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(57) Abstract: A light concentrator includes a luminescent concentrator and a gain medium. The luminescent concentrator includes
a semiconductor material and the semiconductor material absorbs first photons. The first photons have energy greater than or equal
to a threshold energy, and the semiconductor material emits second photons through a spontaneous emission process where the
second photons have less energy than the first photons. The gain medium is optically coupled to the luminescent concentrator to re -
ceive the second photons. The gain medium absorbs the second photons, and in response to absorbing the second photons, the gain
medium emits third photons through a stimulated emission process. The third photons have less energy than the second photons.
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TWO-STAGE LIGHT CONCENTRATOR
TECHNICAL FIELD

[0001] This disclosure relates generally to wavelength conversion, and in particular but
not exclusively, relates to light concentration.
BACKGROUND INFORMATION

[0002] Solar power involves the conversion of sunlight into electrical energy.
Traditionally, this has been accomplished using photovoltaics, concentrated photovoltaics, and
concentrated solar thermal devices.

[0003] Photovoltaics convert light into electric current using photons from the sun to
separate electrons and holes in semiconductor p-n junctions. Energy generation using
photovoltaics has long been viewed as a sustainable technology which utilizes a plentiful
renewable energy source (the sun). Conversion of sunlight to electricity occurs without emission
or chemical byproducts.

[0004] Concentrated solar thermal systems use lenses/mirrors and tracking systems to
focus sunlight. Concentrator systems convert the sun's radiation to heat which powers steam
turbines to generate electricity. Many concentrating technologies exist, for example: parabolic
trough, Fresnel reflector, Stirling dish, and solar tower.

[0005] While both photovoltaic and concentrator technologies are seeing large scale
adoption, both have drawbacks limiting commercial viability. Most competitive photovoltaics
must be fabricated from expensive highly-pure semiconductor components. Similarly,
concentrator systems often use large/expensive tracking systems and precision machined mirrors
and lenses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Non-limiting and non-exhaustive embodiments of the invention are described
with reference to the following figures, wherein like reference numerals refer to like parts
throughout the various views unless otherwise specified. The drawings are not necessarily to
scale, emphasis instead being placed upon illustrating the principles being described.

[0007] FIG. 1A is a top-down view of a light concentrator, in accordance with an
embodiment of the disclosure.

[0008] FIG. 1B is a cross section of the light concentrator in FIG. 1A, in accordance
with an embodiment of the disclosure.

[0009] FIG. 1C is a frontal view of a light concentrator, in accordance with an
embodiment of the disclosure.

[0010] FIG. 1D is a cross section of the light concentrator in FIG. 1C, in accordance

with an embodiment of the disclosure.
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[0011] FIG. 1E is a frontal view of a light concentrator, in accordance with an
embodiment of the disclosure.

[0012] FIG. 1F is a cross section of a light concentrator, in accordance with an
embodiment of the disclosure.

[0013] FIG. 2 is a band diagram illustrating the physics underlying the light
concentrators in FIGs. 1A-1F, in accordance with several embodiments of the disclosure.

[0014] FIG. 3 is a flow chart describing a method of light concentration, in accordance
with several embodiments of the disclosure.

[0015] FIGs. 4A — 4C illustrate power systems, in accordance with several
embodiments of the disclosure.

[0016] FIG. 5 illustrates a power system, in accordance with an embodiment of the
disclosure.

DETAILED DESCRIPTION

[0017] Embodiments of an apparatus and method for two-stage light concentration are
described herein. In the following description numerous specific details are set forth to provide a
thorough understanding of the embodiments. One skilled in the relevant art will recognize,
however, that the techniques described herein can be practiced without one or more of the
specific details, or with other methods, components, materials, etc. In other instances, well-
known structures, materials, or operations are not shown or described in detail to avoid
obscuring certain aspects.

[0018] Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment of the present invention. Thus, the
appearances of the phrases “in one embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments.

