
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

71
1 

76
8

A
1

TEPZZ 7__768A_T
(11) EP 2 711 768 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
26.03.2014 Bulletin 2014/13

(21) Application number: 13184792.3

(22) Date of filing: 17.09.2013

(51) Int Cl.:
G02F 1/1335 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 19.09.2012 US 201261703020 P

(71) Applicant: DOLBY LABORATORIES LICENSING 
CORPORATION
California 94103-4813 (US)

(72) Inventors:  
• Wan, Chun Chi

Sunnyvale, CA California 94085 (US)

• Ninan, Ajit
Sunnyvale, CA California 94085 (US)

• Kunkel, Timo
Sunnyvale, CA California 94085 (US)

• Miller, Michael Eugene
Xenia, OH Ohio 45385 (US)

(74) Representative: Dolby International AB 
Patent Group Europe
Apollo Building, 3E 
Herikerbergweg 1-35
1101 CN Amsterdam Zuidoost (NL)

(54) Display system

(57) A backlight (110-3) for a display system com-
prises a light source (112-3,112-4) to emit first light with
a first spectral power distribution; a light regeneration lay-
er (106-1,106-2) stimulated by the first light converts first
light into second light having primary spectral compo-

nents that correspond to primary (RGB) colors; and a
notch filter layer (302-1,302-2) receives the second light
to filter out secondary spectral components that do not
correspond to the primary colors.



EP 2 711 768 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNOLOGY

[0001] The present invention relates generally to display techniques, and in particular, to display techniques using
light regeneration materials.

BACKGROUND

[0002] Color filter arrays in LCD and OLED displays are commonly produced by photolithographic techniques, or
printing techniques, as part of the LCD and OLED panel production process of the LCD or OLED.
[0003] Color filters in emissive displays such as LCD and OLED displays typically consist of red, green and blue filters.
The color filters are patterned over the pixel array to allow the pixel elements to modulate the emitted light by color
instead of only by intensity. In operation, a broadband light source provides light to pixel elements, for example, in LCD
display systems. Alternatively, broadband light is created by white OLED pixel elements in OLED display systems. A
pixel element can vary the intensity of the broadband light transmitting out of the pixel element. The intensity-modulated
broadband light of each pixel element can be further color-filtered by overlaying color filter. Light is much wasted by
color filters because, for example, in order to produce red light, green and blue light from the broadband light source
would be blocked.
[0004] Additionally, since a typical display system comprises many passive light filtering components, much (e.g., over
95%) ofthe light generated by a light source in the display system is not only inefficiently wasted but also converted into
harmful heat which degrades the performance and lifetime of the display system.
[0005] Thus, engineering a display system with wide color gamut and high luminance has been recognized as a costly
endeavor by many display manufactures. Because of a high number of relatively expensive optical, audio, electronic
and mechanical components involved and the complexity in integrating all of them into a single system, the cost of
manufacturing a decent display system is typically very high.
[0006] The approaches described in this section are approaches that could be pursued, but not necessarily approaches
that have been previously conceived or pursued. Therefore, unless otherwise indicated, it should not be assumed that
any of the approaches described in this section qualify as prior art merely by virtue of their inclusion in this section.
Similarly, issues identified with respect to one or more approaches should not assume to have been recognized in any
prior art on the basis of this section, unless otherwise indicated.
[0007] BRIEF DESCRIPTION OF DRAWINGS
[0008] The present invention is illustrated by way of example, and not by way of limitation, in the figures of the
accompanying drawings and in which like reference numerals refer to similar elements and in which:
[0009] FIG. 1A through FIG. 1C illustrate example display system configurations;
[0010] FIG. 2A illustrates example transmittances versus wavelengths for color filters; FIG. 2B and FIG. 2C illustrate
example spectral power distributions;
[0011] FIG. 3A through FIG. 3C illustrate example display system configurations relating to notch filters;
[0012] FIG. 4A illustrates example transmittances versus wavelengths for notch filters; FIG. 4B illustrates an example
light spectral power distribution with presence of notch filters;
[0013] FIG. 5A through FIG. 5C illustrate example display system configurations relating to pass band filters;
[0014] FIG. 6 illustrates an example transmittance versus wavelengths for pass band filters, in comparison with example
light spectral power distributions of light sources and light regeneration materials;
[0015] FIG. 7A and FIG. 7B illustrate example light units;
[0016] FIG. 8 illustrates example light spectral power distributions one or more sets of light sources;
[0017] FIG. 9A through FIG. 9D illustrate example pixel structures; FIG. 10A through FIG. 10F illustrate additional
example pixel structures;
[0018] FIG. 11 illustrates an example of shaping a spectral power distribution from a narrow band laser source;
[0019] FIG. 12 illustrates an example configuration in which light regeneration sheets are stacked;
[0020] FIG. 13 illustrates an example color array panel comprising quantum dot or phosphor materials;
[0021] FIG. 14 illustrates example steps in constructing a color array panel;
[0022] FIG. 15 illustrates an example configuration of display logic in a display system; and
[0023] FIG. 16 illustrates an example hardware platform on which a computer or a computing device as described
herein may be implemented.
[0024] DESCRIPTION OF EXAMPLE POSSIBLE EMBODIMENTS
[0025] Example possible embodiments, which relate to remote phosphor (RP)/quantum-dot (QD) based display im-
provement techniques, are described herein. In the following description, for the purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the present invention. It will be apparent,
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however, that the present invention may be practiced without these specific details. In other instances, well-known
structures and devices are not described in exhaustive detail, in order to avoid unnecessarily occluding, obscuring, or
obfuscating the present invention.
[0026] Example embodiments are described herein according to the following outline:

1. GENERAL OVERVIEW
2. STRUCTURE OVERVIEW
3. NOTCH FILTERS
4. PASS BAND FILTERS
5. LIGHT SOURCES
6. PIXEL STRUCTURES
7. SHAPING SPECTRAL POWER DISTRIBUTIONS
8. COLOR ARRAY PANELS
9. LIGHT SOURCE CONTROL LOGIC
10. IMPLEMENTATION MECHANISMS - HARDWARE OVERVIEW
11. EQUIVALENTS, EXTENSIONS, ALTERNATIVES AND MISCELLANEOUS

1. GENERAL OVERVIEW

[0027] This overview presents a basic description of some aspects of a possible embodiment of the present invention.
It should be noted that this overview is not an extensive or exhaustive summary of aspects of the possible embodiment.
Moreover, it should be noted that this overview is not intended to be understood as identifying any particularly significant
aspects or elements of the possible embodiment, nor as delineating any scope of the possible embodiment in particular,
nor the invention in general. This overview merely presents some concepts that relate to the example possible embod-
iment in a condensed and simplified format, and should be understood as merely a conceptual prelude to a more detailed
description of example possible embodiments that follows below.
[0028] In a display system, light that renders an image to a viewer travels through many optical layers, modules,
structures, components, etc., from light sources to the viewer, and constitutes only a portion of total light output from
the light sources. A significant portion of the total light output fails to reach the viewer for a variety of reasons. In an
example, if a pixel is to represent a red pixel value in an image to be rendered, light of non-red colors is rejected or
absorbed for the pixel. In another example, if a pixel is to represent a relatively dark pixel value in an image to be
rendered, much of light incident on a light modulation layer such as a liquid crystal cell of the pixel is not allowed to
transmit through the light modulation layer, as the liquid crystal cell is set to a relatively less transparent state based on
the relatively dark pixel value.
[0029] Light regeneration materials can be disposed with a display system to increase optical efficiencies of display
systems, for example, as described in as described in U.S. Provisional Application No. 61/486,160, filed on May 13,
2011, entitled "TECHNIQUES FOR QUANTUM DOTS"; U.S. Provisional Application No. 61/486,166, filed on May 13,
2011, entitled "TECHNIQUES FOR QUANTUM DOT ILLUMINATIONS"; U.S. Provisional Application No. 61/486,171,
filed on May 13, 2011, entitled "QUANTUM DOT FOR DISPLAY PANELS," the contents of which are hereby incorporated
herein by reference for all purposes as if fully set forth herein.
[0030] A light regeneration layer can be stimulated not only by light from light sources but also recycled light. Shorter-
wavelength light can be converted by the light regeneration layer into longer-wavelength light. For example, at least a
portion of UV or blue light rejected along optical paths from the light sources to the viewer can be recycled into green
or red light, which may be able to transmit through green or red color filters and reach the viewer.
[0031] However, a spectral power distribution of the recycled light that stimulates a light regeneration light is typically
different from a spectral power distribution of light emitted by light sources. For example, the recycled light may contain
relatively high amounts and local peaks of relatively low light wavelengths as compared with the light emitted by the light
sources. Thus, even though increasing the amount of usable light, light recycling also can produce light of intermediate
colors between primary colors of a display system. Consequently, even though maximum luminance for individual pixels
may be increased with light recycling, light perceived by a viewer from those pixels contains the intermediate colors,
which desaturate the primary colors and negatively impact wide gamut display operations.
[0032] Under techniques as described herein, intermediate colors produced in part by a light regeneration layer from
recycled light can be removed by notch filters disposed in front of (closer to a viewer) the light regeneration layer. Notch
filters can be configured to reject specific light wavelengths associated with the intermediate colors.
[0033] Color shift (e.g., white light tinted with yellow, etc.) caused by recycled light can be especially significant around
central portions of point spread functions of light emitters in display systems using direct-lit light sources. As used herein,
the term "direct-lit" refers to light injection by light emitters (e.g., LEDs, etc.) in a direction directly or substantially directly
to a viewer. Additionally, optionally, or alternatively, intermediate colors that are caused in part by recycled light can be
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reduced or avoided by using pass band filters disposed behind (further from a viewer) a light regeneration layer. Pass
band filters, which include but are not limited only to dichroic mirrors, can be configured to pass specific light wavelengths
- for example - associated with light sources. The presence of pass band filters localizes light of the specific light
wavelengths (e.g., UV light, blue light, associated with light sources, etc.) in a particular light recycling region on one
side of the pass band filters, and confines light of other wavelengths (e.g., green, red, not associated with the light
sources, etc.) on the other side of the pass band filters. As a result, typical optical paths from the light sources to the
viewer are dominated less by recycled light of the other wavelengths, resulting in a significant reduction of color shift,
especially in central portions of point spread functions of light emitters in a display system that uses direct-lit light sources.
[0034] Notch filters and pass band filters, in conjunction with light regeneration layers, may be used individually or in
combination in a display system. These filters can also be deployed in different individual parts of a display system. In
an example, either notch filters, or pass band filters, or both types of filters, can be implemented in conjunction with light
regeneration layers in light sources. In another example, either notch filters, or pass band filters, or both types of filters,
can be implemented in conjunction with (e.g., together with, etc.) light regeneration layers in one or more optical stacks
between light units and light modulation layers. In a further example, either notch filters, or pass band filters, or both
types of filters, can be implemented in conjunction with light regeneration layers in one or more optical stacks between
a viewer and one or more light modulation layers; such optical stacks may, but are not limited to, be implemented as a
part of a pixel structure comprising color filters and/or liquid crystal cells.
[0035] In some embodiments, light sources with notch filters and/or pass band filters can be used to generate light of
multiple (e.g., two, etc.) independent sets of primary colors. Light of a primary co lor in a first set of primary co lors and
light of a corresponding primary co lor in a second set of primary colors can have narrow wavelength ranges and/or
have little or no mutual overlap in light wavelengths. Accordingly, light of multiple sets of primary colors that have little
or no mutual overlap in light wavelengths can be emitted simultaneously in a display system. The first set of primary
colors can be used to render an image for a left eye perspective, while the second set of primary colors can be used to
render a corresponding image for a right eye perspective. Both images may together form a 3-dimensional (3D) image
at the same time or in a frame sequential manner. Thus, a viewer who wears 3D glasses with a left eye glass transparent
to the first set of primary colors but opaque to the second set of primary colors and a right eye glass transparent to the
second set of primary colors but opaque to the first set of primary colors can perceive the 3D image rendered simulta-
neously or in a frame sequential manner without needing to synchronize with image rendering operations of the display
system.
[0036] In some embodiments, a method comprises providing a display system as described herein. In some possible
embodiments, mechanisms as described herein form a part of a display system, including but not limited to a handheld
device, tablet computer, theater system, outdoor display, game machine, television, laptop computer, netbook computer,
cellular radiotelephone, electronic book reader, point of sale terminal, desktop computer, computer workstation, computer
kiosk, PDA and various other kinds of terminals and display units.
[0037] Various modifications to the preferred embodiments and the generic principles and features described herein
will be readily apparent to those skilled in the art. Thus, the disclosure is not intended to be limited to the embodiments
shown, but is to be accorded the widest scope consistent with the principles and features described herein.

