIG. 31C shows that a void dip is formed

above the metal at the middle between two adjacent phosphor

stripes.
[00148] Various technigques may be used to remove the coated
metal and part of the phosphor materials. For example,

sanding, lapping, or cutting process may be used to remove the
metal and phosphor materials from the peaks. Because the
cross—-section shape of the printed lines in approximately
hemi-spherical the emission width for each color becomes wider
with further lapping. A process may be developed which relies
upon the rapid increase in surface area as lapping progresses
to act as a natural stopping point for removing the material.
Some micro-texture may be left on the planarized surface to
create air gaps for subsequent lamination and the texture
provides “high spots” for adhesion without full surface

contact.
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[00149] The screen structure shown in FIG. 31C can then be
used to construct a screen 101 in various configurations.
Specific examples are provided below.

[00150] FIG. 32 shows one design where the substrate or film
4110 is used on the excitation side. The void in the metal
layer between two adjacent phosphor stripes, which faces the
viewer, can be filled with an opaque black filter material
such as a black paint to reduce reflection of light to the
viewer (e.g., ambient light or other stray light).

[00151] FIG. 33 shows another design where the substrate or
film 4110 is used to face the viewer side to transmit light to
the viewer. A second substrate or film is engaged to the
polished top surface on the excitation side of the phosphor
stripes. 1If there is a void in the metal layer between two
adjacent phosphor stripes, a reflective filler material can be
filled in the void to reflect light back to the excitation
side as feedback light for a servo control. Such as
reflective filler material can be a reflective white paint or
a reflective material having reflective beads. This design,
different from the designs in FIGS. 28 and 30, provides larger
area in each phosphor stripe facing the viewer side and uses
the remained metal layer on each stripe to reflect emitted
color light towards the viewer. This design may be used to
improve the light throughput to the viewer.

[00152] FIG. 34 shows an example of a screen with metalized
stripe dividers containing reflective beads. The substrate or
film 4110 on which the phosphor stripes are formed is used to
face the excitation side. The fabrication of this screen is
different from the process shown in FIGS. 31A-31C. 1In
fabrication the screen in FIG. 34, after the phosphor stripes
are formed on the layer 4110 shown in FIG. 31A, a reflective
filler material containing reflective beads or reflective
white paint (e.g., BaS04) can be filled in the gaps between
different phosphor stripes. Next, a metal layer is deposited

over the phosphor stripes, the reflective filler material in
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the gaps and the gaps to completely cover the phosphor
stripes. Subsequently, a polishing process is performed to
remove part of the metal material on top of the phosphor
stripes and part of the phosphor stripes to expose the central
portion of each phosphor stripe. The reflective filler
material remains covered by the deposited metal material.
Referring back to FIGS. 292 and 29B, the above reflective
beads can be implemented as a mixture of beads and a bead
binder material where the bead binder material provides a
matrix in which the beads are distributed and supported.
[00153] While this specification contains many specifics,
these should not be construed as limitations on the scope of
an invention or of what may be claimed, but rather as
descriptions of features specific to particular embodiments of
the invention. Certain features that are described in this
specification in the context of separate embodiments can also
be implemented in combination in a single embodiment.
Conversely, various features that are described in the context
of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable subcombination.
Moreover, although features may be described above as acting
in certain combinations and even initially claimed as such,
one or more features from a claimed combination can in some
cases be excised from the combination, and the claimed
combination may be directed to a subcombination or a variation
of a subcombination.

[00154] Only a few implementations are disclosed. However, it

is understood that variations and enhancements may be made.
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CLAIMS

What is claimed is:

1. A display screen, comprising:

a plurality of parallel screen layers which are engaged
to form a planar stack and comprise:

a fluorescent layer absorbing excitation light at an
excitation wavelength to emit visible light at a different
visible wavelength; and

a prismatic layer comprising a plurality of prism
elements which receive and couple the excitation light to the

fluorescent layer.

