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The system (100) also includes a second optical path (124) that includes the blue LED (104), the green LED (106), the second filter
(116), and the lens (118), where the second filter (116) has a filter response to transmit blue light from the blue LED (104), to transmit
green light from the green LED (106), to reflect red light from the red laser (138), and to reflect red light from the red LED (108).
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LED ILLUMINATION WITH RED LASER ASSIST

BACKGROUND

[0001] Some optical projection systems use light emitting diodes (LEDs), such as blue, green,
and red LEDs, as illumination sources. The output image quality of the projection system may be
improved by achieving higher brightness from the illumination sources. One way to achieve
higher brightness is to increase the output from the green LED. Some green LEDs have a
phosphor on the output side of a blue LED. This type of green LED is called a converted green
LED. An internal blue LED within the green LED shines on the phosphor, which causes the
phosphor to emit green light. The green LED light output can be improved by shining blue light
onto the top surface of the phosphor as well as the bottom surface. Utilizing this extra blue light to
excite the phosphor from the top as well as the bottom sides is called a top side pump (TSP) green
LED. With a TSP architecture, it is common to use an external blue LED to illuminate the front
side of the converted green LED. This external illumination causes the green LED to emit more
green light. The green light output may increase by up to 50%.

SUMMARY

[0002] In some examples, a system includes a red LED, a blue LED, and a green LED. The
system also includes a red laser, a first filter, a second filter, and a lens. The system includes a first
optical path that includes the red LED, the red laser, the first filter, the second filter, and the lens,
where the first filter has a filter response to transmit red light from the red laser and to reflect red
light from the red LED. The system also includes a second optical path that includes the blue
LED, the green LED, the second filter, and the lens, where the second filter has a filter response to
transmit blue light from the blue LED, to transmit green light from the green LED, to reflect red
light from the red laser, and to reflect red light from the red LED.

[0003] In some examples, a system includes a red LED configured to emit red light at a first
wavelength, a blue LED configured to emit blue light at a second wavelength, and a green LED
configured to emit green light at a third wavelength. The system includes a laser configured to
emit red light at a fourth wavelength, where the fourth wavelength is greater than the first

wavelength. The system also includes a lens configured to receive the red light at the first
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wavelength, the blue light at the second wavelength, the green light at the third wavelength, and
the red light at the fourth wavelength, and to transmit the received red, blue, and green light to an
optical projector.

[0004] In some examples, a system includes a red LED configured to emit red light at a first
wavelength, a blue LED configured to emit blue light at a second wavelength, and a green LED
configured to emit green light at a third wavelength. The system includes a laser configured to
emit red light at a fourth wavelength, where the fourth wavelength is greater than the first
wavelength. The system also includes a filter configured to reflect the red light at approximately
the first wavelength and transmit the red light at approximately the fourth wavelength. The system
also includes a projection system configured to receive the red light at the first wavelength, the
blue light at the second wavelength, the green light at the third wavelength, and the red light at the
fourth wavelength, and to project an image via a projection lens.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] For a detailed description of various examples, reference will now be made to the
accompanying drawings in which:

[0006] FIG. 1 is a system for light emitting diode (LED) illumination with red laser assist in
various examples.

[0007] FIG. 2 is a system for LED illumination with red laser assist in various examples.

[0008] FIG. 3 is a graph of source power versus projector lumens with and without red laser
assist in various examples.

[0009] FIG. 4 is a graph of projector efficiency with and without red laser assist in various
examples.

[0010] FIG. 5 is a graph of spectral response in various examples.