[0019] FIG. 1A is a top-down view of light concentrator 100, in accordance with an
embodiment of the disclosure. Light concentrator 100 includes: luminescent concentrator 101,
gain medium 103, and reflective material 105. Generally speaking, light concentrator 100 may
be used to convert sunlight into laser light by: (1) absorbing a portion of sunlight in luminescent
concentrator 101; (2) using luminescent concentrator 101 to convert the sunlight into light with a
longer wavelength (lower energy) than the absorbed portion of sunlight; (3) pumping gain

medium 103 with the light from luminescent concentrator 101; and (4) producing laser light with
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gain medium 103. Energy produced by the laser may then be efficiently harvested to produce
clectrical energy (via photovoltaic or heat conversion), chemical energy, or the like.

[0020] In the depicted embodiment, luminescent concentrator 101 includes a
semiconductor material (e.g., quantum dots). In one embodiment, the bulk of luminescent
concentrator 101 is a transparent material (that exhibits internal reflection) with quantum dots
disposed within it. As depicted, the semiconductor material absorbs first photons (hv 1). In
response to absorbing the first photons, the semiconductor material emits second photons (Av 2)
through a spontancous emission process. The first photons have energy greater than or equal to a
threshold energy, and the second photons have less energy than the first photons. In one
embodiment, the threshold energy is the bandgap energy of the semiconductor material. Only
first photons possessing the threshold energy may be able to excite electrons in the
semiconductor material from the valance band to the conduction band.

[0021] Gain medium 103 is optically coupled to luminescent concentrator 101 to
absorb the second photons. In one embodiment, gain medium 103 includes a semiconductor
material with a band structure capable of maintaining electron population inversion (i.e., a
semiconductor material suitable for use in a laser). In response to absorbing the second photons,
gain medium 103 emits third photons (#v 3) through a stimulated emission process. The third
photons have less energy than the second photons. In one embodiment, a population inversion of
electrons occurs in gain medium 103 in response to gain medium 103 receiving a threshold
quantity of second photons. This allows gain medium 103 to emit photons by a stimulated
emission process which (with the appropriate structure) can act as a laser or as an amplified
spontaneous emission source, once gain medium 103 is sufficiently optically pumped by second
photons.

[0022] In the depicted embodiment, gain medium 103 is disposed between luminescent
concentrator 101 and physically adhered to luminescent concentrator 101. Specifically,
luminescent concentrator 101 includes two planar rectangles disposed along the sides of gain
medium 103. Gain medium 103 runs through the center of luminescent concentrator 101. Thus,
gain medium 103 is contained within a waveguide that provides for optical confinement of the
third photons. In one embodiment, the waveguide could be defined by gain medium 103 having
a higher refractive index than the surrounding material, or by cladding gain medium 103 with a
low refractive index material (compared to the bulk of light concentrator 100).

[0023] Luminescent concentrator 101 and gain medium 103 may take any shape such
that gain medium 103 is sufficiently optically pumped to result in stimulated emission of third
photons. For example, luminescent concentrator 101 may only be disposed on one side of gain

medium 103. Alternatively luminescent concentrator 101 may be disposed on opposite sides of
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gain medium 103 as in FIG. 1A, but luminescent concentrator 101 may not be rectangular and
may take other shapes such as semicircular, parabolic, triangular, square, hexagonal or the like.

[0024] In some embodiments, gain medium 103 may be glued or chemically adhered to
luminescent concentrator 101. In other embodiments, gain medium 103 may be attached by
fusing gain medium 103 to luminescent concentrator 101. However, gain medium 103 may be
attached to luminescent concentrator 101 in any way that facilitates the transfer of the second
photons from luminescent concentrator 101 into gain medium 103.

[0025] As depicted, light concentrator 100 may include reflective material 105
disposed on the surface of luminescent concentrator 101 to prevent the first photons and the
second photons from escaping luminescent concentrator 101. Reflective material 105 directs the
first photons and the second photons into gain medium 103. Reflective material 105 may
include a metal or other material with an index of refraction that promote reflection of light
within luminescent concentrator 101. However, in another embodiment, not depicted, reflective
material 105 may be absent since luminescent concentrator 101 may exhibit total internal
reflection.