2. The display screen as in claim 1, further
comprising:

a low-index layer formed on a side of and in contact with
the fluorescent screen that is opposite to the prismatic layer
and having a refractive index less than a refractive index of
the fluorescent layer; and

a screen layer in contact with the low-index layer and
having a refractive index higher than the refractive index of

the low-index layer.

3. The display screen as in claim 2, wherein:

the low-index layer is an air gap.

4. The display screen as in claim 1, wherein:

the fluorescent layer comprises a plurality of parallel
fluorescent stripes; and

wherein the display screen further comprises a plurality
of parallel stripe dividers each located between two adjacent

fluorescent stripes.

5. The display screen as in claim 4, wherein:
the stripe dividers comprise a white paint that is

optically reflective and opadque.
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6. The display screen as in claim 5, wherein:
the white paint comprises a mixture of a resin with

either Ti0O, or Barium Sulfate.

7. The display screen as in claim 4, wherein:
each stripe divider comprises a fluorescent material that
emits fluorescent light at a wavelength different from the

excitation light and the visible light.

8. The display screen as in claim 4, wherein:

each stripe divider comprises a reflective metal coating.

9. The display screen as in claim 4, wherein:

at least three adjacent fluorescent stripes of the
plurality of the fluorescent stripes are made of,
respectively, a first fluorescent material to absorb the
excitation light to emit first visible light of a first color,
a second fluorescent material to absorb the excitation light
to emit second visible light of a second color, and a third
fluorescent material to absorb the excitation light to emit

third visible light of a third color.

10. The display screen as in claim 4, wherein:

each fluorescent stripe comprises a fluorescent material
that absorbs the excitation light and emits white light; and

wherein the screen layers further comprise a filter layer
comprising a plurality of parallel filter stripes each aligned
to a corresponding fluorescent stripe along a direction
perpendicular to the to the screen layers, and wherein the
fluorescent layer is located between the prismatic layer and
the filter layer, and

wherein at least three adjacent filter stripes are
respectively made of a first filter material to transmit first
visible light of a first color while absorbing light of other
colors including a second color and a third color, a second
filter material to transmit second visible light of the second

color while absorbing light of other colors including the
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first and the third colors, and a third filter material to
transmit third visible light of the third color while
absorbing light of the other colors including the first and

the second colors.

11. The display screen as in claim 4, wherein:

the screen layers further comprise a filter layer
comprising a plurality of parallel filter stripes each aligned
to a corresponding fluorescent stripe along a direction
perpendicular to the screen substrate, the fluorescent layer
located between the prismatic layer and the filter layer, and

at least three adjacent filter stripes are respectively
made of a first filter material to transmit first visible
light of a first color while absorbing light of other colors
including a second color and a third color, a second filter
material to transmit second visible light of the second color
while absorbing light of other colors including the first and
the third colors, and a third filter material to transmit
third visible light of the third color while absorbing light

of the other colors including the first and the second colors.

12. The display screen as in claim 11, wherein:
the screen layers further comprise a plurality of second
parallel stripe dividers each located between two adjacent

filter stripes.

13. The display screen as in claim 12, wherein:

the screen layers further comprise a dielectric layer
between the fluorescent layer and the filter layer, and

the stripe dividers are in contact with the dielectric
layer to separate the dielectric layer and the filter layer

from each other by a gap.
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14. The display screen as in claim 13, wherein:

the gap between the filter layer and the dielectric layer
is filled with a low-index dielectric material having a
refractive index less than a refractive index of the

dielectric layer.

15. The display screen as in claim 13, wherein:
the gap between the filter layer and the dielectric layer

is filled with air.

16. The display screen as in claim 4, wherein:

the screen layers further comprise a filter layer
comprising a plurality of parallel filter stripes each formed
between two adjacent stripe dividers to align with a
corresponding fluorescent stripe between the two adjacent
stripe dividers, the fluorescent layer located between the
prismatic layer and the filter layer,

at least three adjacent filter stripes are respectively
made of a first filter material to transmit first visible
light of a first color while absorbing light of other colors
including a second color and a third color, a second filter
material to transmit second visible light of the second color
while absorbing light of other colors including the first and
the third colors, and a third filter material to transmit
third visible light of the third color while absorbing light

of the other colors including the first and the second colors.