[0011] FIG. 6 is a graph of spectral response and reflectivity filter response in various examples.
[0012] FIG. 7 is an optical projection system in various examples.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0013] As described above, green light output may be increased to improve brightness in LED
optical projection systems. However, increasing green light output presents other problems, such
as when the projection system attempts to produce white light. Specifically, increasing the green
light output without a corresponding increase in the red light output can cause the resulting white

light to have a green tint. This happens because red LEDs generally cannot supply enough red
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light to balance the increase in the green output. Adding red LEDs often fails to adequately
increase red light output because there is a limit to how much emitting area of the LED can be used
by the projection system. This limit is given by the etendue of the projector system. The etendue
is a measure of how much light emitted from a given light source can pass through the projector
optical system. Once the etendue of the projector system is fully utilized by the LEDs, no
additional light from the LEDs is able to be collected. In the case of a projector with a TSP green
LED, there is often more green light available than red light needed for a proper white light color
balanced projector output. In that case, the green LED must be turned down to a lower output than
the green LED is capable of producing, which limits the projector output lumens. When the
etendue of a projector system is filled, the only way to add more light is to add in other
wavelengths of light not currently emitted by the LED sources.

[0014] In examples herein, a red laser that has a longer wavelength than the red LED is used to
increase the total red output of the projector by combining the red light from the laser with the red
light from the LED. The red laser can produce light at a longer wavelength than the red LED in
some examples, which means the red laser can be combined with the red LED light and not be
limited by the etendue that occur with the use of additional red LEDs or larger red LEDs. The red
laser can be added to the optical system using dichroic filters. Because the red laser has a longer
wavelength than the red LED, a filter is used to add to the red laser light emitted by the red LED
and directed into the illumination components of the projection system. By adding more red light
via the red laser, the green output can be increased with the TSP green LED, and the total lumens
output of the projection system can be increased while maintaining a proper white balance.
Increasing the red output with a red laser and increasing the green output with the TSP can create a
white brightness increase of up to 40% in some example projection systems. Red lasers can also
enable higher efficiency in the projection system. For example, if the lumens requirement of the
projection system is lower, the addition of the red laser enables at least the red LED current to be
reduced while still achieving the output lumens requirement, which increases the LED efficiency.
The various examples described herein may be implemented in projection systems with a TSP or
in projection systems without a TSP.

[0015] FIG. 1 is an LED illumination system 100 with red laser assist in various examples. LED
illumination system 100 may be part of a light projection system in some examples, such as a

spatial light modulator (SLM) optical projector in one example. LED illumination system 100
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includes some of the components of an example light projection system, along with example
optical paths (referred to herein as paths) taken by light sourced within and emitted from the LED
illumination system 100. LED illumination system 100 includes projection optics 102 to receive
the light sourced within LED illumination system 100 and project an image to a viewer. An SLM
(not shown) could also receive the light sourced within LED illumination system 100 and then
direct that light to projection optics 102. Projection optics 102 include any suitable optical
components for projecting an image through an optical path, such as a projection lens, other lenses,
apertures, prisms, etc. For example, light from LED illumination system 100 may pass through
one or more prisms before being reflected by an SLM to an aperture. The aperture can adjust the
light reflected from the SLM to an output lens of a projector.

[0016] LED illumination system 100 includes blue LED 104, green LED 106, and red LED 108.
Blue LED 104, green LED 106, and red LED 108 each emit light at or near a specific wavelength
corresponding to the color of the LED. Blue LED 104 emits light that travels through lenses 105A
and 105B along path 110 to filter 112. Blue LED 104 emits light with a wavelength of
approximately 440 to 475 nanometers (nm). Filter 112 is configured to reflect light at these
wavelengths, so the light from blue LED 104 reflects off of filter 112 and travels along path 114.
The light then passes through filter 116, which is configured to transmit light at the above
wavelengths for blue light. The light then passes through lens 118 and light tunnel 120 to
projection optics 102. Lens 118 can be a condenser lens in one example, and is used to focus the
light into light tunnel 120. Light tunnel 120 receives the light through an inlet, repeatedly reflects
the light on the reflective inner surfaces of the light tunnel so the luminance of the light becomes
uniform, and then outputs the light at an outlet. In lieu of lens 118 and light tunnel 120, a Fly’s
Eye Array optic could be useful at the location of lens 118 to perform a similar function to light
tunnel 120, which is to mix the light up so that an imager or spatial light modulator in the
projection system can be illuminated with a uniform beam of light.