[0026] FIG. 1B is a cross section of light concentrator 100 in FIG. 1A, in accordance
with an embodiment of the disclosure. As shown, luminescent concentrator 101 is disposed on
opposite sides of gain medium 103. Reflective material 105 is deposed around the sides and
bottom of luminescent concentrator 101 and gain medium 103 to prevent light from escaping
light concentrator 100.

[0027] In the depicted embodiment, sunlight enters gain medium 103 from the top of
light concentrator 100. Luminescent concentrator 101 converts photons from the sunlight into
lower energy photons. Lower energy photons may all have a similar or the same wavelength. In
one embodiment, conversion is achieved because quantum dots are disposed in luminescent
concentrator 101, and the quantum dots absorb photons with energy greater than the bandgap of
the quantum dot. The quantum dots then emit a photon (/v 2) with a wavelength that is
proportional to the bandgap of the quantum dot. Gain medium 103 absorbs the photon and emits
a third photon (hv 3, directed out of the page in the Z direction). It is appreciated that absorption
and emission of photons is governed by the equation £ = hv, where "E" is the energy of
electromagnetic radiation, "h" is Planck’s constant, and "v" is the frequency of electromagnetic
radiation.

[0028] In another or the same embodiment, the bulk of luminescent concentrator 101
includes an inexpensive transparent material such as commercially available glasses/plastics.
These glasses/plastics may be modified by adding semiconductor material such as organic small

molecule/polymer dyes, quantum dots, giant shell-core quantum dots (including group II-VI or
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III-V compounds/elements), dot-in-rod quantum dots (including group II-VI or III-V
compounds/elements), rare-earth-doped quantum dots/nanocrystals, chalcogenides, or the like.
However, it should be noted that the materials listed above are not exhaustive and many other
material compositions may be used to achieve the results described herein. The semiconductor
material may be any material with a bandgap capable of absorbing (or emitting photons) above a
threshold energy and being largely transparent to photons below this threshold energy.

[0029] FIG. 1C is a frontal view of a light concentrator 100, in accordance with an
embodiment of the disclosure. Light concentrator 100 in FIG. 1C is similar to the light
concentrator in FIGs. 1A-1B in that it includes all the same components (i.e., luminescent
concentrator 101, gain medium 103, and reflective material 105); however, the configuration of
these components is very different. As depicted, luminescent concentrator 101 and gain medium
103 are cylindrical. Gain medium 103 is disposed in the center of luminescent concentrator 101.
Although the cross section of luminescent concentrator 101 and gain medium 103 is circular in
this embodiment, in other embodiments the cross section may be triangular, square, hexagonal,
octagonal, etc.

[0030] In one embodiment an antireflection coating/texturing may be disposed on all or
some of the surface of luminescent concentrator 101. This may promote photon absorption.
This antireflection coating/texturing may be included in other embodiments of the disclosure.

[0031] FIG. 1D is a cross section of light concentrator 100 of FIG. 1C, in accordance
with an embodiment of the disclosure. As depicted reflective material 105 is disposed on one
end of light concentrator 100. The other end of light concentrator 100 may be used to output
laser light or amplified spontancous emission. Although in the depicted embodiment, the length
of light concentrator 100 is relatively short, it should be appreciated that depicted embodiment
has not been drawn to scale and that light concentrator 100 may be any length or width. In one
embodiment, light concentrator 100 may have a length to width ratio similar to a fiber/thread
(diameter on the micron scale) so that light concentrator 100 may be woven into mats or
arranged into rows. In other embodiments, light concentrator 100 may have a length to width
ratio similar to that of a cable (e.g., diameter of several in/cm).

[0032] FIG. 1E is a frontal view of a light concentrator 100, in accordance with an
embodiment of the disclosure. Light concentrator 100 is similar to the light concentrator
depicted in FIGs. 1C and 1D in that luminescent concentrator 101 and gain medium 103 are
cylindrical. However, light concentrator 100 further includes a mirror 119 disposed to reflect
light back into light concentrator 100. In the depicted embodiment, mirror 119 is semicircular;

however, in other embodiments mirror 119 may be v-shaped, parabolic, or the like. One skilled
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in the relevant art will appreciate that mirror apparatuses can be included in all embodiments of
the disclosure to increase the quantity of photons directed into light concentrator 100.