17. The display screen as in claim 16, wherein:

the screen layers further comprise a dielectric layer
between the prismatic layer and each fluorescent stripe and
the dielectric layer has a refractive index less than a

refractive index of the fluorescent stripe.

18. The display screen as in claim 16, wherein:
the screen layers further comprise a dielectric layer
between each filter stripe and a corresponding fluorescent

stripe.
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19. The display screen as in claim 1, wherein:

the fluorescent layer comprises a uniform layer of a
fluorescent material that absorbs the excitation light and
emits white light;

the screen layers further comprise a filter layer
comprising a plurality of parallel filter stripes, the
fluorescent layer being located between the prismatic layer
and the filter layer; and

at least three adjacent filter stripes are respectively
made of a first filter material to transmit first visible
light of a first color while absorbing light of other colors
including a second color and a third color, a second filter
material to transmit second visible light of the second color
while absorbing light of other colors including the first and
the third colors, and a third filter material to transmit
third visible light of the third color while absorbing light

of the other colors including the first and the second colors.

20. The display screen as in claim 1, wherein:

the screen layers further comprise a filter layer formed
on one side of the fluorescent layer that is opposite to a
side where the prismatic layer is located,

the filter layer blocks transmission of the excitation
light and transmits the visible light with an attenuation that

is uniform over a spectral range of the visible light.

21. The display screen as in claim 1, wherein:

the screen layers further comprise:

a selective blocking layer that transmits the visible
light and blocks the excitation light, and

a neutral density filter layer that attenuates the
visible light with an attenuation uniform over a spectral
range of the wvisible light; and

the selective blocking layer and the neutral density
filter layer are located at a side of the fluorescent layer
that is opposite to the side where the prismatic layer is
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located.

22. The display screen as in claim 1, wherein:
the prismatic layer is a first layer that receives the
excitation light and is spaced from an adjacent screen layer

by an air gap.

23. The display screen as in claim 1, wherein:

the prismatic layer comprises a plurality of parallel
prismatic stripes, and

the fluorescent layer comprises a plurality of parallel
fluorescent stripes that are perpendicular to parallel

prismatic stripes.

24. The display screen as in claim 1, further
comprising:

a Fresnel lens layer placed on one side of the prismatic
layer that is opposite to the side where the fluorescent layer
is located, the Fresnel lens layer directing the excitation

light to the prismatic layer.

25. A display screen, comprising:

a plurality of screen layerswhich are engaged to form a
planar stack and comprise:

a fluorescent layer comprising a plurality of parallel
fluorescent stripes and absorbing excitation light at an
excitation wavelength to emit visible light at a different and
visible wavelength,

a plurality of parallel stripe dividers each located
between two adjacent fluorescent stripes, each strip divider
having side walls that are reflective and opaque to the
emitted visible light to optically isolate two adjacent
fluorescent stripes, and

a dielectric layer in contact with the stripe dividers
and spaced from the fluorescent layer to form a gap between

the dielectric layer and each fluorescent stripe.

~T D~



WO 2007/134329 PCT/US2007/068989

26. The display screen as in claim 25, wherein:

the gap is filled with air.

27. The display screen as in claim 25, wherein:

the screen layers further comprise:

an entrance layer to receive the excitation light and
located on one side of the fluorescent screen that is opposite
to the dielectric layer, and

a filter layer on one side of the fluorescent layer where
the dielectric layer is located, and

the filter layer blocks transmission of the excitation
light and transmits the visible light with an attenuation

uniform over a spectral range of the visible light.

