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MULTILAYERED SCREENS WITH LIGHT-EMITTING STRIPES FOR SCANNING
BEAM DISPLAY SYSTEMS

PRIORITY CLAIM
[0001] This application claims the benefit of U.S.
Provisional Application No. 60/938,690 entitled “Multilayered
Screens with Light-Emitting Stripes for Scanning Beam Display
Systems” and filed on May 17, 2007, the entire disclosure of
which is incorporated by reference as part of the
specification of this application.
BACKGROUND
[0002] 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.
[0003] Image and video displays can be designed to directly
produce light of different colors that carry color images and
to project the color images on a screen, where the screen
makes the color images visible to a viewer by reflection,
diffusion or scattering of the received light and does not
emit light. Examples of such displays include digital light
processing (DLP) displays, liquid crystal on silicon (LCoS)
displays, and grating light wvalve (GLV) displays. Some other
image and video displays use a light-emitting screen that
produces light of different colors to form color images.
Examples of such display systems include cathode-ray tube
(CRT) displays, plasma displays, liquid crystal displays
(LCDs), light-emitting-diode (LED) displays (e.g., organic LED
displays), and field-emission displays (FEDs).
SUMMARY
[0004] The specification of this application describes,
among others, light-emitting screens under optical excitation,
and display systems and devices based on such screens using at
least one excitation optical beam to excite one or more light-

emitting materials on a screen which emit light to form
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images. The fluorescent materials may include phosphor
materials and non-phosphor materials such as quantum dots.
[0005] In one example, a display screen includes a light-
emitting layer comprising parallel and separated light-
emitting stripes each absorbing excitation light at an
excitation wavelength to emit visible light at a visible
wavelength different from the excitation wavelength; and a
lens array layer over the light-emitting layer to direct the
excitation light to the light-emitting layer and comprising a
two-dimensional array of lenses. Each lens has a dimension
less than a width of each light-emitting stripe and there are
multiple lenses within the width of each light-emitting
stripe. A pinhole array layer is located between the lens
array layer and the light-emitting layer and includes a
reflective and opague layer that overlays the lens array layer
and is patterned with a two-dimensional array of pinholes that
spatially correspond to the lenses, respectively, to transmit
excitation light from the lenses to the light-emitting layer.
[0006] In another example, a display screen includes a light-
emitting layer comprising parallel and separated light-
emitting stripes each absorbing excitation light at an
excitation wavelength to emit visible light at a visible
wavelength different from the excitation wavelength, and
parallel and optically reflective stripe dividers interleaved
with the light-emitting stripes with each stripe divider
located between two adjacent light-emitting stripes This
screen also includes a dichroic layer formed over the light-
emitting layer to receive and transmit the excitation light
while reflecting the visible light emitted by the light-
emitting layer. This screen further includes a Fresnel lens
layer located to direct the excitation light to the dichroic
layer. The dichroic layer is between the Fresnel lens layer

and the light-emitting layer.
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[0007] In another example, a display screen includes a light-
emitting layer comprising parallel and separated light-
emitting stripes each absorbing excitation light at an
excitation wavelength to emit visible light at a visible
wavelength different from the excitation wavelength, and
parallel stripe dividers interleaved with the light-emitting
stripes with each stripe divider located between two adjacent
light-emitting stripes. Fach stripe divider is optically
reflective.

[0008] In another example, a method for making a display
screen includes: applying light-emitting materials, that
absorb excitation light at an excitation wavelength to emit
visible light at wavelengths different from the excitation
wavelength, into parallel grooves of a mold so that two
adjacent grooves are applied with two different light-emitting
materials that emit at two different wavelengths; controlling
a volume of each light-emitting material in each respective
groove during the process of applying the light-emitting
materials into the mold to partially fill each groove;
applying a liguid material in each groove on top of a
respective light-emitting material to f£ill the groove;
transforming the liquid material into a transparent solid
material that attaches to each light-emitting material in each
groove; placing a screen layer on the mold to be in contact
with and to engage to the transparent solid material; lifting
the screen layer to 1lift a stripe formed by the transparent
solid material and each light-emitting material out of the
mold to form a light-emitting layer of parallel light-emitting
stripes; and applying one or more additional screen layers to
the light-emitting layer to form a display screen.

[0009] In another example, a method for making a display
screen includes applying a stripe divider material that
optically opaque to light into parallel grooves of a mold that

define an array of parallel stripe dividers of the display
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screen; applying a clear layer of a UV curable clear material
on exposed surfaces of the mode between the parallel groves
and on top surfaces of the stripe divider material in the
parallel grooves; directing UV light to the UV curable clear
material to cure the material to bond with the stripe divider
material; applying a UV dicing adhesive layer to adhere to the
cured clear layer; attaching a carrier layer to the UV dicing
adhesive layer; lifting the carrier layer, the UV dicing
adhesive layer and the cured clear layer to remove the array
of stripe dividers attached to the cured clear layer out of
the parallel grooves of the mode; filling groves between the
stripe dividers over the cured clear layer with light-emitting
materials, that absorb excitation light at an excitation
wavelength to emit visible light at wavelengths different from
the excitation wavelength so that two adjacent grooves
separated by a stripe divider are applied with two different
light-emitting materials that emit at two different
wavelengths; controlling a volume of each light-emitting
material in each respective groove during the process of
applying the light-emitting materials to partially fill each
groove and to form parallel light-emitting stripes that are
spatially interleaved with and separated by the stripe
dividers; placing one or more screen layers in contact with
and to engage to top of the stripe dividers; directing UV
light to the UV dicing adhesive layer to separate the UV
dicing adhesive layer along with the carrier layer from the
cured clear layer; removing the cured clear layer from the
stripe dividers and the light-emitting stripes; and forming a
light receiving layer to replace the removed cured clear layer
L0 receive and direct excitation light into the light-emitting
stripes.

[0010] In yet another example, a method for making a display
screen includes forming a metal layer on a flat surface of a

lens array layer of a two-dimensional array of lenses;
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scanning an ablation laser beam to the array of lenses to
focus the ablation laser beam on the metal layer through each
lens to remove the metal at a location of the focused ablation
laser beam to form a pinhole, thus forming a two-dimensional
array of pinholes in the metal layer; and engaging a light-
emitting layer to the metal layer having the two-dimensional
array of pinholes. The light-emitting layer includes parallel
and separated light-emitting stripes each absorbing excitation
light at an excitation wavelength to emit visible light at a
visible wavelength different from the excitation wavelength
and each lens has a dimension less than a width of each light-
emitting stripe so that there are multiple lenses within the
width of each light-emitting stripe. This method also
includes engaging the light-emitting layer and the lens array
layer to a support substrate to form a display screen.
[0011] These and other examples and implementations are
described in detail in the drawings, the detailed description,
and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] 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.
[0013] FIGS. 2A and 2B show one example screen structure and
the structure of color pixels on the screen in FIG. 1.
[0014] FIG. 3A shows an example implementation of the laser
module in FIG. 1 having multiple lasers that direct multiple
laser beams on the screen.
[0015] FIG. 3B and 3C show two examples of a post-objective
scanning beam display system.
[0016] FIG. 4 illustrates an example screen having a

fluorescent stripe layer with fluorescent stripes for emitting
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red, green and blue colors under optical excitation of the
scanning excitation light.

[0017] FIG. 5 shows an example of a multilayered screen with
parallel light-emitting stripes coupled to a lens array layer.
[0018] FIGS. 6A, 6B and 6C show additional details of a lens
array assembly based on the design in FIG. 5.

[0019] FIGS. 7A, 7B and 7C illustrate an example of a laser
ablation fabrication process for making pinholes in the lens
array assembly in FIG. 5 to automatically align each pinhole
with a respective lens.