[0033] FIG. 1F is a cross section of light concentrator 100, in accordance with an
embodiment of the disclosure. Light concentrator 100 is similar to the light concentrator
depicted in FIG. 1A in that luminescent concentrator 101 and gain medium 103 are rectangular;
however, light concentrator 100 includes a second luminescent concentrator 101B including a
second semiconductor material to absorb the first photons. The second semiconductor material
has a different density of states than the first semiconductor material. This embodiment allows
luminescent concentrator 101 to absorb a wider range of light in the visible (and even the
invisible spectrum) to further pump gain medium 103. By varying the bandgap of the
semiconductor material used, a wider range of the EM spectrum may be absorbed. The depicted
embodiment only includes two separate luminescent concentrators 101A and 101B; however, in
other embodiments (not depicted) any number of luminescent concentrators 101 may be included
to optimize first photon absorption by light concentrator 100. The various luminescent
concentrators may also be separated by air gaps (or spaced by any lower-refractive-index
material) and coated with wavelength-specific reflectors to minimize the probability of light
generated in one concentrator entering a second concentratot.

[0034] FIG. 2 is a band diagram illustrating the physics underlying light concentrator
100 in FIGs. 1A-1F, in accordance with several embodiments of the disclosure. Itis worth
noting that the band diagrams/method of light amplification have been broken into the physical
processes occurring in luminescent concentrator 201 and gain medium 203. Each of these
processes will be discussed in turn. However, one of ordinary skill in the art having the benefit
of the present disclosure will understand that these process may be occurring at the same time
when the device is in operation. Furthermore, the size of energy gaps depicted and specific
energy values are arbitrary and may take any configuration.

[0035] Block 211 depicts receiving first photons (hv 1) with luminescent concentrator
201, and absorbing the first photons with a semiconductor material disposed in luminescent
concentrator 201. The first photons have a first energy greater than or equal to a bandgap energy
(E,— E») of the semiconductor material. When absorption occurs, electrons in the semiconductor
material are excited into a higher energy state (E>).

[0036] Block 213 shows emitting second photons (kv 2) with the semiconductor
material. The second photons have a second energy that is less than the first energy. In the
depicted embodiment, emission occurs through a spontancous emission process. In spontaneous
emission, the electron falls from (£,) back down to (£) and emits a photon with energy hv = E,—

E,. This photon is emitted in a random direction.
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[0037] The depicted embodiment shows a two-level system, where photons with
energy above a minimum energy are absorbed, and photons with energy close to this minimum
value are emitted. However, as one skilled in the art will appreciate, photon emission by the
semiconductor material may involve electronics states that do not significantly contribute to the
absorption behavior of the material. For instance, the semiconductor material may absorb blue
and green light, but emit red light. In one embodiment, this may be achieved using a first
semiconductor structure—which absorbs shorter wavelengths of light—electronically coupled to
a second semiconductor structure—which emits longer wavelengths of light. In another or the
same embodiment, the semiconductor material may include a giant-core-shell quantum dot, or a
molecule having several dedicated emission centers.

[0038] Block 221 illustrates absorbing the second photons with gain medium 203. In
the depicted embodiment, the energy of the second photons is greater than Es-E;.

[0039] Block 223 depicts electrons in gain medium 203 achieving population inversion
after gain medium 203 absorbs a threshold quantity of the second photons. In a typical
L.A.S.E.R (light amplification by stimulated emission) gain medium, electrons in the ground
state are pumped to a first energy level (see block 211) by incoming photons. Then, electrons
rapidly decay to the long-lived state (E4) by emitting photons or lattice vibrations (kv 4).
Because the E; states are long lived, they become heavily populated with electrons and there is a
population inversion between E; and E,.