[0017] Green LED 106 emits light that travels through lenses 107A and 107B along path 122 to
filter 112. Green LED 106 emits light with a broad wavelength of light, but light having a
wavelength between approximately 500 and 600 nm is used by the projection system. Filter 112 is
configured to transmit light above 500 nm, so the light having a wavelength between
approximately 500 and 600 nm from green LED 106 passes through filter 112 and travels along
path 124 to filter 116. The light then passes through filter 116, which is configured to transmit
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light at wavelengths below 600 nm. The light then passes through lens 118 and light tunnel 120 to
projection optics 102.

[0018] Red LED 108 emits light that travels through lenses 109A and 109B along path 126 to
filter 128. Red LED 108 emits light with a wavelength of approximately 600 to 640 nm. Filter
128 is configured to reflect light at approximately the wavelengths 635 nm and below, so the light
from red LED 108 reflects off of filter 128 and travels along path 130. The light then reflects off
of filter 116, which is configured to reflect light above the wavelength of approximately 600 nm.
The light then travels along path 132, and passes through lens 118 and light tunnel 120 to
projection optics 102.

[0019] LED illumination system 100 also includes blue pump LED 134. Blue pump LED 134 is
configured to operate as a TSP. Blue pump LED 134 emits light that travels through lenses 135A
and 135B along path 136 to filter 112. Blue pump LED 134 emits light with a wavelength of
approximately 415 to 450 nm. Filter 112 is configured to reflect light at these wavelengths, so the
light from blue pump LED 134 reflects off of filter 112 and travels along path 137 to green LED
106. Light from blue pump LED 134 illuminates the front side of green LED 106, which causes
green LED 106 to emit more green light. As described above, increasing the green light and the
red light can increase the brightness in an optical projection system.

[0020] In this example, LED illumination system 100 includes red laser bank 138. Red laser
bank 138 emits red light used in LED illumination system 100 to balance the amount of green light
from green LED 106. Red laser bank 138 may include one laser or any number of lasers. The
laser or lasers of red laser bank 138 may be any suitable type of laser in various examples. Red
laser bank 138 may use red laser diodes in one example. Red laser bank 138 may use lasers based
on laser crystals, which are crystals that have laser-active dopants. Red laser bank 138 may use
frequency doubled lasers or semiconductor lasers based on semiconductor gain media in other
examples. Light from red laser bank 138 passes through lens 139. With blue pump LED 134, the
amount of green light in LED illumination system 100 is increased. Likewise, red laser bank 138
increases the amount of red light in LED illumination system 100. In this example, light from red
laser bank 138 has a longer wavelength than light from red LED 108. Light from red laser bank
138 with a longer wavelength than light from red LED 108 is used because the etendue of the
projector system is filled, as described above. When the etendue is filled, the only way to add

more red light is to add wavelengths of light that are not currently emitted by red LED 108.
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Therefore, light with a longer wavelength from red laser bank 138 is used, as those longer
wavelengths are not emitted by red LED 108. Light from red laser bank 138 is approximately 640
nm in one example. The light from red laser bank 138 may be at another wavelength in other
examples. The light may be above 635 nm in some examples. In other examples, the light from
red laser bank 138 can be 638 nm, 642 nm, or in the range of 633 to 660 nm.

[0021] Light from red laser bank 138 is useful in examples herein because of its wavelength,
bandwidth, and polarization. Different combinations of wavelength, bandwidth, and polarization
are used in some examples. If polarized light from red laser bank 138 is used, shorter wavelengths
can be used effectively in the example systems. If the source of the laser light is randomly
polarized, then higher wavelengths are useful. In one example, the longer the wavelength of the
laser light used, the less the additional lumens are added to the red light. In some examples, a
narrow band quantum dot source is useful to produce the laser light, but this source may produce
light that is randomly polarized. If the quantum dot source produces light that is randomly
polarized, a slightly higher wavelength is useful compared to a polarized light source.

[0022] Light from red laser bank 138 travels along path 140 to mirror 142. Along path 140, light
from red laser bank 138 can pass through lens 139, lens 144 and diffuser/despeckler 146. Lens 144
is used together with lens 139 to make the light beam smaller (e.g., compress the light beam) so
that a smaller despeckler and/or diffuser element 146 is used. Lenses 139 and 144 keep the light
beam compact so the diffusing/despeckler optics can be smaller and less expensive in one example.
[0023] Diffuser/despeckler 146 may include one or more optical elements that diffuses light
from red laser bank 138, and can also include one or more optical elements that despeckles light
from red laser bank 138. Diffusion and/or despeckling optical elements may be omitted in some
examples.