[0020] FIG. 8 shows another example of a multilayered screen
with parallel light-emitting stripes coupled to a lens array
assembly.

[0021] FIGS. 9 and 10 show two screens that use a combination
of a Fresnel lens layer and a dichroic layer to replace the
lens array assembly in the screens in FIGS. 5 and 8,
respectively.

[0022] FIGS. 11A, 11B, 11C and 11D illustrate an example of a
molding process in forming a light-emitting layer with
parallel light-emitting stripes.

[0023] FIGS. 12A and 12B illustrate lifting the light-emitting
layer by using a lens array assembly shown in FIG. 5.

[0024] FIGS. 13A through 13D illustrate additional steps in a
process for making the screen in FIG. 5.

[0025] FIGS. 14A, 14B and 14C show a use of a lifting layer to
remove a molded light-emitting layer out of a mold and to
engage to another screen layer such as a lens array assembly.
[0026] FIGS. 15A through 15J illustrate a molding process
different from the process in FIGS. 11A through FIG. 11C.
[0027] FIGS. 16 and 17 show two screen structures based on the
process in FIGS. 15A through 15J.

[0028] FIG. 18 shows another example screen structure with a
Fresnel lens layer.

DETAILED DESCRIPTION
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[0029] This application describes implementations of scanning
beam display systems including laser video display systems and
laser HDTV sets that use screens with light-emitting
materials, such as phosphor and fluorescent materials, to emit
light under optical excitation to produce images. Various
examples of screen designs with light-emitting or 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.

[0030] 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.

[0031] Phosphor materials are one type of light-emitting
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 1light
under proper optical excitation and thus can be used as the
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
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guantum 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 liguid solutions,
powders, Jjelly-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. In one implementation, for example, three
different quantum 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 quantum 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).

[0032] 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. 1Instead, the color light-emitting fluorescent
materials on the screen absorb the energy of the scanning
laser beam and emit visible light in red, green and blue or
other colors to generate actual color images seen by the
viewer.

[0033] Laser excitation of the fluorescent materials using one

or more laser beams with energy sufficient to cause the
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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 various 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.

[0034] 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 and two adjacent
phosphor stripes are made of different phosphor materials that
emit light in different colors. In the illustrated example,
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. Adjacent three color phosphor stripes are in three

different colors. One particular spatial color sequence of
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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.

[0035] 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,

including glass or plastic panels. Each color pixel includes
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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 f£ill 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.

[0036] 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.

[0037] 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
signals. The laser control signals are then applied to
modulate the lasers, e.g., the currents for laser diodes, in
the laser array 310.

[0038] 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

~12~
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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.

[0039] 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
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.

[0040] 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 vertical 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
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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.

[0041] 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
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).

[0042] 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
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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.

[0043] 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
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.

[0044] 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 1is
used to generate multiple laser beams 312 to simultaneocusly
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
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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.

[0045] 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
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
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scan lens 380. The system in FIG. 3B is a post-objective
design because the 1-D scan lens 380 1is upstream from the
vertical scanner 340. In this particular example, there is no
lens or other focusing element downstream from the vertical
scanner 340.

[0046] 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 vertical scanning position of the
vertical scanner 380 to maintain consistent beam focusing on
the screen 101. In 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.

[0047] 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
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
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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 vertical 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.

[0048] The above example of post-object scanning beam
system in FIG. 3B uses a polygon scanner 350 for horizontal
scanning as the first beam scanner placed upstream from the
scan lens 380 and a vertical scanner 340 such as a galvo
mirror as the second beam scanner for vertical scanning
downstream from the scan lens 380. In other implementations,
the first beam scanner located upstream from the scan lens 380
is a vertical scanner for vertical scanning, such as a galvo
mirror, and the second scanner downstream from the scan lens
380 is a polygon scanner for horizontal scanning. This
configuration can be designed to use a small galvo reflector
and thus avoid a large downstream galvo reflector with a
dimension along the horizontal scanning direction of the
upstream polygon needed for the post-objective system in FIG.
3B. A large galvo reflector can require more power to operate
than a small galvo reflector and its dynamic range may be
limited due to the larger mass in comparison with a small
galvo reflector. 1In this system, the distortion pattern is
rotated relative to the other one and is preferable for RGB
vertical lines because strong distortion in the vertical
direction makes the spot rotate which means effectively a

wider spot.
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[0049] FIG. 3C show an example of a laser scanning display
system based on multiple lasers in a laser array 310 in a
post-objective configuration where the order of the two
scanning devices in FIG. 3B is reversed. This scanning beam
display system includes lasers forming a laser array 310 to
produce multiple laser beams, respectively, a beam scanning
module with two scanners 340A and 350A placed two sides of a
scan lens 380A in an optical path of the laser beams to scan
the laser beams in two orthogonal directions onto the screen
101; and an afocal optical relay module 330 placed between the
lasers 310 and the scanning module to include lenses 3303,
330B and 330C to reduce a spacing between two adjacent laser
beams and to overlap the laser beams at the scanning module.
In one implementation of the design in FIG. 3C, the scan lens
380 can be designed to image the reflective surface of the
vertical scanner 340A onto the reflecting facet of the polygon
350A so that a relatively small polygon facet of a compact
polygon can be used to reduce power consumption and the
dynamic range of the polygon. Mirrors 337 and 338 are placed
in the optical path between the polygon scanner 350A and
screen 101 to fold the optical path with a small optical
depth.

[0050] In one implementation, the afocal optical relay
module 330 can include a first lens having a first focal
length to receive and focus the laser beams from the lasers; a
second lens having a second focal length shorter than the
first focal length and spaced from the first lens by the first
focal length to focus the laser beams from the first lens; and
a third lens having a third focal length longer than the
second focal length and spaced from the second lens by the
third focal length to focus and direct the laser beams from
the second lens to the scanning module. Examples for the
afocal optical relay module 330 are described in PCT

application No. CT/US2006/041584 entitled “Optical Designs for
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Scanning Beam Display Systems Using Fluorescent Screens” and
filed on October 25, 2006 (PCT publication no. WO 2007/050662)
and U.S. patent application No. 11/510,495 entitled “Optical
Designs for Scanning Beam Display Systems Using Fluorescent
Screens” and filed on August 24, 2006 (U.S. publication no. US
2007-0206258 Al), which are incorporated by reference as part
of the specification of this application.

[0051] In FIG. 3C, the laser beams are controlled to
overlap in a single plane (i.e., the pupil plane). A single-
axis scanning scanner upstream from the scan lens 380A, e.g.,
a galvo mirror, 1s located in the pupil plane and is used to
scan all beams along one axis, which is the wvertical direction
in this example. The scan lens 380A can be a multi-function
scan lens which is designed to have a sufficiently large
field-of-view to accept the full angular range of the scanned
beams from the upstream vertical scanner 150 (e.g., the galvo
mirror). The scan lens 380A is a converging lens which brings
the beams to focus at the screen 101. The scan lens 380A is
also used to image the galvo mirror 340A onto the polygon
reflecting facet on the downstream polygon scanner 350A. This
imaging function allows the polygon 350A to be relatively
small. Without imaging, the polygon 350A would be relatively
large because the scanned beams naturally spread with
increasing distance from the galvo mirror 340A. The scan lens
380A in FIG. 3C can be a single-element lens or can include
multiple lens elements in order to perform its functions,
e.g., focusing and re-imaging over the scanning range of the
galvo mirror 340A.