2. STRUCTURE OVERVIEW

[0038] One or more light regeneration layers (films, sheets, etc.) can be used in an optical configuration of a display
system. A light regeneration layer may, but is not limited to, be formed by adding QD, RP, or other light regeneration
materials to an (e.g., existing or new) optical layer. Light regeneration materials may be coated, attached to, doped, or
otherwise disposed on the top surface, the bottom surface, or both surfaces of the optical layer. Light regeneration
materials may also be embedded within the optical layer. Light regeneration materials may be disposed with the optical
layer in any combination or order of various disposition methods.
[0039] FIG. 1A illustrates an example display system configuration comprising a backlight unit 110 (BLU), optical stack
1 (108), a light regeneration layer 106, optical stack 2 (104), and a color filter layer (102). Pixel structures can be
implemented in one or more of the illustrated layers in FIG. 1A. In an example embodiment, pixel structures that are
used to modulate light intensity of transmissive light are embedded in the color filter layer (which may comprise filters
of different colors for corresponding subpixels) and optical stack 2 (which may comprise liquid crystal unit structures for
corresponding subpixels).
[0040] FIG. 1B illustrates an example side-lit display system configuration. FIG. 1C illustrates an example direct-lit
display system configuration. In some embodiments, light sources as described in U.S. Provisional Application No.
61/681,870, filed on August 10, 2012, entitled "LIGHT DIRECTED MODULATION DISPLAYS," the contents of which
are hereby incorporated herein by reference for all purposes as if fully set forth herein, can be used with a display system
as described herein. As illustrated in FIG. 1B, one or more light sources 112-1 are configured to inject light into a light
guide in a BLU 110-1 in a side direction that is different from (e.g., perpendicular to) a light transmission direction in
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which pixels are illuminated by transmissive light in the side-lit display system. In contrast, as illustrated in FIG. 1C, one
or more light sources 112-2 are configured to inject light into a light guide in a BLU 110-2 in a direction that is similar to
(e.g., substantially aligned with) a light transmission direction in which pixels are illuminated by transmissive light in the
direct-lit display system. Other light injection methods, including but limited to those that combine both side-lit and direct-
lit light injection methods, may also be used in a display system as described herein.
[0041] Light injected by a light source (e.g., 112-1, 112-2, etc.) as described herein may comprise one or more of a
wide variety of light wavelength distribution patterns (spectral components of less than 1nm, less than 5nm, between
5nm and 30nm inclusive, greater than 30nm, etc.). Injected light in a BLU 110 may include but is not limited to: one or
more of blue light, violet light, ultraviolet light (including near (about 400-300 nm); middle (about 299-200 nm); far (about
199-122 nm)), etc.
[0042] In some embodiments, light sources 112-1 and 112-2 of FIG. 1B and FIG. 1C are configured to emit blue light;
light regeneration layer 106 comprises light regeneration materials configured to convert blue light into green and red light.
[0043] Color filters in display systems (e.g., LCD display systems) can vary from vendor to vendor. In some embodi-
ments, color filters can be preconfigured to absorb much of the light that does not have wavelengths in pass bands of
the color filters. In some embodiments, color filters can be preconfigured to reject much of the light that does not have
wavelengths in pass bands of the color filters. FIG. 2A illustrates example transmittances 212, 214, and 216 versus
wavelengths for blue, green, and red color filters, respectively. Since color filters are typically optimized for light trans-
mission and not color gamut, transmittances 212, 214, and 216 may have relatively large flat responses over relatively
large wavelength ranges that overlap with one another. As a result, a color filter of a specific color (e.g., blue, green,
red, etc.) tends to pass a mixture of colors other than the specific color, resulting in a desaturation of the specific color.
[0044] Light regeneration materials such as quantum dots can be selected to generate light in specific bandwidth
widths. To some extent, light generation materials are typically cheaper when the bandwidth widths are wider. FIG. 2B
illustrates example light spectral power distributions 202, 204, and 206 respectively for blue light from a light pump/emitter
(e.g., LED, light sources 112-1, light sources 112-2, etc.), green light converted from the blue light by a light regeneration
layer (e.g., 106), and red light converted from the blue light by light regeneration layer 106. It should be noted that other
primary colors other than red, green, and blue colors may also be used. It should also be noted that more than three,
three, fewer than three primary colors may be used in a color system adopted by a display system.
[0045] Light may be reflected or bounced around at interfaces of different types of light media in a display system as
transmissive light travels from a BLU to a viewer (not shown) located at the top of FIG. 1A, FIG. 1B, and FIG. 1C.
Additionally, optionally, or alternatively, light reflectors, light scatter elements, optical retardation films, optical wave
plates, reflection enhancement films, prisms, etc., may be configured in a display system to recycle light. Some rejected
light will be lost due to optical inefficiency, while some other rejected light can be recycled inside the light guide in the
BLU (110-1) ofthe side-lit display system of FIG. 1B, in or at optical stack 1 (108), in or at light regeneration layer 106,
in or at optical stack 2 (104), etc. The recycled light may be of a different light spectral power distribution (e.g., containing
differentially attenuated/rejected intermediate colors between primary colors, etc.) than that of 202 of FIG. 2B, the latter
of which represents the light spectral power distribution of blue light from a light pump/emitter (e.g., LED, light sources
112-1, light sources 112-2, etc.).
[0046] When recycled light is incident on the light regeneration layer 106, a portion of the recycled light will be converted
by the light regeneration layer 106 to light of different (e.g., longer than that of incident light, etc.) wavelengths than those
of the recycled light. A portion of converted/regenerated light may transmit through pixels to a viewer, while other portions
of regenerated light may be further rejected and further recycled.
[0047] FIG. 2C illustrates example light spectral power distributions 222, 224, and 226, as viewed by a viewer through
respective blue, green, and red color filters, taking into consideration recycled light. Primary color light as perceived by
a viewer at the front of a display screen is not the saturated color light as represented by light spectral power distributions
202, 204, and 206, but rather is significantly desaturated color light as represented by light spectral power distributions
222, 224, and 226 that contain bumps (e.g., local peaks or lobes) of intermediate colors between the peaks of primary
colors.
[0048] In some embodiments, light spectral power distributions 202, 204, and 206, as illustrated in FIG. 2B, which
respectively correspond to blue light as emitted by light sources (e.g., 112-1, 112-2, etc.), green light as converted by
light regeneration layer 106 from the blue light, and red light as converted by light regeneration layer 106 from the blue
light may have little or no mutual overlaps in light wavelengths. In contrast, light spectral power distributions 222, 224,
and 226, as illustrated in FIG. 2C, which respectively correspond to blue, green, and red light as transmitted through
the color filters (e.g., in color filter layer 102) comprise significant mutual overlaps in light wavelengths. The mutual
overlaps exist because actual light incident into or at light regeneration layer 106 comprises both blue light from light
emitters and light rays that are being recycled. The (effective) light spectral power distribution stimulating light regeneration
layer 106 may not be the same as that of light spectral power distribution 202 of the light sources (e.g., 112-1, 112-2,
etc.). Blue light excites light regeneration materials such as quantum dots more easily than non-blue light and hence is
converted to other colors of light more easily than non-blue light. In contrast, light of a non-blue color such as green and
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red light does not excite the light regeneration materials as much as the blue light, and hence is dispersed more widely
than blue light, as light is being recycled in various parts of the display system. This can cause color shifts in, and yellow
tails away from, central portions of point spread functions of light emitters. In an alternative embodiment, light spectral
power distribution 202 can be that of a UV source, a broad light source, etc., converted into blue by light regeneration
layer 106. Accordingly, in this alternative embodiment, the recycled light would then be the UV or broad light source,
not blue.

3. NOTCH FILTERS

[0049] One or more notch filter layers (e.g., films, sheets, etc.) may be used in an optical configuration of a display
system. FIG. 3A illustrates an example display system configuration comprising a BLU (110), optical stack 1 (108), a
notch filter layer (302), a light regeneration layer (106), optical stack 2 (104), and a color filter layer (102). FIG. 3B
illustrates an example side-lit display system configuration that comprises one or more notch filter layers (e.g., 302).
FIG. 3C illustrates an example direct-lit display system configuration that comprises one or more notch filter layers (e.g.,
302). FIG. 4A illustrates an example transmittance 402 of notch filter layer 302. Transmittance 402 of notch filter layer
302 is preconfigured with one or more notches (e.g., 404-1, 404-2, etc.). In an example, a notch (404-1) can be precon-
figured in a bandwidth region between blue and green light spectral power distributions 202 and 204, or between blue
and green transmittances 212 and 214. In another example, a notch (404-2) can be preconfigured in a bandwidth region
between green and red light spectral power distributions 204 and 206, or between green and red transmittances 214
and 216. In some embodiments, a notch filter layer can be configured with additional optical properties other than notches
in the transmittance response in specific wavelength ranges.
[0050] Other notches may also be configured in various possible implementations. For example, in embodiments in
which UV light sources are used to create primary colors (e.g., red, green and blue) in a color system (e.g. an RGB
system, an RGB+ system, etc.), blue light regeneration materials may be configured with a light regeneration layer (e.g.,
106); one or more notches may be configured with a notch filter layer (e.g., 302) between UV wavelengths and blue light
wavelengths.
[0051] In some embodiments, a notch filter layer (e.g., 302) is disposed above a light regeneration layer (e.g., 106),
and is closer to the viewer than the light regeneration layer (106). The presence of notch filter layer 302 rejects or reduces
transmission of light in wavelengths that correspond to the notches (e.g., 404-1, 404-2, etc.). Rejected light by notch
filter layer 302 may be recycled and sooner or later either absorbed or converted into light in wavelengths that can be
transmitted through notch filter layer 302.
[0052] FIG. 4B illustrates example light spectral power distributions 422, 424, and 426 (denoted as solid curves), as
viewed by a viewer through respective blue, green, and red color filters. Color light as perceived by a viewer is now a
highly saturated color light, similar to those represented by light spectral power distributions 202, 204, and 206, instead
of desaturated color light as represented by light spectral power distributions 222, 224, and 226 of FIG. 2C (denoted as
dotted curves in FIG. 4B). For example, as illustrated in FIG. 4B, intermediate colors such as blue green and green red
light, which exist in light spectral power distributions 222, 224, and 226 of FIG. 2C are rejected by notch filter layer 302.
To avoid or reduce light loss, notch filter layer 302 may comprise a rejection sheet or another light rejection mechanism
(e.g., dichroic mirrors, etc.) to direct rejected light away from the viewer for further light recycling. Since there is at least
one light regeneration layer (e.g., 106, etc.) in the display system, when rejected light hits light regeneration layer 106,
the rejected light is reconverted to light of longer wavelengths. Some light fits in the pass bands of notch filter layer 302
and color filter layer 102, goes through notch filter layer 302 and color filter layer 102, and produces saturated (or pure)
colors to support wide color gamut display operations. Other light that (fits in the notches and) does not fit in the pass
bands of notch filter layer 302 and color filter layer 102, repeats the light regeneration/reconversion process.
[0053] In some embodiments, a notch filter layer can be configured or preconfigured to filter as many light wavelengths
in mutual overlaps between transmittances of different color filters as possible. In some embodiments, a notch filter layer
can be designed based at least in part on further considerations relating to manufacturing processes, costs, color gamut
requirements, etc.
[0054] Other methods of improving color saturation and supporting wide color gamut may be used in conjunction with
the use of one or more notch filter layers. For example, light regeneration materials may be selected with wide separations
between different primary colors (red, green, and blue, etc., in a RGB color system) in both injected and regenerated
light. Light spectral power distributions of light sources may also be specifically tuned to reduce bumps that are to be
filtered out by notch filter layers. In an example, stimulating light such as UV light, blue light, etc., emitted by light sources
may be configured with (e.g., moved to, etc.) relatively short wavelengths away from green and red light spectral power
distributions as regenerated by light regeneration layer 106 from the blue light. In another example, red light regenerated
by light regeneration layer 106 may be configured with (e.g., moved to, etc.) relatively long wavelengths away from those
regenerated by light regeneration layer 106.
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4. PASS BAND FILTERS