[0040] Block 225 shows emitting third photons (Av 3) with gain medium 203. The
third photons are emitted via a stimulated emission process, and the third photons have less
energy than the second photons. Stimulated emission occurs when a random photon (from a
spontaneous decay) initiates the decay of high energy electrons. The emitted photons are in
phase with the incoming photon, have the same energy as the incoming photon, have the same
direction as the incoming photon, and have the same polarization as the incoming photon. One
can think of this process as the electric field of the incoming photon coupling to the high-energy
clectrons and driving the oscillation of the high-energy electrons with the same frequency as the
incoming photon. This causes the electrons to decay and emit photons with the same energy as
the incoming photon.

[0041] FIG. 3 is a flow chart describing a method 300 of light concentration, in
accordance with several embodiments of the disclosure. FIG. 3 is a generic method
encompassing the embodiments depicted in FIGs. 1A-1F. The order in which some or all of
process blocks 301-309 appear in method 300 should not be deemed limiting. Rather, one of
ordinary skill in the art having the benefit of the present disclosure will understand that some of

method 300 may be executed in a variety of orders not illustrated, or even in parallel.
7
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[0042] Process block 301 depicts receiving first photons with a luminescent
concentrator. In one embodiment, mirrors may be disposed around the luminescent concentrator
to increase the number of photons received. In one or more embodiments, the first photons
include sunlight.

[0043] Process block 303 illustrates absorbing first photons with a semiconductor
material. This may involve absorbing photons with a higher energy (shorter wavelength) than
the bandgap energy of the semiconductor material.

[0044] Process block 305 shows emitting second photons with the semiconductor
material. Second photons have less energy than the first photons. In other words, each second
photon has less energy (longer wavelength) than each first photon.

[0045] Process block 307 depicts absorbing the second photons with the gain medium.
In one embodiment, the gain medium has a smaller bandgap energy than the semiconductor
material.

[0046] Although not depicted, method 300 may also include outputting the third
photons to a power converter and the power converter converts the third photons into electrical
energy. In another embodiment, the third photons are output to a power converter, and the
power converter converts the third photons into chemical energy. Alternatively, the third
photons may be output to a laser emitter. The laser emitter may be used to cut materials, and/or
perform other photomechanical or photochemical processes.

[0047] FIGs. 4A — 4C illustrate power systems, in accordance with several
embodiments of the disclosure. It should be noted that any of the components in FIGs. 1A-1F
may be included in the power systems of FIGs. 4A-4C along with other components not depicted
or discussed.

[0048] The power system in FIG. 4A includes: light concentrator 400, power converter
and/or storage device 431, and power output 441. Light concentrator 400 includes luminescent
concentrator 401 and gain medium 403. A semiconductor material in luminescent concentrator
401 absorbs first photons, and the first photons have energy greater than or equal to a bandgap
energy of the semiconductor material. In response to absorbing the first photons, luminescent
concentrator 401 emits second photons with less energy than the first photons. Gain medium
403 is also included in light concentrator 400 and is optically coupled to luminescent
concentrator 401 to receive the second photons. In response to absorbing the second photons,
gain medium 403 emits third photons through a stimulated emission process, where the third
photons have less energy than the second photons. Power converter 431 is optically coupled to
gain medium 403, and power converter 431 converts the third photons into another form of

energy.
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[0049] In the embodiment depicted in FIG. 4A, power converter 431 includes
photovoltaic device 407 which is optically coupled to gain medium 403 to convert the third
photons into electrical energy. In the depicted embodiment, photovoltaic device 407 is disposed
on gain medium 403; however, in other embodiments photovoltaic device 407 may be disposed
in the power converter 431 and may be optically coupled to gain medium 403 by a fiber optic
cable, free space, or the like.