[0052] Downstream from the scan lens 380A, the polygon
scanner 350A scans the converging beams from the scan lens
380A onto the screen 101. The foci of the converging beams
can, in general, lie on a curved surface. A focus servo is
used to refocus the beams dynamically on to a planar surface

of the screen 101. In this example, the focus servo includes
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at least two lens elements 334 and 335 that are separated by
an air gap as shown. One of the two lenses (e.g., lens 334)
has a positive focal length and the other (e.g., lens 335) has
a negative focal length. An actuator is provided to control
the relative spacing between the two lenses 334 and 335. The
beams entering and exiting the focus servo are nominally
collimated when the lenses comprising the focus servo are
separated by a prescribed distance (i.e., the neutral or
nominal position). In the example shown in FIG. 3C, one lens
of the focus servo is stationary and the other is moved
axially to allow dynamic refocusing of the beams. The movable
lens (e.g., lens 335) is moved about its nominal position by a
distance sufficient to bring the beams to focus on the screen
101. 1In the post-objective system, the output 2-D scanning
beam can have optical distortions such as “bow” distortions in
the horizontal direction. A distortion correcting optical
module 336 with multiple lens elements can be provided in the
optical path between the polygon scanner 350A and the screen
101 to reduce the optical distortions.

[0053] The stripe design in FIG. 2B for the fluorescent
screen 101 in FIGS. 1, 3A, 3B and 3C 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. 1In 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 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

~D1~



10

15

20

25

30

WO 2008/144673 PCT/US2008/064169

of 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.

[0054] 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.

[0055] 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 opaque and reflective 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 layer 400.

[0056] The substrate layer 424 can also be located on the

other side of the fluorescent layer 400. Because the
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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 visible light coming from the fluorescent layer
400 towards the viewer side to improve the brightness of the
displayed images.

[0057] 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 vertical
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.
In addition, the facets of the stripe dividers 404 facing the
viewer side may be blackened, e.g., by being coated with a
blackened absorptive layer, to reduce reflection or glare to

the viewer gside.
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[0058] 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 1is 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. 1In 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
0of 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.

[0059] 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. For example, a Fresnel lens layer can be used as this
entrance layer 411 to control the incidence direction of the
scanning excitation beam 120. For another example, a lens
array layer having an array of lens elements and a matching

pinhole array with multiple lenses in each subpixel or within
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a width of a fluorescent stripe may be implemented in this
entrance layer 411. For yet another example, 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 fluorescent layer. To improve the brightness of
the screen to the viewer, a first dichroic layer 412 (D1l) may
be placed in the path of the excitation beam 120 upstream from
the fluorescent layer 400 (e.g., on the excitation side of 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) may 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.

[0060] 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
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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.

[0061] In addition, the screen can include a screen gain
layer 423 on the viewer side of the fluorescent layer 400 to
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.

[0062] 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.
[0063] In FIG. 4, the dichroic layer D2 (421) which blocks
the excitation light (e.g., UV) and transmits the visible
light and the optical neutral density (ND) filter 422 may be
formed on the viewer side of the light-emitting layer.

Because the support substrate 424 is positioned on the viewer
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side, the support substrate 424 can be made of a material
transparent or partially transparent to the visible colored
light emitted by the light-emitting layer. A partial
transparent material having a uniform attenuation to the
visible light including the three colors emitted by the light-
emitting stripes can be used in the support substrate 424 to
operate like an optical neutral density (ND) filter. 1In
addition, the support substrate 424 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 light-
emitting layer.

[0064] FIG. 5 shows an example of a multilayered screen
with parallel light-emitting stripes coupled to a lens array
layer 510. A support substrate 424 is provided on the viewer
side of the screen to support various screen layers and can be
made of plastic and other materials. The light-emitting layer
is engaged to the substrate 424 via a clear bonding layer 540
and includes parallel and separated light-emitting stripes
such as the stripes 401, 402 and 403 in FIG. 4. Each stripe
absorbs excitation light 120 to emit visible light at a
visible wavelength different from the excitation wavelength.
In this example, each light-emitting stripe includes a stripe
of a light-emitting material 401, 402 or 403 that absorbs the
excitation light to emit visible light and a stripe of a
transparent material 501 such as a clear filler located
between the stripe of the light-emitting material and the
pinhole array layer 520. Parallel stripe dividers are
interleaved with the light-emitting stripes with each stripe
divider located between two adjacent light-emitting stripes.
Each stripe divider is optically reflective and opaque to
optically isolate two adjacent light-emitting stripes for
enhanced color purity and image contrast. In this example,

each stripe divider includes an optically opaque core 531 such

~D T~



10

15

20

25

30

WO 2008/144673 PCT/US2008/064169

as a black optically absorbent material and an optically
reflective layer 532 formed on two sides of the optically
opaque core 531 which interface with the two adjacent light-
emitting stripes, respectively.

[0065] The lens array layer 510 is formed on a clear lens
array support layer 512 to form two dimensional array of
lenses 511 and 1is located on the excitation side of the light-
emitting layer to direct the excitation light 120 to the
light-emitting layer. Each lens 511 has a dimension less than
a width of each light-emitting stripe and there are multiple
lenses within the width of each light-emitting stripe, e.g.,
four lenses 511 per stripe.

[0066] The screen in FIG. 5 include a pinhole array layer
520 in a combination with the lens array layer. The pinhole
array layer 520 is formed between the lens array layer 510 and
the light-emitting layer to include a reflective and opaque
layer 522 that overlays the lens array layer 510 and is
patterned with a two-dimensional array of pinholes 521 that
align with the lenses 511, respectively, so that the
excitation light 120 that is focused by each lens 511 to the
respective pinhole 521 for that lens 511 can pass through the
reflective and opaque layer 522 to reach the light-emitting
layer while the excitation light in other directions that
misses a pinhole 521 is blocked and reflected by the
reflective and opaqgue layer 522. Each stripe can cover
multiple lenses 511, e.g., micro lenses with a diameter in a
range of about tens of microns (e.g., 20 microns) and the
excitation light 120 received by each stripe or subpixel is
transformed into multiple convergent mini excitation beams by
the lenses 511. The focusing of each lens 511 directs most of
the optical power through a respective pinhole 521 to increase
the throughput of the excitation light 120 to the light-
emitting layer. The lens array layer 510 can be designed to

have a fill factor of 100% or nearly 100% to generate a high
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efficiency in coupling light through the reflective and opaqgue
layer 522. This design ensures that the excitation light 120
that is received by the lens array layer 510 is transmitted
through the pinhole array layer 520 to reach the light-
emitting layer. In this regard, this combination of the lens
array layer 510 and the pinhole array layer 520 provides
functions of an entrance layer 411 in FIG. 4.

[0067] In addition, the pinhole array layer 520 uses the
reflective and opaque layer 522 as a blocker for light
directed from the light-emitting layer to the pinhole array
layer 520 because, in absence of a lens between the light-
emitting layer and the pinhole array layer 520, such light
towards the pinhole array layer 520 is diffused in all
directions. 1In particular, the visible light emitted by the
light-emitting layer is in all directions. The clear filler
stripe 501 is placed between the light-emitting material 401,
402 or 403 and the pinhole array layer 520 to create a
propagation space for the visible light emitted by the light-
emitting material to allow sufficient divergence of the
emitted visible light that travels towards the pinhole array
layer 520 before reaching any pinhole 511. For example, the
clear filler stripe 501 can have a thickness of tens of
microns to create sufficient divergence in the emitted visible
light. The minimum thickness of the clear stripe 501 may be
set at one half of the focal length of each lens 511. As a
result, only a small fraction of such light can pass through
the pinholes 521 in the pinhole array layer 520 and the
majority of the visible light and the unabsorbed excitation
light is reflected by the reflective and opaque layer 522 back
towards the light-emitting layer. Such reflected light is
“recycled” to improve the brightness and optical efficiency of
the screen. In this regard, this combination of the lens
array layer 510 and the pinhole array layer 520 also operates

like the dichroic layer D1 (411) in FIG. 4.
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[0068] The combination of the lens array layer 510 and the
pinhole array layer 520 is a lens array assembly 500 as shown
in FIG. 5. A tacky layer 530 may be placed between the light-
emitting layer and the pinhole array layer 520 to engage the
lens array assembly 500 to the light-emitting layer. The
tacky layer 530 may be, e.g., a clear adhesive layer.