[0055] One or more band pass filter layers (films, sheets, etc.) may be used in an optical configuration of a display
system. These band pass filters can be configured to pass light in one or more specific wavelength ranges (pass bands).
In an example, the specific wavelength ranges may be in UV wavelength ranges for UV light sources if the UV light
sources are used to excite light regeneration materials in the display system. In another example, the specific wavelength
ranges may be in blue wavelength ranges for blue light sources if the blue light sources are used to excite light regeneration
materials in the display system. If other light sources are used, the specific wavelength ranges may be selected to match
wavelength ranges supported by the other light sources.
[0056] FIG. 5A illustrates an example display system configuration comprising a BLU (110), optical stack 1 (108), a
light regeneration layer (106), a band pass filter layer (502), optical stack 2 (104), and a color filter layer (102). FIG. 5B
illustrates an example side-lit display system configuration that comprises one or more band pass filter layers (e.g., 502).
FIG. 5C illustrates an example direct-lit display system configuration that comprises one or more band pass filter layers
(e.g., 302). FIG. 6 illustrates an example transmittance 602 of band pass filter layer 502. Transmittance 602 of band
pass filter layer 502 is preconfigured with one or more pass bands. In the illustrated embodiments in which blue light
sources are used, a blue pass band is configured for transmittance 602 of band pass filter layer 502. Other pass bands
may also be configured in various possible implementations. For example, in embodiments in which UV light sources
are used to create primary colors (e.g., red, green and blue) in a color system (e.g. an RGB system, an RGB+ system,
etc.), blue light regeneration materials may be configured with a light regeneration layer (e.g., 106); one or more pass
bands may be configured with a band pass filter layer (e.g., 502) in UV wavelength ranges.
[0057] In some embodiments, a band pass filter layer (e.g., 502) is disposed below a light regeneration layer (e.g.,
106), and is further away from the viewer than the light regeneration layer (106). Light from the BLU 110 initially passes
through band pass filter layer 502. A portion of the initial light (e.g., blue, etc.) is converted by light regeneration layer
106 to green and red light, while the other portion of the initial light, which is not converted, passes through light regen-
eration layer 106 as blue light. Blue light and converted light may be transmitted to a viewer; or rejected, reflected and/or
redirected back towards BLU 110. For example, red and green filters may reject one or more portions of initial and
converted light away from the direction of a viewer and back toward BLU 110. Additional optical medium changes, if
any, in optical paths towards the viewer may cause one or more portions of initial and converted light to be redirected
toward BLU 110.
[0058] Due to the optical properties (e.g., transmittance 602) of pass band filter 502, only light in the pass bands pass
through, while light not in the pass bands is rejected back. Thus, the presence of pass band filter 502 keeps white light
above pass band filter 502, and light in specific pass bands below pass band filter 502. For example, in embodiments
in which blue light sources are used, the presence of pass band filter 502 keeps white light above pass band filter 502,
and blue light below pass band filter 502. Accordingly, light conversion is localized to a specific spatial region in which
light not in the pass bands is trapped.
[0059] In embodiments in which UV light sources are used, only UV light passes into a light recycling region between
pass band filter 502 and BLU 110. Color light regenerated from UV light is rejected by pass band filter 502 and redirect
back towards the viewer. In embodiments in which blue light sources are used, only blue light passes into a light recycling
region between pass band filter 502 and BLU 110. Other (e.g., green and red) color light is rejected by pass band filter
502 and redirected back toward the viewer. The presence of a band pass filter (502) recycles, and hence increases the
amount of, converted light (as regenerated by a light regeneration layer (106)) toward the viewer. The converted light
travels a much shorter optical path in reaching the viewer with the presence of the band pass filter than otherwise.
Without the presence of a pass band filter, some portions of the converted light (e.g., non-UV light, non-blue light, etc.)
would travel relatively long optical paths, be redirected back to spatial regions close to or in light sources, spatially spread
into wide angles and areas, and cause color shifts (e.g., yellow tails) as the rejected converted light dispersed further
away from light incident directions of the initial light from BLU 110. Without the presence of a pass band filter under
techniques as described herein, color shift degradation may be especially noticeable or even visually prominent in a
direct-lit system. In such a system, for example, the first pass light in the center of a point spread function of a direct-lit
light emitter would be mostly converted but rejected light component would likely bounce back in and convert with less
green and red as the distance from the center of the point spread function of the light emitter to out circumferences
increases, giving rise to a color shift to the point spread function.

5. LIGHT SOURCES

[0060] Techniques as described herein can be used to generate two or more sets of primary colors in a color system.
In some embodiments, the two or more sets of primary colors at least comprise a first set of primary colors, for example,
a first primary red color (R1), a first primary green (G1), a first primary blue (B1), etc., in a RGB or RGB+ color system;
and a second set of primary colors, for example, a second primary red color (R2), a second primary green (G2), a second
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primary blue (B2), etc., in the RGB or RGB+ color system.
[0061] FIG. 7A illustrates an example (front or back) light unit (110-3) comprising one or more first light sources (112-3)
and one or more second light sources (112-4), one or more first light regeneration layers (106-1), one or more second
light regeneration layers (106-2), one or more first filter layers (302-1), one or more second filter layers (302-2), and a
light recycling region 702 (which may be a light guide in some implementations). Light sources (e.g., 112-3, 112-4, etc.)
as described herein may be configured in any of the same side/wall, or more than one - e.g., two, three, four, etc. -
side(s)/wall(s). For example, FIG. 7B illustrates an alternative configuration in which light sources 112-2 and 112-4 in
light unit 110-3 are located along the same side/wall.
[0062] Light unit 110-3 can be configured to emit and/or regenerate more than one set of primary colors. Light recycling
region 702 can be configured with one or more light directing components to direct the generated and regenerated light
in light recycling region towards a viewer of a display system that operates with light unit (110-3).
[0063] In some embodiments, light unit 110-3 is configured to generate the first and second sets of primary colors as
mentioned above. The one or more first light sources (112-3), the one or more first light regeneration layers (106-1) and
the one or more first filter layers (302-1) are configured to generate or regenerate the first set of primary colors, whereas
the one or more second light sources (112-4), the one or more second light regeneration layers (106-2) and the one or
more second filter layers (302-2) are configured to generate or regenerate the second set of primary colors.
[0064] In some embodiments, the one or more first light sources (112-3) are configured to emit blue light of a wavelength
composition that covers wavelengths of the first blue light (B1); the one or more first light regeneration layers (106-1)
are configured to regenerate red light of a wavelength composition that covers wavelengths of the first red light (R1)
and green light of a wavelength composition that covers wavelengths of the first green light (G1). In some embodiments,
the one or more second light sources (112-4) are configured to emit blue light of a wavelength composition that covers
wavelengths of the second blue light (B2); the one or more second light regeneration layers (106-2) are configured to
regenerate red light of a wavelength composition that covers wavelengths of the second red light (R2) and green light
of a wavelength composition that covers wavelengths of the second green light (G2). In various embodiments, other
permutations (color composition) of initial light from light emitters and converted light (color composition) from light
regeneration materials may be used to generate the first and second sets of primary colors.
[0065] FIG. 8 illustrates example light spectral power distributions 202-1 and 202-2 generated by first light sources
(112-3) and second light sources (112-4), respectively; example light spectral power distributions 204-1 and 204-2
generated by first light regeneration layers (106-1) and second light regeneration layers (106-2), respectively; example
light spectral power distributions 206-1 and 206-2 generated by first light regeneration layers (106-1) and second light
regeneration layers (106-2), respectively; and example transmittances 402-1 and 402-2 of first filter layers 302-1 and
second filter layers 302-2, respectively. It should be noted that techniques as described herein for 3D or non-3D display
operations may be used with a wide variety of color filters including those (which, for example, may be of transmittances
212, 214 and 216 of FIG. 2A) that have mutual overlaps in bandwidths.
[0066] In some embodiments, transmittance 402-1 of first filter layers 302-1 is configured or preconfigured with one
or more first opaque or low transmittance ranges (e.g., first notches, etc.). In an example, the first low transmittance
ranges can be configured or preconfigured between first blue and green light spectral power distributions 202-1 and
204-1 and between first green and red light spectral power distributions 204-1 and 206-1. Likewise, transmittance 402-2
of second filter layers 302-2 can be configured or preconfigured with one or more second opaque or low transmittance
ranges (e.g., second notches, etc.). In an example, the second low transmittance ranges can be configured or precon-
figured between second blue and green light spectral power distributions 202-2 and 204-2 and between second green
and red light spectral power distributions 204-2 and 206-2.
[0067] Other types of filters may also be configured or pre-configured in various possible implementations. For example,
in embodiments in which UV light sources are used to create sets of primary colors (e.g., red, green and blue) in a color
system (e.g. an RGB system, an RGB+ system, etc.), two different types of blue light regeneration materials may be
configured with light regeneration layers (e.g., 106-1 and 106-2) in addition to different types of green light regeneration
materials and different types of red light regeneration materials; opaque or low transmittance regions may be configured
with filter layers (e.g., 302-1 and 302-2) between UV wavelengths and different types of blue light wavelengths in addition
to opaque or low transmittance regions between respective different colors in the two sets of primary colors.
[0068] Additionally, optionally, or alternatively, pass band filter layers may be provisioned between light sources (112-3,
112-4, etc.) and light regeneration layers (302-1, 302-2, etc.). These pass band filter layers can increase efficiency by
trapping/retaining converted light from the light regeneration layers (302-1, 302-2, etc.) within light recycling region 702
so that the converted light can be redirected in light recycling region 702 to a viewer.
[0069] Using filter layers as illustrated in FIG. 7A and FIG. 7B, primary colors as viewed by a viewer through respective
blue, green, and red color filters are now highly saturated color light. Overlapped wavelengths and/or notches as illustrated
in FIG. 2C that cause desaturated primary colors are avoided or significantly reduced, resulting in much improvement
in wide color gamut display operations.
[0070] Two different sets of primary colors, each of which comprises a full set of primary color in a color system, can
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be used to support 3-dimensional (3D) display operations. A first set of primary colors (e.g., R1, G1, B1, etc.) can be
used to render a left view image, while a second set of primary colors (e.g., R2, G2, B2, etc.) can be used to render a
right view image. The left view and right view images together form a 3D image.
[0071] In some embodiments, light wavelengths of the first set of primary colors (R1, G1 and B1) have no or little
overlapping with light wavelengths of the second set of primary colors (R2, G2 and B2). A viewer may wear a pair of
glasses with a left perspective configured to be transmissive for one set in the first and second sets of primary colors
but opaque for the other set in the first and second sets of primary colors, and with a right perspective configured to be
opaque for the one set in the first and second sets of primary colors but transmissive for the other set in the first and
second sets of primary colors. Under techniques as described herein, synchronization between a viewer’s glasses and
image rendering operations of a 3D display system is not needed in 3D display applications.