[0024] Light from red laser bank 138 reflects off of mirror 142 and travels along path 148,
through lens 150, and to filter 128. Lens 150 helps couple the light from red laser bank 138 to light
tunnel 120 efficiently. Even though lens 150 is shown in the red laser path 148, it could also be
placed between filters 112 and 116 to improve efficiency of those LED to light tunnel 120
paths. Filter 128 is configured to reflect light at the wavelengths of light from red LED 108, as
described above (approximately 600 to 630 nm). Filter 128 is a dichroic filter that is also
configured to transmit light at the wavelengths of the light from red laser bank 138, such as 640
nm. Light from red laser bank 138 passes through filter 128 to filter 116, where it is reflected and
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travels along path 132. The light from red laser bank 138 passes through lens 118 and light tunnel
120 to projection optics 102.

[0025] In LED illumination system 100, projections optics 102 receive increased green light due
to blue pump LED 134, and receive increased red light due to red laser bank 138. These increases
enable projection optics 102 to project brighter images and create a proper white light color
balanced projector output. As described below, the use of red laser bank 138 also enables increased
power efficiency in LED illumination system 100.

[0026] In other examples, the structure of the components in LED illumination system 100 may
be rearranged but the system would still fall within the scope of the examples described herein.
For example, the locations of red LED 108 and red laser bank 138 could be switched, along with
the locations of the various lenses, mirrors, and other components associated with those two light
sources. Then, filter 128 could be configured to reflect the light from red laser bank 138 and
transmit the light from red LED 108. Other LEDs or filters in LED illumination system 100 could
be rearranged as well. Also, additional lenses, mirrors, filters, or prisms are useful in other
examples.

[0027] LED illumination system 100 includes multiple optical paths for light to travel. A first
optical path includes red LED 108, red laser bank 138, filter 128, filter 116, and lens 118. The first
optical path includes light from red laser bank 138 that is transmitted by filter 128 and light from
red LED 108 that is reflected by filter 128. Light in the first optical path is reflected by filter 116
tolens 118.

[0028] LED illumination system 100 includes a second optical path that includes blue LED 104,
green LED 106, filter 112, filter 116, and lens 118. Filter 116 has a filter response that transmits
blue light from blue LED 104, transmits green light from green LED 106, reflects red light from
red laser bank 138, and reflects red light from red LED 108.

[0029] LED illumination system 100 includes a third optical path that includes blue pump LED
134, filter 112, and green LED 106. In this third optical path, light from blue pump LED 134 is
reflected by filter 112 to green LED 106.

[0030] FIG. 2 is an LED illumination system 200 with red laser assist in various examples. LED
illumination system 200 is similar in structure and operation to LED illumination system 100, and
like reference numerals denote like components. The components of LED illumination system 200

are not described in detail; those descriptions can be found with respect to FIG. 1 above. LED
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illumination system 200 differs from LED illumination system 100 in that LED illumination
system 200 does not include blue pump LED 134. In LED illumination system 200, green light is
not increased with the use of blue pump LED 134, However, red light is increased with the use of
red laser bank 138. In some examples, LED illumination system 200 is used to provide increased
red light with less power consumption than LED illumination system 100. The power savings are
due to the absence of blue pump LED 134. The LED illumination system 200 may also achieve
efficiencies by reducing the amount of current flowing through the red LED 108 and instead
supplying additional red light via the red laser bank 138, as described above.

[0031] FIG. 3 is a graph 300 of source power versus projector lumens output with and without
red laser assist in various examples. The x-axis of graph 300 indicates luminous flux in lumens
(for the projector). The y-axis on the left side of graph 300 indicates the source power of the
illumination system in watts (W). The y-axis on the right side of graph 300 indicates the red laser
optical power in W.