[0069] FIGS. 6A, 6B and 6C show additional details of the
lens array assembly 500. FIG. 6A shows a top view along a
direction from the excitation side to the viewer side. In
this particular example, each lens 511 has a hexagon shape and
is butted side by side with six adjacent lenses 511 without
any gap to have a fill factor of 100%. Other lens shapes may
also be used. FIG. 6B shows a perspective view of the lens
array assembly 500. FIG. 6C shows a cross sectional view of a
lens 511 along the same direction of the sectional view shown
in FIG. 5.

[0070] FIGS. 7A, 7B and 7C illustrate an example of a laser
ablation fabrication process for making pinholes 521 in the
lens array assembly 500 to automatically align each pinhole
521 with a respective lens 511. The lens array layer 510 has
one side that is a flat surface. A black absorbent layer 710
can be formed on the flat surface and absorbs the excitation
light. This absorption can facilitate the laser ablation.

The thickness of the layer 710 may be, e.g., around 100 nm.

On top of the black absorbent layer 710, the reflective and
opague metal layer 522 is formed with a desired thickness to
be optically opaque. An evaporated aluminum layer with a
thickness of 400 nm to 700 nm may be used as the layer 522.
FIG. 7B shows the laser ablation process. A scanning ablation
laser beam 720 is directed from a laser source and is scanned
in the same manner as the excitation beam 120 in the display
system shown in FIG. 1, 3A, 3B or 3C so that the ablation
laser beam 720 traces the scanning path and direction of the

excitation beam 120 at each and every location on the screen.
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Under this scanning mode, the focus point 722 of the ablation
beam 720 on the metal layer 522 changes its location from one
lens 511 to another lens 511 with respect to the focal point
on the optic axis of each lens 511 due to the varying incident
directions of the scanning ablation laser beam 720 with
respect to the normal incidence. Therefore, the positions of
the pinholes 521 for the lenses 511 are determined by the
directions of the scanning ablation beam 720 when entering the
lenses 511, respectively. FIG. 7B illustrates this relation
between the scanning ablation beam 720 and the beam focus
location with respect to the optic axis of each of 5 lenses at
the center of the screen along the horizontal scanning
direction. The shift of the beam focus location due to

scanning of the beam 720 is along both the horizontal and

vertical directions. FIG. 7C shows the resultant pinholes
521.
[0071] Therefore, the array of pinholes 521 in the pinhole

array layer 520 is not exactly matching in position with the
array of the lenses 511 in the lens array layer 510. The
lenses 511 in the lens array layer 510 are a periodic array
with a uniform lens-to-lens spacing across the array. The
pinholes 521 in the pinhole array layer 520 are not periodic
and have varying hole-to-hole spacings along both directions.
Fach pinhole 521 corresponds to only one lens 511 and is not
aligned with the center of the corresponding lens 521 along
the optic axis of the lens 511 except at a location of the
screen where the scanning beam is at the normal incident
direction. This design of the pinhole array layer 520
provides an automatic alignment between each pinhole and the
scanning excitation beam 120 when the screen is used in the
actual display system. As a result, the optical loss in the
excitation light at the lens array assembly 500 is reduced.
[0072] The metal at the focus location 722 in each lens 511

is ablated and removed to form a throughhole as the pinhole
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521. This ablation process is assisted by the absorption of
the laser light in the black absorbent layer 710 at the focus
location 722 and also produces a matching hole in the black
absorbent layer 710. The pinhole 521 can be made to be larger
than the beam spot size at the surface 522 to provide
tolerance for the manufacturing tolerance and for the
variation in beam focusing due to the difference in wavelength
between the ablation laser beam 720 (e.g., 520 nm) and the
excitation laser beam 120 (e.g., less than 420 nm).

[0073] Notably, the above and other screen designs in this
application essentially eliminate any fine optical alignment
between different screen layers. The lens array layer 510 and
the pinhole array layer 520 are fabricated as a single
assembly 500 through above self-aligned laser ablation
process. This assembly 500 is engaged to the light-emitting
layer to overlay with each other. Each lens 511 and its
corresponding pinhole 521 are not required to be precisely
align with any stripe or any other feature in the light-
emitting layer. Therefore, these and other different screen
layers can be relatively easy to assemble together to form a
final screen.

[0074] FIG. 8 shows another example of a multilayered
screen with parallel light-emitting stripes coupled to a lens
array assembly 500. In this example, stripe dividers 801 that
are interleaved with the light-emitting stripes are made of an
optically reflective and opaque material such as a metal, a
mixture of reflective beads and a binder material, and a white
paint material (e.g., a TiO2-filled resin or a barium sulfate-
filled resin). The beads can be made of a dielectric material
with a refractive index greater than the refractive index of
the bead binder material to effectuate optical reflection and
can be in various sizes, e.g., from several microns to tens of
microns, or hundreds of microns. Each bead may be partially

or entirely coated with a metal coating. The reflectivity of
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a white paint material can be grater than 90% from 400 nm to
650 nm. In addition, a blackened absorbent stripe layer 810
can be formed on a facet of each stripe divider which faces
the viewer side (i.e., away from the lens array layer 510) to
reduce reflection or glare at the dividers.

[0075] FIGS. 9 and 10 show two screens that use a
combination of a Fresnel lens layer 910 and a dichroic layer
920 to replace the lens array assembly in the screens in FIGS.
5 and 8, respectively. The Fresnel lens layer 910 is placed
at the excitation side of the screen as the entrance layer to
cover the entire area of the screen that receives the
excitation beam 120. The Fresnel lens layer 910 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 910. A
dielectric layer with a different index than the Fresnel lens
layer 910 can be formed between the Fresnel lens layer 910 and
the remaining portion of the screen to create a difference in
the refractive index from the Fresnel lens layer 910 to the
next layer of the screen, e.g., the dichroic layer 920. This
layer can be an air gap or a dielectric material transparent
to the excitation light. The Fresnel lens layer 910 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 that is
approximately normal to the screen. The Fresnel lens layer
910 can be in a telecentric configuration for the incident
scanning excitation beam 120.

[0076] The dichroic layers 910 may be implemented in
various configurations. For large format displays, such a
dichroic layer may be made of 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
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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. In some implementations,
multiple layers of two different materials with different
indices may be used to form a composite film stack 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 the dichroic layer 920. Such a composite
sheet for the dichroic layer 920is 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.

[0077] 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
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
environmentally stable, thin and flexible. Coextruded

multilayer interference filters as disclosed in U.S. Patent
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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 1s 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
reflector,” all of which are incorporated by reference as part
of the specification of this application.

[0078] In the above examples, each light-emitting stripe
includes a stripe of a light-emitting material (e.g., 401, 402
or 403)that absorbs the excitation light to emit visible light
and a stripe of a transparent material 501. This structure
can be fabricated by wvarious processes including directly
printing light-emitting phosphor stripes on a screen layer.
The following describes an example of a molding and transfer
process shown in FIGS. 11A, 11B and 11C, where the light-

emitting phosphor stripes are initially formed in a mold and
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are then removed from the mold and transferred to a screen
layer.