6. PIXEL STRUCTURES

[0072] One or more light regeneration layers can be integrated in a display system outside pixel structures (e.g.,
disposed outside or inside a light unit), as well as inside pixel structures. FIG. 9A illustrates an example pixel structure
comprising a plurality of pixels (one of which is pixel 906-1). For the purpose of illustration only, pixel 906-1 comprises
three subpixels each of which comprises a color filter (e.g., 902) and a liquid crystal cell (904). Color filter 902 is a part
of a color filter array, whereas liquid crystal cell 904 is a part of liquid crystal cell array. Liquid crystal cell 904 is configured
to modulate white transmissive light directed at a viewer along the up direction of FIG. 9A. The modulated white trans-
missive light subsequently hits color filter 902, which may be configured to impart a primary color such as red color in
a RGB or RGB+ color system. A portion of modulated white transmissive light becomes filtered light (e.g., red light)
directed at the viewer, while the remaining portion (e.g., blue light, green light, a portion of red light, etc.) of modulated
white transmissive light is absorbed and/or rejected by color filter 902. Thus, a significant amount (>> 50%) of light is
lost, resulting in an optically inefficient display system.
[0073] FIG. 9B illustrates an example pixel structure comprising a plurality of pixels (one of which is pixel 906-2)
configured with a light regeneration layer 908-1 between color filters and liquid crystal cells. Light regeneration layer
908-1 is configured with light regeneration materials to convert incident light of certain wavelengths into regenerated
light of certain other wavelengths. For example, light regeneration layer 908-1 comprises a homogeneous composi-
tion/structure configured to convert UV into blue, green and red light, convert blue light into green light, convert blue light
into red light, and/or convert green light into red light. Additionally, optionally, or alternatively, light regeneration layer
908-1 comprises a black matrix similar to, or as an extension of, that of the color filter array. The black matrix can be
configured to prevent light leakage between different subpixels and/or between different pixels.
[0074] In a first implementation example, similar to that of FIG. 9A, liquid crystal cell 904 of FIG. 9B is configured to
receive and modulate white transmissive light directed at a viewer along the up direction. The modulated white trans-
missive light subsequently hits light regeneration layer 908-1. Light regeneration layer 908-1 is configured to regenerate
green and red light from a portion of the modulated white light (e.g., blue and/or green light) and to pass the remaining
portion of the modulated white light. The passed portion of the modulated white light and regenerated green and red
light hit color filter 902, which may be configured to impart a primary color such as red color in a RGB or RGB+ color
system. A portion of incident light at color filter 902 becomes filtered light (e.g., red light) directed at the viewer, the
remaining portion (e.g., blue light, green light, a portion of red light, etc.) of the incident light, other than the filtered light
or light loss due to absorption, as rejected by color filter 902, is at least partially recycled and converted to usable light
(e.g., red light for the subpixel comprising color filter 902 and liquid crystal cell 904) by light regeneration layer 908-1,
resulting in an optically efficient display system relative to a display system of FIG. 9A.
[0075] In a second implementation example, liquid crystal cell 904 is configured to receive and modulate blue trans-
missive light directed at a viewer along the up direction of FIG. 9A. The modulated blue transmissive light subsequently
hits light regeneration layer 908-1. Light regeneration layer 908-1 is configured to regenerate green and red light from
a portion of blue light and to pass the remaining portion of blue light. Blue light and regenerated green and red light hit
color filter 902, which may be configured to impart a primary color such as red color in a RGB or RGB+ color system. A
portion of incident light at color filter 902 becomes filtered light (e.g., red light) directed at the viewer, while the remaining
portion of the incident light is absorbed and/or rejected by color filter 902. The incident light not lost to absorption, as
rejected by color filter 902, is at least partially recycled and converted to usable light (e.g., red light for the subpixel
comprising color filter 902 and liquid crystal cell 904) by light regeneration layer 908-1, resulting in an optically efficient
display system relative to a display system of FIG. 9A.
[0076] In a third implementation example, liquid crystal cell 904 of FIG. 9B is configured to receive and modulate UV
light directed at a viewer along the up direction. The modulated UV transmissive light subsequently hits light regeneration
layer 908-1. Light regeneration layer 908-1 is configured to regenerate blue, green and red light from the modulated UV
light and other incident light (e.g., UV, blue and/or green light). The regenerated blue, green and red light hits and at
least partially passes through color filter 902, which may be configured to impart/pass a primary color such as red color
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in a RGB or RGB+ color system. A portion of incident light at color filter 902 becomes filtered light (e.g., red light) directed
at the viewer, the remaining portion (e.g., blue light, green light, a portion of red light, etc.) of the incident light, other
than the filtered light or light loss due to absorption, as rejected by color filter 902, is at least partially recycled and
converted to usable light (e.g., red light for the subpixel comprising color filter 902 and liquid crystal cell 904) by light
regeneration layer 908-1, resulting in an optically efficient display system relative to a display system of FIG. 9A.
[0077] FIG. 9C illustrates an example pixel structure comprising a plurality ofpixels (one of which is pixel 906-2)
configured with a light regeneration layer 908-2 between color filters and liquid crystal cells. Light regeneration layer
908-2 is configured with light regeneration materials to convert incident light of certain wavelengths into regenerated
light of certain other wavelengths. For example, light regeneration layer 908-2 comprises a patterned composition/struc-
ture, which corresponds to the subpixel or pixel structure of the color filters and the liquid crystal cells. A light regeneration
unit 910 (in light regeneration layer 908-2) that corresponds to color filter 902 and liquid crystal cell 904 in a red subpixel
or pixel can be configured to convert other light such as UV, blue and/or green light into red light. A light regeneration
unit (in light regeneration layer 908-2) in a green subpixel or pixel can be configured to convert other light such as UV
and/or blue light into green light. A light regeneration unit (in light regeneration layer 908-2) in a blue subpixel or pixel
can be configured to convert other light such as UV light into blue light and/or pass blue light. Additionally, optionally,
or alternatively, light regeneration layer 908-1 comprises a black matrix similar to, or as an extension of, that ofthe color
filter array. The black matrix can be configured (e.g., with opaque metallic or non-metallic materials, light regeneration
materials that generate invisible infrared light, etc.) to prevent light leakage between different subpixels and/or between
different pixels.
[0078] Liquid crystal cells in FIG. 9C may be illuminated by one or more of different types of transmissive light (e.g.,
UV light, blue light, etc.). Due to the presence of light regeneration layer 908-2, the remaining portion of the incident
light, other than the filtered light or light loss due to absorption, as rejected by the color filter, is at least partially recycled
and converted to usable light by light regeneration layer 908-2, resulting in an optically efficient display system relative
to a display system of FIG. 9A. FIG. 9D illustrates an alternative example pixel structure to the pixel structure depicted
in FIG. 9C. The light regeneration layer 908-2 may be placed below the liquid crystal cells and the color filters. Thus,
the liquid crystal cells and the color filters form a LCD panel. The light regeneration layer 908-2 comprises a pixel structure
in which light regeneration units of different colors are aligned respectively with color filters of the different colors. Also,
there can be (optionally) intervening layers (e.g., BEF/DBEF, etc.) above or under the light regeneration layer. It should
be noted that the rectangular shapes used in FIG. 9C and FIG. 9D to represent light regeneration units are for illustration
purposes only. Other shapes may be used to implement the light regeneration units. In some embodiments, for example,
shapes of light regeneration units in a light regeneration layer as described herein can be configured to be lenticular in
order to focus/collimate light towards color filters.
[0079] Additionally, optionally, or alternatively, a black matrix as described herein, may be configured with light regen-
eration materials that convert blue, green and/or red light into longer wavelengths (e.g., wavelengths of invisible light
such as infrared, etc.) and hence prevent light leakages between different subpixels and/or between different pixels. In
some embodiments, a black matrix is disposed between color filters in a color filter array. The black matrix may be
configured with light regeneration materials that convert visible light to invisible light such as infrared light in addition to,
or in place of, light absorption materials. Light leaked through a liquid crystal cell (e.g., in a closed state, in a dark state,
etc.) may be diverted to the black matrix. One or more light diverting mechanisms can be configured in a pixel structure
to divert light from dark state liquid crystal cells to the black matrix in order to produce deeper black levels in subpixels
or pixels that represent dark pixel values in image data to be rendered in a display system.
[0080] Additionally, optionally, or alternatively, light regeneration materials used in a light regeneration layer as de-
scribed herein may be configured to create wideband colors, medium band colors, narrow band colors, combinations
of the foregoing, etc. For example, liquid regeneration materials can be selected to emit narrow band color light configured
to support wide color gamut or 3D display applications.
[0081] Additionally, optionally, or alternatively, notch filters and pass band filters may be configured with a light regen-
eration layer implemented in subpixel or pixel structures such as illustrated in FIG. 9B and FIG. 9C. These notch filters
and pass band filters may be used to improve optical efficiency and/or color gamut, to produce saturated colors, to
support 3D display applications, etc.
[0082] FIG. 10A illustrates an example pixel with color filters (1002-1, 1002-2 and 1002-3) covering red, green and
blue subpixels in the pixel. A transparent conductive layer such as an ITO film may be formed over color filters 1002-1,
1002-2 and 1002-3. Color filters and a black matrix that separates color filters of different subpixels may be patterned
in stripes using photolithography. Color filters 1002-1, 1002-2 and 1002-3 may be formed or disposed on or near a front
substrate (e.g., glass, etc.). The front substrate (along with another substrate between Liquid crystal cells and a BLU
may be used to encapsulate Liquid crystal materials in the Liquid crystal cells. The Liquid crystal cells may be illuminated
with white light. Color filters 1002-1, 1002-2 and 1002-3 may comprise passive color pigments supporting high contrast
display operations.
[0083] FIG. 10B illustrates an example pixel with color and colorless filters (1002-4, 1002-5 and 1002-6) covering red,
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green and blue subpixels in the pixel. Color filters 1002-4 and 1002-5 comprise red and green light regeneration materials,
respectively; and cover red and green subpixels in the pixel, respectively. Colorless filter 1002-6 (e.g., a transparent
binder material) may be used to cover a blue subpixel in the pixel. The Liquid crystal cells may be illuminated with blue
light instead of white light.
[0084] FIG. 10C illustrates an example pixel. An ITO layer may be patterned on a mid-glass with a polarizer layer on
top of the mid-glass. A top (contiguous) filter layer comprising a blue dichroic mirror or yellow pigments is disposed or
formed near or above a red light regeneration layer (red LRL) and a green light regeneration layer (green LRL). The red
and green LRLs can emit light in all directions; however, the top filter layer can be configured (e.g., with light-redirecting
microstructures, etc.) to redirect red and green light in the forward direction (along the up direction of FIG. 10C). A bottom
(contiguous) filter layer comprising a yellow dichroic mirror is disposed or formed near or under the red LRL, the green
LRL and a transparent layer in a blue pixel of the pixel. The bottom filter layer is configured to pass blue light and hence
has no filtering effect in the blue subpixel. In some embodiments, black matrix elements may, but do not need to, be
present around the transparent layer in the blue subpixel. The top filter layer absorbs ambient light incident from the top,
and prevents or lessens stimulations of the light generation materials in the red and green LRLs; otherwise, the stimu-
lations of the light generation materials in the red and green LRLs by ambient light would cause a rise in lowest achievable
dark level which would in turn reduce contrast in display operations. The placements of polarizer layers and anti-reflection
(AR) layers are depicted for illustration purposes only. Other placement choices or spatial arrangements other than that
depicted in FIG. 10C or other figures may be used. In some embodiments, one or more transparent materials may be
disposed above the bottom filter layer in the blue pixel of the pixel.
[0085] FIG. 10D illustrates an alternative configuration to that of the pixel depicted in FIG 10C. The pixel of FIG. 10D
comprises two separate red and green dichroic mirrors in red and green subpixels, respectively, instead of a yellow
dichroic mirror for both red and green subpixels as illustrated in FIG. 10C. Transmittances of red and green dichroic
mirrors can be adjusted to narrow frequency bands of light regenerated by the red and green LRLs, in order to improve
color gamut in a display system which implements the pixel configuration of FIG. 10D.
[0086] FIG. 10E illustrates an alternative configuration to that of the pixel depicted in FIG 10C. The pixel of FIG. 10E
comprises a UV blocking layer at least in red and green subpixels, instead of a yellow dichroic mirror in red and green
subpixels as illustrated in FIG. 10e. The UV blocking layer prevents ambient light from stimulating the red and green
LRL. This reduces light emissions from the red and green LRL caused by ambient light when modulated transmissive
light is at the lowest level (lowest achievable dark level). Accordingly, both contrast and dynamic range in display
operations can be improved.
[0087] FIG. 10F illustrates an alternative configuration to that of the pixel depicted in FIG 10C. The top glass of FIG.
10C is replaced with a UV blocking layer. The top filter layer of FIG. 10C is removed. As in FIG. 10E, the presence of
the UV blocking layer reduces light emissions from the red and green LRL caused by ambient light when modulated
transmissive light is at the lowest level (lowest achievable dark level). Accordingly, both contrast and dynamic range in
display operations can be improved. The pixel configuration of FIG. 10F is likely a low cost solution to make and to
produce relatively high contrast.
[0088] As described herein, a substrate or glass (e.g., the top glass, cover class, etc.) can be relatively thin to avoid
or reduce cross talk or light leakage (for both stimulating and stimulated light). A substrate or glass may be implemented
in a large TV size using a Gorilla type or other types of substrates or glasses. Additionally, optionally, or alternatively,
yellow dichroic mirrors may be coated on a cover glass followed by color filters and a smoothing layer.
[0089] It should be noted that display system configurations, light unit configurations and pixel configurations in figures
herein are provided for illustration purposes only. Other configurations, permutations, combinations, types of components
or layers, etc., may be used in implementing techniques as described herein.
[0090] For projection and display purposes it can be desirable to have control over the spectral power distribution
(SPD) of a light source. In common approaches, the SPD of a light source is fixed, for example, due to the light source’s
physical or chemical composition. Even when using an RGB LED system, only the relative intensities of component
LEDs’ SPDs can be changed, but not the distribution of the whole power spectrum (e.g., shifting the peak wavelength
of one of the LEDs).
[0091] Under techniques as described herein, a light regeneration layer (e.g., a spatial gradient quantum dots sheet/film,
light regeneration materials of specific spectral distributions and densities/concentrations, etc.) may be used to shape
the SPD of a light source. The approach under these techniques does not have the limitations of other approaches,
since the SPD of the light source can be shaped arbitrarily under the approach by using spatial light modulating device
and a light regeneration layer, which for example may be configured to convert spatially modulated light into spectrally
modulated light, as will be further discussed in detail.
[0092] The same techniques can be used to de-speckle lasers by widening a narrow bandwidth SPD of a laser-based
light source into light of a broader bandwidth SPD. Particularly, a narrow band light from a laser source can be converted
by quantum dots to a wider band collimated light.
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7. SHAPING SPECTRAL POWER DISTRIBUTIONS