[0050] FIG. 4B shows another embodiment of a power system. The power system in
FIG. 4B is similar to the power system in FIG. 4A in many respects. However, one noteworthy
exception is that gain medium 403 is coupled to the power converter 431 by virtue of optical
cable 409. Optical cable 409 may be disposed between the photovoltaic device and gain medium
403, and optical cable 409 facilitates optical coupling between the photovoltaic device and gain
medium 403. Optical cable 409 transfers the third photons a distance from gain medium 403 to
the photovoltaic device. In one embodiment, the distance may be inches, while in other
embodiments the distance may be many miles.

[0051] As discussed above optical cable 409 may connect to a photovoltaic device to
convert the third photons to electricity. However in other embodiments, power converter 431
may convert third photons into heat which then can be used to power a steam turbine or the like.
For example, third photons may be directed through optical cable 409 and onto a highly optically
absorbent material. The absorbent material may be thermally coupled to a fluid reservoir which
may be used to power a turbine when heated. Alternatively, the absorbent material may be
coupled to a thermoelectric (or other device) to convert heat into electrical energy. Once skilled
in the art will appreciate that gain medium 403 may be optically coupled to any device capable
of converting third photons into electrical energy.

[0052] In one embodiment, power converter 431 includes a power storage device to
store electrical energy generated by light concentrator 400. Power converter 431 may be a
capacitor, battery, or the like. In another embodiment, the power storage device stores chemical
energy. This may be achieved by using the third photons to induce photochemical reactions and
create higher energy molecular structures.

[0053] FIG. 4C depicts another embodiment of a power system. The power system in
FIG. 4C is similar to the power systems in FIG. 4A and FIG. 4B in many respects. However,
one noteworthy exception is that gain medium 403 is coupled directly to lasing device 431. In
this embodiment, laser light is not converted into electrical energy but rather directly used. Laser
light may be used to cut or may be used to assist photochemical reactions. One skilled in the

relevant art will appreciate that laser light has many uses which cannot be discussed exhaustively
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in this document. However, in one or more embodiments, the power system in FIG. 4C may be
used as a conventional laser would be.

[0054] FIG. 5 illustrates a power system, in accordance with an embodiment of the
disclosure. In the depicted embodiment, a plurality of light concentrators 500 (e.g., the light
concentrators depicted in FIGs. 1A-1F) are disposed in an array around power converter 531.
Although the depicted embodiment includes seven light concentrators 500 connected to power
converter 531, in other embodiments any number of light concentrators may be connected to
power converter 531. The plurality of light concentrators 500 may be electrically or optically
coupled to the power converter 531. The plurality of light concentrators 500 may be very close
to power converter 531 (inches) or may be disposed far away (miles) from power converter 531.
Power converter 531 may also convert the input power into waveforms compatible with
modern/conventional electronic devices.

[0055] Power may be extracted from power converter 531 via power output 541.
Power output 541 may be compatible with modern electronics, wall socket prongs, etc. Power
output 541 may be coupled to any electronic device or power infrastructure (e.g., the power
system may be coupled to a residential house to provide solar power to the house and connected
grids).

[0056] The above description of illustrated embodiments of the invention, including
what is described in the Abstract, is not intended to be exhaustive or to limit the invention to the
precise forms disclosed. While specific embodiments of, and examples for, the invention are
described herein for illustrative purposes, various modifications are possible within the scope of
the invention, as those skilled in the relevant art will recognize.

[0057] These modifications can be made to the invention in light of the above detailed
description. The terms used in the following claims should not be construed to limit the
invention to the specific embodiments disclosed in the specification. Rather, the scope of the
invention is to be determined entirely by the following claims, which are to be construed in

accordance with established doctrines of claim interpretation.
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CLAIMS
What is claimed is:

1. A light concentrator, comprising:

a luminescent concentrator including a semiconductor material that absorbs first photons,
wherein the first photons have energy greater than or equal to a threshold energy, and wherein, in
response to absorbing the first photons, the semiconductor material emits second photons
through a spontanecous emission process, wherein the second photons have less energy than the
first photons; and

a gain medium optically coupled to the luminescent concentrator to receive and absorb
the second photons, wherein the gain medium is coupled to emit third photons through a
stimulated emission process in response to absorbing the second photons, and wherein the third

photons have less energy than the second photons.