[0079] FIG. 11A shows a mold suitable for making the light-
emitting layer. The mold includes a mold base 1101 and
parallel grooves 1120 formed between groove dividers 1130 on
the mode base 1101. Dimensional integrity of the mold can be
achieved with known precision machining methods such as
diamond turning. The inner surfaces of the grooves 1120 in
the mold can be treated prior to applying the light-emitting
materials to facilitate separation of each light-emitting
stripe from the mold. For example, the inner surfaces of each
groove 1120 can be electroplated with a nickel layer or coated
with a layer of a surface lubrication material (e.g., Teflon).
[0080] After the mold is prepared, light-emitting materials
such as phosphor materials are applied into parallel grooves
1120 of the mold (FIGS. 11B and 11C) so that two adjacent
grooves 1120 are applied with two different light-emitting
materials that emit light at two different wavelengths. A
printing process such as a screenprinting process can be used
to print phosphor inks into the mold. The volume of each
light-emitting material in each respective groove 1is
controlled during the printing process to partially fill each
groove 1120. This can be achieved by, e.g., controlling
screenprinting parameters, such as the squeegee speed, the
angle of attack, the ink wviscosity, stencil mask opening
width, etc. Alternatively, the phosphor volume may also be
controlled by mixing volatile agents in the ink which
evaporate and allow phosphor to settle to bottom of each mold
groove. 1Inks may have a concave top surface after evaporation
of volatiles (FIG. 11C).

[0081] After the phosphor materials are applied, a liquid
material is applied in each groove 1120 on top of a respective
light-emitting material to fill up the groove 1120. For

example, an optically clear liquid material such as the
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Norland 61 UV curing compound or Addison Clear Wave AC A109-TR
UV molding compound can be dispensed to fill the mold. A
squeegee is used to scrape off excess material from top of the
mold.

[0082] Subsequently, the liguid material is transformed
into a transparent solid material 501 that attaches to each
light-emitting material in each groove 1120. For example, the
clear material 501 can be cured fully or partially by exposing
to UV light or heat to assist removal from the mold. The top
surface of the clear material 501 may be left sticky after the
transformation for easy engagement to another screen layer.
FIG. 11D shows an example of a mold with specific dimensions.
[0083] The above molded light-emitting layer is
subsequently removed from the mold and is attached to another
screen layer. In this process, the screen layer is placed on
the mold to be in contact with and to engage to the
transparent solid material. The screen layer is lifted to
lift a stripe formed by the transparent solid material 501 and
each light-emitting material out of the mold to form a light-
emitting layer of parallel light-emitting stripes and is
attached to another screen layer.

[0084] FIGS. 12A and 12B illustrate 1lifting the light-
emitting layer by using the lens array assembly 500. First,
the pre-assembled lens array assembly 500 is oriented so that
the clear tacky layer 530 faces the exposed clear fillers 501
in the grooves 1120 of the mold shown in FIG. 11D. The pre-
assembled lens array assembly 500 is pressed against the mold
to allow the clear tacky layer 530 and the clear fillers 501
to engage to one another (FIG. 12A). Next, as shown in FIG.
12B, the lens array assembly 500 is lifted to move away from
the mold base 1101 of the mold to remove the stripes of clear
fillers 501 and the phosphor stripes (401, 402, 403, etc.)
attached to the clear fillers 501 out of the grooves 1120.

This lifting process is facilitated by the adhesion between
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the clear tacky layer 530 and the clear fillers 501 and the
pre—-treatment of the inner surfaces of the grooves 1120 in the
mold to facilitate separation of each light-emitting stripe
from the mold.

[0085] FIGS. 13A through 13D illustrate the remaining
process for making the screen in FIG. 5. After lifting the
light-emitting layer of parallel light-emitting stripes out of
the mold, a metal reflective layer is coated over the light-
emitting stripes to cover exposed surfaces of the light-
emitting material and the transparent solid material and a
surface over the screen layer between two adjacent light-
emitting stripes (FIG. 13A). The part of this layer on the
side surfaces is the reflective layer 532 in FIG. 5 and the
part of the layer on the top surface of the light-emitting
material (e.g., phosphor) is shown as the layer 1310 which is
later removed. A filler material 531 is added to fill gaps
between two adjacent light-emitting stripes and the material
531 can be a material that absorbs light such as a black
pigment. Next, the part of the filler material 531, the metal
layer 1310 on top of the light-emitting material (e.g.,
phosphor) and a part of the light-emitting material are
removed to form a flat surface that exposes the light-emitting
material in each light-emitting stripe. FIG. 13C shows the
exposed top phosphor surface 1330 and the top filler surface
to form a flat surface. At this time, another screen layer
can be placed over the flat surface. FIG. 13D shows that the
support substrate 424 can be attached to the flat surface by
using a clear bonding layer 540.

[0086] FIGS. 14A, 14B and 14C show a use of a lifting layer
1401 to remove the molded light-emitting layer out of the mold
and to engage to another screen layer such as the lens array
assembly 500. This lifting layer 1401 becomes a part of the
screen and can be designed to achieve a desired propagation

length between the pinhole array layer 520 and the phosphors.
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This lifting layer 1401 can be made of various transparent
materials including thin plastic or polyester films such as a
Mylar film with a thickness from 6 microns to 25 microns.
First, the lifting layer 1401 is pressed against the mold to
allow the 1lifting layer 1401 and the clear fillers 501 to
engaged to one another (FIG. 14A). A thin adhesive layer may
be applied on other the lifting layer 1401 or the exposed
surfaces of the clear fillers 501 to assist the engagement
between the lifting layer 1401 and the clear fillers 501.
Next, as shown in FIG. 14B, the lifting layer 1401 is lifted
to move away from the mold base 1101 of the mold to remove the
stripes of clear fillers 501 and the phosphor stripes (401,
402, 403, etc.) attached to the clear fillers 501 out of the
grooves 1120. FIG. 14C further shows that the assembling
process of engaging the lens array assembly 500 in FIG. 5 to
the lifting layer 1401 as one part of the screen. The pre-
assembled lens array assembly 500 is oriented so that the
clear tacky layer 530 faces the lifting layer 1401. The pre-
assembled lens array assembly 500 and the lifting layer 1401
are pressed against each other to allow the clear tacky layer
530 and the lifting layer 1401 to engage to each another.
Additional screen layers are then placed over the phosphor
stripes (401, 402, 403, etc.) to complete the screen.

[0087] Referring to FIG. 13C, the top phosphor surface 1330
in each stripe faces the viewer side of the screen. An air
gap or a low-index dielectric layer can be formed between the
phosphor surface 1330 and the support substrate layer 424 to
enhance transmission of emitted visible light to the viewer
through the support substrate 424. 1In one implementation,
surface textures on the exposed surface 1330 of the light-
emitting material can be formed during the removal process or
in a separate surface treatment process to form air gaps
between the light-emitting material and the screen layer

engaged on the flat surface 1330. The lifting layer 1401 can

~39~



10

15

20

25

30

WO 2008/144673 PCT/US2008/064169

be a low index material with an index less than that of the
phosphors.

[0088] A different molding process can be used to screen
with a similar and slightly different multilayer structure.

FIGS. 15A through 15J illustrate this different molding

process.
[0089] FIG. 15A shows a mold suitable for making a light-
emitting layer for a screen. The mold includes a mold base

1501 and narrow parallel mold grooves 1510 formed between wide
mode dividers 1520 on the mode base 1501. The groves 1510 are
used to form stripe dividers between adjacent light-emitting
stripes in the screen and the space occupied by the mold
dividers 1520 is used to form the light-emitting stripes in
the screen. Dimensional integrity of the mold can be achieved
with known precision machining methods such as diamond
turning. The inner surfaces of the mold grooves 1510 and the
top surfaces of mold dividers 1520 of the mold can be treated
to facilitate separation of the molded structure from the
mold. For example, the inner surfaces of each groove 1510 and
the top surfaces of mold dividers 1520 can be electroplated
with a nickel layer or coated with a layer of a surface
lubrication material (e.g., Teflon). A stripe divider
material such as an optically opaque material (e.g., a black
ink) is applied into parallel grooves 1510 of the mold to fill
up the grooves 1510. A printing process such as a
screenprinting process can be used to print the stripe divider
material into the mold. The stripe divider material can be a
UV cured black material that absorbs light. The excessive
stripe divider material is removed to form a flat surface with
the top surfaces of the mold dividers 1520.