[0093] FIG. 11 illustrates shaping SPD with light from a narrow band laser source. A short wavelength laser (e.g. blue)
shown in Step 1 emits a narrow band (monochromatic) beam. This beam is (e.g., uniformly, non-uniformly, etc.) widened
in Step 2 and projected onto a spatial light modulating device shown in Step 3 - which can be a digital mirror device or
DMD, etc. Additionally, optionally, or alternatively, a laser scanning device, which can be a galvanometer, moving/os-
cillating MEMS device, etc. - may be used in place of, or in addition to, beam expanding optics in Step 2 to spatially
modulate the blue laser beam. The DMD or galvanometer can be 1D or 2D, depending on the required complexity as
well as energy throughput of the system.
[0094] The spatially modulated light is projected on a gradient quantum dot sheet (Step 4). ’Gradient’ in this context
means that the regenerated light wavelength properties of the quantum dots vary spatially over the area of the sheet.
For example, for monochromatic blue laser light hitting the left side of the sheet (A), the quantum dot properties could
be set to convert to 400nm while the same input light can be converted to 780nm on the right side of the sheet (B).
Spatial areas in-between A and B can cover the wavebands in-between 400 and 780nm. It should be noted that the
spatial quantum dot gradient does not have to be uniform or even monotonically increasing. Instead, any kind of gradient
distribution is possible such as a weighting of primary colors in regenerated light used in digital projection systems or
having wider wavebands at any given spatial position. For example, areas close to side A can convert the input mono-
chromatic laser light to CIE illuminant A, while areas close to side B can convert the input monochromatic laser light to
CIE illuminant D65, thereby optimizing the total energy throughput of the system. The light leaving the gradient quantum
dots sheet is now spectrally modulated as a function of the spatial setup of the galvanometer or DMD described in Step 3.
[0095] The gradient quantum dot sheets may scatter the output light into different spatial directions or direction ranges
to some extent. The scattered light can be collimated again to avoid or reduce energy loss and to improve efficiency.
This can be achieved using a fiber optics collimator illustrated in Step 5. In some embodiments, the spatial orientation
and position may no longer be critical; any kind of light collimation (e.g., lenses, mirrors, different forms of total inner
reflection, etc.) can be implemented. In some embodiments, the desired output of the light system is a spatially uniform
beam of light that has a desired SPD defined by the spatial setting of the galvanometer or DMD. The mirror shown in
Step 6 is a broadband mirror to reflect the light back into the optical path direction of the original laser but can also be
left out or replaced with other optical elements such as lenses or optical filters.
[0096] Example SPDs are illustrated in FIG. 11. As shown, the narrow band width blue laser beam is converted to an
SPD of a CCFL light source.
[0097] An alternative form to using a complex spatial light modulation device such as galvanometer or DMD is using
a light path switch which can for example be used to physically switch the laser beam to a particular (uniform, not gradient)
area on a quantum dot sheet. With this alternative approach, changing the white point of a display system, for example
from D65 to D50, can be implemented without sacrificing light energy as it would be commonly the case under other
approaches that do not implement the techniques as described herein.
[0098] Techniques as described herein can be implemented in projection systems or in back-lit systems. As the spatial
composition of the gradient quantum dots sheet can be flexibly optimized to a specific display application, the light source
can be very efficient and thus cost effective.
[0099] Efficiency can be improved by using quantum dot color arrays or phosphor color arrays instead of color filter
arrays that are used to impart colors in color display systems. A red quantum dot or phosphor material absorbs light of
higher energies or shorter wavelengths such as green and blue light and emits red light. A green quantum dot or phosphor
material absorbs blue light and emit green light. Higher system efficiency can be achieved by replacing the (passive
pigment-based) red filter with red quantum dot or red phosphor materials, the green filter with green quantum dot or
green phosphor materials, and the blue filter with a clear filter, operating in conjunction with a display system backlit
with blue LEDs or with a display system using blue OLED. Instead of producing broadband light and then blocked by
the color filters to produce the desired colors, the red and green light can be emitted by converting from blue light source
and blue light is emitted directly without filtering from the blue light source.
[0100] Quantum dots and phosphors may be processed by photolithographic techniques. Color filter materials could
be inert or passive pigments or dyes that are mixed into photoresist materials in the photolithographic process during
color filter construction. In contrast, quantum dots and phosphor materials tend to be active, sensitive to environment
and surround chemicals. Various techniques including but not limited to any of: printing techniques, photolithographic
techniques, etc., can be used to deposit the quantum dot or phosphor into color array patterns.

8. COLOR ARRAY PANELS

[0101] Techniques as described herein can be used to construct color array panels having strips of quantum dots or
phosphors by processing thin sheets of materials having quantum dots or phosphors.
[0102] In some embodiment, sheets of materials having sheet thicknesses that match the subpixel pitch of a target
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display where each pixel contains multiple subpixels that can be stacked in sequence to construct a color array panel.
A first sheet contains red quantum dot or phosphor materials and is referred to as Sheet R. A second sheet contains
green quantum dot or phosphor materials and is referred to as Sheet G. A passive filler sheet without quantum dots or
phosphors is referred to as Sheet W. FIG. 12 illustrates an example configuration in which the sheets are stacked in a
sequence of Sheet R, Sheet G and Sheet W, wherein respective sheet thicknesses of Sheet R, Sheet G and Sheet W
match the respective subpixel pitches of red, green and blue subpixels of pixels.
[0103] The color array panel may be used to replace the color filter array in a color LCD or OLED display. System
efficiency can be improved significantly by reducing wasted light. In an example, an LCD panel can be manufactured
as a monochrome panel backlit by blue backlight and without color filters. In another example, an OLED display can be
constructed as a blue OLED panel only instead of white OLED with color filters. The color array panel comprising quantum
dot or phosphor materials can be added in front of (as illustrated in FIG. 13), behind the monochrome LCD panel, or
even behind an optical film (e.g., Dual Brightness Enhancement Films (DBEF), reflective polarizers, etc.). Similarly, for
an OLED display, the color array panel comprising quantum dot or phosphor materials can be added in front of (as
illustrated in FIG. 13).
[0104] FIG. 14 illustrates example steps in constructing a color array panel as described herein. In Step 1 of FIG. 14,
raw sheets are reduced to thicknesses that match target subpixel pitches. This step may be accomplished by passing
the sheets through heated rollers. Operational parameters such as roller temperature, roll rate, roller separation, etc.,
may be controlled by industrial control system to achieve the target thicknesses. Examples of raw sheets include but
are not limited to: plastics containing quantum dots or phosphors. Step 1 of FIG. 14 is applied to all of different color
sheets containing quantum dots or phosphors as well as filler sheets which do not contain any quantum dots or phosphors.
[0105] In Step 2 of FIG. 14, the sheets processed by Step 1 of FIG. 14 are stacked in a desired sequence (e.g.,
matching the sequence of different color subpixels) and bonded. A stack thickness equals the total thickness contributed
from each of different color sheets and a filler sheet. The stack thickness may be further reduced to ensure matching a
target pixel pitch which equals the total thickness contributed from each of different color subpixels (e.g., RGB subpixels
in a RGB color system, other color subpixels in a non-RGB color system, etc.). Optical measurements for quality control
may be made in Step 2 of FIG. 14 to ensure the stack thickness and sheet thicknesses match the pixel pitch and subpixel
pitches.
[0106] In Step 3 of FIG. 14, the stack is sliced into strips of uniform widths. The strip width determines the final thickness
of the color array panel. The cutting can be accomplished by mechanical means involving physical contact with the
material or by laser cutting.
[0107] In Step 4 of FIG. 14, the strips are rotated by 90° axially and then the rotated strips are stacked to form the
(final) color array panel. The process may be applied on continuous rolls of the raw materials.
[0108] In display operations, the blue light from the backlight of an LCD or from a blue OLED is either converted to
red light by the red strip or green light by the green strip, and/or diffused through the filler strip. The thickness of the
color array panel can be used as a design parameter to control a preconfigured white point of the display panel comprising
the color array panel. The panel thickness affects the optical path lengths and likelihood with which incident blue light
may be converted to the red and green light. Thus, the strip width in Step 3 of the example construction process of the
color array panel in FIG. 14 can be used to control the display panel to realize the desired white point.
[0109] Color array panels can be manufactured to adapt to different pixel pitches since for a given display size there
are usually a range of display resolution available. It should also be noted that for a LCD and an OLED of the same pixel
pitch, a color array panel can be selected and applied to either display without extra customization.