[0032] In graph 300, curve 302 represents the source power for an LED illumination system with
a top side pump green (TSPG) LED but without a red laser. Curve 304 represents the source
power for a similar LED illumination system with a TSPG LED and a red laser. As seen in graph
300, as source power increases, the lumens output increases as well for both systems. However,
the LED system with a red laser (represented by curve 304) uses less source power than the LED
system without a red laser (represented by curve 302) for a given value of projector lumens on the
x-axis. Therefore, the illumination system with the red laser is more efficient.

[0033] Graph 300 also indicates the laser optical power of the red laser. Points 306A, 306B,
306C, 306D, 306E, 306F, 306G, and 306H indicate the level of laser optical power for a given
value of lumens. For example, points 306A, 306B, 306C, and 306D indicate that the laser optical
power used to produce curve 304 was 9 W at those lumen levels. Points 306E, 306F, and 306G
indicate that the laser optical power used to produce curve 304 was 18 W at those lumen levels.
Point 306H indicates that the laser optical power used to produce curve 304 was 27 W at that
lumen level. These optical power levels were selected for this example; other optical power levels
are useful in other examples.

[0034] Graph 300 also indicates that the lumens output can be extended to a higher amount with
the addition of a red laser. Curve 302 reaches a maximum lumens output at around 4500 lumens.

Curve 304 indicates that the lumens output can reach to at least 6000 lumens with the appropriate
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laser optical power. Curve 304 shows that the TSPG LED lumen output can be fully utilized by
the projection system when red laser light is added to the red LED light output.

[0035] FIG. 4 is a graph 400 of projector system efficiency with and without red laser assist in
various examples. The test systems and conditions used to create graph 300 are similar to the test
systems and conditions used to create graph 400. As evident from graph 300 above, a projection
system with a TSPG LED and the addition of the red laser uses less power than the projection
system with a TSPG LED but without the red laser. Therefore, the system with the red laser will
also be more efficient. The efficiency is shown in graph 400. The x-axis of graph 400 indicates
the luminous flux in lumens (for the projector). The y-axis on the left side of graph 400 indicates
efficiency, which is measured in lumens per Watt (Im/W). The y-axis on the right side of graph
400 indicates the laser optical power in W.

[0036] In graph 400, curve 402 represents the efficiency for an LED illumination system with a
TSPG LED but without a red laser. Curve 404 represents the source power for a similar LED
illumination system with a TSPG LED and a red laser. As seen in graph 400, as the output lumens
increases, the efficiency decreases for each system. However, at a given lumen output level on the
x-axis, the LED system with red laser (represented by curve 404) is more efficient than the LED
system without a red laser (represented by curve 402) for a given value of projector lumens on the
x-axis. Therefore, the illumination system with the red laser is more efficient.

[0037] Graph 400 also indicates the laser optical power of the red laser. Points 406A, 406B,
406C, 406D, 406E, 406F, 406G, and 406H indicate the level of laser optical power for a given
value of lumens. For example, points 406A, 406B, 406C, and 406D indicate that the laser optical
power used to produce curve 404 was 9 W at those lumen levels. Points 406E, 406F, and 406G
indicate that the laser optical power used to produce curve 404 was 18 W at those lumen levels.
Point 406H indicates that the laser optical power used to produce curve 404 was 27 W at that
lumen level. These optical power levels were selected for this example; other optical power levels
are useful in other examples.

[0038] FIG. 5 is a graph 500 of spectral response in various examples. The x-axis of graph 500
indicates wavelength in nm. The y-axis of graph 500 indicates the LED and Laser Spectral
Response, on a normalized scale of 0.0 to 1.0. These responses are indicated with the curves on
graph 500.

[0039] Curve 502 is the spectral response of blue light from blue LED 104 in an example. Blue
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light has a wavelength of approximately 440 to 475 nm in this example, with a peak shown on
curve 502 near 455 nm. Curve 504 is the spectral response of green light from green LED 106 in
an example. Green light has a wavelength of approximately 500 to 600 nm in this example, with a
peak shown on curve 504 near 520 nm. Curve 506 is the spectral response of red light from red
LED 108 in an example. Red LED light has a wavelength of approximately 600 to 630 nm in this
example, with a peak shown on curve 506 near 620 nm. Curve 508 is the spectral response of red
light from red laser bank 138 in an example. This red laser light has a wavelength of
approximately 640 nm.