[0090] FIG. 15B shows forming a UV curable clear layer 1540
on top of the exposed surfaces of the filled stripe divider
material 1530 and the top surfaces of the mold dividers 1520.

First, the UV curable material for the clear layer 1540 is
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applied on and is placed in direct contact with the top
exposed surfaces of the filled stripe divider material 1530
and the top surfaces of the mold dividers 1520. Next, the UV
curable material for the clear layer 1540 is exposed to the UV
light to cure the material so that the UV curable material is
bounded with the stripe divider material 1530. This UV
curable clear layer 1540 may be used in some screens and may
be eliminated in other screens.

[0091] Next, a carrier layer 1560 and an adhesive layer
1550 are attached to the top surface of the top of the exposed
surfaces of the filled stripe divider material 1530 and the
top surfaces of the mold dividers 1520 in absence of the UV
curable clear layer 1540. When the UV curable clear layer
1540 1is present, the carrier layer 1560 and the adhesive layer
1550 are attached to the top surface of the UV curable clear
layer 1540. The adhesive layer 1550 can be a UV dicing
adhesive layer having a bottom adhesive layer 1551 which
adheres to the UV curable clear layer 1540 and a top plastic
or polyester backing layer 1552 that is attached to the
carrier layer 1560. One example of the adhesive layer 1550 is
the UV dicing adhesive tape used in wafer dicing and the
adhesive surface becomes non-sticky when exposed to UV light.
This process bonds the carrier layer 1560 to the UV curable
clear layer 1540 via the adhesive layer 1550 (FIG. 15C). The
carrier layer 1560 is then lifted away from the mold to remove
the stripe dividers 1530 out of the mold grooves 1510 to form
a parallel array of phosphor Stripe grooves 1533 between
adjacent stripe dividers 1530 (FIG. 15D).

[0092] Next, a reflective coating 1570 such as a metal
layer (e.g., aluminum) is deposited over the surfaces of the
stripe dividers 1530 and the bottom surfaces of the phosphor
stripe grooves 1533 (FIG. 15E). This reflective layer is in
part to recycle light to increase the optical efficiency of

the screen. Subsegquently, light-emitting materials such as
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phosphor materials are applied into parallel grooves 1533 so
that two adjacent grooves 1533 are applied with two different
light-emitting materials that emit light at two different
wavelengths. A printing process such as a screenprinting
process can be used to print phosphor inks into the grooves
1533. The volume of each light-emitting material in each
respective groove 1533 1is controlled during the printing
process to partially fill each groove 1533 below the top
surface of the strip dividers 1530 by a selected distance h
(FIG. 15F). This forms the phosphor stripes (401, 402, 403,
etc.) with top surfaces 1580. UV light can be used to
illuminate the filled phosphor materials to cure the
materials. The UV light does not penetrate the reflective
metal layer 1570 so that the adhesion of the UV-released
adhesive layer 1550 remains intact. The space above the
phosphor materials can be left empty or filled with an
optically clear liquid material such as the Norland 61 UV
curing compound or Addison Clear Wave AC A109-TR UV molding
compound which is transformed into a transparent solid
material that attaches to each light-emitting material in each
groove 1533.

[0093] In this design, the top surfaces of the stripe
dividers 1530 are oriented to face the viewer side of the
final screen. Hence, the portions of the reflective coating
1570 on the top surfaces stripe dividers 1530 should be
removed to reduce reflection or glare to the viewer side of
the screen. This can be achieved by removing the top layer of
the reflective coating 1570 until the opaque filler material
of the stripe dividers 1530 1is exposed as an opadque top
surface 1531 (FIG. 15G). This removal process can be achieved
using various techniques, including but not limited to
polishing and sandblasting.

[0094] Next, a support substrate 424 is attached to the top

surfaces 1531 and the top surfaces of the clear fillers 501 by
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an adhesive layer (FIG. 15H). At this time, UV light can be
directed through the carrier layer 1560 and the adhesive layer
1550 to cause the UV dicing adhesive layer 1550 to lose its
adhesion and thus to release the screen structure as shown in
FIG. 15I. The UV clear layer 1540 can be removed (FIG. 15J).
[0095] FIGS. 16 and 17 further show two examples of screens
based on the screen structure in FIG. 15J. In FIG. 16, the
lens array assembly 500 in FIG. 5 is attached to the screen
structure in FIG. 15J on the excitation side. In FIG. 17, the
dichroic layer 920 in FIG. 9 is attached to the screen
structure in FIG. 15J on the excitation side.

[0096] FIG. 18 shows another example screen structure with
a Fresnel lens layer. 1In this example, the contrast
enhancement layer 422 in FIG. 4 is implemented as a color
filter layer 1810 with red, green and blue filers 1811, 1812
and 1813 that spatially correspond to and align with
fluorescent stripes in the fluorescent layer along the
direction perpendicular to the screen layers. The color-
selective absorbing stripes 1811, 1812 and 1813 therefore
transmit light in respective colors of the fluorescent stripes
and absorb light in colors of other fluorescent stripes,
respectively. An adhesive layer. An opague region can be
formed between two adjacent filters 1811, 1812 and 1813 to
optically isolate the filters to reduce color mixing. This
filter layer 1810 can be used in other screen designs to
enhance the contrast of the display images.

[0097] In FIG. 18, an adhesive layer 1820 is formed between
the color filter layer 1810 and the phosphor layer. This
adhesive layer 1820 produces standoffs to create an air gap
between the phosphor stripes and the color filters. This air
gap reduces the undesired image halo, enables the UV to be
recycled back to the phosphor layer to increase the optical
efficiency. This air gap can be set in various thickness

values, e.g., 10 to 20 microns. In fabrication, a thin layer
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of adhesive 1is spread over the mold and laminate the multi
layer optical film D1 to the adhesive layer 1820. Then the
phosphors are peeled out of the mold. This example show air
gaps between different phosphor stripes and may be filled with
an opaque reflective material, such as Ti02, or silver flake,
or plated and planarized before assembly.

[0098] 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
0of 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.

[0099] Only a few implementations are disclosed. However, it
is understood that variations, enhancements and other
implementations can be made based on what is described and

illustrated in this patent application.
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CLAIMS

What is claimed is:

1. A display screen, comprising:

a light-emitting layer comprising a plurality of parallel
and separated light-emitting stripes each absorbing excitation
light at an excitation wavelength to emit visible light at a
visible wavelength different from the excitation wavelength;

a lens array layer over the light-emitting layer to
direct the excitation light to the light-emitting layer and
comprising a two-dimensional array of lenses, wherein each
lens has a dimension less than a width of each light-emitting
stripe and there are a plurality of lenses within the width of
each light-emitting stripe; and

a pinhole array layer between the lens array layer and
the light-emitting layer, the pinhole layer comprising a
reflective and opaque layer that overlays the lens array layer
and is patterned with a two-dimensional array of pinholes that
spatially correspond to the lenses, respectively, to transmit

excitation light from the lenses to the light-emitting layer.

2. The display screen as in claim 1, wherein:
the pinhole array layer is at or near a focal plane of

each lens for the excitation light.

3. The display screen as in claim 2, wherein:
each pinhole has a dimension greater than a beam spot of
the excitation light focused by a respective lens onto the

pinhole array layer.

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

the reflective layer is a metal layer.