28. The display screen as in claim 25, wherein:

the screen layers further comprise:

an entrance layer to receive the excitation light and
located on one side of the fluorescent screen that is opposite
to the dielectric layer,

a selective blocking layer that transmits the visible
light and blocks the excitation light, and

a neutral density filter layer that attenuates the
visible light with an attenuation uniform over a spectral
range of the wvisible light; and

the selective blocking layer and the neutral density
filter layer are located at a side of the fluorescent layer
that is opposite to the side where the entrance layer is

located.

29. The display screen as in claim 25, wherein:

the screen layers further comprise:

a filter layer comprising a plurality of parallel filter
stripes each aligned to a respective fluorescent stripe along a
direction perpendicular to the screen layers, each filter
stripe of the filter layer being located between the gap and a

respective fluorescent stripe, and
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at least three adjacent filter stripes are respectively
made of a first filter material to transmit first visible
light of a first color while absorbing light of other colors
including a second color and a third color, a second filter
material to transmit second visible light of the second color
while absorbing light of other colors including the first and
the third colors, and a third filter material to transmit
third visible light of the third color while absorbing light

of the other colors including the first and the second colors.

30. The display screen as in claim 29, wherein:
each filter stripe is formed between two adjacent stripe
dividers and thus aligns with a corresponding fluorescent

stripe between the two adjacent stripe dividers.

31. The display screen as in claim 30, wherein:
the stripe dividers comprise a white paint that is

optically reflective and opadque.

32. The display screen as in claim 31, wherein:
the white paint comprises a mixture of TiO; or barium

sulfate and a resin.

33. The display screen as in claim 30, wherein:

each stripe divider comprises a reflective metal coating.

34. The display screen as in claim 30, wherein:
each stripe divider absorbs the excitation light and
emits fluorescent light at a wavelength different from the

excitation light and the visible light.

35. The display screen as in claim 25, further
comprising:

a Fresnel lens layer placed on one side of the dielectric
layer that is opposite to the side where the fluorescent layer
is located, the Fresnel lens layer directing the excitation

light to the dielectric layer.
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36. A display screen, comprising:

a screen substrate;

a fluorescent layer formed over the screen substrate and
comprising a plurality of parallel fluorescent stripes, the
fluorescent layer absorbing excitation light to emit wvisible
light, wherein the excitation light and the visible light are
at different wavelengths;

a plurality of parallel stripe dividers each located
between two adjacent fluorescent stripes;

a dichroic layer formed over the screen substrate to
receive the excitation light, wherein the dichroic layer

transmits the excitation light and reflects the visible light.

37. The display screen as in claim 36, further
comprising:

a dielectric layer having a plurality of dielectric
stripes each placed between the dichroic layer and the

fluorescent layer and between two adjacent stripe dividers.

38. The display screen as in claim 36, further
comprising:

a filter layer formed over the screen substrate and
comprising a plurality of parallel filter stripes each formed
between two adjacent stripe dividers to align with a
corresponding fluorescent stripe between the two adjacent
stripe dividers, and wherein the fluorescent layer is located
between the dichroic layer and the filter layer,

wherein at least three adjacent filter stripes are
respectively made of a first filter material to transmit first
visible light of a first color while absorbing light of other
colors including a second color and a third color, a second
filter material to transmit second visible light of the second
color while absorbing light of other colors including the
first and the third colors, and a third filter material to
transmit third visible light of the third color while
absorbing light of the other colors including the first and
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the second colors.

39. The display screen as in claim 38, further
comprising:

a dielectric layer having a plurality of dielectric
stripes each placed between two adjacent stripe dividers and

between the fluorescent layer and the filter layer.

40. The display screen as in claim 36, wherein:
the stripe dividers comprise a white paint that is

optically reflective.

41. The display screen as in claim 40, wherein:
the white paint comprises a mixture of TiO; or barium

sulfate and a resin.

42. The display screen as in claim 36, wherein:

each stripe divider comprises a reflective metal coating.