[0040] As described above, red laser light from red laser bank 138 has a longer wavelength than
light from red LED 108. Because the wavelengths are different, a dichroic filter can be used that
transmits the light from red laser bank 138 but reflects the light from red LED 108. One example
of this type of filter is filter 128 in FIGS. 1 and 2. The reflection response of this example filter is
shown in FIG. 6.

[0041] In some examples, the light from red laser bank 138 can be polarized. If light is linearly
polarized, the electric field of the laser beam oscillates in a certain linear direction perpendicular to
the beam axis, and the magnetic field oscillates in a direction that is perpendicular both to the
propagation axis and the electric field direction. The polarization state of light often matters if
light strikes an optical surface under some angle (such as filter 128). A linear polarization state is
denoted as p polarization if the electric field direction lies in the plane spanned by the incoming
beam and the reflected beam. The polarization state of the light with a direction perpendicular to
that plane is called s polarization.

[0042] FIG. 6 is a graph 600 of spectral response and reflectivity filter response in various
examples. The x-axis of graph 600 indicates wavelength in nm. The y-axis on the left side of
graph 600 indicates the LED and Laser Spectral Response, on a normalized scale of 0.0 to 1.0.
These responses are indicated with the solid curves on graph 600. The y-axis on the right side of
graph 600 indicates the Reflection Filter Response, on a normalized scale of 0.0 to 1.0 These
responses are indicated with the dashed curves on graph 600.

[0043] Curve 602 is the spectral response of red light from red LED 108 in an example. Red
light has a wavelength of approximately 600 to 630 nm in this example, with a peak shown on
curve 602 near 620 nm. Curve 604 is the spectral response of red light from red laser bank 138 in

an example. This red laser light has a wavelength centered at approximately 640 nm.
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[0044] Curve 606 represents the reflection filter response for a filter such as filter 128 for s
polarized light. If s polarized light strikes filter 128, filter 128 has a reflection response
corresponding to curve 606. Before approximately 620 nm, curve 606 has a reflection response of
approximately 1.0. Filter 128 completely reflects wavelengths below 620 nm for s polarized light.
At 620 nm, curve 606 begins to drop, and reaches a reflection response of 0.0 at approximately 640
nm. Filter 128 therefore completely transmits s polarized light at wavelengths above
approximately 640 nm, with some light being transmitted and some light being reflected between
620 and 640 nm. If the light from red laser bank 138 is s polarized and centered near 640 nm, the
light from red laser bank 138 will mostly be transmitted by filter 128 in this example.

[0045] If the light from red laser bank 138 is p polarized, filter 128 has a different reflectivity
response than for s polarized light. Curve 608 represents the reflectivity response of filter 128 for
p polarized light. Before approximately 640 nm, curve 608 has a reflection response of
approximately 1.0. At 640 nm, curve 608 begins to drop, and reaches a reflection response of 0.0
at approximately 655 nm. Filter 128 therefore completely transmits p polarized light at
wavelengths above approximately 655 nm. If the light from red laser bank 138 is p polarized and
centered near 640 nm, the light from red laser bank 138 would be mostly reflected by filter 128.
[0046] Curve 610 represents the response of filter 128 if the light from red laser bank 138 is a
mixture of roughly equal parts s and p polarized light (or, if the light is randomly polarized).
Curve 610 has a reflection response of approximately 1.0 at 620 nm and a reflection response of
0.0 at approximately 655 nm. If the light from red laser bank 138 was a mixture of equal parts s
and p polarized light centered at 640 nm, some of the light would be reflected and some of the light
would be transmitted according to the filter response indicated by curve 610. In one example, light
from red LED 108 is randomly polarized, and this light has equal amounts of s-pol and p-pol light.
As such, light from red LED 108 responds like curve 610, which passes more of the LED
spectrum. In the example where light from red laser bank 138 is s-polarized, this light responds
the filter represented by curve 606 which passes most or all of the laser light. Therefore, red LED
108 and red laser bank 138 are able to transmit more light compared to the case where both red
LED 108 and red laser bank produce light that is randomly polarized. If the lasers were randomly
polarized, light from the lasers would respond to the filter shown as curve 610, and approximately
half of the laser light would be lost via the filter.