5. The display screen as in claim 1, wherein:
each lens in the lens layer is a hexagon and in contact

with six adjacent lenses.
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6. The display screen as in claim 1, wherein:

a black layer between the lens array layer and the
pinhole array layer, the black layer patterned to comprise
through holes that align with the pinholes in the pinhole
array layer, respectively, to allow transmission of light from

each lens to a respective pinhole.

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

each light-emitting stripe comprises a stripe of a light-
emitting material that absorbs the excitation light to emit
visible light and a stripe of a transparent material, wherein
the stripe of the transparent material is located between the
stripe of the light-emitting material and the pinhole array

layer.

8. The display screen as in claim 1, comprising:

a plurality of parallel stripe dividers interleaved with
the light-emitting stripes with each stripe divider located
between two adjacent light-emitting stripes, wherein each

stripe divider is optically reflective.

9. The display screen as in claim 8, comprising:
a blackened absorbent stripe formed on a facet of each

stripe divider which faces away from the lens array layer.

10. The display screen as in claim 8, wherein:
each strip divider comprises an optically reflective
layer which interfaces with each of the two adjacent light-

emitting stripes.

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

the optically reflective layer is a metal layer.
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12. The display screen as in claim 8, wherein:

each strip divider comprises an optically opaque core and
an optically reflective layer formed on two sides of the
optically opaque core which interface with the two adjacent

light-emitting stripes, respectively.

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

the optically reflective layer is a metal layer.

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

the optically opaque core absorbs light.

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

the optically opaque core comprises a black pigment.

16. The display screen as in claim 8, wherein:
each strip divider comprises beads that reflect light and

a binder material in which the beads are distributed.

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

each strip divider comprises a metal.

18. The display screen as in claim 8, wherein:
each strip divider comprises a reflective white paint

material.

19. The display screen as in claim 1, comprising:

a substrate to which the light-emitting layer is engaged,
the substrate operable to transmit visible light emitted by
the light-emitting layer.

20. The display screen as in claim 19, wherein:

the substrate blocks the excitation light.

21. The display screen as in claim 19, wherein:

the substrate reflects the excitation light.
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22. The display screen as in claim 19, wherein:
the substrate attenuates the visible light with an
attenuation uniform over a spectral range of the visible

light.

23. The display screen as in claim 19, wherein:

the substrate comprises a plastic layer.

24, The display screen as in claim 19, wherein:

the substrate has a surface that is engaged to the light-
emitting layer and the surface has surface textures that
create alir gaps between the substrate and the light-emitting

layer.

25. The display screen as in claim 19, comprising:

a bonding layer between the substrate and the light-
emitting layer to bind the substrate and the light-emitting
layer to each other, the bonding layer transmitting the

visible light emitted by the light-emitting layer.

26. The display screen as in claim 1, comprising:

a selective blocking layer that transmits the visible
light and blocks the excitation light, wherein the light-
emitting layer is located between the selective blocking layer

and the lens array layer.

27. The display screen as in claim 1, comprising:

a neutral density filter layer that attenuates the
visible light, wherein the light-emitting layer is located
between the neutral density filter layer and the lens array

layer.

28. The display screen as in claim 1, wherein:
two adjacent light-emitting stripes emit visible light of

different colors when absorbing the excitation light.
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29. A display screen, comprising:

a light-emitting layer comprising a plurality of parallel
and separated light-emitting stripes each absorbing excitation
light at an excitation wavelength to emit visible light at a
visible wavelength different from the excitation wavelength,
and a plurality of parallel stripe dividers interleaved with
the light-emitting stripes with each stripe divider located
between two adjacent light-emitting stripes, wherein each
stripe divider is optically reflective;

a dichroic layer formed over the light-emitting layer to
receive and transmit the excitation light, wherein the
dichroic layer reflects the visible light emitted by the
light-emitting layer; and

a Fresnel lens layer located to direct the excitation
light to the dichroic layer, wherein the dichroic layer is

between the Frensnel lens layer and the light-emitting layer.

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

each light-emitting stripe comprises a stripe of a light-
emitting material that absorbs the excitation light to emit
visible light and a stripe of a transparent material, wherein
the stripe of the transparent material is located between the

stripe of the light-emitting material and the dichroic layer.

31. The display screen as in claim 29, comprising:
a blackened absorbent stripe formed on a facet of each

stripe divider which faces away from the dichroic layer.

32. The display screen as in claim 29, wherein:
each strip divider comprises an optically reflective
layer which interfaces with each of the two adjacent light-

emitting stripes.
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33. The display screen as in claim 29, wherein:

each strip divider comprises an optically opaque core and

an optically reflective layer formed on two sides of the

optically opaque core which interface with the two adjacent

light-emitting stripes, respectively.

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

the optically opaque core absorbs light.

35. The display screen as in claim 29, wherein:
each strip divider comprises beads that reflect

a binder material in which the beads are distributed.

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

each strip divider comprises a metal.

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

light and

each strip divider comprises a reflective white paint

material.

38. The display screen as in claim 29, comprising:

a substrate to which the light-emitting layer is engaged,

the substrate operable to transmit visible light emitted by

the light-emitting layer.

39. The display screen as in claim 38, wherein:

the substrate blocks the excitation light.

40. The display screen as in claim 38, wherein:

the substrate reflects the excitation light.

41. The display screen as in claim 38, wherein:

the substrate attenuates the visible light with

an

attenuation uniform over a spectral range of the visible

light.

42, The display screen as in claim 38, wherein:

the substrate comprises a plastic layer.
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43. The display screen as in claim 38, wherein:

the substrate has a surface that is engaged to the light-
emitting layer and the surface has surface textures that
create alir gaps between the substrate and the light-emitting

layer.

44, The display screen as in claim 38, comprising:

a bonding layer between the substrate and the light-
emitting layer to bind the substrate and the light-emitting
layer to each other, the bonding layer transmitting the

visible light emitted by the light-emitting layer.

45. The display screen as in claim 29, comprising:

a selective blocking layer that transmits the visible
light and blocks the excitation light, wherein the light-
emitting layer is located between the selective blocking layer

and the dichroic layer.

46. The display screen as in claim 29, comprising:

a neutral density filter layer that attenuates the
visible light, wherein the light-emitting layer is located
between the neutral density filter layer and the dichroic

layer.

47. The display screen as in claim 29, wherein:
two adjacent light-emitting stripes emit visible light of

different colors when absorbing the excitation light.

48. A display screen, comprising:

a light-emitting layer comprising a plurality of parallel
and separated light-emitting stripes each absorbing excitation
light at an excitation wavelength to emit visible light at a
visible wavelength different from the excitation wavelength,
and a plurality of parallel stripe dividers interleaved with
the light-emitting stripes with each stripe divider located
between two adjacent light-emitting stripes, wherein each

stripe divider is optically reflective.
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49. The display screen as in claim 48, wherein:

each light-emitting stripe comprises a stripe of a light-
emitting material that absorbs the excitation light to emit
visible light and a stripe of a transparent material, wherein
the stripe of the transparent material is formed on the stripe

0of the light-emitting material.

50. The display screen as in claim 48, wherein:
each strip divider comprises an optically reflective
layer which interfaces with each of the two adjacent light-

emitting stripes.

51. The display screen as in claim 50, wherein:

the optically reflective layer is a metal layer.

52. The display screen as in claim 48, wherein:

each strip divider comprises an optically opaque core and
an optically reflective layer formed on two sides of the
optically opaque core which interface with the two adjacent

light-emitting stripes, respectively.

53. The display screen as in claim 52, wherein:

the optically reflective layer is a metal layer.

54. The display screen as in claim 52, wherein:

the optically opaque core absorbs light.

55. The display screen as in claim 52, wherein:

the optically opaque core comprises a black pigment.

56. The display screen as in claim 48, wherein:
each strip divider comprises beads that reflect light and

a binder material in which the beads are distributed.