9. LIGHT SOURCE CONTROL LOGIC

[0110] FIG. 15 illustrates an example configuration of display logic (1502) in a display system as described herein, in
accordance with some possible embodiments of the present invention. In some possible embodiments, display logic
1502 additionally and/or optionally may comprise light source control logic (1504) configured to control component(s)
in a light source (e.g., BLU 110) in the display system. The display logic 1502 may be operatively coupled with an image
data source 1506 (e.g., a set-top box, networked server, storage media or the like) and is configured to receive image
data from the image data source 1506. The image data may be provided by the image data source 1506 in a variety of
ways including from an over-the-air broadcast, or Ethernet, High-Definition Multimedia Interface (HDMI), wireless network
interface, devices (e.g., set-top box, server, storage medium, etc.), etc. Image frames received or generated from image
data from an internal or external source may be used by the display logic 1502 to drive the light source in the display
system. For example, display logic 1502 may be configured to control the light source to illuminate one or more pixels
or sub-pixels with a specific intensity. The image frames may be used by the display logic 1502 to derive individual or
aggregate pixel values in various frames in various resolutions on an image rendering surface as described herein.
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10. IMPLEMENTATION MECHANISMS - HARDWARE OVERVIEW

[0111] According to one embodiment, the techniques described herein are implemented by one or more special-
purpose computing devices. The special-purpose computing devices may be hard-wired to perform the techniques, or
may include digital electronic devices such as one or more application-specific integrated circuits (ASICs) or field pro-
grammable gate arrays (FPGAs) that are persistently programmed to perform the techniques, or may include one or
more general purpose hardware processors programmed to perform the techniques pursuant to program instructions
in firmware, memory, other storage, or a combination. Such special-purpose computing devices may also combine
custom hard-wired logic, ASICs, or FPGAs with custom programming to accomplish the techniques. The special-purpose
computing devices may be desktop computer systems, portable computer systems, handheld devices, networking de-
vices or any other device that incorporates hard-wired and/or program logic to implement the techniques.
[0112] For example, FIG. 16 is a block diagram that illustrates a computer system 1600 upon which an embodiment
of the invention may be implemented. Computer system 1600 includes a bus 1602 or other communication mechanism
for communicating information, and a hardware processor 1604 coupled with bus 1602 for processing information.
Hardware processor 1604 may be, for example, a general purpose microprocessor.
[0113] Computer system 1600 also includes a main memory 1606, such as a random access memory (RAM) or other
dynamic storage device, coupled to bus 1602 for storing information and instructions to be executed by processor 1604.
Main memory 1606 also may be used for storing temporary variables or other intermediate information during execution
of instructions to be executed by processor 1604. Such instructions, when stored in non-transitory storage media ac-
cessible to processor 1604, render computer system 1600 into a special-purpose machine that is customized to perform
the operations specified in the instructions.
[0114] Computer system 1600 further includes a read only memory (ROM) 1608 or other static storage device coupled
to bus 1602 for storing static information and instructions for processor 1604. A storage device 1610, such as a magnetic
disk or optical disk, is provided and coupled to bus 1602 for storing information and instructions.
[0115] Computer system 1600 may be coupled via bus 1602 to a display 1612, such as a liquid crystal display, for
displaying information to a computer user. An input device 1614, including alphanumeric and other keys, is coupled to
bus 1602 for communicating information and command selections to processor 1604. Another type of user input device
is cursor control 1616, such as a mouse, a trackball, or cursor direction keys for communicating direction information
and command selections to processor 1604 and for controlling cursor movement on display 1612. This input device
typically has two degrees of freedom in two axes, a first axis (e.g., x) and a second axis (e.g., y), that allows the device
to specify positions in a plane.
[0116] Computer system 1600 may implement the techniques described herein using customized hard-wired logic,
one or more ASICs or FPGAs, firmware and/or program logic which in combination with the computer system causes
or programs computer system 1600 to be a special-purpose machine. According to one embodiment, the techniques
as described herein are performed by computer system 1600 in response to processor 1604 executing one or more
sequences of one or more instructions contained in main memory 1606. Such instructions may be read into main memory
1606 from another storage medium, such as storage device 1610. Execution of the sequences of instructions contained
in main memory 1606 causes processor 1604 to perform the process steps described herein. In alternative embodiments,
hard-wired circuitry may be used in place of or in combination with software instructions.
[0117] The term "storage media" as used herein refers to any non-transitory media that store data and/or instructions
that cause a machine to operation in a specific fashion. Such storage media may comprise non-volatile media and/or
volatile media. Non-volatile media includes, for example, optical or magnetic disks, such as storage device 1610. Volatile
media includes dynamic memory, such as main memory 1606. Common forms of storage media include, for example,
a floppy disk, a flexible disk, hard disk, solid state drive, magnetic tape, or any other magnetic data storage medium, a
CD-ROM, any other optical data storage medium, any physical medium with patterns of holes, a RAM, a PROM, and
EPROM, a FLASH-EPROM, NVRAM, any other memory chip or cartridge.
[0118] Storage media is distinct from but may be used in conjunction with transmission media. Transmission media
participates in transferring information between storage media. For example, transmission media includes coaxial cables,
copper wire and fiber optics, including the wires that comprise bus 1602. Transmission media can also take the form of
acoustic or light waves, such as those generated during radio-wave and infra-red data communications.
[0119] Various forms of media may be involved in carrying one or more sequences of one or more instructions to
processor 1604 for execution. For example, the instructions may initially be carried on a magnetic disk or solid state
drive of a remote computer. The remote computer can load the instructions into its dynamic memory and send the
instructions over a telephone line using a modem. A modem local to computer system 1600 can receive the data on the
telephone line and use an infra-red transmitter to convert the data to an infra-red signal. An infra-red detector can receive
the data carried in the infra-red signal and appropriate circuitry can place the data on bus 1602. Bus 1602 carries the
data to main memory 1606, from which processor 1604 retrieves and executes the instructions. The instructions received
by main memory 1606 may optionally be stored on storage device 1610 either before or after execution by processor 1604.
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[0120] Computer system 1600 also includes a communication interface 1618 coupled to bus 1602. Communication
interface 1618 provides a two-way data communication coupling to a network link 1620 that is connected to a local
network 1622. For example, communication interface 1618 may be an integrated services digital network (ISDN) card,
cable modem, satellite modem, or a modem to provide a data communication connection to a corresponding type of
telephone line. As another example, communication interface 1618 may be a local area network (LAN) card to provide
a data communication connection to a compatible LAN. Wireless links may also be implemented. In any such imple-
mentation, communication interface 1618 sends and receives electrical, electromagnetic or optical signals that carry
digital data streams representing various types of information.
[0121] Network link 1620 typically provides data communication through one or more networks to other data devices.
For example, network link 1620 may provide a connection through local network 1622 to a host computer 1624 or to
data equipment operated by an Internet Service Provider (ISP) 1626. ISP 1626 in turn provides data communication
services through the world wide packet data communication network now commonly referred to as the "Internet" 1628.
Local network 1622 and Internet 1628 both use electrical, electromagnetic or optical signals that carry digital data
streams. The signals through the various networks and the signals on network link 1620 and through communication
interface 1618, which carry the digital data to and from computer system 1600, are example forms of transmission media.
[0122] Computer system 1600 can send messages and receive data, including program code, through the network(s),
network link 1620 and communication interface 1618. In the Internet example, a server 1630 might transmit a requested
code for an application program through Internet 1628, ISP 1626, local network 1622 and communication interface 1618.
[0123] The received code may be executed by processor 1604 as it is received, and/or stored in storage device 1610,
or other non-volatile storage for later execution.

11. EQUIVALENTS, EXTENSIONS, ALTERNATIVES AND MISCELLANEOUS

[0124] In the foregoing specification, possible embodiments of the invention have been described with reference to
numerous specific details that may vary from implementation to implementation. Thus, the sole and exclusive indicator
of what is the invention, and is intended by the applicants to be the invention, is the set of claims that issue from this
application, in the specific form in which such claims issue, including any subsequent correction. Any definitions expressly
set forth herein for terms contained in such claims shall govern the meaning of such terms as used in the claims. Hence,
no limitation, element, property, feature, advantage or attribute that is not expressly recited in a claim should limit the
scope of such claim in any way. The specification and drawings are, accordingly, to be regarded in an illustrative rather
than a restrictive sense.
[0125] Accordingly, the invention may be embodied in any of the forms described herein, including, but not limited to
the following table of Enumerated Example Embodiments (EEEs) which described structure, features, and functionality
of some portions of the present invention:

TABLE 1

EEE1. A display system, comprising:
one or more light sources configured to emit first light with a first spectral power distribution;
one or more light regeneration layers configured to be stimulated by the first light and to convert at least 
a portion of the first light and recycled light into second light, the second light comprising (a) primary 
spectral components that correspond to one or more primary colors and (b) secondary spectral components 
that do not correspond to the one or more primary colors; and
one or more notch filter layers configured to receive a portion of the second light and to filter out the 
secondary spectral components from the portion of the second light, wherein the portion of the second 
light is directed to a viewer of the display system and configured to render images viewable to the viewer.

EEE2. The display system as recited in EEEClaim 1, wherein the first light comprises one or more of: UV spectral 
components or blue light spectral components.

EEE3. The display system as recited in EEEClaim 1, wherein the one or more light sources comprises one or 
more of: laser light sources, light-emitting diodes (LEDs), or cold cathode fluorescent lights (CCFLs).

EEE4. The display system as recited in EEEClaim 1, wherein at least one of the light regeneration layers comprises 
one or more of: quantum dot materials or remote phosphor materials.

EEE5. The display system as recited in EEEClaim 1, further comprising:
one or more light modulation layers configured to modulate light transmitting through individual subpixels 
in a plurality of subpixels of the display system;
one or more color filter layers configured to impart designated primary colors to the individual subpixels 
in the plurality of subpixels; and zero or more additional optical stacks.
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(continued)

EEE6. The display system as recited in EEEClaim 1, wherein at least one of the one or more light sources, at 
least one of the one or more light regeneration layers, and at least one of the one or more notch filter 
layers form a light unit to the display system.

EEE7. The display system as recited in EEEClaim 1, wherein at least one of the one or more light regeneration 
layers and the one or more notch filter layers do not belong to any light unit to the display system.

EEE8. The display system as recited in EEEClaim 1, wherein the primary spectral components represent at least 
two sets of primary colors, wherein each set in the at least two sets of primary colors is configured to 
support a full complement of a primary color system, wherein a plurality of primary spectral components 
corresponds to a plurality of non-overlapping light wavelength ranges, and wherein each of the plurality 
of primary spectral components in the at least two sets of primary colors is in a respective light wavelength 
range in the plurality of non-overlapping light wavelength ranges.

EEE9. The display system as recited in EEEClaim 1, wherein the display system is configured to recycle at least 
a portion of transmissive light comprises one or more of light originated from the one or more light sources, 
light regenerated by the one or more light regeneration layers, or light reflected by one or more components 
in the display system.