[0047] In other examples, light from red laser bank 138 may have a different wavelength. In
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those examples, filter 128 or other filters could be configured to either transmit or reflect the light
from red laser bank 138 at the different wavelength according to the layout of the illumination
system. In some examples, p polarized light is reflected while s polarized light is transmitted. In
other examples, s polarized light is reflected while p polarized light is transmitted. Any suitable
type of filter with any suitable reflection response may be used.

[0048] FIG. 7 is an optical projection system 700 in various examples. Optical projection
system 700 includes a projector 702. Projector 702 can include some or all of the components
described above with respect to FIGS. 1 and 2. Projector 702 includes LED system 704. In an
example, LED system 704 includes LEDs 104, 106, and 108 as described above. LED system 704
can also include blue pump LED 134 in examples that use a TSPG LED. LED system 704 can
include the lenses, filters, and mirrors as described above, or any other suitable optical components
in other examples.

[0049] Projector 702 also includes lasers 706. Lasers 706 can include red laser bank 138 in an
example. Red laser bank 138 is operable to increase the amount of red light in optical projection
system 700 for the reasons described above. Projector 702 also includes projection optics 708.
Projection optics 708 include any suitable optical components for projecting an image through an
optical path, such as a projection lens, other lenses, apertures, prisms, spatial light modulators, etc.
[0050] Optical projection system 700 includes projection screen 710. Images from projector 702
are projected onto projection screen 710 for viewing. Any suitable type of projection screen 710
may be used in optical projection system 700.

[0051] Projector 702 includes a controller 712 and memory 714 in this example. The memory
714 includes executable code 716. The executable code 716, when executed by controller 712 or
another processor, causes the controller 712 to perform one or more of the actions described herein
and attributed to the projector 702, or LED illumination systems 100 and 200. These actions can
include using the components of projector 702 to project an image onto projection screen 710.
[0052] As described above, the addition of a red laser to the illumination systems herein can
increase the brightness of a projection system. The brightness can be increased for systems with a
TSP architecture and systems without a TSP architecture. The addition of a red laser can also
increase power efficiency of the illumination system, as shown in FIGS. 3 and 4. A dichroic filter
is useful in some examples so the red laser can be placed in the optical path of the illumination

system. Polarization of light is also useful to improve filter efficiency as described above.
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[0053] In this description, the term “couple” may cover connections, communications, or signal
paths that enable a functional relationship consistent with this description. For example, if device
A provides a signal to control device B to perform an action, then: (a) in a first example, device A
is directly coupled to device B; or (b) in a second example device A is indirectly coupled to device
B through intervening component C if intervening component C does not substantially alter the
functional relationship between device A and device B, so device B is controlled by device A via
the control signal provided by device A.

[0054] A device that is “configured to” perform a task or function may be configured (e.g.,
programmed and/or hardwired) at a time of manufacturing by a manufacturer to perform the
function and/or may be configurable (or re-configurable) by a user after manufacturing to perform
the function and/or other additional or alternative functions. The configuring may be through
firmware and/or software programming of the device, through a construction and/or layout of
hardware components and interconnections of the device, or a combination thereof.

[0055] Unless otherwise stated, “about,” “approximately,” or “substantially” preceding a value
means +/- 10 percent of the stated value. Modifications are possible in the described examples, and

other examples are possible within the scope of the claims.