57. The display screen as in claim 48, wherein:

each strip divider comprises a metal.
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58. The display screen as in claim 48, wherein:
each strip divider comprises a reflective white paint

material.

59. The display screen as in claim 48, wherein:
two adjacent light-emitting stripes emit visible light of

different colors when absorbing the excitation light

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

applying light-emitting materials, that absorb excitation
light at an excitation wavelength to emit wvisible light at
wavelengths different from the excitation wavelength, into
parallel grooves of a mold so that two adjacent grooves are
applied with two different light-emitting materials that emit
at two different wavelengths;

controlling a volume of each light-emitting material in
each respective groove during the process of applying the
light-emitting materials into the mold to partially fill each
groove;

applying a liquid material in each groove on top of a
respective light-emitting material to fill the groove;

transforming the liquid material into a transparent solid
material that attaches to each light-emitting material in each
groove;

placing a screen layer on the mold to be in contact with
and to engage to the transparent solid material;

lifting the screen layer to lift a stripe formed by the
transparent solid material and each light-emitting material
out of the mold to form a light-emitting layer of parallel
light-emitting stripes; and

applying one or more additional screen layers to the

light-emitting layer to form a display screen.
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6l. The method as in claim 60, wherein:
the ligquid material is a UV-curable material, and
UV light is directed to the liquid material to cure the

liguid material in forming the transparent solid material.

62. The method as in claim 60, wherein:
the liquid material is a heat-curable material, and
heat is applied to the liquid material to cure the liquid

material in forming the transparent solid material.

63. The method as in claim 60, comprising:

after lifting the light-emitting layer of parallel light-
emitting stripes out of the mold, cocating a metal layer over
the light-emitting stripes to cover exposed surfaces of the
light-emitting material and the transparent solid material and
a surface over the screen layer between two adjacent light-
emitting stripes; and

applyving a filler material to fill gaps between two
adjacent light-emitting stripes;

removing part of the filler material, the metal layer on
top of the light-emitting material and a part of the light-
emitting material to form a flat surface that exposes the
light-emitting material in each light-emitting stripe; and

applying another screen layer over the flat surface.

64. The method as in claim 63, wherein:

the part of the filler material, the metal layer on top
0of the light-emitting material and the part of the light-
emitting material are removed to leave surface textures on an
exposed surface of the light-emitting material so that air
gaps are formed between the light-emitting material and the

screen layer engaged on the flat surface.

65. The method as in claim 63, wherein:
the filler material is a black material that absorbs
light.
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66. The method as in claim 60, comprising:

after lifting the light-emitting layer of parallel light-
emitting stripes out of the mold, filing gaps between adjacent
light-emitting stripes with a reflective material to cover
exposed surfaces of the light-emitting material and the
transparent solid material; and

removing part of the reflective material on top of the
light-emitting material and a part of the light-emitting
material to form a flat surface that exposes the light-
emitting material in each light-emitting stripe; and

applying another screen layer over the flat surface.

67. The method as in claim 66, wherein:

the part of the reflective material on top of the light-
emitting material and the part of the light-emitting material
are removed to leave surface textures on an exposed surface of
the light-emitting material so that air gaps are formed
between the light-emitting material and the screen layer

engaged on the flat surface.

68. The method as in claim 60, comprising:
treating inner surfaces of the grooves in the mold prior
to applying the light-emitting materials to facilitate

separation of each light-emitting stripe from the mold.

69. The method as in claim 68, wherein:
the inner surfaces of each groove are coated with a layer

of nickel.

70. The method as in claim 68, wherein:
the inner surfaces of each groove are coated with a layer

of a surface lubrication material.

71. The method as in claim 68, wherein:

the inner surfaces are coated with a layer of nickel.
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72. A method for making a display screen, comprising:

applying a stripe divider material that optically opaque
to light into parallel grooves of a mold that define an array
of parallel stripe dividers of the display screen;

applying a clear layer of a UV curable clear material on
exposed surfaces of the mode between the parallel groves and
on top surfaces of the stripe divider material in the parallel
grooves;

directing UV light to the UV curable clear material to
cure the material to bond with the stripe divider material;

applying a UV dicing adhesive layer to adhere to the
cured clear layer;

attaching a carrier layer to the UV dicing adhesive
layer;

lifting the carrier layer, the UV dicing adhesive layer
and the cured clear layer to remove the array of stripe
dividers attached to the cured clear layer out of the parallel
grooves of the mode;

filling groves between the stripe dividers over the cured
clear layer with light-emitting materials, that absorb
excitation light at an excitation wavelength to emit visible
light at wavelengths different from the excitation wavelength
so that two adjacent grooves separated by a stripe divider are
applied with two different light-emitting materials that emit
at two different wavelengths;

controlling a volume of each light-emitting material in
each respective groove during the process of applying the
light-emitting materials to partially fill each groove and to
form parallel light-emitting stripes that are spatially
interleaved with and separated by the stripe dividers;

placing one or more screen layers in contact with and to
engage to top of the stripe dividers;

directing UV light to the UV dicing adhesive layer to

separate the UV dicing adhesive layer along with the carrier
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layer from the cured clear layer;

removing the cured clear layer from the stripe dividers
and the light-emitting stripes; and

forming a light receiving layer to replace the removed
cured clear layer to receive and direct excitation light into

the light-emitting stripes.

73. The method as in claim 72, comprising:

prior to filling the grooves between the stripe dividers
over the cured clear layer with the light-emitting materials,
forming a reflective layer over surfaces of the stripe
dividers and exposed surfaces of the cured clear layer between
two adjacent stripe dividers, and

wherein the light-emitting materials are filled over the

reflective layer between the stripe dividers.

74 . The method as in claim 72, wherein:
the light receiving layer comprises:

a lens array layer to direct the excitation light to
the light-emitting stripes and comprising a two-dimensional
array of lenses, wherein each lens has a dimension less than a
width of each light-emitting stripe and there are a plurality
of lenses within the width of each light-emitting stripe; and

a pinhole array layer between the lens array layer
and the light-emitting stripes, the pinhole layer comprising a
reflective and opaque layer that overlays the lens array layer
and is patterned with a two-dimensional array of pinholes that
spatially correspond to the lenses, respectively, to transmit
excitation light from the lenses to the light-emitting

stripes.
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75. The method as in claim 72, wherein:
the light receiving layer comprises:

a dichroic layer formed over the light-emitting
stripes to receive and transmit the excitation light, wherein
the dichroic layer reflects the visible light emitted by the
light-emitting stripes; and

a Fresnel lens layer located to direct the
excitation light to the dichroic layer, wherein the dichroic
layer is between the Frensnel lens layer and the light-

emitting stripes.

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

forming a metal layer on a flat surface of a lens array
layer of a two-dimensional array of lenses;

scanning an ablation laser beam to the array of lenses to
focus the ablation laser beam on the metal layer through each
lens to remove the metal at a location of the focused ablation
laser beam to form a pinhole, thus forming a two-dimensional
array of pinholes in the metal layer;

engaging a light-emitting layer to the metal layer having
the two-dimensional array of pinholes, wherein the light-
emitting layer comprises a plurality of parallel and separated
light-emitting stripes each absorbing excitation light at an
excitation wavelength to emit visible light at a visible
wavelength different from the excitation wavelength, wherein
each lens has a dimension less than a width of each light-
emitting stripe so that there are a plurality of lenses within
the width of each light-emitting stripe; and

engaging the light-emitting layer and the lens array

layer to a support substrate to form a display screen.
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77. The method as in claim 76, comprising:

forming a layer of a black material that absorbs the
ablation laser beam between the flat surface of the lens array
layer and the metal layer prior to forming the metal layer,
wherein the layer of the black material absorbs the ablation
laser beam and is removed at the location where the ablation

laser beam is focused.
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