2. The light concentrator of claim 1, wherein the first photons include sunlight, and

wherein the threshold energy is equal to a bandgap energy of the semiconductor material.

3. The light concentrator of claim 1, wherein a population inversion of electrons occurs
in the gain medium in response to the gain medium receiving a threshold quantity of second

photons.

4. The light concentrator of claim 1, wherein the luminescent concentrator exhibits

internal reflection.

5. The light concentrator of claim 1, further comprising a reflective material disposed on
a surface of the luminescent concentrator to prevent the first photons and the second photons
from escaping the luminescent concentrator, and wherein the reflective material directs the first

photons and the second photons into the gain medium.

6. The light concentrator of claim 1, wherein the gain medium is disposed within the

luminescent concentrator.

7. The light concentrator of claim 1, further comprising a second luminescent
concentrator including a second semiconductor material to absorb the first photons, wherein the
second semiconductor material has a different density of states than the semiconductor material,

and wherein the second semiconductor material emits the second photons.
11
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8. The light concentrator of claim 1, wherein the luminescent concentrator includes a
transparent material, and the semiconductor material includes semiconductor particles disposed

in the transparent material.

9. The light concentrator of claim 8, wherein the semiconductor material includes
quantum dots.
10. The light concentrator of claim 1, wherein the gain medium is physically adhered to

the luminescent concentrator.

11. A power system, comprising:
a light concentrator including:

a luminescent concentrator including a semiconductor material that absorbs first
photons, wherein the first photons have energy greater than or equal to a bandgap energy of the
semiconductor material, wherein, in response to absorbing the first photons, the semiconductor
material emits second photons with less energy than the first photons; and

a gain medium optically coupled to the luminescent concentrator to receive and
absorb the second photons, wherein the gain medium is coupled to emit third photons through a
stimulated emission process in response to absorbing the second photons, and wherein the third
photons have less energy than the second photons; and

a power converter optically coupled to the gain medium to convert the third photons into

another form of energy.

12. The power system of claim 11, wherein the power converter includes a photovoltaic

device optically coupled to the gain medium to convert the third photons into electrical energy.

13. The power system of claim 12, further comprising an optical cable disposed between
the photovoltaic device and the gain medium, wherein the optical cable facilitates optical
coupling between the photovoltaic device and the gain medium, and wherein the optical cable

transfers the third photons a distance from the gain medium to the photovoltaic device.

14. The power system of claim 11, wherein the power converter includes power storage

that stores electrical energy or thermal energy generated by the light concentrator.

12
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15. The power system of claim 11, further comprising a plurality of light concentrators
including the light concentrator, wherein the plurality of light concentrators is coupled to the

power converter.

16. The power system of claim 11, wherein the power converter converts the third

photons into chemical energy.

17. The power system of claim 16, wherein the power converter includes power storage

that stores the chemical energy.

18. A method of light concentration, comprising:

receiving first photons with a luminescent concentrator including a semiconductor
material;

absorbing the first photons with the semiconductor material, wherein the first photons
have a first energy greater than or equal to a bandgap energy of the semiconductor material;

emitting second photons with the semiconductor material, wherein the second photons
have a second energy that is less than the first energy;

absorbing the second photons with a gain medium, wherein electrons in the gain medium
achieve population inversion after the gain medium absorbs a threshold quantity of the second
photons; and

emitting third photons from the gain medium via a stimulated emission process, wherein

the third photons have less energy than the second photons.

19. The method of claim 18, wherein emitting second photons with the semiconductor

material includes emitting the second photons through a spontaneous emission process.

20. The method of claim 18, further comprising outputting the third photons to a power

converter, wherein the power converter converts the third photons into electrical energy.

21. The method of claim 18, further comprising outputting the third photons to a power

converter, wherein the power converter converts the third photons into chemical energy.

22. The method of claim 18, further comprising outputting the third photons to a laser

emitter.

13
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23. The method of claim 18, wherein groups of photons in the third photons are

coherent, in phase, and have a same polarization.

14
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