EEE10. A display system, at least comprising:
one or more light sources configured to emit first light with a first spectral power distribution, wherein the 
first spectral power distribution comprising one or more first spectral components;
one or more pass band filter layers configured to pass light of one or more first wavelength bands 
represented by the one or more first spectral components, and to reflect light of one or more primary colors, 
wherein the light of the one or more primary colors comprises wavelengths outside the one or more first 
wavelength bands; and
one or more light regeneration layers configured to be stimulated by the first light as filtered by the one or 
more pass band filter and to convert at least a portion of the filtered first light and recycled light into second 
light, the second light comprising primary spectral components that include the one or more primary colors.

EEE11. The display system as recited in EEEClaim 10, wherein the first light comprises one or more of UV spectral 
components, or blue light spectral components.

EEE12. The display system as recited in EEEClaim 10, wherein the one or more light sources comprises one or 
more of laser light sources, light-emitting diodes (LEDs), or cold cathode fluorescent lights (CCFLs).

EEE13. The display system as recited in EEEClaim 10, wherein at least one of the light regeneration layers 
comprises one or more of quantum dot materials, or remote phosphor materials.

EEE14. The display system as recited in EEEClaim 10, further comprising:
one or more light modulation layers configured to modulate light transmitting through individual subpixels 
in a plurality of subpixels of the display system;

one or more color filter layers configured to impart designated primary colors to the individual subpixels 
in the plurality of subpixels; and
zero or more additional optical stacks.

EEE15. The display system as recited in EEEClaim 10, wherein at least one of the one or more light sources, at 
least one of the one or more light regeneration layers, and at least one of the one or more pass band filter 
layers form a light unit to the display system.

EEE16. The display system as recited in EEEClaim 10, wherein at least one of the one or more light regeneration 
layers and the one or more pass band filter layers do not belong to any light unit to the display system.

EEE17. The display system as recited in EEEClaim 10, wherein the primary spectral components represents at 
least two sets of primary colors, wherein each set in the at least two sets of primary colors is configured 
to support a full complement of a primary color system, wherein a plurality of primary spectral components 
corresponds to a plurality of non-overlapping light wavelength ranges, and wherein each of the plurality 
of primary spectral components in the at least two sets of primary colors is in a respective light wavelength 
range in the plurality of non-overlapping light wavelength ranges.
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(continued)

EEE18. The display system as recited in EEEClaim 10, wherein the second light further comprises secondary 
spectral components that do not correspond to the one or more primary colors, and wherein the display 
system further comprises one or more notch filter layers configured to receive a portion of the second light 
and to filter out the secondary spectral components from the portion of the second light, wherein the portion 
of the second light is directed to a viewer of the display system and configured to render images viewable 
to the viewer.

EEE19. A display system, at least comprising:
one or more light modulation layers configured to modulate transmissive light;
one or more color filter layers configured to pass light of one or more primary colors in a plurality of primary 
colors and to reject light of one or more other primary colors in the plurality of primary colors towards a 
viewer of the display system, wherein the light of one or more primary colors comprises at least a portion 
of the transmissive light as filtered through the one or more color filter layers; and
one or more light regeneration layers, disposed in between the one or more light modulation layers and 
the one or more color filter layers, configured to be stimulated by one or more specific spectral components 
of light that transmits through the one or more light regeneration layers from at least one side of the one 
or more light regeneration layers and to convert at least a portion of the one or more specific spectral 
components of light into second light, the second light comprising primary spectral components that include 
the one or more primary colors.

EEE20. The display system as recited in EEEClaim 19, wherein the one or more light regeneration layers comprise 
at least one light regeneration layer that extends across a plurality of subpixels with homogeneous 
distribution of light regeneration materials over subpixels of different primary colors in the plurality of 
subpixels.

EEE21. The display system as recited in EEEClaim 19, wherein the one or more light regeneration layers comprise 
at least one light regeneration layer that extends across a plurality of subpixels with non-homogeneous 
distribution of light regeneration materials configured to generate the one or more primary colors over 
subpixels of corresponding primary colors in the plurality of subpixels.

EEE22. The display system as recited in EEEClaim 19, wherein the one or more color filter layers comprise a 
dichroic mirror that reflects the light of the one or more other primary colors.

EEE23. The display system as recited in EEEClaim 19, wherein the display system further comprises one or more 
second color filter layers disposed in between the one or more light regeneration layers and the one or 
more light modulation layers.

EEE24. The display system as recited in EEEClaim 23, wherein the one or more second color filter layers comprise 
a homogeneous dichroic mirror configured to reject light ofthe one or more primary colors.

EEE25. The display system as recited in EEEClaim 23, wherein the one or more second color filter layers comprise 
a non-homogeneous dichroic mirror configured to pass light of the one or more primary colors over subpixels 
of corresponding primary colors in the plurality of subpixels.

EEE26. A display system, at least comprising:
one or more light modulation layers configured to modulate transmissive light;
one or more optical layers configured to attenuate ambient light; and
one or more light regeneration layers, disposed in between the one or more light modulation layers and 
the one or more optical layers, configured to be stimulated by one or more specific spectral components 
of light that transmits through the one or more light regeneration layers from at least one side of the one 
or more light regeneration layers and to convert at least a portion of the one or more specific spectral 
components of light into second light, the second light comprising primary spectral components that include 
one or more primary colors.

EEE27. The display system as recited in EEEClaim 26, wherein the one or more optical layers comprise at least 
one of: one or more polarizer layers, one or more anti-reflective coating layers, or one or more UV blocking 
layers.

EEE28. The display system as recited in EEEClaim 26, wherein the one or more light regeneration layers comprise 
at least one light regeneration layer that extends across a plurality of subpixels with non-homogeneous 
distribution of light regeneration materials configured to generate the one or more primary colors over 
subpixels of corresponding primary colors in the plurality of subpixels, and wherein the at least one light 
regeneration layer comprises a black matrix between subpixel portions of the at least one light regeneration 
layer.
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(continued)

EEE29. The display system as recited in EEEClaim 28, wherein the black matrix comprises light regeneration 
materials that configured to convert light of primary colors into invisible light.

EEE30. A light source, at least comprising:

one or more light sources configured to emit a first beam of light with a first spectral power distribution;
one or more light regeneration layers configured to be stimulated light of the first spectral power and to 
convert the light of the first spectral power distribution into second light of a second spectral power 
distribution, wherein the one or more light regeneration layers comprise at least one light regeneration 
layer of one of gradient distributions of light regeneration materials or other spatial distributions of light 
regeneration materials; and

one or more optical components configured to redirect the first beam of light into a light receiving surface 
of the one or more light regeneration layers.

EEE31. The light source as recited in EEEClaim 30, further comprising a control mechanism configured to set one 
or more light redirecting properties of the one or more optical components; wherein the one or more light 
redirecting properties are set based on input parameters comprising the one of gradient distributions of 
light regeneration materials or other spatial distributions of light regeneration materials, the first spectral 
power distribution, and the second spectral power distribution; and wherein the one or more light redirecting 
properties determine specific amounts of irradiations received by different portions of the one or more light 
regeneration layers within a unit time.

EEE32. The light source as recited in EEEClaim 30, wherein the one or more optical components comprise one 
or more of stationary beam expanding optical components, or non-stationary beam redirecting components.

EEE33. A method, comprising:
individually reducing each stack sheet of two or more stack sheets to a respective thickness, wherein at 
least one of the two or more stack sheets comprises light regeneration materials, and wherein each stack 
sheet of the two or more stack sheets corresponds to each subpixel type in a plurality of subpixel types;
stacking the two or more stack sheets in an order that matches an order in which the plurality of subpixel 
types is stacked in one or more display panels;
applying a mechanical pressure over the two or more stack sheets as stacked, along one of planar directions 
of the two or more stacked sheets, to a specific overall thickness;

repeatedly cutting the stacked two or more stack sheets, along the one of planar directions of the two or 
more stacked sheets across each of the two or more stack sheets, into stacking segments, wherein each 
of the stacking segments is of a same specific thickness;
rotating the stacking segments around the one of planar directions of the two or more stacked sheets by 
90 degrees; and
stacking the stacking segments on top of one another along the one of planar directions to form a light 
regeneration layer that comprises a specific pitch of the two or more stack sheets along the one of planar 
directions, wherein the specific pitch of the two or more stack sheets in the light regeneration layer matches 
a pitch of the plurality of subpixel types in the one or more display panels;

EEE34. The method as recited in EEEClaim 33, wherein the light generation materials comprise at least one of 
quantum dot materials, or remote phosphor materials.

EEE35. The method as recited in EEEClaim 33, wherein each subpixel type in the plurality of subpixel types imparts 
a respective primary color in a color system.

EEE36. One or more light regeneration layers that are manufactured with any of the methods as recited in 
EEEClaims 33-35.

EEE37. A display system that comprises one or more light regeneration layers that are manufactured with any of 
the methods as recited in EEEClaims 33-35.

EEE38. A method, comprising:

emitting, with one or more light sources, first light with a first spectral power distribution;
stimulating one or more light regeneration layers with the first light to convert at least a portion of the first 
light and recycled light into second light, the second light comprising (a) primary spectral components that 
correspond to one or more primary colors and (b) secondary spectral components that do not correspond 
to the one or more primary colors; and
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(continued)

receiving, by one or more notch filter layers, a portion of the second light, wherein the one or more notch 
filter layers filter out the secondary spectral components from the portion of the second light, wherein the 
portion of the second light is directed to a viewer of a display system and configured to render images 
viewable to the viewer.

EEE39. The method as recited in EEEClaim 38, wherein the first light comprises one or more of UV spectral 
components, or blue light spectral components.

EEE40. The method as recited in EEEClaim 38, wherein the one or more light sources comprises one or more of 
laser light sources, light-emitting diodes (LEDs), or cold cathode fluorescent lights (CCFLs).

EEE41. The method as recited in EEEClaim 38, wherein at least one of the light regeneration layers comprises 
one or more of: quantum dot materials or remote phosphor materials.

EEE42. The method as recited in EEEClaim 38, further comprising:
modulating, with one or more light modulation layers, light transmitting through individual subpixels in a 
plurality of subpixels of the display system;
imparting designated primary colors to the individual subpixels in the plurality of subpixels with one or 
more color filter layers.

EEE43. The method as recited in EEEClaim 38, wherein at least one of the one or more light sources, at least one 
of the one or more light regeneration layers, and at least one of the one or more notch filter layers form a 
light unit to the display system.

EEE44. The method as recited in EEEClaim 38, wherein at least one of the one or more light regeneration layers 
and the one or more notch filter layers do not belong to any light unit to the display system.

EEE45. The method as recited in EEEClaim 38, wherein the primary spectral components represents at least two 
sets of primary colors, wherein each set in the at least two sets of primary colors is configured to support 
a full complement of a primary color system, wherein a plurality of primary spectral components corresponds 
to a plurality of non-overlapping light wavelength ranges, and wherein each of the plurality of primary 
spectral components in the at least two sets of primary colors is in a respective light wavelength range in 
the plurality of non-overlapping light wavelength ranges.

EEE46. The method as recited in EEEClaim 38, wherein the display system is configured to recycle at least a 
portion of transmissive light comprises one or more of light originated from the one or more light sources, 
light regenerated by the one or more light regeneration layers, or light reflected by one or more components 
in the display system.

EEE47. A method, comprising:
emitting, with one or more light sources, first light with a first spectral power distribution, wherein the first 
spectral power distribution comprising one or more first spectral components;

passing, with one or more pass band filter layers, light of one or more first wavelength bands represented 
by the one or more first spectral components, and to reflect light of one or more primary colors, wherein 
the light of the one or more primary colors comprises wavelengths outside the one or more first wavelength 
bands; and
stimulating one or more light regeneration layers with the first light as filtered by the one or more pass 
band filter to convert at least a portion of the filtered first light and recycled light into second light, the 
second light comprising primary spectral components that include the one or more primary colors.