43. The display screen as in claim 36, wherein:
each stripe divider comprises a fluorescent material that
emits fluorescent light at a wavelength different from the

excitation light and the visible light.

44. The display screen as in claim 36, further
comprising:

a second dichroic layer that transmits the visible 1light
and reflects the excitation light, the second dichroic layer
formed over the screen substrate, wherein the fluorescent
layer is between the dichroic layer and the second dichroic

layer.

45. The display screen as in 44; further comprising:
a dielectric layer in contact with the second dichroic
layer, wherein the second dichroic layer is between the

fluorescent layer and the dielectric layer.
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46. A display screen, comprising:

a fluorescent layer comprising a plurality of parallel
fluorescent stripes, the fluorescent layer absorbing
excitation light to emit visible light, wherein the excitation
light and the wvisible light are at different wavelengths;

an entrance layer formed on a first side of the
fluorescent layer to receive the excitation light and to
direct the excitation light to the fluorescent layer; and

a filter layer formed a second side of the fluorescent
layer opposing the first side, the filter layer formed of a
material that transmits the visible light with an attenuation

uniform over a spectral range of the visible light.

47. The display screen as in claim 46, wherein:
the filter layer further blocks transmission of the

excitation light.

48. The display screen as in claim 46, further
comprising:

a second filter layer formed a second side of the
fluorescent layer opposing the first side, the second filter
layer blocking transmission of the excitation light and

transmitting the visible light.

49. The display screen as in claim 46, wherein:
the entrance layer comprises a prismatic layer which

includes a plurality of prism elements.

50. The display screen as in claim 46, wherein:
the entrance layer comprises a dielectric layer with a

flat surface to receive the excitation light.

51. A display screen, comprising:

a fluorescent layer that absorbs excitation light to emit
visible light; and

a first layer on a first side of the fluorescent layer

operable to transmit the excitation light and to reflect the

~T T~



WO 2007/134329 PCT/US2007/068989

visible light, the first layer comprising a prismatic layer

which comprises a plurality of prism elements.

52. The display screen as in claim 51, wherein:
the fluorescent layer comprises parallel fluorescent

stripes and stripe dividers between the fluorescent stripes.

53. The display screen as in claim 52, wherein:
each stripe divider emits invisible fluorescent light

under excitation by the excitation light.

54. A display screen, comprising:

a fluorescent layer that absorbs excitation light to emit
white light, and

an array of color filters adjacent to the fluorescent
layer to receive the emitted white light and to filter the
white light to transmit colored light, each color filter
transmitting a designated color and absorbing light of other
colors, each designated color for one color filter being
different from a designated color transmitted by a neighboring

color filter.

55. The display screen as in claim 54, further
comprising:

a first layer on a first side of the fluorescent layer to
transmit the excitation light to the fluorescent layer and to

reflect the visible light.

56. The display screen as in claim 55, wherein:

the first layer comprises a prismatic layer which
comprises a plurality of prism elements.A display screen,
comprising:

a plurality of screen layerswhich are engaged to form a
planar stack and comprise:

a fluorescent layer comprising a plurality of parallel
fluorescent stripes and absorbing excitation light at an

excitation wavelength to emit visible light at wavelengths
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different from the excitation wavelength,

a plurality of parallel stripe dividers each located
between two adjacent fluorescent stripes, each strip divider
being reflective and opague to the emitted visible light to
optically isolate two adjacent fluorescent stripes, and

a dielectric layer in contact with the fluorescent
stripes and the stripe dividers to couple the excitation light
into the fluorescent stripes,

a filter layer comprising a plurality of parallel filter
stripes each aligned to a corresponding fluorescent stripe
along a direction perpendicular to the screen layers, the
fluorescent layer being located between the dielectric layer
and the filter layer, wherein at least three adjacent filter
stripes are respectively made of a first filter material to
transmit first visible light of a first color while absorbing
light of other colors including a second color and a third
color, a second filter material to transmit second visible
light of the second color while absorbing light of other
colors including the first and the third colors, and a third
filter material to transmit third wvisible light of the third
color while absorbing light of the other colors including the
first and the second colors,

a second dielectric layer between the fluorescent layer
and the filter layer; and

a plurality of second parallel stripe dividers each
located between two adjacent filter stripes and in contact

with the second dielectric layer.