13



WO 2021/163403 PCT/US2021/017755

CLAIMS
What is claimed is:
1. A system, comprising:
a red light emitting diode (LED), a blue LED, and a green LED;
ared laser;
a first filter, a second filter, and a lens;
a first optical path that includes the red LED, the red laser, the first filter, the second
filter, and the lens, wherein the first filter has a filter response to transmit red light
from the red laser and to reflect red light from the red LED; and
a second optical path that includes the blue LED, the green LED, the second filter,
and the lens, wherein the second filter has a filter response to transmit blue light
from the blue LED, to transmit green light from the green LED, to reflect red light
from the red laser, and to reflect red light from the red LED.
2. The system of claim 1, wherein the blue LED is a first blue LED, and the system further
comprises:
a second blue LED and a third filter, wherein the third filter has a response that
reflects blue light from the first blue LED and the second blue LED; and
a third optical path that includes the second blue LED, the third filter, and the green LED.
3. The system of claim 1, wherein the first filter has a filter response to transmit s polarized
light from the red laser and to reflect p polarized light from the red laser.
4. The system of claim 1, wherein the first filter has a response to transmit light at
approximately 640 nanometers and to reflect light below approximately 620 nanometers.
5. A system, comprising:
a red light emitting diode (LED) configured to emit red light at a first wavelength;
a blue LED configured to emit blue light at a second wavelength;
a green LED configured to emit green light at a third wavelength;
a laser configured to emit red light at a fourth wavelength, wherein the fourth wavelength is
greater than the first wavelength; and
a lens configured to receive the red light at the first wavelength, the blue light at the
second wavelength, the green light at the third wavelength, and the red light at the
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fourth wavelength, and to transmit the received red, blue, and green light to an
optical projector.
6. The system of claim 5, further comprising a filter configured to reflect the red light at
approximately the first wavelength and transmit the red light at approximately the fourth
wavelength.
7. The system of claim 6, wherein the red light at the fourth wavelength is s polarized light,
and the filter is further configured to transmit s polarized light at approximately the fourth
wavelength.
8. The system of claim 7, wherein the filter is further configured to transmit randomly
polarized light at a wavelength higher than the fourth wavelength.
0. The system of claim 5, wherein the blue LED is a first blue LED, and the system further
comprises:
a second blue LED configured to emit blue light at the second wavelength; and
a filter configured to reflect the blue light at the second wavelength from the second
blue LED to the green LED.
10. The system of claim 9, wherein the green LED is configured to increase the green light at
the third wavelength emitted from the green LED responsive to receiving the blue light at the
second wavelength from the second blue LED.
11. The system of claim 5, wherein the fourth wavelength is approximately 640 nanometers.
12. The system of claim 5, further comprising a filter configured to transmit the red light at
approximately the first wavelength and reflect the red light at approximately the fourth wavelength.
13. The system of claim 5, further comprising a diffuser configured to diffuse the red light at
the fourth wavelength emitted by the laser.
14. The system of claim 5, further comprising an optical element configured to reduce a
speckle on a projection screen caused by the red light at the fourth wavelength emitted by the laser.
15. A system, comprising:
a red light emitting diode (LED) configured to emit red light at a first wavelength;
a blue LED configured to emit blue light at a second wavelength;
a green LED configured to emit green light at a third wavelength;
a laser configured to emit red light at a fourth wavelength, wherein the fourth

wavelength is greater than the first wavelength;
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a filter configured to reflect the red light at approximately the first wavelength and
transmit the red light at approximately the fourth wavelength; and
a projection system configured to receive the red light at the first wavelength, the
blue light at the second wavelength, the green light at the third wavelength, and the
red light at the fourth wavelength, and to project an image via a projection lens.
16. The system of claim 15, wherein the blue LED is a first blue LED, the filter is a first filter,
and the system further comprises:
a second blue LED configured to emit blue light at the second wavelength; and
a second filter configured to reflect the blue light at the second wavelength from the
second blue LED to the green LED.
17. The system of claim 16, wherein the green LED is configured to increase the green light at
the third wavelength emitted from the green LED responsive to receiving the blue light at the
second wavelength from the second blue LED.
18. The system of claim 15, wherein the red light at the first wavelength and the red light at the
fourth wavelength increase a brightness of red light projected by the projection system.
19. The system of claim 15, wherein the red light at the fourth wavelength is p polarized light,
and the filter is configured to transmit p polarized light at the fourth wavelength.
20. The system of claim 15, wherein the red light at the fourth wavelength is s polarized light,

and the filter is configured to transmit s polarized light at the fourth wavelength.
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