EEE48. The method as recited in EEEClaim 47, wherein the first light comprises one or more of: UV spectral 
components or blue light spectral components.

EEE49. The method as recited in EEEClaim 47, wherein the one or more light sources comprises one or more of: 
laser light sources, light-emitting diodes (LEDs), or cold cathode fluorescent lights (CCFLs).

EEE50. The method as recited in EEEClaim 47, wherein at least one of the light regeneration layers comprises 
one or more of: quantum dot materials or remote phosphor materials.

EEE51. The method as recited in EEEClaim 47, further comprising:

modulating, with one or more light modulation layers, light transmitting through individual subpixels in a 
plurality of subpixels of the display system;
imparting designated primary colors to the individual subpixels in the plurality of subpixels with one or 
more color filter layers.

EEE52. The method as recited in EEEClaim 47, wherein at least one of the one or more light sources, at least one 
of the one or more light regeneration layers, and at least one of the one or more pass band filter layers 
form a light unit to the display system.
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(continued)

EEE53. The method as recited in EEEClaim 47, wherein at least one of the one or more light regeneration layers 
and the one or more pass band filter layers do not belong to any light unit to the display system.

EEE54. The method as recited in EEEClaim 47, wherein the primary spectral components represents at least two 
sets of primary colors, wherein each set in the at least two sets of primary colors is configured to support 
a full complement of a primary color system, wherein a plurality of primary spectral components corresponds 
to a plurality of non-overlapping light wavelength ranges, and wherein each of the plurality of primary 
spectral components in the at least two sets of primary colors is in a respective light wavelength range in 
the plurality of non-overlapping light wavelength ranges.

EEE55. The method as recited in EEEClaim 47, wherein the second light further comprises secondary spectral 
components that do not correspond to the one or more primary colors, and wherein the display system 
further comprises one or more notch filter layers configured to receive a portion of the second light and to 
filter out the secondary spectral components from the portion of the second light, wherein the portion of 
the second light is directed to a viewer of the display system and configured to render images viewable 
to the viewer.

EEE56. A method, comprising:
modulating, with one or more light modulation layers, transmissive light;
passing, with one or more color filter layers, light of one or more primary colors in a plurality of primary 
colors and to reject light of one or more other primary colors in the plurality of primary colors towards a 
viewer of the display system, wherein the light of one or more primary colors comprises at least a portion 
of the transmissive light is filtered through the one or more color filter layers; and
stimulating one or more light regeneration layers, disposed in between the one or more light modulation 
layers and the one or more color filter layers, with one or more specific spectral components of light that 
transmits through the one or more light regeneration layers from at least one side of the one or more light 
regeneration layers to convert at least a portion of the one or more specific spectral components of light 
into second light, the second light comprising primary spectral components that include the one or more 
primary colors.

EEE57. The method as recited in EEEClaim 57, wherein the one or more light regeneration layers comprise at 
least one light regeneration layer that extends across a plurality of subpixels with homogeneous distribution 
of light regeneration materials over subpixels of different primary colors in the plurality of subpixels.

EEE58. The method as recited in EEEClaim 57, wherein the one or more light regeneration layers comprise at 
least one light regeneration layer that extends across a plurality of subpixels with non-homogeneous 
distribution of light regeneration materials configured to generate the one or more primary colors over 
subpixels of corresponding primary colors in the plurality of subpixels.

EEE59. The method as recited in EEEClaim 57, wherein the one or more color filter layers comprise a dichroic 
mirror that reflects the light of the one or more other primary colors.

EEE60. The method as recited in EEEClaim 57, wherein the display system further comprises one or more second 
color filter layers disposed in between the one or more light regeneration layers and the one or more light 
modulation layers.

EEE61. The method as recited in EEEClaim 60, wherein the one or more second color filter layers comprise a 
homogeneous dichroic mirror configured to reject light of the one or more primary colors.

EEE62. The method as recited in EEEClaim 60, wherein the one or more second color filter layers comprise a 
non-homogeneous dichroic mirror configured to pass light of the one or more primary colors over subpixels 
of corresponding primary colors in the plurality of subpixels.

EEE63. A method, comprising:
modulating, with one or more light modulation layers, transmissive light;

attenuating, with one or more optical layers, ambient light; and
stimulating one or more light regeneration layers, disposed in between the one or more light modulation 
layers and the one or more optical layers, with one or more specific spectral components of light that 
transmits through the one or more light regeneration layers from at least one side of the one or more light 
regeneration layers to convert at least a portion of the one or more specific spectral components of light 
into second light, the second light comprising primary spectral components that include one or more 
primary colors.
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Claims

1. A display system, comprising:

one or more light sources configured to emit first light with a first spectral power distribution;
one or more light regeneration layers configured to be stimulated by the first light and to convert at least a portion
of the first light and recycled light into second light, the second light comprising (a) primary spectral components
that correspond to one or more primary colors and (b) secondary spectral components that do not correspond
to the one or more primary colors; and
one or more notch filter layers configured to receive a portion of the second light and to filter out the secondary
spectral components from the portion of the second light, wherein the portion ofthe second light is directed to
a viewer ofthe display system and configured to render images viewable to the viewer.

2. The display system as recited in Claim 1, wherein the first light comprises one or more of:

UV spectral components or blue light spectral components.

(continued)

EEE64. The method as recited in EEEClaim 63, wherein the one or more optical layers comprise at least one of 
one or more polarizer layers, one or more anti-reflective coating layers, or one or more UV blocking layers.

EEE65. The method as recited in EEEClaim 63, wherein the one or more light regeneration layers comprise at 
least one light regeneration layer that extends across a plurality of subpixels with non-homogeneous 
distribution of light regeneration materials configured to generate the one or more primary colors over 
subpixels of corresponding primary colors in the plurality of subpixels, and wherein the at least one light 
regeneration layer comprises a black matrix between subpixel portions of the at least one light regeneration 
layer.

EEE66. The method as recited in EEEClaim 65, wherein the black matrix comprises light regeneration materials 
that configured to convert light of primary colors into invisible light.

EEE67. A method, comprising:
emitting, with one or more light sources, a first beam of light with a first spectral power distribution;

stimulating one or more light regeneration layers with light of the first spectral power distribution to convert 
the light of the first spectral power into second light of a second spectral power distribution, wherein the 
one or more light regeneration layers comprise at least one light regeneration layer of one of gradient 
distributions of light regeneration materials or other spatial distributions of light of light regeneration 
materials; and
redirecting, with one or more optical components, the first beam of light into a light receiving surface of 
the one or more light regeneration layers.

EEE68. The method as recited in EEEClaim 67, further comprising setting, with a control mechanism configured, 
one or more light redirecting properties of the one or more optical components; wherein the one or more 
light redirecting properties are set based on input parameters comprising one of gradient distributions of 
light regeneration materials or other spatial distributions of light of light regeneration materials, the first 
spectral power distribution, and the second spectral power distribution; and wherein the one or more light 
redirecting properties determine specific amounts of irradiations received by different portions of the one 
or more light regeneration layers within a unit time.

EEE69. The method as recited in EEEClaim 67, wherein the one or more optical components comprise one or 
more of: stationary beam expanding optical components or non-stationary beam redirecting components.

EEE70. An apparatus comprising a processor and configured to perform the method recited in any of EEEClaims 
38-69.

EEE71. A computer readable storage medium, storing software instructions, which when executed by one or more 
processors cause performance of the methods recited in any of EEEClaims 38-69.

EEE72. A computing device comprising one or more processors and one or more storage media storing a set of 
instructions which, when executed by the one or more processors, cause performance of the method 
recited in any of EEEClaims 38-69.
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3. The display system as recited in Claim 1, wherein the one or more light sources comprises one or more of: laser
light sources, light-emitting diodes (LEDs), or cold cathode fluorescent lights (CCFLs).

4. The display system as recited in Claim 1, wherein at least one of the light regeneration layers comprises one or
more of: quantum dot materials or remote phosphor materials.

5. The display system as recited in Claim 1, further comprising:

one or more light modulation layers configured to modulate light transmitting through individual subpixels in a
plurality of subpixels of the display system;
one or more color filter layers configured to impart designated primary colors to the individual subpixels in the
plurality of subpixels; and
zero or more additional optical stacks.

6. The display system as recited in Claim 1, wherein at least one of the one or more light sources, at least one of the
one or more light regeneration layers, and at least one of the one or more notch filter layers form a light unit to the
display system.

7. The display system as recited in Claim 1, wherein at least one of the one or more light regeneration layers and the
one or more notch filter layers do not belong to any light unit to the display system.

8. The display system as recited in Claim 1, wherein the primary spectral components represent at least two sets of
primary colors, wherein each set in the at least two sets of primary colors is configured to support a full complement
of a primary color system, wherein a plurality of primary spectral components corresponds to a plurality of non-
overlapping light wavelength ranges, and wherein each of the plurality of primary spectral components in the at
least two sets of primary colors is in a respective light wavelength range in the plurality of non-overlapping light
wavelength ranges.

9. The display system as recited in Claim 1, wherein the display system is configured to recycle at least a portion of
transmissive light comprises one or more of light originated from the one or more light sources, light regenerated
by the one or more light regeneration layers, or light reflected by one or more components in the display system.

10. A method, comprising:

emitting, with one or more light sources, first light with a first spectral power distribution;
stimulating one or more light regeneration layers with the first light to convert at least a portion of the first light
and recycled light into second light, the second light comprising (a) primary spectral components that correspond
to one or more primary colors and (b) secondary spectral components that do not correspond to the one or
more primary colors; and
receiving, by one or more notch filter layers, a portion of the second light, wherein the one or more notch filter
layers filter out the secondary spectral components from the portion of the second light, wherein the portion of
the second light is directed to a viewer of a display system and configured to render images viewable to the viewer.

11. The method as recited in Claim 10, wherein the first light comprises one or more of UV spectral components, or
blue light spectral components.

12. The method as recited in Claim 10, wherein the one or more light sources comprises one or more of laser light
sources, light-emitting diodes (LEDs), or cold cathode fluorescent lights (CCFLs).

13. The method as recited in Claim 10, wherein at least one of the light regeneration layers comprises one or more of
quantum dot materials or remote phosphor materials.

14. The method as recited in Claim 10, further comprising:

modulating, with one or more light modulation layers, light transmitting through individual subpixels in a plurality
of subpixels of the display system;
imparting designated primary colors to the individual subpixels in the plurality of subpixels with one or more
color filter layers.
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15. The method as recited in Claim 10, wherein at least one of the one or more light sources, at least one of the one or
more light regeneration layers, and at least one of the one or more notch filter layers form a light unit to the display
system.

16. The method as recited in Claim 10, wherein at least one of the one or more light regeneration layers and the one
or more notch filter layers do not belong to any light unit to the display system.

17. The method as recited in Claim 10, wherein the primary spectral components represents at least two sets of primary
colors, wherein each set in the at least two sets of primary colors is configured to support a full complement of a
primary color system, wherein a plurality of primary spectral components corresponds to a plurality of non-overlapping
light wavelength ranges, and wherein each of the plurality of primary spectral components in the at least two sets
of primary colors is in a respective light wavelength range in the plurality of non-overlapping light wavelength ranges.

18. The method as recited in Claim 10, wherein the display system is configured to recycle at least a portion of transmissive
light comprises one or more of light originated from the one or more light sources, light regenerated by the one or
more light regeneration layers, or light reflected by one or more components in the display system.
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