57. The display screen as in claim 56, wherein:
second parallel stripe dividers separate the transparent

dielectric layer and the filter layer from each other by a

gap.

58. The display screen as in claim 57, wherein:
the gap between the filter layer and the transparent
dielectric layer is filled with air.
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59. The display screen as in claim 56, wherein:
a facet of each second parallel stripe divider that faces

away from the fluorescent layer is optically absorbent.

60. A display screen, comprising:

a first dielectric layer that transmits excitation light
at an excitation wavelength;

a fluorescent layer comprising a plurality of parallel
fluorescent stripes and absorbing the excitation light to emit
visible light at a different and visible wavelength; and

a second dielectric layer spaced from the fluorescent
stripes by an air gap, wherein the second dielectric layer at
least partially transmits the visible light, and wherein the
fluorescent layer is positioned between the first and second

dielectric layers.

61. The display screen as in claim 60, wherein:

the second dielectric layer blocks the excitation light.

62. The display screen as in claim 60, wherein:
the second dielectric layer uniformly attenuates light in

a visible spectral range.

63. The display screen as in claim 60, wherein:
the second dielectric layer blocks the excitation light

and uniformly attenuates light in a visible spectral range.

64. A display screen, comprising:

a fluorescent layer comprising a plurality of parallel
fluorescent stripes, each fluorescent stripe emitting visible
light under illumination of excitation light that optically
excites the fluorescent stripe; and

a plurality of parallel stripe dividers each located
between two adjacent fluorescent stripes to separate the two
adjacent fluorescent stripes,

wherein each stripe divider comprises beads that reflect
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the excitation light as feedback light.

65. The display screen as in claim 64, wherein:
each stripe divider comprises a binder material in which

the beads are supported.

66. The display screen as in claim 65, wherein:
the binder material has a refractive index less than a

refractive index of the beads.

67. The display screen as in claim 65, wherein:
the binder material is a resin, and

the beads are made of a glass or plastic material.

68. The display screen as in claim 64, wherein:
each bead is coated with a partially transmissive and

partially reflective coating.

69. The display screen as in claim 64, wherein:
one exterior portion of each bead is coated with a

reflective coating.

70. The display screen as in claim 69, wherein:

the reflective coating is a metal layer.

71. A display screen, comprising:

a fluorescent layer comprising a plurality of parallel
fluorescent stripes, each fluorescent stripe emitting visible
light under illumination of excitation light that optically
excites the fluorescent stripe;

a plurality of parallel stripe dividers each located
between two adjacent fluorescent stripes to separate the two
adjacent fluorescent stripes; and

a plurality of parallel prism stripes formed over and in
alignment with the parallel stripe dividers, respectively,
each prism stripe structured to reflect the excitation light

as feedback light.
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72. A display screen, comprising:

a substrate having a flat surface;

a plurality of parallel fluorescent stripes formed on the
flat surface and separated from one another by a gap between
two adjacent fluorescent stripes; and

a metal coating covering peripheral portions of each of
the fluorescent stripes and the gaps over the flat surface
between the fluorescent stripes to expose a central portion of

each fluorescent stripe.

73. A method for making a display screen, comprising:

forming a plurality of parallel fluorescent stripes on a
flat surface of a substrate, the stripes separated from one
another by a gap between two adjacent fluorescent stripes;

depositing a metal coating to completely cover the
fluorescent stripes and to cover the gaps between the
fluorescent stripes over the flat surface; and

removing a layer of the metal coating and a portion of
each fluorescent stripe to expose a central portion of each
fluorescent stripe while maintaining at least the metal

coating at peripheral portions of each fluorescent stripe.
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